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PARTS NOT READILY AVAILABLE IN EUROPE

The following device types are classified as specfals (non-preferred parts). These devices are not
readily available through European Sales Outlets. For further details and availability contact the Siliconix
Sales Office or Franchised Distributor nearest you.

2N 3368/69/70 J230/31/32 PN4416
2N3684/85/86/87 K114-18 PN5163
2N3909 K1837-18 U1837
2N4867A/68A/69A K210/11/12 (—18)} U1994
2N5078 KK4416-18

2Nbb515-24 MFE823

2Nbb5b5 MPF 102

2N5556/57/58 MPF 108

2N5653/54 MPF109

2N5669/70 MPF111

JAN/JANTX Series MPF112

EUROPEAN HI-REL PARTS

The Following Devices Have Been Approved to BS CECC European Standards:

Type Number BS CECC Specification

2N3970/1/2 BS CECC 50 012-001 (ISSUE 1, JUNE 1978)
2N4091/2/3 BS CECC 50 012-002 (ISSUE 1, JUNE 1978)
2N4391/2/3 BS CECC 50 012-004 (ISSUE 1, APRIL 1978)
2N4856/7/8 BS CECC 50 012-005 (ISSUE 1, JUNE 1978)
2N4859/60/61 BS CECC 50 012-005 (ISSUE 1, JUNE 1978)
2N4856A/7A/8A BS CECC 50 012-006 (ISSUE 1, JUNE 1978)
2N 4859A/60A/61A BS CECC 50 012-006 {ISSUE 1, JUNE 1978)

For Details on Other Products Submitted for Approval, Contact Your Nearest Siliconix Sales Office or
Franchised Distributor.
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how to use the
FET Cross Reference and Index

The following examples illustrate how the FET Cross Reference and Index should be used:
Case (1) Recommended replacement offered by Siliconix is identical to Industry Part Number.
Industry Part Number Type and Classification Recommended Replacement
2N3458 N JFET 2N3458
Case (2) Recommended replacement offered by Siliconix is not identica! to Industry Part Number.
Industry Part Number Type and Classification Recommended Replacement

2N3457 N JFET 2N4338

The recommended replacement may be exact, tighter or looser on electrical characteristics, and may
be a different package or pin-out. Data sheets for both parts should, if possible, be reviewed for a
complete comparison. Refer to appropriate page number listed under Data Sheet or Geometry
column.

Type and classification abbreviations are described as follows:

CR (Current Limiter) JPAD (Plastic Pico Ampere Diode)
D (Dual) N (N-Channel)

DPAD (Dual Pico Ampere Diode) P (P-Channel)

ENH (Enhancement-Mode Normally-Off) PAD (Pico Ampere Diode)

G (Gate) VMOS (Vertical MOSFET)

XIUuod!
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FET Cross Reference and Index =
Siliconix
Industry Type and R ded th'.':' (c] try Industry Type and Recommended :ha::l GoomﬂryJ
Part Number  Classification  Replacement Page Page Part Number  Classification  Replacement Page Page :
1N5283 CL N JFET CRO22 3-45 5-12 2N3071 N JFET 2N4338
1N5284 CL N JFET CRO24 3-45 5-12 2N3084 N JFET 2N3459
1N5285 CL N JFET CRO27 3-45 5-12 2N3085 N JFET 2N3459
1N5286 CL N JFET CRO30 3-45 5-12 2N3086 N JFET 2N3459
1N5287 CL N JFET CR033 3-45 5-12 2N3087 N JFET 2N3459
1N5288 CL N JFET CRO039 3-45 5-12 2N3088 N JFET 2N3460
1N5289 CL N JFET CR043 3-45 5-12 2N3088A N JFET 2N3460
1N5290 CL N JFET CR047 3-45 5-12 2N3089 N JFET 2N3460
1N5291 . CL N JFET CR056 3-45 5-12 2N3089A N JFET 2N3460
1N5292 CL N JFET CR062 3-45 5-12 2N3113 P JFET 2N2843
1N5293 CL N JFET CRO68 3-45 5-13 2N3277 P JFET 2N2608
1N5294 CL N JFET CR075 3-45 5-13 2N3278 P JFET 2N2608
1N5295 CL.N JFET CRO82 3-45 5-13 2N3328 P JFET 2N3438
1N5296 CL N JFET CRO091 3-45 5-13 2N3329 P JFET 2N3329 3-3 5-36
1N5287 CL N JFET CR100 3-45 513 2N3330 P JFET 2N3330 33 5-36
1N5298 CL N JFET CR110 3-45 5-13 2N3331 P JFET 2N3331 3-3 5-36
1N5299 CL N JFET CR120 3-45 5-13 2N3332 P JFET 2N3332 3-3 5-36
1N5S300 CL N JFET CR130 3-45 5-13 2N3365 N JFET 2N4340
1N5301 CL N JFET CR140 3-45 5-13 2N3366 N JFET 2N4338
1N5302 CL N JFET CR150 3-45 5-13 2N3367 N JFET 2N4338
1N5303 CL N JFET CR160 3-45 5-14 2N3368 N JFET 2N3368 3-4 5-19
1N5304 CL N JFET CR180 3-45 5-14 2N3369 N JFET 2N3369 3-4 5-19
1N5305 CL N JFET CR200 3-45 5-14 2N3370 N JFET 2N3370 3-4 5-19
1N5306 CL N JFET CR220 3-45 514 2N3376 P JFET 2N3329
1N5307 CL N JFET CR240 3-45 5-14 2N3378 P JFET 2N3330
1N5308 CL N JFET CR270 3-45 5-14 2N3380 P JFET 2N3331
1N5309 CL N JFET CR300 3-45 5-14 2N3382 P JFET 2N3382 3-5 5-38
1N5310 CL N JFET CR330 3-45 5-14 2N3384 P JFET 2N3384 3-5 5-38
1N5311 CL N JFET CR360 3-45 5-14 2N3386 P JFET 2N3386 3-5 5-38
1N5312 CL N JFET CR390 3-45 5-14 2N3436 N JFET 2N3438 3-6 5-18
1N5313 CL N JFET CR430 3-45 5-14 2N3437 N JFET 2N3437 3-6 5-19
1N5314 CL N JFET CR470 3-45 5-14 2N3438 N JFET 2N3438 3-6 5-19
2N2386 P JFET 2N608 2N3452 N JFET 2N4340
2N2386A P JFET 2N609 2N3453 N JFET 2N4338
2N2497 P JFET 2N3329 2N3454 N JFET 2N4338
2N2498 P JFET 2N3330 2N3455 N JFET 2N4340
2N2499 P JFET 2N3331 2N3456 N JFET 2N4338
2N2500 P JFET 2N3332 2N3457 N JFET 2N4338
2N506 P JFET 2N2608 2N3458 N JFET 2N3458 3-7 5-19
2N2606JAN P JFET 2N2608JAN 2N3459 N JFET 2N3459 3-7 5-19
2N2607 P JFET 2N2608 2N3460 N JFET 2N3460 3-7 5-19
2N2607JAN P JFET 2N2608JAN 2N3574 P JFET 2N2843
2N2608 P JFET 2N2608 3-1 5-36 2N3575 P JFET 2N2843
2N2608JAN P JFET 2N2608JAN 2N3578 P JFET 2N2608
2N2609 P JFET 2N2609 3-1 5-37 2N3608 P MOS ENH 3N163
2N2609JAN P JFET 2N2609JAN 2N3684 N JFET 2N3684 3-8 5-6
2N2841 P JFET 2N2843 2N3685 N JFET 2N3685 3-8 56
2N2842 P JFET 2N2843 2N3686 N JFET 2N3686 3-8 5-6
2N2843 P JFET 2N2843 3-2 5-36 2N3687 N JFET 2N3687 3-8 5-6
2N2844 P JFET 2N2844 3-2 5-37 2N3819 N JFET 2N3819 4-1 5-25
2N3066 N JFET 2N4340 2N3820 P JFET J270
2N3067 N JFET 2N4338 2N3821 N JFET 2N3821 39 5-25
2N3068 N JFET 2N4338 2N3822 N JFET 2N3822 3-8 5-25
2N3069 N JFET 2N4341 2N3823 N JFET 2N3823 3-10 5-25
2N3070 N JFET 2N4339 2N3824 N JFET 2N3824 3-11 5-25

© 1979 Siliconix incorporated
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Industry Type and Recommended s‘:.'::' Le] y industry Type and Recommended th.o':Q Geometry
Part Number  Classification  Replacement Page Page Part Number  Classification  Replacement Page Page

2N3909 P JFET 2N3909 3-12 5-36 2N4340 N JFET 2N4340 3-24 5-19

2N3909A P JFET 2N3909 2N4341 N JFET 2N434 3-24 5-19

2N3921 D'N JFET 2N3921 3-13 5-17 2N4352 P MOS ENH 3N163

2N3922 D N JFET 2N3922 3-13 5-17 2N4381 P JFET 2N2609

2N3354 D N JFET 2N3954 3-14 5-6 2N4382 P JFET 2N5115

2N3954A D N JFET 2N3954A 3-14 5-6 2N4391 N JFET 2N4391 3-26 5-3

2N3955 D N JFET 2N3955 3-14 56 2N4392 N JFET 2N4392 3-26 5-3

2N3955A D N JFET 2N3955A 3-14 5-6 2N4393 N JFET 2N4393 3-26 5-3

2N3956 D N JFET 2N3956 3-15 5-6 2N4416 N JFET 2N4416 3-27 5-8

2N3957 D N JFET 2N3957 3-15 5-6 2N4416A N JFET 2N4416A 3-27 5-8

2N3958 D N JFET 2N3958 3-15 5-6 2N445 N JFET 2N5432

2N3966 N JFET 2N3966 3-16 5-8 2N446 N JFET 2N5433

2N3967 N JFET 2N4221 2N448 N JFET 2N5432

2N3967A N JFET 2N4221 2N448 N JFET 2N5433

2N3968 N JFET 2N3685 2N4856 N JFET 2N4856 3-28 5-3

2N3968A N JFET 2N3685 2N4856A N JFET 2N4856A 3-29 5-3

2N3969 N JFET 2N3686 2N4856JAN N JFET 2N4856JAN 5-3

2N3969A N JFET 2N3686 2N4856JANTX N JFET 2N4856JANTX 5-3

2N3970 N JFET 2N3970 3-17 5-3 2N4856JANTXV N JFET 2N4B56JANTXV 5-3

2N3971 N JFET 2N3971 3-17 5-3 2N4857 N JFET 2N4857 3-28 5-3

2N3972 N JFET 2N3972 317 5-3 2N4857A N JFET 2N4857A 3-29 5-3

2N3993 P JFET 2N3386 2N4857JAN N JFET 2N4857JAN 5-3

2N3993A P JFET 2N3386 2N4857JANTX N JFET 2N4857JANTX 5-3

2N3994 P JFET 2N3382 2N4857JANTXV N JFET 2N4857JANTXV 5-3

2N3994A P JFET 2N3382 2N4858 N JFET 2N4858 3-28 5-3

2N4084 D N JFET 2N4084 3-13 5-17 2N4858A N JFET 2N4858A 3-29 6-3

2N4085 D N JFET 2N4085 3-13 5-17 2N4858JAN N JFET 2N4858JAN 5-3

2N4091 N JFET 2N4091 3-19 5-3 2N4858JANTX N JFET 2N4858JANTX 5-3

2N4091A N JFET 2N4091 2N4858JANTXV N JFET 2N4858JANTXV 5-3

2N4092 N JFET 2N4092 3-19 5-3 2N4859 N JFET 2N4859 3-28 5-3

2N4092A N JFET 2N4092 2N4859A N JFET 2N4859A 3-29 5-3

2N4093 N JFET 2N4093 3-19 5-3 2N4853JAN N JFET 2N4859JAN 5-3

2N4093A N JFET 2N4093 2N4853JANTX N JFET 2N4859JANTX 5-3

2N4117 N JFET 2N4117 3-20 5-29 2N4859JANTXV N JFET 2N4853JANTXV 5-3

2N4117A N JFET 2N4117A 3-20 5-29 2N4860 N JFET 2N4860 3-28 5-3

2N4118 N JFET 2N4118 3-20 5-29 2N4860A N JFET 2N4860A 3-29 5-3

2N4118A N JFET 2N4118A 3-20 5-29 2N4860JAN N JFET 2N4860JAN 5-3

2N4119 N JFET 2N4119 3-20 5-29 2N4860JANTX N JFET 2N4860JANTX §-3

2N4119A N JFET 2N4119A 3-20 5-29 2N4860JANTXV N JFET 2N4860JANTXV 5-3

2N4120 P MOS ENH 3N163 2N4861 N JFET 2N4861 3-28 5-3

2N4139 N JFET 2N3822 2N4861A N JFET 2N4861A 3-29 5-3

2N4220 N JFET 2N4220 3-22 5-25 2N4861JAN N JFET 2N4861JAN 5-3

2N4220A N JFET 2N4220A 3-22 5-25 2N48B1JANTX N JFET 2N4861JANTX 5-3

2N4221 N JFET 2N4221 3-22 5-25 2N4861JANTXV N JFET 2N4861JANTXV 5-3

2N4221A N JFET 2N4221A 3-22 5-25 2N4867 N JFET 2N4867 3-30 5-27

2N4222 N JFET 2N4222 3-22 5-25 2N4867A N JFET 2N4867A 3-30 5-27

2N4222A N JFET 2N4222A 3-22 5-25 2N4868 N JFET 2N4868 3-30 5-27

2N4223 N JFET 2N4223 3-23 5-25 2N4868A N JFET 2N4868A 3-30 5-27

2N4224 N JFET 2N4224 3-23 5-25 2N4869 N JFET 2N4869 3-30 5-27

2N4267 P MOS ENH 3N163 2N4869A N JFET 2N4869A 3-30 5-27

2N4302 N JFET PN4302-18 2N4977 N JFET 2N5432 m

2N4303 N JFET PN4303-18 2N4978 N JFET 2N5433 b4

2N4304 N JFET PN4304-18 2N4979 N JFET 2N5434 =

2N4338 N JFET 2N4338 3-24 5-19 2N5018 P JFET 2N5018 3-31 5-39 0

2N4339 N JFET 2N4339 3-24 5-19 2N5019 P JFET - 2N5019 3-31 5-39 g
-
x®
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FET Cross Reference and Index (cont’d.) " F
Siliconix
Industry Type and R ded th.::t G y dustry Type and Recommended D"" Geometry

Part Number  Classification  Replacement Page Page Part Number  Classification  Replacement Page Page

2N5020 P JFET 2N2843 2N5484 N JFET 2N5484 4-3 5-8

2N5021 P JFET 2N2608 2N5485 N JFET 2N5485 4-3 5-8

2N5033 P JFET 2N2608 2N5486 N JFET 2N5486 4-3 5-8

2N5045 D N JFET 2N5045 3-32 5-17 2N5515 D N JFET 2N5515 3-37 5-27

2N5046 D N JFET 2N5046 3-32 517 2N5516 D N JFET 2N5516 3-37 5-27

2N5047 D N JFET 2N5047 3-32 5-17 2N5517 D N JFET 2N5517 3-37 5-27

2N5103 N JFET 2N4416 2N5518 D N JFET 2N5518 3-37 5-27

2N5104 N JFET 2N4416 2N5519 D N JFET 2N5519 3-37 5-27

2N5105 N JFET 2N4416 2N5520 D N JFET 2N5520 3-37 5-27

2N5114 P JFET 2N5114 3-33 5-39 2N5521 D N JFET 2N5521 3-37 5-27

2N5115 P JFET 2N5115 3-33 5-39 2N5522 D N JFET 2N5522 3-37 5-27

2N5116 P JFET 2N5116 3-33 5-39 2N5523 D N JFET 2N5523 3-37 5-27

2N5158 N JFET 2N5434 2N5524 D N JFET 2N5524 337 5-27

2N5159 N JFET 2N5433 2N5545 D N JFET 2N5545 3-38 5-15

2N5196 D N JFET 2N5196 3-34 5-15 2N5546 D N JFET 2N5546 3-38 5-15

2N5197 D N JFET 2N5197 3-34 5-15 2N5547 D N JFET 2N5547 3-38 5-15

2N5198 D N JFET 2N5198 3-34 5-15 2N5549 N JFET 2N4392

2N5199 D N JFET 2N5199 3-34 5-15 2N5555 N JFET 2N5555 4-4 5-8

2N5245 N JFET KK4418 2N5556 N JFET 2N5556 3-39 5-25

2N5246 N JFET J305-18 2N5557 N JFET 2N5557 3-39 5-25

2N5247 N JFE J304-18 2N5558 N JFET 2N5558 3-39 5-25

2N5248 N JFET 2N5486 2N5561 D N JFET U401

2N5257 N JFET 2N5457 2N5562 D N JFET U402

2N5258 N JFET 2N5458 2N5563 D N JFET U404

2N5259 N JFET 2N5459 2N5564 D N JFET 2N5564 3-40 5-3

2N5265 P JFET 2N2608 2N5565 D N JFET 2N5565 3-40 5-3

2N5266 P JFET 2N2608 2N5566 D N JFET 2N5566 3-40 5-3

2N5267 P JFET 2N2608 2N5592 N JFET 2N3822

2N5268 P JFET 2N2608 2N5593 N JFET 2N3822

2N5269 P JFET 2N3331 2N5594 N JFET 2N3822

2N5270 P JFET 2N3331 2N5638 N JFET 2N5638 4-5 5-3

2N5358 N JFET 2N3686 2N5639 N JFET 2N5639 4-5 5-3

2N5359 N JFET 2N3686 2N5640 N JFET 2N5640 4-5 5-3

2N5360 N JFET 2N3685 2N5647 N JFET 2N4117A

2N5361 N JFET 2N3684 2N5648 N JFET 2N4117A

2N5362 N JFET 2N3684 2N5649 N JFET 2N4117A

2N5363 N JFET 2N4222A 2N5653 N JFET 2N5653 4-6 5-3

2N5364 N JFET 2N4224 2N5654 N JFET 2N5654 4-6 5-3

2N5391 N JFET 2N4867A 2N5668 N JFET 2N5668 4-7 5-8

2N5392 N JFET 2N4868A 2N5669 N JFET 2N5669 4-7 5-8

2N5393 N JFET 2N4869A 2N5670 N JFET 2N5670 4-7 5-8

2N5394 N JFET 2N4869A 2N5797 P JFET 2N2608

2N5395 N JFET 2N4869A 2N5798 P JFET 2N2608

2N5396 N JFET 2N4869A 2N5799 P JFET 2N2608

2N5397 N JFET U310 2N5800 P JFET 2N2608

2N5398 N JFET U312 2N5801 N JFET 2N4393

2N5432 N JFET 2N5432 3-35 5-10 2N5802 N JFET 2N4393

2N5433 N JFET 2N5433 3-35 5-10 2N5803 N JFET 2N4392

2N5434 N JFET 2N5434 3-35 5-10 2N5902 D N JFET 2N5902 3-41 5-29

2N5452 D N JFET 2N5452 3-36 5-6 2N5903 D N JFET 2N5903 3-41 §-29

2N5453 D N JFET 2N5453 3-36 5-6 2N5904 D N JFET 2N5904 3-41 5-29

2N5454 D N JFET 2N5454 3-36 5-6 2N5905 D N JFET 2N5905 3-41 5-29

2N5457 N JFET 2N5457 4-2 525 2N5906 D N JFET 2N5906 3-41 5-29

2N5458 N JFET 2N5458 4-2 5-25 2N5907 D N JFET 2N5907 3-41 5-29

2N5459 N JFET 2N5459 4-2 5-25 2N5908 D N JFET 2N5908 3-41 5-29

14
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FET Cross Reference and Index (cont’d.) >
Siliconix
industry Type and Recommended th'.':' G Industry Type and Recommended snh.o':Q Geometry
Part Number  Classification Replacement Page Page Part Number Classification  Replacement Page Page
2N5809 D N JFET 2N5909 3-41 5-29 135U N JFET 2N4339
2N5911 D N JFET 2N5911 3-43 5-34 155U N JFET 2N4416
2N5912 D N JFET 2N5912 3-43 5-34 1828 N JFET 2N4391
2N5949 N JFET K1837-18 1838 N JFET 2N3823
2N5950 N JFET K1837-18 1978 N JFET 2N4338
2N5951 N JFET K1837-18 1985 N JFET 2N4340
2N5952 N JFET K305-18 1998 N JFET 2N4341
2N5953 N JFET K305-18 2008 N JFET 2N4392
2N6451 N JFET 2N4393 200U N JFET 2N3824
2N6452 N JFET 2N4393 2018 N JFET 2N4391 -
2N6453 N JFET 2N4393 2028 N JFET 2N4392
2N6454 N JFET 2N4393 2038 N JFET 2N3821
2N6483 D N JFET U401 2048 N JFET 2N3821
2N6484 D N JFET U402 210U N JFET 2N4416
2N6585 D N JFET U404 2318 D N JFET 2N3954
2N6568 N JFET U290 2328 D N JFET 2N3955
2N6656 V MOS N ENH  2N6656 2338 D N JFET 2N3956
2N6657 V MOS N ENH . 2N6657 2348 D N JFET 2N3957
2N6658 V MOS N ENH  2N6658 2358 D N JFET 2N3958
2N6659 V MOS N ENH  2N6659 241U N JFET 2N4869
2N6660 V MOS N ENH  2N6660 250U N JFET 2N4091
2N6661 V MOS N ENH  2N6661 251U N JFET 2N4392
3N145 P MOS ENH 3N163 703U N JFET 2N4220
3IN146 P MOS ENH 3N163 704U N JFET 2N4220
3N155 P MOS ENH 3N163 705U N JFET 2N4224
3N155A P MOS ENH 3N163 707U N JFET 2N4860
3N156 P MOS ENH 3N163 714U N JFET 2N3822
3N156A P MOS ENH 3N163 734U N JFET 2N4416
3N157 P MOS ENH 3N163 734EU N JFET KK4416-18
3N157A P MOS ENH 3N163 751U N JFET 2N4340
3N158 P MOS ENH 3N163 752U N JFET 2N4340
3N158A P MOS ENH 3N163 753U N JFET 2N4341
3N163 P MOS ENH 3N163 3-44 5-1 754U N JFET 2N4340
3N164 P MOS ENH 3N164 3-44 5-1 755U N JFET 2N4341
3N174 P MOS ENH 3N163 756U N JFET 2N4340
147 N JFET 2N4224 1277A N JFET 2N3822
1427 N JFET PN4392 1278A N JFET 2N3821
158T N JFET 2N4302 1279A N JFET 2N3821
1597 N JFET KK4416-18 1280A N JFET 2N4224
1008 N JFET 2N4304 1281A N JFET 2N3822
100U° N JFET 2N3684 1282A N JFET 2N4341
102M N JFET 2N5486 1283A N JFET 2N4340
1028 N JFET 2N4302 1284A N JFET 2N4222
103m N JFET 2N5457 1285A N JFET 2N3821
1038 N JFET 2N5459 1286A N JFET 2N4220
104M N JFET 2N5458 1325A N JFET 2N4222
105M N JFET 2N5459 1714A N JFET 2N4340
105U N JFET 2N4222 2000M N JFET 2N3823
106M N JFET 2N5485 2001M N JFET 2N3823
107M N JFET 2N5486 2078A D N JFET 2N3955
110U N JFET 2N3685 2079A D N JFET 2N3955
1150 N JFET 2N4340 2080A D N JFET 2N5546
120U N JFET 2N3686 2081A D N JFET 2N5546
125U N JFET 2N4339 2093M N JFET 2N3687
130U N JFET 2N3687 2094M N JFET 2N3686
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FET Cross Reference and index (cont’d.) g
Siliconix
Industry pe and R ded s[:".':. ] Yy Industry and Recommended [:::' Qeometry
Part Number  Classification Replacement Page Page Part Number  Classification  Replacement Page
2095M N JFET 2N3686 BFS77 N JFET 2N4859
2098A D NJFET 2N5545 BFS78 N JFET 2N4860
2099A D N JFET 2N5546 BFS79 N JFET 2N4861
21300 0 N JFET 2N5452 BFS80 N JFET 2N4416A
2132y D N JFET 2N3955 BFW10 N JFET 2N3823
2134y D N JFET 2N3956 BFW11 N JFET 2N3822
21364 D N JFET 2N3957 BFWS54 N JFET 2N3822
2138U D N JFET 2N3958 BFWS5 N JFET 2N3822
21390 D N JFET 2N3958 BFWS6 N JFET 2N4869
2147V D N JFET 2N3958 BFWE1 N JFET 2N4224
21480 D N JFET 2N3958 BSv22 N JFET 2N4416
21490 D N JFET 2N3958 BSV78 N JFET 2N4B56A
A5T3821 N JFET K305-18 BSV8o N JFET 2N4858A
A5T3822 N JFET K305-18 C413N N JFET 2N5434
A5T3823 N JFET KK4416-18 C673 N JFET 2N4341
A5T3824 N JFET J302-18 co74 N JFET 2N43d1
A192 N JFET 2N4416 €680 N JFET 2N4338
AD830 D N JFET U421 C680A N JFET 2N4338
ADB31 D N JFET 421 c681 N JFET 2N4338
AD832 D N JFET U422 C681A N JFET 2N4338
682 N JFET 2N4339
Amsh  DNUET  Uaz ces2A NIFET N
AD835 D N JFET 23821 €883 N JFET 2N4339
AD836 D N JFET 2N3921 C683A N JFET 2N4339
AD837 D N JFET 2N3922 C684 N JFET 2N4220
ADB38 D N JFET 2N4085 C884A N JFET 2N4220
ADB39 D N JFET 2N4085 €685 N JEET 2N4220
ADB40 D N JFET 2N5196 C685A N JFET 2Na220
AD841 D N JFET 2N5197 £6690 N JFET 2N3458
ADB42 D N JFET 2N5198 Ce691 N JFET 2N3458
AD3954 D N JFET 2N3954 06692 N JFET 2N3459
AD3954A D N JFET 2N3954A GM600 N JFET 2N4092
AD3955 D N JFET 2N3955 CM601 N JFET 2N4091
AD3956 D N JFET 2N3956 CM602 N JFET 2N4091
AD3957 D N JFET 2N3957 CM603 N JFET 2N4091
AD3958 D N JFET 2N3958 CMB40 N JFET 2N4093
BC264 N JFET 2N4304 CMé41 N JFET 2N4093
BC264A N JFET 2N4302 CMé42 N JEET 2N4093
BC2648 N JFET 2N4304 CMB43 N JFET 2N4092
BC264C N JFET 2N4304 CMBa4 N JFET 2N4082
BC264D N JFET KK4416-18 CMB45 N JFET 2N4092
BFR45 N JFET 2N4416 CM646 N JFET 2N4092
BFS21 D N JFET 2N5199 CM647 N JFET 2N4091
BFS21A D N JFET 2N5199 CME50 N JFET 2N5432
BFS67 N JFET 2N3821 CMB51 N JFET 2N5433
BFS67P N JFET 2N4303 CM652 N JFET 2N5432
BFS68 N JFET 2N3823 CM653 N JFET 2N5433
BFS68P N JFET KK4416-18 CcMe97 N JFET 2N5434
BFS70 N JFET 2N3821 CM800 N JFET 2N5434
BFS71 N JFET 2N3822 CMX740 N JFET U290
mow wwm o um
BFS73 N JFET 2N3821 oP650 N JFET U350
BFS74 N JFET 2N4856 CPB51 N JFET V320
BFS75 N JFET 2N4857 oPB5? N JFET U322
BFS76 N JFET 2N4858 P53 N JFET U320
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FET Cross Reference and Index (cont’d.) F
Siliconix
Industry Type and Recommended Dh'::' G Yy Industry Type and Recommended th“" Geometry
Part Number  Classification Replacement Page Page Part Number  Classification Replacement P a;: Page
CRO22 Thru CR470 Refersnced Under 1N Series E415 D N JFET U412
E420 D N JFET U440

DPAD1 D PAD N JFET  DPAD1 3-48 E421 D N JFET U441

DPAD2 D PAD N JFET  DPAD2 3-48 E430 D N JFET U430

DPADS D PAD N JFET  DPADS 3-48 E431 D N JFET U431

DPAD10 D PAD N JFET  DPAD10 3-48 E500 CL N JFET 4500

DPAD20 D PAD N JFET  DPAD20 3-48 E501 CL N JFET 4501

DPADS0 D PAD N JFET  DPADS0 3-48 E502 CL N JFET 4502

DPAD100 D PAD N JFET  DPAD100 3-48 ES03 CL N JFET 4503

DU4339 D N JFET U235 ES504 CL N JFET 4504

DU4340 D N JFET U235 ES05 CL N JFET 4505

E100 N JFET J203-18 ES06 CL N JFET J506

E101 N JFET J201-18 ES07 CL N JEET 4507

E102 N JFET J202-18 EPADS0 DD N JFEY JPAD50

E103 N JFET J105-18 EPAD100 DD N JFET JPAD100

E105 N JEET 1105-18 EPAD200 DD N JFET JPAD200

E106 N JFET J106-18 EPAD500 DD N JFET JPADS00

E107 N JFET J107-18 FE100 N JFET 2N3821

£108 N JFET J108-18 FE100A N JFET 2N3821

E109 N JFET 4109-18 FE102 N JFET 2N4119

E110 N JFET J110-18 FE102A N JFET 2N4119

E111 N JFET J111-18 FE104 N JFET 2N4118

E112 N JFET 1112-18 FE104A N JFET 2N4118

E113 N JFET J113-18 FE200 N JFET 2N3821

E114 N JFET K114-18 FE202 N JFET 2N3821

E174 P JFET J174-18 FE204 N JFET 2N3821

E175 P JFET J175-18 FE300 N JFET 2N3822

E176 P JFET J176-18 FE302 N JFET 2N3821

E177 P JFET J177-18 FE304 N JFET 2N3821

E201 N JFET J201-18 FEO654A N JFET 2N5486

£202 N JFET 1202-18 FE0B548 N JFET 2N5485

E203 N JFET J203-18 FE3819 N JFET 2N3819

E204 N JFET J204-18 FE5457 N JFET 2N5457

E210 N JFET K210-18 FE5458 N JFET 2N5458

E211 N JFET K211-18 FE5459 N JFET 2N5459

E212 N JFET K212-18 FES484 N JFET 2N5484

E230 N JFET J230-18 FE5485 N JFET 2N5485

E231 N JFET J231-18 FE5486 N JFET 2N5486

E232 N JFET J1232-18 FM3954 D N JFET 2N3954

E270 P JFET J270-18 FM3954A D N JFET 2N3954A

E271 P JFET J271-18 FM3955 D N JFET 2N3955

€300 N JFET K300-18 FM3955A D N JFET 2N3955A

E304 N JFET K304-18 FM3956 0 N JFET 2N3956

E305 N JFET K305-18 FM3957 D N JFET 2N3957

E308 N JFET K308-18 FM3958 D N JFET 2N3958

E309 N JFET K309-18 FT0654A N JFET 2N5486

£310 N JEET K310-18 FT0654B N JFET 2N5486

E400 D N JFET U410 FT0654C N JFET 2N4221

E401 D N JFET U411 FT0654D N JFET 2N4221

E402 D N JFET U410 FT704 P MOS ENH 3N163

E410 D N JEET U410 GET5457 N JFET 2N5457

E411 D N JFET U411 GET5458 N JFET 2N5458 m

E412 D N JFET U412 GET5459 N JFET 2N5459 -

E413 D N JFET U410 HDIG1030 P MOS ENH 3N163 =

E414 D N JFET ua 1D100 D PAD N JEET  DPADI 0
0
]
=
X
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FET Cross Reference and Index (cont’d.) 5
Siliconix
Industry Type and R ded s'%"::. y v Type and Recommended :h’.':' Geometry
Part Number  Classification  Replacement Pags Page Part Number  Classification  Replacement Page Page
10101 D PAD N JFET  DPAD10 J112-18 N JFET J112-18 4-10 5-3
IMF3954 D N JFET 2N3954 3 N JFET 3 410 53
IMF3954A D N JFET 2N3954A J113-18 N JFET 11318 410 53
IMF3955 D N JFET 2N3955 J114 N JFET J114 411 534
IMF3955A D N JFET 2N3955A 74 P JFET 974 412 5-39
IMF3956 D N JFET IN3956 J174-18 P JFET J174-18 4-12 5-39
IMF3957 D N JFET 2N3957 N75 P JFET Ji75 412 5-39
IMF3958 D N JFET 2N3958 J175-18 P JFET J175-18 4-12 5-39
IMF6485 D N JFET U405 J176 P JFET J176 4-12 5-39
IT100 P JFET 2N5116 J176-18 P JFET J176-18 4-12 5-39
IT101 P JFET 2N5114 77 P JFET 3177 4-12 5-39
1IT108 N JFET 2N5486 J177-18 P JFET J177-18 4-12 5-39
1T109 N JFET U310 J20t N JFET 4-13 5-19
IT1700 PMOS ENH  3N163 J201-18 N JFET 413 519
IT1702 P MOSENH 3N183 J202 N JFET 413 5-19
ITES00 CL N JFEY J500 J202-18 N JFET 4-13 5-19
ITE501 CL N JFET 4501 4203 N JFET 4-13 5-19
ITE502 CL N JFET J502 4203-18 N JFET 413 5-19
ITE503 CL N JFET J503 J204 N JFET J204 4-14 5-19
ITE504 CL N JFET J504 J204-18 N JFET J204-18 4-14 5-19
ITE505 CL N JFET J505 J210 N JFET J210 4-15 5-34
ITES06 CL N JFET J506 J2n N JFET J21 4-15 5-34
ITE507 CL N JFET J507 J212 N JFET J212 4-15 5-34
ITE3066 N JEET J202-18 J230 N JFET J230 4-16 5-27
ITE3067 N JFET J201-18 J230-18 N JFET J230-18 4-16 5-27
ITE3068 N JFET J201-18 Ja31 N JFET J231 4-16 5-27
ITE4117 N JFET 2N4117 J231-18 N JFET J231-18 4-16 §-27
ITE4118 N JFET 2N4118 J232 N JFET J232 4-16 5-27
ITE4119 N JFET L 2N4119 J232-18 N JFET J232-18 4-16 5-27
ITE4338 N JFET ' J201-18 J27o P JFET J270 4-17 5-39
ITE4339 N JFET J201-18 J270-18 P JFET J270-18 4-17 5-39
ITE4340 N JFET J202-18 Ja271 P JFET J27t 4-17 5-39
ITE4341 N JFET J203-18 J271-18 P JFET J271-18 4-17 5-39
ITE4391 N JFET PN4391-18 J300 N JFET J30o0 4-18 5-34
ITE4392 N JFET PN4392-18 4304 N JFET J304 4-19 5-8
ITE4393 N JFET PN4393-18 4305 N JFET 4305 4-19 58
ITE4416 N JFET KK4416-18 4308 N JFET 4308 4-20 5-32
ITE4867 N JFET J230-18 J309 N JFET J309 4-20 5-32
{TE4868 N JFET J231-18 J310 N JFET J310 4-20 5-32
ITE4869 N JFET J232-18 J401 D N JFET U401
J105 N JFET J105 4-8 5-31 4402 D N JFET U402
J105-18 N JFET J105-18 4-8 5-31 4403 D N JFET u403
J106 N JFET J106 4-8 5:31 Jap4 D N JFET U404
J106-18 N JFET J106-18 4-8 5-31 4405 D N JFET U405
3107 N JFET 3107 4-8 5-31 J406 D N JFET U406
J107-18 N JFET 4107-18 48 5-31 4410 D N JFET U410
J108 N JFET J108 49 5-10 Jan D N JFET U411
J108-18 N JFET J108-18 49 5-10 4412 D N JFET U412
J109 N JFET J109 4-9 5-10 J500 CL N JFET J500 4-21 5-5
4109-18 N JFET J109-18 4-9 5-10 Js0t CL N JFET 4501 4-21 5-5
J110 N JFET J110 4-9 5-10 J502 CL N JFET J502 4-21 5-5
J110-18 N JFET J110-18 4-9 5-10 J503 CL N JFET J503 4-21 5-5
J111 N JFET J111 4-10 5-3 J504 CL N JFET J504 4-21 5-5
J111-18 N JFET J111-18 4-10 53 J505 CL N JFET 4505 42 5-5
J112 N JFET J112 4-10 5.3 J506 CL N JFET J506 4-22 5-5
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FET Cross Reference and Index (cont’d.) 5
Siliconix
industry Type and Recommended Date g d Type and Recommended Date  oomet
Part Number  Classification Replacement i':;’: Page 4 Part Num{wr CInymlcﬂIon Replacement ‘e;':.;.' age o
J507 GL N JFET 507 4-22 5-5 KK4416-18 N JFET KK4416-18 4-30 5-8
J508 CL N JFET J508 4-22 55 LDF603 N JFET 2N4221A
J509 N JFET J509 4-22 5-5 LDF604 N JFET 2N4221A
J510 N JFET J510 4-22 55 LDF605 N JFET 2N4221A
J511 CL N JFET J511 422 5-5 M163 PMOSENH  3N163
JPAD50 PAD N JFET  JPADS0 4-23 M164 PMOSENH  3N164
JPAD100 PAD N JFET  JPAD100 4-23 MEMS520 P MOS ENH 3N164
JPAD200 PAD NJFET JPAD200 4-23 MEM520C PMOSENH  3N164
JPADS00 PAD N JFET  JPADS00 4-23 MEMS61 PMOS ENH  3N163
J1401 D N JFET U401 MEM561C P MOS ENH 3N163
J1402 D N JFET U402 MEMB06 P MOS ENH 3N163
J1403 D N JFET U403 MEMB06A P MOS ENH 3N163
41404 D N JFET U404 MFES23 PMOS ENH  MFES23 3-47 5-1
J1405 D N JFET U405 MFE2000 N JFET 2N4416
J1406 D N JFET U406 MFE2001 N JFET 2N4416
Ki14-18 N JFET K114-18 4-24 5-34 MFE2004 N JEET 2N4093
K1837-18 N JFET K1837-18 4-25 58 MFE2005 N JFET 2N4092
K210-18 N JEET K210-18 4-26 5-34 MFE2006 N JFET 2N4091
K211-18 N JFET K210-18 4-26 5-34 MFE2007 N JFET 2N4860
K212-18 N JFET K210-18 4-26 5-34 MFE2008 N JFET 2N4858
K300-18 N JFET K300-18 4-27 5-34 MFE2009 N JFET 2N4859
K304-18 N JFET K304-18 4-28 58 MFE2010 N JFET 2N5434
K305-18 N JFET K304-18 4-28 5-8 MFE2011 N JFET 2N5433
K308-18 N JFET K308-18 4-29 5-32 MFE2012 N JFET 2N5432
K309-18 N JFET K309-18 429 532 MFE2093 N JFET 2N3687
K310-18 N JFET K310-8 4-29 5-32 MFE2094 N JFET 2N3686
KE3684 N JFET 2N3684 MFE2095 N JFET 2N3685
KE3685 N JFET 2N3685 MFE4007 P JFET 2N2608
KE3686 N JFET IN3686 MFE4008 P JFET 2N2608
KE3687 N JFET 2N3687 MFE4009 P JFET 2N3329
KE3823 N JFET J304-18 MFE4010 P JFET 2N3330
KE3970 N JFET PN4391-18 MFE4011 P JFET 2N3330
KE3871 N JFET PN4392-18 MFE4012 P JFET 2N3331
KE3972 N JFET PN4393-18 MK10 N JFET 2N4416
KE4091 N JFET PN4391-18 MMF1 D N JFET 2N3921
KE4092 N JFET PN4392-18 MMF2 D N JFET 2N3921
KE4093 N JFET PN4393-18 MMF3 D N JFET 2N3921
KE4220 N JFET 2N5457 MMF4 D N JFET 2N3921
KE4221 N JFET 2N5457 MMF5 D N JFET 2N3921
KE4222 N JFET 2N5459 MMF6 D N JFET 2N3921
KE4223 N JFET J304-18 MMT3823 N JFET 2N3823
KE4224 N JFET J304-18 MPF102 N JFET MPF102 4-31 5-8
KE4391 N JFET PN4391-18 MPF103 N JFET 2N5457
KE4392 N JEET PN4392-18 MPF104 N JFET 2N5458
KE4393 N JFET PN4393-18 MPF105 N JFET 2N5459
KE4416 N JFET KK4416-18 MPF106 N JFET 2N5485
KE4856 N JFET PN4391-18 MPF107 N JFET 2N5486
KE4857 N JFET PN4392-18 MPF108 N JFET MPF108 4-32 5-8
KE4858 N JFET PN4393-18 MPF109 N JFET MPF109 4-33 5-25
KE4859 N JFET PN4391-18 MPF111 N JFET MPF111 4-34 5-25
KE4860 N JFET ‘PN4392-18 MPF112 N JFET MPF112 4-35 5-8
KE4861 N JFET PN4393-18 MPF256 N JFET J308 1))
KE5103 N JFET K305-18 MPF820 N JFET usio =
KE5104 N JFET K304-18 MPF970 P JFET J174 =
KE5105 N JFET K304-18 MPF971 P JFET J176 g
. 3
=.
X
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FET Cross Reference and Index (cont’d.) T

Siliconix
industry Type and R ded sl:"::' G Y dustry Type and Recommended th.o'.l Geometry
Part Number  Classification Replacement Page Page Part Number  Classification  Replacement Png.e Page
MPF4391 N JFET PN4391-18 PN4093 N JFET PN4093 4-37 5-3
MPF4392 N JFET PN4392-18 PN4302 N JFET PN4302 4-38 5-19
MPF4393 N JFET PN4393-18 PN4302-18 N JFET PN4302-18 4-38 5-19
NF500 N JFET 2N4416 PN4303 N JFET PN4303 4-38 5-19
NF501 N JFET 2N4416 PN4303-18 N JFET PN4303-18 4-38 5-19
NF506 N JFET 2N4416 PN4304 N JFET PN4304 4-38 5-19
NF510 N JFET 2N4393 PN4304-18 N JFET PN4304-18 4-38 5-19
NF511 N JFET 2N4393 PN4391 N JFET PN4391 4-39 5-3
NF520 N JFET IN3684 PN4391-18 N JFET PN4391-18 4-39 5-3
NF521 N JFET 2N3686 PN4392 N JFET PN4392 4-39 5-3
NF522 N JFET 2N3684 PN4392-18 N JFET PN4392-18 4-39 5-3
NF523 N JFET 2N3686 PN4393 N JFET PN4393 4-39 5-3
NF530 N JFET 2N4341 PN4393-18 N JFET PN4393-18 4-39 5-3
NF531 N JFET 2N4339 PN4416 N JFET PN4416 4-40 5-8
NF532 N JFET 2N4341 PN5163 N JFET PN5163 4-41
NF533 N JFET 2N4339 PF510 P JFET 2N5018
NF580 N JFET 2N5432 PF511 P JFET 2N5014
NF581 N JFET 2N5432 Su2078 D N JFET U425
NF582 N JEET 2N5433 SU2079 D N JFET U425
NF583 N JFET 2N5434 SU2098 D N JFET 2N5197
NF584 N JFET 2N5433 SU2098A D N JFET 2N5197
NF585 N JFET 2N4859 SU20988 D N JFET 2N5196
NF4302 N JFET 2N4302 .SU2099 D N JFET 2N6197
NF4303 N JFET 2N4303 SU2099A D N JFET 2N5197
NF4304 N JFET 2N4304 SU2365 D N JFET U40t
NF4445 N JFET 2N5432 SU2365A D N JFET U401
NF4446 N JFET 2N5433 SU2366 D N JFET U402
NF4447 N JFET 2N5432 SU2366A D N JFET U402
NF4448 N JFET 2N5433 : Su2367 D N JFET U403
NF5163 N JFET 2N5163 SU2367A D N JFET U403
NF5457 N JFET 2N5457 SU2368 D N JFET U404
NF5458 N JFET 2N5458 SU2368A D N JFET U404
NF5459 N JFET 2N5459 Su2369 D N JFET U405
NF5484 N JFET 2N5484 SU2369A D N JFET U405
NF5485 N JFET 2N5485 SU2410 D N JFET U424
NF5486 N JFET 2N5486 su2411 DN JFET U425
NF5555 N JFET 2N5555 Su2412 D N JFET U426
NF5638 N JFET 2N5638 TD5902 D N JFET 2N5902
NF5639 N JFET 2N5639 TD5902 D N JFET 2N5902
NF5640 N JFET 2N5640 TD5902A D N JFET 2N5902
NF5653 N JFET 2N5653 TD5903 O N JFET 2N5903
NF5654 N JFET 2N5654 TD5903A D N JFET 2N5903
PAD1 PAD N JFET  PADT 3-49 TD5904 D N JFET 2N5904
PAD2 PAD N JFET  PAD2 3-49 TD5304A D N JFET 2N5904
PADS PAD N JFET PADS 3-49 TD5905 O N JFET 2N5305
PAD10 PAD N JFET PAD10 3-49 TD5905A D N JFET 2N5905
PAD20 PAD N JFET PAD20 3-49 TD5906 D N JFET 2N5906
PADS0 PAD N JFET PAD50 3-49 TD5906A O N JFET 2N5906
PAD100 PAD N JFET PAD100 3-49 TD5907 D N JFET 2N5907
P1086 P JFET P1086 4-36 5-39 TD5907A D N JFET 2N5907
P1086-18 P JFET P1086-18 4-36 5-39 TD5908 D N JFET 2N5908
P1087 P JFET P1087 4-36 5-39 TD5908A D N JFET 2N5908
P1087-18 P JFET P1087-18 4-36 5-39 TD5909 D N JFET 2N5909
PN4091 N JFET PN4091 4-37 5-3 TD5909A D N JFET 2N5909
PN4092 N JFET PN4092 4-37 5-3 TD5911 D N JFET 2N5911
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FET Cross Reference and Index (cont’d.) =¥
Siliconix
Industry Type and Recommended :;::t y dustry Type and Recommended th“" Geometry
Part Number  Classification Replacement Page Page Part Number  Classification  Replacement Pu.g.o Page

TO5911A D N JFET 2N5911 U243 N JFET 2N5433 *

705912 D N JFET 2N5912 u248 D N JFET 2N5902

TD5912A D N JFET 2N5912 U248A D N JFET 2N5906

TIS14 N JFET 2N4340 U249 D N JFET 2N5903

TIS25 D N JFET U401 U249A D N JFET 2N5907

TIS26 D N JFET U402 U250 D N JFET 2N5904

TIS27 D N JFET U404 U250A D N JFET 2N5908

TIS41 N JFET 2N4859 uzsy D N JFET 2N5905

TIS58 N JFET J305-18 U251A D N JFET 2N5909

TIS59 D N JFET U1837 U254 N JFET 2N4859

TIS73 N JFET PN4391-18 U255 N JFET 2N4860

TIS74 N JFET PN4392-18 uzse N JFET 2N4861

TIS75 N JFET PN4393-18 U257 D N JFET U257 3-52 5-34

TIS88 N JFET 2N5486 u273 N JFET 2N4118A

TIXS41 N JFET 2N4859 U273A N JFET 2N4118A

TIXS42 N JFET PN4393-18 u274 N JFET 2N4119A

TN4117 N JFET 2N4117 U274A N JFET 2N4119A

TN4117A N JFET 2N4117A u275 N JFET 2N4119A

TN4118 N JFET 2N4118 U275A N JFET 2NA119A

TN4118A N JFET 2N4118A U280 D N JFET uz3

TN4119 N JFET 2N4119 u2s1 D N JFET u231

TN4119A N JFET 2N4119A u2s2 D N JFET u232

TN4338 N JFET 2N4338 v283 D N JFET U232

TN4339 N JFET 2N4339 uz2s4 D N JFET U233

TN4340 N JFET 2N4340 u285 D N JFET U234

TN4341 N JFET IN4341 U290 N JFET U290 3-53 5-31

TP5114 P JFET IN5114 U291 N JFET U291 3-53 5-31

TP5115 P JFET 2N5115 U295 N JFET U295

TP5116 P JFET 2N5116 U296 N JFET U296

U110 P JFET 2N2608 u300 P JFET 2N5114

U112 P JFET 2N2608 uso1 P JFET 2N5115

U133 P JFET 2IN2608 U304 P JFET U304 3-54 5-39

U146 P JFET 2N2608 U305 P JFET U305 3-54 5-39

U147 P JFET IN2608 U306 P JFET U306 3-54 5-39

U148 P JFET 2N2608 U308 N JFET U308 3-55 5-32

U149 P JFET 2N2609 U309 N JFET U309 3-55 5-32

utes P JFET 2N2609 u3i1o N JFET u3io 3-55 5-32

U182 N JFET 2N4857 U3t N JFET u3ti1 3-57 5-32

U183 N JFET 2N3824 u3i2 N JFET u312 3-58 5-34

U197 N JFET 2N4339 U320 N JFET U320 3-59 5-10

U198 N JFET 2N4340 U321 N JFET U321 3-59 5-10

U199 N JFET 9IN4341 U322 N JFET U322 3-59 5-10

U200 N JFET U200 3-50 5-3 U401 D N JFET U401 3-61 5-17

U201 N JFET U201 3-50 5-3 U402 D N JFET U402 3-61 5-17

U202 N JFET U202 3-50 5-3 U403 D N JFET U403 3-61 5-17

v221 N JFET 2N4391 U404 D N JFET U404 3-61 5-17

Y222 N JFET IN4391 U405 D N JFET U405 3-61 5-17

U231 D N JFET U231 3-51 5-15 U406 D N JFET U406 3-61 5-17

U232 D N JFET U232 3-51 5-15 U410 D N JFET U410 3-63 5-21

U233 D N JFET U233 3-51 5-15 U411 D N JFET U411 3-63 5-21

U234 D N JFET U234 3-51 5-15 U412 D N JFEY U412 3-63 5-21

U235 D N JFET Y235 3.51 5-15 U421 D N JFET 421 3-64 5-23 n

U240 N JFET 2IN5432 U422 D N JFET U422 3-64 5-23 -

U241 N JFET IN5433 U423 D N JFET U423 3-64 5-23 =

U242 N JFET IN5432 U424 D N JFET U424 364 523 0
0
3
(1]
X
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FET Cross Reference and Index (cont’d.) 5
Siliconix
Industry Type and R d th’::' G y Industry Type and Recommended S'.}\‘et:t Geometry
Part Number  Classlification Replacement Page Page Part Number  Classification  Replacement Page Pas
U425 D N JFET U425 3-64 5-23 uc41 P JFET 2N2608
U426 D N JFET U426 3-64 5-23 uc100 N JFET 2N3684
U430 D N JFET U430 3-66 5-32 uc110 N JFET 2N3685
U431 D N JFET 0431 366 532 uc11s N JFET 2N4340
U440 D N JFET U440 3-67 5-34 uc120 N JFET 2N3686
U441 D N JFET Y441 3-67 5-34 uct3o N JFET 2N3687
us08 N JFET CR0O30 UC155 N JFET 2N4416
U177 N JFET 2N4220A Uc200 N JFET 2N3824
V1178 N JFET 2N3821 yg201 N JFET 2N3824
U179 N JFET 2N3821 ucz10 N JFET 2N4416
U1180 N JFET 2N4221A uca20 N JFET 2N3822
U181 N JFET 2N4220A Uc240 N JFET 2N4869
u1182 N JFET 2N3821 uc241 N JFET 2N4869
1277 N JFET 2N3684 ucas0 N JFET 2N4091
u1278 N JFET 2N3685 uc2s1 N JFET 2N4392
U1279 N JFET 2N3686 UC300 P JFET 2N2608
U1280 N JFET 2N3684 uc3to P JFET 2N2843
1281 N JFET 2N3822 uc320 P JFET 2N2843
u1282 N JFET IN4341 Uc330 P JFET 2N2843
U1283 N JFET 2N4340 UC340 P JFET 2N2843
11284 N JFET 2N4341 Uc400 P JFET 2N3331
1285 N JFET 2N4220 uc401 P JFET 2N5116
U1288 N JFET 2N4341 uc410 P JFET 2N3330
U1287 N JFET 2N4092 UG420 P JFET 2N3329
U132 N JFET 2N3966 uC450 P JFET 2N5114
41322 N JFET 2N4221A uc451 P JFET 2N5116
u1323 N JFET 2N4221A ucsas N JFET 2N4417
U1324 N JFET 2N4220A uc7o3 N JFET 2N4220
U1325 N JFET 2N4222 ucro4 N JFET 2N4220
u1420 N JFET 2N3821 uc70s N JFET 2N4224
u1421 N JFET 2N3822 ucro7 N JFET 2N4860
U1422 N JFET 2N3822 uc714 N JFET 2N3822
U1714 N JFET 2N4340 Uc714E N JFET J203-18
1837 N JFET u1837 4-42 5-8 uc734 N JFET 2N4416
U1837E N JFET 1837 UC734E N JFET KK4416-18
U1897 N JEET utagr 4-43 5-3 Uc751 N JFET 2N4340
U1897-18 N JFET U1897-18 4-43 5-3 Uc752 N JFET 2N4340
U1897E N JFET U1897-18 uc7s3 N JFET 2N4341
u1898 N JFET U1898 4-43 5-3 ucrs4 N JFET 2N4340
U1898-18 N JFET U1898-18 4-43 5-3 ucrss N JFET 2N4341
U1898E N JFET U1898-18 ucrs6 N JFET 2N4340
U189 N JFET U1899 4-43 5-3 uc80s P JFET 2N3331
11899-18 N JFET U1899-18 4-43 5-3 uceo? N JFET 2N4860
U1899E N JFT U1899-18 ucat4 P JFET 2N3331
U1994 N JFET U1994 4-44 5-8 ucss1 P JFET 2N2608
U1994E N JFET U1994 uCes3 P JFET 2N2608
U2047E N JFET KK4416-18 uCss4 P JFET 2N2608
U3000 N JFET 2N4341 uCes5 P JFET 2N2609
U3001 N JFET 2N4339 uc1700 P MOS ENH 3N163
u3002 N JFET 2N4338 uct764 P MOS ENH 3N163
u3010 N JFET 2N4341 uc2130 D N JFET 2N5452
U3011 N JFET 2N4340 uc2132 D N JFET 2N3955
U3012 N JFET 2N4338 uc2134 D N JFET 2N3956
uc20 N JFET 2N3687 UC2136 D N JFET 2N3957
uc40 P JFET 2N2608 uc2138 D N JFET 2N3958
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FET Cross Reference and Index (cont’d.) I8

Siliconix

Industry Type and Recommended tha::‘ G try Industry Type and Recommended s[:;':' Geometry
Part Number  Classification  Replacement ge Page Part Number  Classification  Replacement ge Page
uc2139 D N JFET 2N3958 VN40AF VMOS N ENH  VN40AF
uc2147 D N JFET 2N3958 VN4GAF VMOS N ENH  VN4BAF
uc2148 D N JFET 2N3958 VNB4GA VMOS N ENH  VNB4GA
uc2149 D N JFET 2N3958 VNBBAF VMOS N ENH  VNG4GF
VCR2N N JFET VCR2N 3-68 5-3 VNB6AJ VMOS N ENH  VNB6AJ
VCR3P P JFET VCR3P 3-68 5-38 VNG6AK VMOS N ENH  VNBBAK
VCR4N N JFET VCR4N 3-68 5-19 VNG7AA VMOS N ENH  VN67AA
VCR5P P JFET VCR5P 3-68 5-36 VN67AB VMOS N ENH  VN67AB
VCR6P P JFET 2N5116 VN67AF VMOS N ENH  VNB7AF
VCR7N N JFET VCR7N 3-68 5-29 VNG67AJ VMOS N ENH  VN67AJ
VMP1 VMOS N ENH  2N6657 VNB7AK VMOS N ENH  VNB7AK
VMP2 VMOS N ENH  2N6660 VNBBAF VMOS N ENH  VNBBAF
VMP4 VMOS N ENH  VMP4 VNB9AA VMOS N ENH  VNBYAA
VMP11 VMOS N ENH  2N6656 VN89AB VMOS N ENH  VNB9AB
VMP12 VMOS N ENH  2N6658 VNB9AF VMOS N ENH  VNBOAF
VMP21 VMOS N ENH  2N6659 VNIOAA VMOS N ENH  VNSOAA
VMP22 VMOS N ENH  2N6661 VNI0AB VMOS N ENH  VN90AB
VN30AA VMOS N ENH  VN30AA VN9BAJ VMOS N ENH  VN9BAJ
VN30AB VMOS N ENH  VN30AB VN98AK VMOS N ENH  VN9BAK
VN33AJ VMOS N ENH  VN33AJ VN99AJ VMOS N ENH  VN99AJ
VN33AK VMOS N ENH  VN33AK VNI9AK VMOS N ENH  VN99AK
VN35AA VMOS N ENH  VN35AA WK5457 N JFET 2N5457
VN35AB VMOS N ENH  VN35AB WK5458 N JFET 2N5458
VN35AJ VMOS N ENH  VN35AJ WK5459 N JFET 2N5459
VN35AK VMOS N ENH  VN35AK

p ((Slete]]
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product information

Siliconix products are divided into three basic categories:

. 4

Siliconix

Standard Products, Modified Standard Products, Custom Products

® Standard Products

All the part numbers described in this catalog are standard products. A summary list of the
prefixes used is shown below in the Device Identification Table. Ordering any of the stand-
ard products is easily done by referring to the data sheet part number. For example, a
2N4391 is simply ordered by that number: “2N4391.” It will also appear in that form on
the price lists, published separately.

® Examples of Modified Standard Products are:

Electrical Specials

Mechanical Specials

High Reliability Specials

Devices with either tightened, relaxed and/or speciat electrical specifications selected from
a standard product.

Devices with standard or modified electrical specifications mounted in non-standard pack-
ages or modified (lead formed) standard packages. Modifications and/or additions to stand-
ard marking are also considered mechanical specials.

Siliconix has a number of standard High-Reliability screening options that can be ordered
as standard products. These options include M11.-7508. High-Rel process option details will
be found in the introductory section of this data book. In addition, Siliconix offers certain
JEDEC-registered FETs with JAN, JANTX, or JANTXV processing. Refer to any current
Siliconix OEM price list for details on specific part numbers. If existing screening processes
do not meet individual customer requirements, Siliconix can provide special additional in-
spections and controls to meet the stringent demands.

In all of the above cases {with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned
which defines the part either by reference to customer’s print(s) or by associated special requirements. Each special
product is proprietary to the customer, and is not made available to other customers.

® Custom Products

Are designed to meet customer requirements not realizable by selection from standard
parts; usually, these products require special engineering development. The proprietary re-
lationship described above also applies to custom products.

Inquiries for SPEC/IAL DEVICES may be directed to the nearest field sales office or to:
FET Marketing Department, Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, California 95054,

Telephone: (408) 988-8000.

FETs/Part Number Prefixes and Suffixes

Prefix XXX XXXX
CR Si Standard N-Channel
Current Regulator
DPAD Si Standard Dual JFET Diode
FN Special N-Channel JFET Special N-Channel JFET
3 Si Standard TO-92 Cased FET Speciat TO-92 Cased FET
JPAD Si Standard TO-92 Cased JFET Diode
K Si Standard TO-92 Cased FET
KK Si Standard TO-92 Cased FET
M Si Standard MOSFET
MEM Si Standard MOSFET
MU Special MOSFET
PAD Si Standard JFET Diode
PF Special P-Channel JFET'
PN Si Standard TO-92 Cased FET
su Special P-Channel JFET
U Si Standard FET Si Standard FET
VCR Si Standard N- and P-Channel
Voltage Controlled Resistors
VMP VMOS Power FET N-Channel
VN VMOS Power FET N-Channel
2N JEDEC-Registered Device
3N JEDEC-Registered Device
Suffix
-18 Std TO-92 Package with Center Lead Formed Toward Flat in TO-18 Pin Circle

The above prefix list does not include some second source products supplied by Siliconix. Refer 1o FET Cross Reference
and Index or current price list for availability of these devices. '

© 1979 Siliconix incorporated
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process option flow chart

r———————

LEVEL 2
MIL-STD-7508

Visual:

Presesl Visual:
Mil-Std-750, M2072

|

Stabilization Bake:
Mil-Std-750, M1031
24 Hrs. ot To = 200°C

!

Tempersturs Cycle: Mil-Std-750
M1061 —85 ta 200°C for 10 cycles—
15 min. temp. extremes

}

Cantrifuge: Mil-Std-750,
M2008 Y1 Axis 30K G's

|

Fine Lesk: Mil-5td-750
M1071 Cond G/H 1X 10~8
ATM - ce/sec

|

Gross Leak: Mil-Std-750,
M1071 Cond C

|

Electrical Test:
100% to Selected 25°C
Data Sheet Parameters

|

Burn-tn (High Temperature
Revarse Biss): VGS » .8 x BVGSS
Mil-S5td-750, M1039
TA=150°C. T =168 hrs.

!

Electrical Test
100% +0 Selected 25°C.
Data Sheet Parameters

4

roup A
25° DC LTPD=6,C=1
High Temp LTPD = 10, C = 1
Low Temp LTPD ~ 10, C= 1
25° CACLTPD = 10, C * 1

l

External Visuai: Mil-$td-750,
M2071 LTPD = 10

LEVEL 3
HERMETIC PACKAGE

Vigual:

Pre Cap Visual:
Industrial

'

Stabilization Bake:
Mil-Std-750, M1031
24 Hrs. st T = 150°C

r——- _‘.l_ _.L.TLD;EI)

I Temperature Cycle: Mil-Std-750 l
M1051 - 65 to 200°C for 10 cycles
15 min, temp, extremes I

Fine Leak: Mil-Std-760 [
M1071 Cond. G/H 1X 108 1
] ATM - co/sec |

Gross Leak: Mil-Std-750, “
M1071 Cond. C ||

R ——

A

Electrical Test
100% to Selected 25°C
Data Sheet Parameters

A

Qc 25°(, Electricat:
0.65% AQL

!

External Visusl:
Mil-Std-750, M2071
LTPD = 10

L e e

-

F———————————

Siliconix
LEVEL 4
PLASTIC PACKAGE
Visual:
Pre Cap Visual:

Industrial AQL = 1.6%

!

Stabilization Bake:
Mil-Std-750, M1031
24 Hrs, ot T = 150°C

v

Electrical Test:
100% to Selected 25°C
Data Shest Parameters

A 4

Qc 26°C. Electrical:
0.65% AQL

L

External Visual
M2071 LTPD = 2.0

1-156
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tips on selecting the right FET for your application &

The “Product Specification,”” a short form version of technical data, will provide you direct
reference to Siliconix part numbers and a condensed version of technical specifications

IF YOU ARE NOT FAMILIAR WITH THE FET PARAMETERS YOU NEED:

1. Turn to page 2-2 ‘‘How to Choose the Correct FET for Your Application.” Using this guide, deter-
mine the important FET parameters.

2. Next, turn to page 2-4 “JFET Geometry Selector Guide.” Using this guide, choose the appropriate
geometry.

3. Once you have chosen a geometry, turn to the “Geometry Characteristics’” section 5 of the catalog.
Here you make the choice of a suitable part number.

Now that you have the part number, you will find complete electrical specifications of these
products In the “Data Sheets’ sections 3 and 4 of the catalog.

IF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED:

1. Turn to the “Product Specifications’ pages 2-6 through 2-16 to determine the proper part
number(s).

2. Double-check your choices against the data sheets, and select the part most suited for your appli-
cation.

Xiuod

© 1979 Siliconix incorporated
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how to choose the correct FET for your application

iconix
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JFET geometry selector guide

Once you have chosen the major FET parameters, you will
find selecting the optimum JFET geometry is easy. If you
are familiar with Field Effect Transistors, start your selec-
tion using the characteristic graphs on page 2-4. You will
find the VGg(off) Vs IDSS graph the most meaningful, since
it shows — in order of ascending active area — the complete
line of Siliconix junction FETs.

To give you an idea how this guide works, let’s find the most
suitable geometry for a 70 ohm ON-resistance analog switch

USEFUL JFET PARAMETER RELATIONSHIPS (APPROX.)

Siliconix
which will be required to operate as close as 5 volts from
the negative power supply. The power supply restraint re-
guires a maximum VGg(off) of 5 volts. Examining the
RDS(on) Vs VGS(off) figure, you will find the NC, NIP, and
NVA geometries meet the Ry, and VGS(off) requirements.
In order to minimize your cost, choose the geometry having
the least chip area, that is the NC. You will find character-
istic data and part numbers in the Geometry Characteristics
section of the catalog. Below are the most important param-
eter inter-relationships expressed in analytical form.

'Dss
dfso = — Forward transconductance as a function of Ipgg and VGs(off) at zero gate-source voltage
VGs(off) (K = 1.5 to 2.5; typically = 2 for N-channet junction FET)
Vas - . .
9fs = gfgo (1~ ——) Variation of ggg with gate bias
VGS(off)
Ofs = 9fso VID/IDSS Variation of g¢s with drain current
- ? Ioss f i 1 d
VGS(off) = — Gate-Source cutoff vcitage in terms of tpgs and afgso
9fso
1) Y
Vps ~ VGsioff) (— ) Drain voltage at which drain current saturates
Dss
DS ~ _l_ Reciprocal relationship between drain-source resistance and forward transconductance. Ac-
9fs curate when Vps < VGg(off) ie. in the triode region
v 12
DS o~ _.M.__ K=1.51t025 Variation of drain resistance in the triode region
Kipss [VGs(off) - VGS ]
Ves 2
D = 'pss (1 - — ) Variation of drain current with gate-source voltage. The square law transfer characteristic.
Vas(off)

2-3
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JFET geometry selector guide (cont'd)
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JFET geometry selector guide (cont'd) T
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Siliconix
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p-channel JFET
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Product Specifications (cont'd)

g

Siliconix
Ll
Low Leakage Diodes
R Breakdown E d
everse Voltage orwar
N::l'l-:er '(’.‘l'%k_“‘)’ Diode Current (V.,.,‘,', Voitage Drop Capacitance
{pA, Max.) (pF, Max.)
Min. Max
DPAD1 72 Dual 1 45 120 15 08
DPAD2 72 Dual 2 45 120 1% 08
DPADS 72 Dual 5 45 120 15 08
DPAD10 72 Dual 10 35 - 15 2.0
DPAD20 72 Dual 20 35 - 15 20
DPADS0O 72 Dual 50 36 - 1.5 20
DPAD100 72 Dual 100 35 - 15 2.0
JPADSO T0O-92/70-106 Single 20 35 - 15 20
JPAD100 TO-92/TO-106 Single 50 35 - 15 20
JPAD200 TO-92/T0-106 Single 100 35 - 1.5 2.0
JPADSQ0 TO92/TO-106 Single 500 35 - 15 2.0
PAD1 18 Single 1 45 120 156 08
PAD2 18 Single 2 45 120 1.5 0.8
PADS 18 Single 5 45 120 156 08
PAD10 18 Single 10 35 - 1.5 2.0
PAD20 18 Single 20 35 - 1.5 20
PADS0O 18 Single 50 35 - 15 20
PAD100 18 Single 100 35 - 15 2.0
.
Voltage Controlled Resistors
Threshold Voltage Resistance
Part NorP Package Bv:h:;”“ (Volts) {Channel Q} Geometry
Number (T0- 1 | (volts, Min.) Min Max. Min, Max.
VCR2N N 18 15 3.5 7.0 20 60 NC
VCR3P P 72 15 35 7.0 70 200 PE
VCR4N N 18 15 3.5 7.0 200 600 NP
VCR5P P 72 15 35 7.0 300 900 PC
VCR7N N 72 15 25 5.0 4000 8000 NT
P-Channel MOSFETS
) Leakage
Part Package | Op g Threshold Resi Channel On Leakage Breakdown input Reverse
Number | (TO- ) Mode Voltage Channel (mA} Channel Off Voltage i i G Y
{Volts, Max.) | (2, Max.} - {nA, Max.} | (Volts, Max.) | (pF Max.} {pF, Max.)
Min. | Max.
3N163 72 ENH 5.0 250 5.0 30 - 40 25 0.7 MRA
3N164 72 ENH 5.0 300 3.0 30 - 30 25 0.7 MRA
MFE823 18 ENH 6.0 - 3.0 - 20 25 6.0 15 MRA

214
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Product Specifications (cont'd)

;4

Siliconix
.
Current Regulator Diodes
Forward Forward Limiting Peak Operating Dynamic Forward
Part Package Current Current Voltage Voltage . y paci ~ ry

Number (TO- ) (mA) Tol:a;n)nee (Volts, Max.) (Volts, Max.) (MS2, Max.) {pF, typ)

CR022 18 0.22 10 1.00 100 13 - NKL
CRO24 18 0.24 10 1.00 100 10 — NKL
CR027 18 0.27 10 1.00 100 9.0 - NKL
CRO30 18 0.30 10 1.00 100 8.0 - NKL
CRO33 18 0.33 10 1.00 100 6.6 — NKL
CRO39 18 0.39 10 1.05 100 4.1 - NKL
CR043 18 043 10 1.05 100 3.3 — NKL
CR0O47 18 047 10 1.10 100 2.7 - NKL
CR056 18 0.56 10 1.20 100 1.9 - NKL
CR062 18 0.62 10 1.30 100 155 — NKL
CR068 18 0.68 10 1.15 100 1.35 — NKM
CRO75 18 0.75 10 1.20 100 1.16 - NKM
CR082 18 0.82 10 1.2 100 1.00 - NKM
CRO21 18 091 10 1.29 100 0.88 — NKM
CR100 18 1.00 10 1.35 100 0.80 — NKM
CR110 18 1.10 10 1.40 100 0.70 - NKM
CR120 18 1.20 10 1.45 100 064 - NKM
CR130 18 1.30 10 1.60 100 0.58 - NKM
CR140 18 1.40 10 155 100 0.54 - NKM
CR150 18 1.50 10 1.60 100 0.51 - NKM
CR160 18 1.60 10 1.65 100 0.475 - NKO
CR180 18 1.80 10 1.75 100 042 — NKO
CR200 18 2.00 10 1.85 100 0.395 - NKO
CR220 18 220 10 1.95 100 0.37 - NKO
CR240 18 2.40 10 2.00 100 0.345 - NKO
CR270 18 2.70 10 2.15 100 0.32 - NKO
CR300 18 3.00 10 2.25 100 0.30 - NKO
CR330 18 3.30 10 235 100 0.28 - NKO
CR360 18 3.60 10 250 100 0.265 - NKO
CR320 18 3.90 10 2.60 100 0.255 — NKO
CR430 18 4.30 10 2.75 100 0.245 - NKO
CR470 18 4.70 10 2.90 100 0.235 - NKO
J500 92 0.24 20 1.20 50 5.0 2 NCL
J501 92 0.33 20 1.30 50 3.0 2 NCL
Js502 92 0.43 20 1.50 50 20 2 NCL
J503 92 0.56 20 1.70 50 14 2 NCL
J504 92 0.75 20 1.90 50 1.0 2 NCL
J505 92 1.00 20 2.10 50 0.6 2 NCL
J506 92 1.40 20 2.50 50 04 2 NCL
J507 92 1.80 20 2.80 50 0.25 2 NCL
J508 92 2.40 20 3.10 50 0.25 2 NCL
J509 92 3.00 20 3.50 50 0.20 2 NCL
J510 92 3.60 20 3.90 50 0.20 2 NCL
J511 92 4.70 20 4.20 50 0.15 2 NCL

NUDD
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Product Specifications

VMOS Power FETs

BREAKDOWN VOLTAGE

3BV

40 V

60 V

80V

90 Vv

ZENER

NON-ZENER

ZENER

NON-ZENER| ZENER

NON-ZENER

ZENER

NON-ZENER

ZENER

NON-ZENER

PACKAGE

2N6656
VN35AA

VN30AA

VN33AJ
VN35AJ

2N6657
VN67AA

VNB4GA

VN66AJ
VNE7AJ

VNB9AA

2N6658

VNSOAA

VNOBAJ
VN9SAJ

2N6659
VN35AB

VN30AB

VN33AK
VN35AK

2N6660
VN67AB

VN66AK
VNE7AK

VN89AB

2N6661

VN90AB

VNOBAK
VN9SAK

30
35
4.0
45
5.0

VN46AF

VN4OAF

VNGE6AF
VNG7AF

VNSBAF
VN8SAF

TO-202AA

6.0

VN10KM

3.0

VMP4

380-SOE

Plgase contact your nearest Siliconix Sales Office for a VMOS Design Catalog.

Detailed Technical Specifications for the VMOS Power FETs listed above are not included in this data book.
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Die Process Information [
Siliconix is a large volume supplier of die to the hybrid industry. Both military and industrial grades are available. Screen-
ing includes 100% DC electrical probe and 100% visual inspection of each die.

Physical Data

® Physical layout and dimensions are presented in the die topography section.

@ Each die is passivated with approximately 8,000 angstroms of non-crystalline glass.
® All die are gold backgd. Gold backing is approximatély 1,600 angstroms thick.

® Die metallization is deposited aluminum approximately 12,000 angstroms thick,

Die Screening Criteria

Electrical Probe — Die are 100% probed in wafer form at 25°C to DC criteria.
Visual Criteria — Die are supplied with 100% visual sort to the criteria of MIL-Std-750 method 2072.
Packaging
Die are supplied in dust proof, anti-static waffle packs. {(see illustration)
Assembly
® Chips supplied in waffle packs normally do not requira cleaning. Wafers should be cleaned after sawing or scribing,
and fracturing.
® Chips should be handled with a vacuum pick-up with protected tip or with tweezers gripping the chip on its sides.
® When handling MOSFET chips, particularly non-gate protected types, steps must be taken to prevent damage by
static discharge. In some extreme cases, handling precautions may be necessary for junction FET chips.

® Chips can be die attached either eutectically or by conductive epoxy when lower temperatures are necessary. Gold
silicon eutectic occurs at temperatures between 385°C and 425°C.

® Bonding of wires from chip pads to posts can be achieved by thermocompression gold wire or ultrasonic aluminum
wire bonded.
Options
® SEM — Scanning electron microscope examination and control in accordance with M1L-Std-883 Method 2018 can be
ordered on chips and wafers,
® Wafer qualification to unprobed parameters — sample testing of purchased chips to demonstrate capability to per-
form at data sheet temperature extremes by use of LTPD techniques can be provided.
® Hot probe — Siliconix has a chip processor/distributor with hot probe capability available.
Chip Packaging

Chips are packaged as individual die in the flat waffle carrier illustrated in Figure 1. The carrier has a cavity size adequate
to allow ease of loading/unloading and also prevents die from rotating within the cavity.

Chip and Wafer Processing /—CARRIER ToP

1 po——— e -

WAFER
ac
- ..'_“%,‘l:sfl.jsi.':f'_ N ELECTRICAL Saw \ . s
INSPECTION 'YLAR
INSPECTION specTIo! FRACTURE

H '
t
H i
I '
1 1
! ! oruon
WAFER H Yoo H ?&m‘.’iﬂ,
1 i
CLASSIEICATION V| nereemon i spaciat testing
1 =
LLpocamion ! : LENS PAPER
' ! ac .
, vISUAL |
- 1
100% [l et 1
ELECTRICAL i 1 Waters | i I
PROBE : : H - :
i CARR(
VISUAL ¥
i l msrecrion | ) ! l LOADING I |
1 ) ) '
[ i .

l PACKING AND SHIPPING I

NOTE: CARRIER TOP & BOTTOM SECURED BY CLIPS
Figure 1

XiUoJl
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pc board layout and construction for low leakage

applications

In order to reatize the full capability of these devices in cir-
cuits that are sensitive to very low currents, considerable
care should be exercised in PC board layout and construc-
tion techniques. If proper care is not taken, board leakage
currents can easily become much larger than the leakage cur-
rents of the devices themselves, especially under conditions
of high temperature and humidity. Excessive leakage currents
can be produced by poor quality boards, socket leakage, poor
board layout, imperfectly cleaned boards, or improperly
applied or cured protective coatings.

{t is important to start with quality PC boards which have

high resistivity and low susceptatice to moisture. Boards of.

teflon or polycarbonate composition exhibit these attributes
and are preferred. Glass-epoxy boards are less desirable be-
cause they will absorb moisture, and if used must be pro-
tected with a conformal coating.

The use of sockets should be avoided wherever possible since
the pin-to-pin isolation is often not great enough to prevent
smali leakage currents from occurring. These currents can
significantly degrade device performance in low leakage
applications. 1f sockets cannot be avoided use the highest
quality available, preferably teflon.

In laying out PC boards, care should be taken to keep pins
and runs which are sensitive to very low currents away from
pins and runs which will be at significantly higher or lower
voltages. The most common leakage current problems occur
between pins sensitive to low current levels and nearby pins
at or near one of the supply voltages. Thus, if the isolation
between critical pins and nearby high or low voltage pins is
increased, leakage is minimized.

. 4

Siliconix

In order to reduce leakage currents, it is very important that
all PC boards and experimental breadboards be thoroughly
cleaned with a solvent after construction. A recommended
procedure is to wash each board in an uitrasonic cleaning
bath of alcohol, trichloroethylene, or some other commercial
solvent, and to blow dry with compressed air. The purpose
of this is to remove all skin oils (the greatest cause of leakage
in improperI\./ cleaned boards}, solder fiuxes, and other films
and residues left over from the construction process which
can cause gross leakage problems and erratic device behavior,
especially at temperatures above 85°C.

For best results, the thoroughly cleaned boards should be
protected against dirt, conductive films, and humidity by
the application of a conformal coating. Urethane and Dow
Corning’s R-4-3117 Silicone are easy to use and offer suffi-
cient protection under most operating conditions. Epoxy
resuits in a more durable coating but care must be taken to
insure that it is cured properly; an improperly cured layer of
epoxy will make the high temperature leakage problem
worse. Union Carbide’s Parylene also results in a relatively
durable coating.

The ultimate leakage protection method consists of printed
circuit metalization guard rings driven from a low impedance
buffer amplifier whose output is at the same potential as the
pin being protected. This completely eliminates board sur-
face leakage at critical pins by removing any difference in
potential, but it is difficult to implement due to the extra
buffer amplifier required and the tight PC board metaliza-
tion spacings encountered.

® 1979 Siliconix incorporated
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p-channel JFETs
designed for . ..

B General Purpose Amplifiers

Performance Curves PC PD
See Section 5

BENEFITS
o JAN Approved Version Available

TO-18
See Section 7
*ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain and Gate-Source Voltage (Note 3)......... 30V o
Gate Current, Forward Biased (Note 1)............ 50 mA .
Total Device Dissipation (Derate 2 mW/°C) ....... 300 mwW [
Storage Temperature Range .............. —65 to +200°C s a.c s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N2608 2N2609
Characteristic - Unit Test Conditions
Min Max Min Max
1] G Gate Reverse Current 10 ] 30 nA Vgs=30V,Vpg=0V
2 S5 (Note 2) 10 30 | wA | vgg=5V,Vpg=0,Ta=150°C
-8
T Gate-Source Breakdown = -
3 A BVGss Voltage 30 30 \Y ig=1HA, VDS=0V
T
Gate-Source Cutoff . i
4 (': VGS(0f) yoitage 1 4 1 4 v Vps=-5V,Ip=1uA
Saturation Drain
- - - - =-65V,Vgg=0V
5( |'opss Current 0.90 4.50 2 10 mA Vps=-6V,Vgs
Common-Source
6(p| o Forward 1000 2500 umho Vps=-5V,Vgs=0V . f=1kHz
Y Transconductance
—IN
Common-Source Input
; = . = =14
7 c‘ Ciss Capacitance 17 30 oF Vps=-5V,Vgg=1V 140 kHz
1
8|CINF Noise Figure 3 ) 3 dB Vps=-5V,Vgg=0,RG=1MQ f=1kHz
PC PD

*JEDEC Registered Data

NOTES:
1. Not JEDEC Registered
2. 1Ggss is JEDEC Registered at VGg =5V

3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

31
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2N2843 2N2844

iconix

p-channel JFETs

deSigned fOr e oo See Section 5

B Small-Signal Amplifiers BENEFITS

Performance Curves PC PD

® Low Supply Voltage Operation
VaGs(off) Typically 1.2V

5

Siliconix

TO-18
See Section 7
*ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain and Gate-Source Voltage (Note 3) ........ 30V D
Gate Current, Forward Biased {(Note 1) ........... 50 mA .
Total Device Dissipation (Derate 2mW/°C) ....... 300 mw g
Storage Temperature Range. ............. -65 to +200°C s G.c s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N2843 2N2844 .
Characteristic Unit Test Conditions
Min | Max Min | Max
i | Gate Reverse Current 10 30{nA [VGs=30V,Vps=0
2 Gss (Note 2) 10 30 [uA |[vgs=5V,Vps=0,Ta=150°C
13 Gate-Source Breakdown
T A = =
K] A BVGss Voltage 30 30 v Ig=1uA,Vpg=0
— 7T -
Gate-Source Cutoff
1 =_ =-
4 ¢ VGS(off) Voltage 1.7 1.7] V vps=-5V,Ip=-1uA
Saturation Drain’ - _
5| |lbss Current -200 | -1000| -440 | -2200 | A |Vpg=-BV,VGgs=0
D Common-Source
CANAES Forward 540 1400 pmho | Vpg=-6V,VGs=0 f=1kHz
N Transconductance
F—A
M| e Common-Source - . -
7 (| Giss Capacitance 17 30 | pF |Vps=-5V,Vgg=1V =140 kHz
8 ¢ NF Noise Figure 3 3| d8 Vpg=-6V,Vgs=0 Rg=1MQ f=1kHz

PC PD

*JEDEC Registered Data

NOTES:

1. Not JEDEC Registered

2. iGgss is JEDEC Registered at VGg =5 V.

3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

32
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p-channel JFETs
designed for. ..

B Small-Signal Amplifiers
® Analog Multipliers
m Modulators

Performance Curves PC
See Section 5

BENEFITS
® Ease of Amplifier Design

g

Siliconix

Ipgs & Gy Closely Specified

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
2. Derate linearly to 175°C free-air temperature at rate of 2.0 mW/°C

*ABSOLUTE MAXIMUM RATINGS (25°C) T0-72
. See Section 7
Gate-Drain and Gate-Source Voltage (Note 1) . ....... 20V
GateCurrent .................... e 10 mA
Total Device Dissipation at {or below)
25°C Free-Air Temperature (Note 2).......... 300 mW o
Storage Temperature Range.............. -65 to +200°C .
Lead Temperature b ¢
{1/16" from case for 10seconds).............. 230°C s e E
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
o 2N3329 2N3330 2N3331 2N3332 .
Characteristic Unit Test Conditions
Min | Max Min | Max Min | Max Min | Max
1 0.01 0.01 0.01 0.01 VGs =10V, Vpg=
— Igss Gate Reverse Current A Gs - VD=0 =
2 10 10 10 10 VGs =10V, Vps=0, Ta = 150°C
3l s [Bvass 32}::;“’” Breakdown [ 5 20 20 20 IG = 10 A, Vps = 0
— T v
A Gate-Source Cutoff _ _
4 -lr VGSIoM yoitage 5 6 8 6 Vps=-15V, Ip = -10 pA
5 C Ipss Saturation Drain Current -1 -3 ~2 -6 -5 -15 -1 -6 mA | Vpg=-10V,VGgs=0
L]
6 |rpsion g:;:::;’" ON 1000 800 600 Q | Ip=-100uA, Vgs =0
Common-Source Input
7| e posielhen 0.2 0.2 0.2 0.2
-
8 Common-Source Reverse 0.1 0.1 01 01 2N3320: Ip =-1mA
Grs Transfer Conductance . : . - 2N3330: Ip =-2mA
—1 umho| Vpg=-10V 2N3331: 1 = -5 mA f=1kHz
9) D | gos ‘éﬁ,’j‘dﬂ;’;f;’: ree Output 20 40 100 20 Ples
Y 2N3332: Ip=-1mA
10N Common-Source Forward | 1000 | 2000 | 1500 | 3000 | 2000 [ 4000 | 1000 | 2200
 11] a 9s Transconductance 900 1350 1800 900 = 10MHs
3. Common-Source Input _ o
12| ¢ | Ciss Capmaitancs 20 20 20 20 | pF | Vpg=-10V,vgg=1V f=1MHz
I Vps=-5V,Ip=-1mA -
13 NF Noise Figure 3 3 4 1 w Rgen = 1 MQ f=1kHz
P Vps=-5V,Ip=-1mA -
14 NF Noise Figure 5 Rgen = 10 M2 f=10Hz
*JEDEC registered data PC
NOTES:

3-3
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2N3368 2N3369 2N3370

iconix

n-channel JFETs

designed for. ..

B Small-Signal Low Power
Applications

*ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage (Note 1) . . . .-40V
GateCurrent . . . . . . . . . . . 10 mA
Total Device Dissipation at {or below) 25°C

Free-Air Temperature (Note 2) . 300 mwW
Storage Temperature Range . . . . -65 to +175°C
Maximum Operating Temperature . . . . . . 150°C

*ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted)

Siliconix

Performance Curves NP
See Section 5

TO-18
See Section 7

D
[4
G.C
s D s

NOTES:

2. Derate linearly to 150°C free-air temperature at rate of 2.1 mw/°C.

2N3368 2N3369 2N3370 .
Characteristic Unit Test Conditions
Min Max Min Max Min Max
! ' Gate R c i > L 30V, Vpg=0
— ate Reverse Current = - , = rosm—
2| |58 15 s 15| pa | 8 oS 100°C
Gate-Source
315 | BVGSS  Breakdown Voltage -40 40 -40 IG=-14A, Vpg=0
A Gate-Source Cutoff -
4 -|I- VGS(off) Voltage -115 -6.5 -3.2 Vps=20V,Ip=1uA
Scl Drain Cutoff C 5 5 5 nA v 20V,V ()
ram Cuto urrent = ) =
Dloff) (-12.0 (-7.0) 35| | o8 as
6 iDss Saturation Drain Current 20 12.0 05 25 0.1 0X ) mA | Vpg=30V (Note 3), Vgs =0
7| | ot SommonSource Forward! 1000 | 4000 600 | 2500 | 300 2500 Vpg =30V (Note 3), Vgg =0 | f=1kHz
—_— umho
D Common-Source Qutput
8 v | 9oss Conductance 80 30 15
—x Vps=30V,Vgg=0
Common-Source Qutput
9 ":‘ Cass Capacitance 3 3 3 f=1MHz
—lc pF
. Common-Source Input = =
10 Ciss Capacitance 20 20 20 Vps=8V,Vgs=0
*JEDEC registered data. NP

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

3. To minimize heating on high Ipss units, this parameter is measured during a 2 ms interval 100 ms after power is applied. {Not a JEDEC condition.)
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p-channel JFETs
designed for . ..

B Analog Switches
m Choppers

B Commutators

® Amplifiers

Performance Curves PE
See Section 5

BENEFITS

® Low Insertion Loss

Siiliconix

RpS(on) < 150 £ (2N3386)

TO-72
See Section 7
*ABSOLUTE MAXIMUM RATINGS (25°C})
Gate-Drain Voltage (Note 1) . .................... 30V
Gate-Source Voltage (Note 1) . ................... 30V P
Gate Current .......... e e 50 mA com
Storage Temperature Range. .. ........... -65 to +200°C s J
Total Dissipation at 26°C Tp (Note 2) .......... 300 mW s G s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N3382 2N3384 2N3386 . .
Characteristic Unit Test Conditions
Min Max Min Max Min Max
VGgs=30V
1 1GSss Gate Reverse Current 15 15 15 nA Vps =0
2 1GSS Gate Reverse Current 15 15 15 uA sti sV Ta=150°C
—s ps=0
T Gate-Source Breakdown IG=1HA
3 A BVGss Voltage 30 30 30 v Vps =0
—T
Gate-Source Cutoff Vps=-5V
| .
4 ¢ VGS(off) Voltage (Note 3) 1.0 5.0 4.0 6.0 4.0 95 Ip=-14A
Saturation Drain Current Vps=-10V
5 -3, ~30. -15. -30. -15. ~50. A
Ipss (Note 3) 3.0 30.0 15.0 0.0 15.0 50.0 m, Vgs=0
. -2 ~2 -2.5 nA Vpg=-6V
6 ID(off)  Drain Cutoff Current 6) 6) {10} ) ves=(
Drain-Source ON VGgs=0
7 fdslon)  pegistance 300 180 150 2 Vps =0 1 kH
—b = 2
Common-Source Forward . Vpg=-10V
Y 5 h
8 N 9fs Transconductance {Note 3) 4500 12,500 7500 12,500 7500 15,000 umho VGs=0
la Cs Source-Gate Capacitance
gs _
9|M|+ Plus 6.0 6.0 6.0 Vps=0
1 R . Ves =10V
e Cdgs Drain-Gate Capacitance ofF = 140 kHz
g Common-Source Input Vps=-5V
10 Ciss Capacitance 16 Typ VGgs=1V
PE

*JEDEC registered data.
NOTE:

1. Due to symmetrical geometry, units may be operated with source and drain leads interchanged.

2. Derate linearly to +175°C at 2 mW/°C
3. Pulsewidth = 2 ms, duty cycle < 3%.
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2N3436 2N3437 2N3438

iconix

n-channel JFETs

designed for . ..

*ELECTRICAL CHARACTERISTICS (25°C unless

® Small-Signal Amplifiers BENEFITS
e ® QOperates from High Supply

B Switches Voltages

BVggg > 50V

TO-18

See Section 7
*ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain or Gate-Source Voltage (Note 1) ........ -50V
Gate Current . ... ... vt inniiiinnnannnnnnns 10 mA °
Total Device Dlssmatlon at (or below) 25° R

Free-Air Temperature (Note 2) .......... 300 mwW A

Storage Temperature Range.............. -65 to +200°C s o s

g
Performance Curves NP
See Section 5

otherwise noted)

NOTES:
1. Due to symmetrical geometry, these units may be operated with source an
2. Derate linearly to 200°C free-air temperature at rate of 1.7 mw/°C.

. 2N3436 2N3437 2N3438
Characteristic Unit Test Conditions
Min Max Min Max Min Max
1 , Gate R c -05 -0.5 -0.5 nA v V.V 0
= ate Reverse Current = - B = ——
2 Gss -1.0 -1.0 -1.0 KA GS Ds 150°C
Gate-Source Breakd
3 ?_ BVGsS e urce Breakdown 50 50 50 v IG=-1uA, Vpg=0
4 ¢ | Drain Cutoff C 10 19 1O A s = 20w,V ()
Dioff rain Cutoff Current = ) =
1 (off) (-10.0) (-5.0) (-2.5) [\ bs Gs
- c
5| | Vostorn gapeaosree Cutoft 03 48 23| V | Vps=20V,ip=1uA
6 ipss Saturation Drain Current 3.0 15.0 0.8 4.0 c.2 1.0 mA t Vpg=20V,Vgg=0
70 o Comman Source Forward| 2500 | 10,000{ 1500 | 6000 | 800 | 4500 Vps=20V,Vgg =0 = 1 kHz
— pmho
Common-Source Qutput
8 D Soss Conductance 36 2 s
—~— ; Vps=30V,Vgs= 0
o Al Coss Common-Source Qutput 8 5 6 of
M Capacitance f=1MH2
-1
c 18 18 18] bpF
Common-Source Input _ _
10 o} oaci VGs=0V,Vps=1{ )
iss Capacitance (10} (6} 14) )
Vne = =
11 NF Noise Figure 2 2 2 dB ps=10V,vas=0, f=1kHz
Rgen = 1 meg, BW = 6 Hz
* JEDEC Registered Data. NP

d drain leads interchanged.

© 1979 Siliconix incorporated
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—— 1N
n-channel JFETs S :
® Perf C NP
designed for. .. Soc Sections T &
‘B Small-Signal Low Noise BENEFITS '2’

Ampllflers ® Operates from High Supply g
Voltages W
BVggs > 560V O
N
4
(X
&
O
o
TO-18
See Section 7

*ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage (Note 1) ........ -50V
GateCurrent ............ccvivvivnnnanneaa.. 10mA °
Total Device Dissipation at (or below) 26°C

Free-Air Temperature (Note2) .............. 300 mW

Gt
Storage Temperature Range.............. -66 to +200°C s o s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
» 2N3468 2N3458 2N3460 <
Characteristic Unit Test Conditions
Min Max Min Max Min Max
1 \ Gate R Current 025 0z5| | 025 na v 0V, Vos =0
b ate Reverse Curren = s = e e—
2] |8 05 05 05| wA | ©° Ds 150°C
Gate-
3|g | BVGSS Vgﬁa;’“""‘ Breskdown | g -50 -50 v. | lg=-14A,Vps=0
—t T
4AI Drain Cutoff Ci ! ! ! nA \ 20V,V ()
T | ID(off rain Cutoff Current = s =
N _ -8) (=) 2| | o8 Gs
c
4 t
5| | Vasioff 3:};’;:“’“ Cutof 78 34 18| v | vps=20v,ip=1pA
Drain Current at Zero = =
6 Ipss Gote Vortoge 30{ 150| o8 40| 02| 10{ mA | vpg=20V,vgs=0
Common-Source Forward = - -
7 9fs Transconductance 2500 | 10,000| 1500 6000 800] 4500 Vps=20V,Vgs=0 f=1kHz
p— umho
Common-Source Output .
8 o 90ss Conductance 36 “0 5
—y Vps=30V,Vgs=0 f=1MHz
N Common-Source Output
9 A | Coss Capacitance 5 5 51 oF
_im
]
18 18 18 pF
Cle Common-Source Input - = -
10 Ciss Capacitance o) ) @ W) Vgs=0V,Vps=1( }, f=1MHz
A\ = Vgs =0,
11 NF Noise Figure 6 4 4| d8 RDS '10:' gj z " f=20Hz
B ) gen = 1 meg, BW =
1}
* JEDEC registered data. NP -
NOTES:

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
2. Derate linearly to 200°C free-air temperature at rate of 1.7 mW/°C.

0
Q
3
X
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2N3684 2N3685 2N3686 2N3687

iconix

n-channel JFETs -
Performance Curves NFA

designed for . .. Soe Saction 5

m Low Noise Amplifiers BENEFITS
® Operates from High Supply
Voltages
m Choppers BVgss > 50 V

m Switches

TO-72
See Section 7
*ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain or Gate-Source Voltage {Note2) . . . -50V
Gate Currentor DrainCurrent . . . . . . . . 50mA o
Total Device Dissipation
<
(Derate 2 mW/°Cto 175°C) . . . . . . . 350mwW g y
Storage Temperature Range . . . . . . -65to+200°C s o s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N3684 2N3685 2N3686 2N3687
Characteristic Unit Test Conditions
Min | Max Min | Max Min | Max Min | Max
1 ( Gate R c -0.1 -0.1 -0.1 -0.1 nA v WV Y 0
-— ate Reverse Current 'GS = -~ ' =
2] | G5 ‘ 05 05 -05 05| wA | S8 Ds 150°C
s Gate-Source Breakdown ~ ~ _ - . -
3|3 |8vass Voltage 50 50 50 50  |te=-1uA.vDs=0
— A v
Gate-Source Cutoff
TV - - - - - - - -~ = =
4 b GS(off) Voltage 2 5 1 3.5 0.6 2 0.3 1.2 Vps=20V,Ip=1nA
—lc
5 ipss Saturation Drain Current 25 75 1 3 0.4 1.2 0.1 0.5 mA | Vpg=20V,Vgs =0
1 Drain-Source ON
6 DS{on)  Registance {Note 1) 600 800 1200 2400 | ohm | Vps=0V,VGs=0
Common-Source Forward
7 9fs Transconductance 2000 | 3000 | 1500 | 2500 | 1000 { 2000 6001 1500
] < Source Output pmho
ommon-Source u :
8 b 9os Conductance 50 25 10 5 20V.V o = 1kH
- = : = = 2
9 Yl Common-Source Reverse 12 1.2 1.2 1.2 Vos Gs
NS Transfer Capacitance ) ) : i
—{a pF
Common-Source Input
M| e P
0 t Ciss Capacitance 4 4 4 4
—|C
= Equivalent Short Circuit s - _ f =20 Hz |
nf |, nput Spot Notse Vortage 0.15 0.15 0.15 015 | 7= | VDs=10V.Vgs=0 z
N Vps=10V,VGgs=0 £= 100 H
12 NF Noise Figure 0.5 0.5 0.5 0.5 dB Rgen = 10 meg, BW =6 Hz z
NFA

*JEDEC registered data

NOTES:
1. Not JEDEC registered data
2. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
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n-channel JFETs 5§

Siliconix

designed for ... i

® Small-Signal Amplifiers BENEFITS
- OSCi" tors [ Szftr:gt:: from High Supply
BVggs > 50V

*ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage (Note 1) . . . -60V m;:;ziin 7
GateCurrent . . . . . . .. .. .. ... 10mA
Total Device Dissipation at (or below) 25°C

Free-Air Temperature (Note2) . . . . . . 300mw o
Storage Temperature Range . . . . . . -65to+200°C
Lead Temperature ¢

(1/16” from case for 10seconds) . . . . . . 300°C s

*ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)

283821 2N3822
Characteristic Unit Test Conditions
Min Max Min Max
U Gate Reverse C 21 011 M4 L vgs=-30V,Vpg=0
— ate Reverse Current = - s =
2] | oS8 o 01| A | S8 bs 180°C
3 §. BVGss  Gate-Source Breakdown Voltage -50 -50 IG =-1uA, VbS =0
4 {; VGS(off) Gate-Source Cutoff Voltage -4 -6 v Vps=16V,Ip=05nA
| . -05 -2 Vps =15V, Ip =50 uA
s|c|Vas Gate-Source Voltage o
-1 -4 Vps =16V, Ip = 200 uA
6 IDSS Saturation Drain Current {Note 3), 05 25 2 10 mA Vps=15V,Vgs=0
Common-Source Forward _
7 9ts Transconductance (Note 3) 1500 4500 3000 6500 f=1kHz
8 lygs! $fa'“n;'a‘g";'§"°:r:z: Forward 1500 3000 umho f = 100 MHz
Ci -S [¢]
Sol " 0 a Vo5~ 15.vGs =0 = 1w
N N . Common-Source Input
0] A | Ciss Capacitance 6 6
—M oF f=1MHz
1 } c Common-Source Reverse Transfer 3 3
C [ rss Capacitance
Vps=16V,vgs=0,
12| InF Noise Figure s 5| de | YOS GS j
Rgen = 1 meg, BW =5 Hz
— P f=10Hz
- £quivalent Short-Circuit Input oV i
13 g, Noise Voltage 200 200 Mz Vps=15V,VGg=0,BW=5Hz |

*JEDEC Registered Data. NRL I

NOTES:

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/° C.

3. These parameters are measured during a 2 msec interval 100 msec after d—c power is applied.

© 1979 Siliconix incorporated
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2N3823

iconix

n-channel JFET

designed for . . .

m VHF Amplifiers
B Oscillators
B Mixers

Performance Curves NRL

See Section 5

BENEFITS

® Low Noise

NF < 2.5 dB @ 100 MHz

%B—“
Siliconix

TO-72
* o See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain or Gate-Source Voltage (Note 1) ...... -30V
Gate Current  ........... cereieiiesiiieaeas 10MA
Total Device Dissipation at (or below) 25°C °
Free-Air Temperature (Note 2) . ........ eee.. 300 mW .
Storage Temperature Range............. -651t0+200°C g y
Lead Temperature (1/16"’ From Case for 10 Sec) ... 300°C s o $
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
! | Gate Reverse C 08 | nA Vas=-20V,Vpg=0
— GSS ate Reverse Current S = - ,Vps=
2 : 05 | uA G s 150°C
3| aA| BVGSs Gate-Source Breakdown Voltage -30 Ig=-1pA, Vps=0
4| Tl Vgs(off)y Gate-Source Cutoff Voltage -8 \'% Vps=15V,ip=05nA
5 (': Vas Gate-Source Voltage 210 75 Vps = 15V, Ip - 400 A
6 Ipss Saturation Drain Current 4 20 mA Vps =16V, Vgs = 0 {(Note 3)
Common-Source Forward _
7 ofs Transconductance 3500 | 6,500 f = 1 kHz (Note 3)
Common-Source Forward _
8 Ivtsl Transadmittance 3.200 f= 200 MHz
Common-Source Output -
91 p 90s Conductance 35 umho f=1kHz (Note 3)
M Common-Source Input
10| N | giss - 800 Vps=15V,Vgs=0
A Conductar:e S f = 200 MHz
Common-Source Output
Y ,:/I Soss Conductance 200
12| c Ciss Common—Source Input 6
] Capacitance oF 21 MH2
13 c Common-Source Reverse 2
rss Transfer Capacitance
. N Vps=15V,Vgs=0 B
14 NF Noise Figure 25 dB RG = 1 kQ f=100MHz

*JEDEC Registered Data
NOTES:

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C.

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied.

NRL

3-10
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n-channel JFET
designed for . . .

B High Speed Commutators
® Choppers

*ABSOLUTE MAXIMUM RATINGS (25°C)

‘Siliconix
Performance Curves NRL
See Section 5
BENEFITS

® Low Insertion Loss
fds{on) < 250 2

® High Off-1solation
ID(off) <0.1nA

TO-72
Gate-Drain or Gate-Source Voltage {Note 1) -50V See Section 7
Gate Current e e e e 10 mA
Total Device Dissipation at {or below) 256°C
Free-Air Temperature (Note 2) . 300 mw o
Storage Temperature Range . . . . . . -65to+200°C
G
Lead Temperature
(1/16" from case for 10 seconds) 300°C s
*ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
! i Gate Reverse Current 011 08 | yge=-30V,Vps=0
- ate Reverse Curren = - N = °_
2] 8 | o 01 ] pA Gs os 180°C
—aA
31T | BVGSS Gate-Source Breakdown Voltage -50 v Ig=~1uA, Vpg=0
—1
4c [ Drain Cutoff Current 0.1 nA Vps=15V,V 8V
rain Cuto’ urren = B =
Dioff) o1 A DS GS 150°G
5| D | rds(on) Drain-Source ON Resistance 250 Q VGs=0V,Ip=0 f=1kHz
I
N
6| A | Ciss Common-Source Input Capacitance 6 pF Vps=15V,VGgs=0
— 'l“ f=1MH2
7|1C| Crss Common-Source Reverse Transfer Capacitance 3 pF Vgs=-8V,Vps=0
*JEDEC registered data. NRL

NOTES:

1. Due to symmetrical geometry, these units may be operated with source anid drain leads interchanged.

2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C.
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2N3909

iconix

p-Channel JFE l Siliconix
d - d f Performance Curves PC
eS'gne or . .. See Section 5
[ ¥ 4]
B General Purpose Amplifiers
*ABSOLUTE MAXIMUM RATINGS (25°C) T0-72
See Section 7
Gate-Drain or Gate-Source Voltage (Note 1) ....... 20V
Drain-Source Voltage .............cccuevnnnnn. -20V
GateCurrent ............oviiiuinnnnns .o.. 10MA
Total Device Dissipation at (or below) o
25°C Free-Air Temperature (Note 2} ........ 300mW
G
Storage Temperature Range.............. -65 to+200°C ! H
Lead Temperature 1/16" From Case For 10Sec .... 300°C s G s
* .
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic 2N 3909 Unit Test Conditions
Min Max
—1 1GSs Gate Reverse Current L nA Vi v, v 0
rren = , =
2ls 1 pA s oS T=100°C
T Gate-Source Breakdown - -
3 A BV@Gss Voltage . 20 Ig=101A, Vps =0
4 T VGs(off) Gate-Source Cutoff Voltage 8.0 v VDS =-10V, Ip = -10 A
5|c¢ [ Ves Gate-Source Voltage 0.3 7.9 Vpg=-10V, Ip =-30 A
] IDss Saturation Drain Current -0.3 -15 mA
Common-Source Forward
7
9ts Transconductance 1,000 5,000 f=1kHz
—b =
Common-Source Output
8y | os Conductance 100 umho
—n Vps=-10V,VGgg=0
9 Common-Source Forward =
"‘: Iytst Transadmittance 900 f=10MHz
1001 | Ciss Cnmmpn-Source lnput 32
c Capacitance oF =1 MHz
1 Crss Common-Source Reverse 16
Transfer Capacitance
*JEDEC registered data pC
Notes
1 Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
2 Derate linearly to 175°C free-air temperature at rate of 2 mW/°C.

312

© 1979 Siliconix incorporated



lithic dual w3
monoliTnic aud Siticonix
n-channel JFETs
des i n ed f r Performance Curves NNR
g oY « ¢ « See Section 5
L] L] o ghe
m Differential Amplifiers BENEFITS
® Minimum System Error and Calibra-
tion
5 mV Offset Maximum {2N3921)
o Simplifies Amplifier Design
Low Output Conductance
TO-71
Seoe Section 7
D1 D2
*ABSOLUTE MAXIMUM RATINGS (25°C) Sl G2
Gate-Drain or Gate-Source Voitage ......... vee... B0V $10 Os2
GateCurrent .. .......c.iiiiiereenannnnnn ... BOmA
Total Device Dissipation
(Derate 1.7 mW/°C t0 200°C) .......... cee.. 300 MW
Storage Temperature Range.............. -65to +200°C
sy (o2 [
BOTTOM VIEW G g 9
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
Y Gate Reverse C - M1 vas=-30V,Vpg=0
te Re t =30V, =
n GSS ate Reverse Curren 3 7y GS DS 100°C
i $ | BVpGgo  Drain-Gate Breakdown Voltage 50 Ip=1uA,I5=0
4 Z VGS(off) Gate-Source Cutoff Voltage -3 v Vps=10V,Ip=1nA
_5_ T1VGs Gate-Source Voltage -0.2 -2.7 Vps =10V, Iip =100 uA
Seli Gate Operating C 20 P2 1 VoG =10V, Ip =700 uA
—— t t = (D=
=] G ate Operating Curren 26 nA DG D a 100°C
8 iDss Saturation Drain Current (Note 1) 1 10 mA | Vpg=10V,VGgs=0
_9_ Ofs Common-Source Forward Transconductance (Note 1) 1600 7500 umho
& D | 90s Common-Source Output Conductance 3 Vie =10V Vas =0
" x Ciss Common-Source Input Capacitance 18 oF ps= »VGS = f=1kHz
12| A | Crss Common-Source Reverse Transfer Capacitance 6
ealt] -
i \ gfs Common-Source Forward Transconductance 1500 ] umho | VpG =10V, 1p=700 A | = 1KkHz
14 c [ 8os Common-Source Output Conductance 20
15 NF Spot Noise Figure 2 d8 | Vpg=10V,Vgs O f=1kHz,
RG = 1 meg
L 2N3921 2N3922 2NA4084 2N4085
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max | Min { Max
16 IVGst1-Vgs2!  Differential Gate-Source Voltage 5 5 15 15 mv
[ |M[ AlVea-Veao| Gate-Source Differential Voitage = 0°
17| A | =~CS1TEE2 (yange with Temperature 10 25 10 % |uwvrc| vog=t0v |TA® OC
T AT {Note 2) ip=700puA |Tg = 100°C
c
g .
18| 1|2 Transconductance Ratio 09510 095 | 1.0 |oss |10 |o0es]|10 | - f=1kHz
9fs2 {Note 3) )
*JEDEC registered data. NNR
NOTES: NRL-D
1. Puise test duration = 2 ms.
2. Measured at end points; TA and Tg.
3. Assumes smaller value in numerator.
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2N3954 2N3954A 2N3955 2N3955A

matched dual B
n-channel JFETs  xfammmcoe
dGSigned for c o o BENEFITS

® High Accuracy & Stability
Offset Less Than 5 mV (2N3954, 54A)

# Low and Medium Frequency Drift Less Than 5 4V/°C (2N3954A)
H ; H H ¢ Wide Dynamic Range
Differential Amplifiers e Sevcifiod @ Y = 20V
[ | i ® Low Capacitance
High Input w Copesita

Impedance Amplifiers

*ABSOLUTE MAXIMUM RATINGS (25°C)

Any Case-To-Lead Voltage. ...... Cer e ... 2100V
Gate-Drain or Gate-Source Voltage ...... Cerreeena -50V Gy
Gate-To-Gate Voltage ................. ceeea.. 2100V
Gate Current ... .. e e cer it . B0 mA
Total Device Dissipation 86°C (Each Side). ...... . 250 mwW
Case Temperature (Both Sides)....... 500 mW
Power Derating (Each Side) ...... ceieaee.. 286 MW/C
(Both Sides) ............. .. 43 mw/°C
Storage Temperature Range ........ «.... -65t0+125°C

Lead Temperature {(1/16" from case for 10 seconds) . . . 300°C

{ALTERNATE)

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

iconix

2N3954 2N3964A 2N3965 2N3955A )
Characteristic Unit Test Conditions
Min | Max Min | Max Min | Max Min | Max
_1 -100 -100 ~100 -100 | pA [vgs=-30v,
7] |less Gate Reverse Current 800 ~560 ~500 500 | nA | Vps=0 TA-125°C
Gate-Source Braakdown _ - Vps=0,
_3 BVGsS Voltage -50 50 -50 50 os 1 uA
s Gate-Source Cutoff _ _ - _ Vpg=20V,
4| $| vestor) Voltage 10| 45| -10{ 45| -10| -45 [ -1.0]| -45 v |io=1na
—=la Gate-Source Forward Vps=0,
_8|7[Vesn Voltage 2.0 20 20 20 Ias 1 mh
8|1 -4.2 -4.2 -4.2 -4.2 _ Ip = 50 KA
7] ¢[Ves Gate-Source Voltage 65| 4.0 | 05| 40 05| 40 | 0] 40 VDS=20V Mo —owuA
8 - 750 ~50 50 ~50 | pA | Vps=20V,
:sj le Gate Operating Current 2650 750 =260 760 ] nA |Ip-200uA [TA=T55C
Saturation Oran VDs=20V,
16] |ipss Comeny 05| 50| 05| 50| o0s] 50| 05| so| ma ;D870
T T Source Forward |_1000 | 3000 | 1000 | 3000 | 1000 | 3000 | 1000 | 3000 T=1kHz
12| | Transcond 1000 1000 1000 1000 o 1= 200 MHz
D Common-Source Qutput Vps=20V, =
| z Sos oo oo 35 35 35 as vgg 22 f=1kHz
14] [ Ciss Sommon-Source Input a0 40 40 40
. apacitance
—im
Common-Source Reverse
15 ('; Crss Transfer Camwertance 1.2 1.2 1.2 12| pF £=1 MMz
18| |Cago Drain-Gate Capacitance 15 15 15 15 YsD=GO= V.
— Vpg =20V,
17] |nF Nomeror Source Spot 05 05 05 05| o8 |vgs-o, =100 Hz
oise Figure RG =10 MQ
N Differential Gate Vps=20V, - o
1_8- " hGi-lga2l Current 10 10 10 0] na Ip = 200 uA, T=125°C
Saturation Drain Current! _ |Vvps=20V
_1_9_ ? IDSS1/1DSSZ  pracie thate 1) | oes| 10| o0es| 10| 09s| 10| 095 10 ves-0
20{ ¢| ivgs1-vas2! S:mm' Gate-Sourcs 5.0 5.0 10.0 5.0
—1H .
o > - V
21|t Gate-Source Differential . 0.8 0.4 2.0 2l ™ Vps =20V T =25°C to -65°C
211 5| aivasi-vgsal i S :
22| N G817YGS2! Voltage Change with 70 o5 25 5 Ip=200pA |[T-26°Cto126°C
- R 3 rr——————————
2| | or/an2 (aneconductance Rato | go7| 10| 097 | 10| 097 10| 0ss| 10| - f=1kHz
*JEDEC registered data NFA
NOTE:

1. Assumes smaller value in numerator.

3-14
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matched dual ..
n-channel JFETs Berformance Curves NFA
designed for. .. BENEFITS

® Wide Dynamic Range

B Low and Medium Frequency Ig Specified @ Vpg = 20 V
Differential Amplifiers ® Low Capasitance
iss pF
® High Input Impedance Amplifiers o
*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Any Lead-To-Case Voltage. . .................. 2100V 019 QP2

8S6ENT LS6ENT 9SO6ENT

Gate-Drain or Gate-Source Voltage ............... -50V
Gate-To-Gate Voltage ..............vvnven.... 2100V @ G2
Gate Current . ........ ........50mA .
Total Device Dissipation 86°C (Each Slde) veeens. 260 MW 10 0%
Case Temperature (Both Sides)....... 500 mW
Power Derating (EachSide) .. .............. 2.86 mW/°C
(BothSides) ................ 43mW/°

Storage Temperature Range.............. -65 10 +250°C
Lead Temperature {1/16” from case for 10 seconds). . . 300°C

BOTTOM VIEW
o . (ALTERNATE)
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N3956 2N3957 2N39%8
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max
! 1 Gate Reverse Current 1% 100 1001 PR f vgs=-30V, Vps =0
— ate Reverse Curren’ = - . = eeerre—s—
2 GSS -500 -500 -500 | nA Gs DS Ta = 150°C
3| | evess Gt qurce Breakdown 50 50 50 VDS =0V, Ig = -1 A
4 ﬁ. VGS(otf) Gate-Source Cutoff Voltage -10}{ 45 | -10|-45 | -1.0| -45 Vps=20V,Ip=1nA
5 |A| VGasif) Gate-Source Forward Voltage 2.0 20 20| Vv Vps=0V,ig=1mA
6 1,' 4.2 42 4.2 Vps =20V, Ip = 50 gA
— VGgs Gate-Source Voltage
7lc 05| -40 | 05|40 | -05] 4.0 Vps =20V, Ip = 200 gA
2 Gate Operating Current 50 =0 201 PR | \ps =20V, Ip = 200uA
— ate Operating Curren = D= e re—
9| | © perating Lurre ~250 -250 250 | na | DS D=20rA Sa=125°C
10 1pSsS Saturation Drain Current 05| 50 05| 50 0.5 50| mA | Vps=20V,Vgs=0
1 e Common-Source Forward 1000 | 3000 { 1000 [3000 | 1000 | 3000 f=1kHz
12 vhs Transconductance 1000 1000 1000 amho f = 200 MHz
Common-Source Output -
13 35 35 35 f=1kHz
| gos
v Conductance Vps =20V, Vas =0
N . Common-Source Input
14 | Ciss Capacitancs 4.0 a0 40
M Common-Source Reverse pF f= 1 MRz
15 (': Crss Transfer Capacitance 12 12 1.2
16 Cdgo Drain-Gate Capacitance 15 15 1.5 VpG=10V,ig=0
Common-Source Spot Vps=20V,Vgg=0V, _
17 | NF Noise Figure 05 05 05| d8 | 2% oMo f= 100 Hz
18 hG1-lgal Differential Gate Revarse 10 10 10| na | vpg=20V,ip=200pA | T=125°C
—m - -
19 |a| 10ssi/toss2  Fration Didin Current 0os| 10 | osu] 10 |oss| 10| - |vps=20v.vas=0
—_T
c Differential Gate-Source
M Vgs1-Vas2! Voltage 15 20 25
—1 |
21 Gate-Souirce Voltage 40 6.0 8o | mv - - T =25°C 10-66°C
—18 ANVGs1-Vas2! Differential Change With VDS=20V.Ip=200pA L~ — -~
2 Temperature 5.0 ) 10.0 T=-25°c0125C | (]
— R ——— 1}
23 9t1/9452 Transconductance Ratio 095| 10 | 080| 10 OB | 10| — f=1kHz -
{Note 1) 0
* JEDEC registered data o
NOTE: NFA :
1. Assumes smaller value in numerator. i'

© 1979 Siliconix incorporated
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2N3966

iconix

n-channel JFET
designed for . . .

B Analog Switches
m Choppers
8 Commutators

*ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage. .. ............. -30V
GateCurrent. . ......... ...t nnnn. 10 mA
Total Device Dissipation

(26°C Free-Air Temperature} ................ 300 mw
PowerDerating...........ccovvivvrunnnn. 1.7 mW/°C
Storage Temperature Range .............. -55 to +200°C
Operating Temperature Range. .. .......... -55 to +175°C
Lead Temperature

{1/16"* from case for 10seconds) ............... 300°C

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

g5

Siliconix
Performance Curves NH
See Section 5
BENEFITS

® Low Insertion Loss, No Offset
Voltage
RDS(on) <220 2
® Short Switching Aperture Times
Crss < 1.5 pF
t{on) * t{off) <50 ns Typical

T0-72
See Section 7

Characteristic Min | Typ | Max | unit Tost Conditions
1 IGss Gate Reverse Current -0.1 nA VGs=-20V,Vps=0
2 VGsioff) Gate-Source Cutoff Voltage -4 -6.0 v Vps=10V,ip=10nA
3 BVGss Gate-Source Breakdown Voltage -30 IG=-14A,Vps=0
418 | lpss Saturation Drain Current (Note 1) 2.0 mA Vps=20V,Vgs =0
-7t
24|, Drain Cutoff Current 10 | o 1 Vps=10V,Vgs=-7V
rain Cutoff Curren = . --
6 '|" D{off) 20 Py DS GS TA=150°C
.
7| €1 rpsion) Static Drain-Source ON Resistance 220 Q Vps=<0.1V,vg5=0
8 VpSion) Drain-Source ON Voltage 0.26 v Ip=1mA,Vgs=0
2 1 Drain R Current o1 nA Vv 20V,Ig=0
- rain Reverse rren = ’ -
10 DGo 2 e by 02 | uA DG s Ta = 150°C
1) fds{on) Drain-Source ON Resistance 220 Q VGs=0. Ip=0 f=1kMz
12 e Ciss Common-Source Input Capacitance 31 | 60 . Vps=20V,VGs=0
N F f=1MHz
Common-Source Reverse Transfer P - -
13 Crss Capacitance 08 15 Vps=0, Vgs=-7V
i . 20
i td(on) Turn ON Delay Time 3.0 VoD =16V
15 3‘ t Rise Time 100 | 100 ID(on) = 1.0 mA
16| 1| togf Turn OFF Time 30.0 100 ns VGS{on) =0 See Circuit Below
—T =
7] ¢ [ taorm Turn OFF Delay Time (Note 2) 10.0 VGsioff) =-6V
TalH RL =~ 1.25k
18 t Fall Time (Note 2} 20.0
*JEDEC registered parameters unless otherwise Yg?/ NH
noted {apply to min/max only). E INPUT PULSE SAMPLING SCOPE
NOTES: SKL 128 K2 RISE TIME < 1 ns RISE TIME < 10 s
1. Pulse test duration < 2 ms. M%DEE;UW of T+ OSCILLOSCOPE  FALL TIME < 1rs INPUT RESISTANCE > 6 M @ < 10 pF
2. Non-JEDEC registered parameters: i Yo PO oE T e

td{off) + 1 = toff.

PULSE DUTY CYCLE B60%
INPUT RESISTANCE 500

316
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n-channel JFETs B | &
Siliconix ‘6’
9
designed for Performance Curves NC | §
® ¢ o See Section 5 Q
.
B Analog Switches BENEFITS g
® Low Insertion Loss O
m Choppers RDS(on) < 30  (2N3970) ~
- Ampli fiers ® Good Off-Isolation -
ID(off) < 250 pA N
*ABSOLUTE MAXIMUM RATINGS (25°C) T0-18
See Section 7
Reverse Gate-Drain or Gate-Source Voltage ......... -40V
GateCurrent. . .............coun.. e 50 mA
Total Device Dissipation at 25°C Case Temperature
{Note 1) ...... e e 1.8W °
Storage Temperature Range . ............ .—65 to +200°C
Lead Temperature ¢ o
(1/16" from case for 60 seconds) ......... ......300°C s o s
*ELECTRICAL CHARACTERISTICS (25°C -unless otherwise noted)
2N3970 2N3971 2N3972
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max
1 BVgss  Gate Reverse Breakdown Voltage -40 -40 -40 " Ig=-1u8A,Vps=0
2 | Drain R c . 250 250 250 pA v 20V 1c=0
R rain Reverse Curren = . = | v u—
3| {°%° 500 500 500 | nA | °OC s 160°C
4 i Drain Cutoff C t 250 250 250] eA v 20V,V 12v
— rain Cuto urren = . = - Py
S| Dloft) 500 500 500 | nA | O° Gs 150°C
6| A | VGS(otf) Gate-Source Cutoff Voltage -4 -10 -2 -5 -05 3] Vv Vpg=20V,Ip=1nA
T Saturation Drain Current
7 (': 'Dss {Pulsewidth 300 us, duty cycle < 3%) 50 | 150 2% I 5 30| mA | Vpg=20V,VGs=0
_g‘ 2 Ip= 5mA
_9] VDS{on) Drain-Source ON Voltage 1.5 v vVgs=0 Ip = 10 mA
10 1 tp=20mA
1" "DS(on)  Static Drain-Source ON Resistance 30 60 100 Q Vgs=0,Ip=1mA
12 o rds{on) Drain-Source ON Resistance 30 60 100 Q Vgs=0.,1p=0 f=1kHz
13| v | Ciss Common-Source Input Capacitance 25 25 25 Vps=20V,Vgs=0
: N c Common-Source Reverse Transfer 6 6 6 ok Vpe=0,Vas =-12 V f=1MHz
rss Capacitance Ds=9. VGS
] VDD =10V, VGs(on) =0
E s td(on) Turn-On Delay Time 10 15 40 IDen) RL VGSioff)
161W |1, Rise Time 10 15 40 | ns 2N3970 20mA 4500 -10V
17 toff Turn-Off Time 30 60 100 2N3971  10mA 8500 -8BV m
2N3972  5mA 1.6KQ - 3V 9w
—
Voo -
R NC
» Q VoD - VDsion)

JEDEC registered data. LT I0oN et suLse SAMPLING SCOPE 8
NOTE: Vin Vour MISETMEOZSm  RISETMEOAw :
1. Derate linearly at the rate of 10 mW/°C. :Cté!&'?&".;’?&: m INPUT CAPAITANCE 15 oF -

PULSE RATE 550 pps. x

® 1979 Siliconix incorporated



2N3970 2N3971 2N3972

iconix

APPLICATIONS

AAA

> ‘b
> >
>R1 $Rs

e AAA

S ———

*Cs
1

L r—

Amplifier Design Chart
{Cg for 3 dB Point at 50 Hz)

vpD Rs Rq Ry Cs | IpD Rp | 8o Max Ay
v) Q) | MQ) | (M) | (uF) | (mA) Q) V)

2N3970

560 1 ) 100 1 1K 3 9

. % 27K | 33 10 100 6 K| 25 8

 Vpp=156| 3K 1 Source 7 0 85 0.96

Vss=-16 | 75K 1 Follower 6 0 85 0.96

z:::_:: 75K 1 Fiﬁ:;f:r 6 0 15 0.97
2N3971

K| a7 11 100 5 K| 15 8-11

20 330 1 o 100 8 820] 15 9

330 1 o 0 8 820 3 19

2K | 47 1 | 100 6 | 27K 5 18-24

30 330 1 0 100 8 | 15k| 25 15

330 1 o 0 8 | 15k| s5 3.3

VDD =15 | 47k 1 Source 5 of 11 0.97

Vgg =-15 Follower

2N3972

10 220 1 0 0 5 | 1.2k] 15 35

20 220 1 oo 0 5 | 22¢| a5 7

20 K 1 12 100 4 | 39K 5 38

1K 1 12 100 4 | 56k] 35 40-55

Vpp =15 | 47K 1 Source 25 ol 13 0.98

Vss=-16| 7g¢ 1 Follower 15 o] 13 0.98

—

Siliconix

3-18
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n-channel JFETs
designed for . . .

B Analog Switches

8 Commutators

m Choppers

B Integrator Reset Switch

g

Siliconix
Performance Curves NC
See Section 5
BENEFITS

® Low Insertion Loss
High Accuracy in Test Systems

Ron < 30 £ (2N4091)
o High Off-Isolation

Ip(off) <200 pA
¢ High Speed

trise < 10 ns {2N4091)
® Short Sample and Hold Aperture Time

o Crss <BpF
*ABSOLUTE MAXIMUM RATINGS (25°C)
Reverse Gate-Drain or Gate-Source Voltage......... -40V 1':;1_8 5
Gate CUITENT ..o vt v eieeanneneernnaarenns 10 mA See Section
Total Device Dlssmanon at 25°C Case Temperature
(Derate 10mW/°C} ............... e 1.8W
Storage Temperature Range.......... . -55 to +200°C o
Lead Temperature
(1/16°' from case for 60 seconds). .......... ... 300° ¢
s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
o 2N4091 2N4092 2N4093
Characteristic - - Unit Test Conditions
Min | Max | Min | Max | Min | Max
_1‘ BVGss  Gate-Source Breakdown Voltage -40 -40 -40 v Ig=-1uA,Vps=0
2 [} Drain R, C t 200 200 200 | oA Vv 20V,1g=0
I rain Reverse Curren = - . = .
3] o0 400 400 00 | na | VOS s 150°C
2 200 | pA \" 6V
5 400 | nA Gs 160°C
s | Drain Cutoff C t 200 PA \ V|V 8V
- rain Cuto urren = =- P ——
71s D(off) 400 A DS GS 160°C
e I
8 200 pA
A
— vgs=-12VI——F
9] T 400 nA Gs 150°C
10| ¢ | VGs(off) Gate-Source Cutoff Voltage 5| -10 2] -7 -1 5| VvV Ivps=20V,Ip=1nA
. Saturation Drain Current
1_1_ lpss {Note 1) 30 15 8 mA | Vpgs=20V,VGgs=0
12 0.2 Ip=25mA
E VpS(on) Drain-Source ON Voltage 0.2 \' vVgs =0 IpD=4 mA
1:1_ 0.2 Ip = 6.6 mA
15 rDS{on)  Static Drain-Source ON Resistance 30 50 80 Q | Vgs=0.Ip=1mA
16 rds{on) Drain-Source ON Resistance 30 50 80 Q2 | vgs=0,1p=0 f=1kHz
1710 Ciss Common-Source Input Capacitance 16 16 16 Vps=20V,Vgs =0
v pF f=1MHz
N Common-Source Reverse Transfer
18 Crss Capacitance 5 ] 5 Vps=0,VGgs=-20V
191 liigion),  Turn-ON Delay Time 15 16 20 | VDD =3V, VGs{on) =0
~1s ID(on) VGS(off) RL
20 |w|tr Rise Time 10 20 40 | ns 2N4091 66mA  -12V 4268
21 Toff Turn-OFF Time 0 60 80 2Nd092 4 -8 700
2N4093 25 -6 1120
*JEDEC registered data. Voo NC
INPUT PULSE SAMPLING SCOPE
NOTE: Ry RISE TIME <1m RISE TIME 0.4 ne )
1. Puisewidth = 300 us, duty cycle < 3%. Vouy FALLTIME <1ms INPUT RESISTANCE 10 M
Vin PULSE WIDTH 1 »3 INPUT CAPACITANCE 1.7 pF

PULSE OUTY CYCLE < 10%
3 PULSE GENERATOR IMPEDANCE 5000

3-19
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2N4117 2N4117A 2N4118 2N4118A 2N4119 2N4119A

iconix

n-channel JFETs
designed for . . .

B Ultra-High Input
Impedance Amplifiers

Electrometers
pH Meters
Smoke Detectors

—_ﬂ'—
Siliconix

Performance Curves NT

See Section 5

BENEFITS
® Low Power
Ipss < 90 uA (2N4117)

® Minimum Circuit Loading
Igss < 1pA (2N4117A Series)

*JEDEC registered data.
NOTES:

» o Y0-72
ABSOLUTE MAXIMUM RATINGS (256°C) See Section 7
Gate-Drain or Gate-Source Voltage (Note 1) ........ -40V
Gate-Current ..........ciiinii i, 50 mA
Total Device Dissipation
[»]
{Derate 2mW/°Ct0 175°C) ........c.v..... 300 mW
Storage Temperature Range. .. ........... -65 to +175°C G
Lead Temperature
(1/16" from case for 10 seconds).............. 255°C s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N4117 2N4118 2N4119
Characteristic 2N4117A 2N4118A 2N4118A | unit Test Conditions
Min | Max Min | Max | Min | Max
1 Gate Reverse Current -10 -10 -10 | pA _ _
2 IGss 2N4117 Series Only 25 25 25 nA VGs=-20V,Vpg=0 150°C
s
3 -1 -1 -1 A
L T Gate Reverse Current p
1 ) VGs=-20V,Vpg=0
4] GSS 2N4117A Series Only oY 25 26 | oA | GS DS 150°C
65| 1 | BVGgss Gate-Source Breakdown Voltage -40 -40 -40 v Ig=-1uA, Vpg=0
6| € [Vasiofy) Gate-Source Cutoff Vottage 06|18 | -1] 3] 2| -6 VDS =10V, Ip=1nA
71 |ipss f;:)“t?‘z')"" Drain Current 0.03[0.09 | 0.08[024 | 020|060 | ma|Vpg=10V,vgg=0
Common-Source Forward
8|p s Transconductance {Note 2) 70| 210 80 [ 250 | 1004 330
M c Source Output #mho Tk
ommon-sSource
9 x Fos Conductance 3 5 0
— Vps=10V,Vgg=0
10 M ;i Common-Source Input 3 3 3
1 | iss Capatitance
— C pF f=1MHz
Common-Source Reverse Transfer
" Crss Copaciancs 15 15 15
NT

1. Due to symmetrical gsometry, these units may be operated with source and drain leads interchanged.
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.)

3-20
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APPLICATIONS

Voo

Amplifier Design Chart

VDb Rs 1op | Rp | eo Max
) wd | % | wa | war | wkw | AY
2N4117
10 10 45 | 120 5.7
270 | 15 12
20 10 45
360 15
420 4 17
30 10 45
620 1 22
VDD =+15 | g9 | Source as| o g |o097
Vgg =-186 Follower
2N4118
: 3| o6 22
10 8.2 120
50 | 0.2 35
20 8.2 120 | 120 1 7.5
30 8.2 120 | 180 2 10
VoD =+15 [ g19 | Source 35 0 8 o097
Vgg=-15 Follower
2N4119
20 56 70 | 150 1 10
5 uF*
240 3 17
30 56 | at5Vv 70
330 1 [17-23
20 6.8 300 | 27 1 1.8
30 6.8 300 | 68 2 45
Vpp=+15 | gyg | Source 40 ol 10 |o97
Vgg =-15 Follower
*AC Amplifier

- 4
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2N4220 2N4220A 2N4221 2N4221A 2N4222 2N4222A

iconix

n-channel JFETs i
deSigned for c o o PerformanceSCurves NRL

See Section

B Small-Signal Amplifiers BENEFITS
oge | High Gai
= VHF Ampllﬁers : LO?N R:;:iver Noise Figure
B Oscillators
B Mixers

*ABSOLUTE MAXIMUM RATINGS (25°C)

T0-72
. See Section 7
Gate-Drain or Gate-Source Voltage (Note 1) ........ -30V
GateCurrent .. .............ccvvviinneren... 1T0MA
DrainCurrent ...............cciiivineene... 15 MA
Total Device Dissipation at (or below) 25°C
Free-Air Temperature (Note 2) .............. 300 mW e
Storage Temperature Range.............. -65 to +200°C R
Lead Temperature a ¢
(1/16" from case for 10 seconds).............. 300°C s s C)
*ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
2N4220, 2N4221, 2N4222,
Characteristic 2N4220A 2N4221A | 2NA222A | ynits Test Conditions
Min- | Max | Min |Max | Min | Max
1 \ Gate R c -0.1 -0.1 0.1 oA | 15V, Vi = 0
-— ate Reverse Current =~ . = B ee- y
7| | ® arren 0.1 04 01| pa | GS Ds 150°C
3 ?. B8VGss  Gate-Source Breakdown Voltage -30 -30 -30 IG=-10uA, Vps=0
—ﬂ /; VGSioff) Gate-Sousce Cutoff Voltage -4 -6 -8 v Vps=15V,ip=0.1nA
5|0 v Gate-Source Vol 051281 1) 81 21 81V lups=15V.ip=( )
G! ate-Source Voltage DS = ,Ip=
c|'es 50] | (50) | (200) |(2001 | (500) |(500) | wA) .
6 |loss (ssz‘::‘g;’“ Drain Current os| 3 2| 8] 5] 15| ma |VvDs=15V,vgs=0
AIET O ) 1000 | 4000 | 2000 | 5000 | 2500 | 6000 f=1kHz
Common-Source Forward -
8| 5| lvts! Transadmittance 750 750 750 umho f = 100 MHz
Y Common-Source Output
9 : 9os Conductance (Note 3) 10 20 40 Vps=16V,vgs=0 f=1kHz
m g Common-Source Input
101y | Ciss Capacitance 6 6 6
—c . oF t=1MHz
1 C Common-Source Reverse Transfer 2 2 2
rss Capacitance
Noise Figure, Only 2N4220A, Vps=15V,VGgs=0 -
12 NF 2422V, 242208 25 25 25| a8 Roen = 1 meg =100 Hz
*JEDEC registered data. NRL
NOTES:

1. Due to symmetrical geometry, these upits may be operated with source and drain leads interchanged.
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/°C.
3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied.

© 1979 Siliconix incorporated

3-22



n-channel JFETs
designed for . . .

® VHF Amplifiers

Performance Curves NRL

See Section 5

BENEFITS

o Low Noise

) 4

Siliconix

*JEDEC registered data.

NOTES:
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
2. Derate linearly to 175°C free-air temperature at rate of 2 mwW/°C.
3. These parameters are measured during a 2 msec interval 100 msec after d-¢ power is applied.

B Mixers NF = 3 dB Typical @ 200 MHz
o Easy Tuning
Cres <2pF
*ABSOLUTE MAXIMUM RATINGS (25°C)
TO-72
Gate-Drain or Gate-Source Voltage (Note 1) ........ -30V See Section 7
GateCurrent .........ovvvnevernennrrnnaee.. 10mMA
DrainCurrent ............iceveeirnnennnnn.. 20mA
Total Device Dissipation at (or below) 25°C
Free-Air Temperature (Note2) .............. 300 mW )
Storage Temperature Range.............. -65 to +200°C .
l.ead Temperature
{1/16" from case for 10 seconds}.............. 300°C s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N4223 2N4224
Characteristic Unit Test Conditions
Min Max Min Max
! ' Gate R Current 02 e LN Y 20V, Vps=0
— ate Reverse Curren =-20V, = -
7| | ©%8 025 05 | wA | O bs 150°C
3| s | BVGss Gate-Source Breakdown Voltage -30 ~30 \s Ig=-10uA, Vps =0
T 0.1 8 ~0.1 8| Vv
41 AV Gate-Source Cutoff Voltage - .
T GSloff) o {0.25) {0.25) {0.5) (0.5) (nA)
] So | 7o | o | s | v | VesTEV.lo=0)
5/C|Vgs Gate-Source Voltage
(0.3) (0.3) 0.2) 0.2) {mA)
6 Ipss Saturation Drain Current (Note 3) 3 18 2 20 mA | Vps=15V,Vgs=0
Common-Source Forward _
7 [:TH Transconductance (Note 3) 3000 7000 2000 7500 p#mho f=1kHz
—|D
. Common-Source Input = =
8 x Ciss Capacitance {Output Shorted) & 6 Vps=18V.Vas=0
p— pF =1 MHz
9 c Common-Source Reverse 2 2
Tss Transfer Capacitance
Common-Source Forward
0]y tygs! Transadmittance 2700 1700
— !
. Common-Source Input .
_1_1 g 9iss Conductance {Qutput Shorted) 800 800 umho Vps =15V, Vgg=0
Common-Source Output ' = 20K
12 ; 9oss Conductance {Input Shorted} 200 200 f =200 MHz
13| E | Gps Small Signal Power Gain 10
— @ ’ 98 Vps-15V,Vgs=0
14 NF Noise Figure 5 DS cves =t
Rgen = 1 K
NRL

3-23

© 1979 Siliconix incorporated

PTTYNT €TTYNT

XiUuoD



2NA4338 2N4339 2N4340 2N4341

iconix

n-channel JFETs | B
designed for ...  feigmme e

B Small-Signal Amplifiers BENEFITS
® Low Noise
NF < 1dB at 1 kHz
® Operation from Low Power Supply
. Voltages
® Voltage-Controlled Resistors Vas(off) <1V (2N4338)
® Simple Biasing Design with Tightly
Specified Parameter Tolerances
3:11Ipss. Vp. 9§ Ranges
o High Off-Isolation as a Switch

B Choppers

*ABSOLUTE MAXIMUM RATINGS (25°C) ID(off) <50 pA
Gate-Drain or Gate-Source \{oltage {Note 1) ........ -50V To18
GateCurrent ......... e, 50 mA See Section 7
Total Device Dissipation (Note 2) .............. 300 mw
Storage Temperature Range. ............. -65 to +200°C
Maximum Operating Temperature . . ............. 175°C
Lead Temperature o
(1/16" from case for 10seconds) ............... 300°C .
G,C
s D $
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified)
o 2N4338 2N4339 2N4340 2N4341
Characteristic - Unit Test Conditions
Min | Max Min | Max Min | Max Min | Max
1, Gote current -0.1 -0.1 -0.1 1] oA f V. Ve =0
w ate Heverse Curren =- " = [
2] Gss -0.1 -0.1 -0.1 <01 | wA Gs DS 150°C
3(s| Bvass s:::;Source Breakdown 50 50 -50 50 IG=-14A, Vps =0
T 9 v
A y
47! vestoff) S:::;:"me Cutoft 03| -1 | -08|-18] 1| 3| -2 -6 Vps =15V, Ip=0.1 A
—i
6(C| ipto  Drain Cutoft Current 0.05 0.05 0.05 007 | nA |vps=15V
(-5) -5) (-5) <100 | (V) |vgs=( )
6| | ipss (s;;“t':;')"“ Drain Current | 5 o6 [ 05| 15| 12| 36 3| o ma [vps=15V,vgg=0
7} o g’;;:::::i‘:";:{;:;’g) 600 | 1800 | 800 | 2400 | 1300 |3000 | 2000 | 4000
— ho [ Vps =16V, Vgs =0
8 % Common-Source Output 5 15 30 60 Hmhno | Vbs Gs =1 KHz
$ Conductance B
—o -
Drain-Source ON
g | = =
9 x ds(on)!  pesivtancs 2500 1700 1500 800 | ohm [Vpg=0,vgs=0
—a :
no|a| Ciss g:;’;;’:‘cs:““’e Input 7 7 7 7
Lm pF |Vpg=15V,Vgs=0  [f=1MHz
" 1 c Common-Source Reverse 3 3 3 3
e Srss Transfer Capacitance
Vps =15V, vgs =
12| | nf Noise Figure 1 1 1 1| a8 |'DS as=0
Rgen = 1 meg, BW =200 Hz|f = 1 kHz
*JEDEC registered data NP
NOTES:

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

2. Derate linearly to 176°C free-air temperature at rate of 2 mW/°C.

3. These parameters are measured during a 2 msec interval 125 msec (IpsS) and 625 msec (gfs} after d-c power is applied.
(Not a JEDEC condition.)

© 1979 Siticonix incorporated
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APPLICATIONS E
Vbp . .H -
Siliconix
%Rz :; Rp o0
1 1 ey
! N
4
-
Ry < Rg *cs
p--- O
Amplifier Design Chart g
Vpp Rs| Ry | R2 | Cs | ipp | RD | 8o Max Ay Vob Rs | R1 R2 | Cs | pp | Rp | eo Max Ay N
() ©@ | @ | @ | wh | mal | k2| k) v) @ @ | @ wh | mal | k2] kW) 4
2N4338 2N4340 .
0 6] 25 912 0 51] 30 3.54
1500 [ M [ = [ ] 02636 16 1624 680 | ™| =[] 15 5 78,
- 27| 2.0 2030 6 0 [ 9.10. -
0 82| 3.0 | 10-10. [ ] 5 35/
5100 | M | o | o |0.92 e B 20| | e T 1 [T 0 91
36K | M | 2M | 30 | 0.5 27] 1.0 | 13-18. 5 2 131'514
0 82| 4.0 | 21.527 -
3 m| = 04 ;
1500 (1M | = [ 025 [ 82| 25 3248 900 40 1
100] 3.0 2364 0 X 5510
30 0 150 4.5 14.5-16 680 | 1™ o 5 15 0 17-22
5100 [ 1M | e [T 042 [ 7601 25 3854} ] 2426
200 1.5 4050 0 ; 9056
36K 1M | 6M| 30 |0.15| 82| 60 37-62 30 1200 | M | o= |y | W 4 21-§g
1900 | W | o {0t 02 (2 22 1 2153 0 W] 70 | 758
- - 3900 | 1M o 0.4 30| 70 30-36
0 27010 7831 40 e
45 5100 | 1M | = == 012 62| 05 3445
75 2701 50 | 76105 =5 5 555
0 120 14 2.8 20K[ ™ [esm| 36 035 ¢ - o
36K | 1M |8.2m 0.15 .
30 120 7.0 54-76 0 20 | 10. 14-15.5
Vpp=+15 680 | 1M oo 1.5 20 80 27-32
Vagn-15 [100K | ™ | = [0 Jois| of so 0.98 65 222 =
0 37 | 12.5 16.18
204339 1200 [ 1M ]| = [ 0| <3037 |
0 | o4 l20] 30 775 45 60 3| 50 | 3947
1800 [ M | e [T 20| 2.0 17-22 0 68 | 12 1213
27 [ 3.0 2327 3900 [ M | = [, 04 [BB] 7 5261 |
3 1 X 5663
5 19100 [ v [esm |35 |02 [ 181 20 17.19 o] s 75
30) 25 2628 20K {2M | 3m| 56 | 1.0
221 1.0 16-18 0 0 2728
2K M | 3M [ 26 | 0.2 7o 3830 zgs[’:_'f: 2k (M| =« | o Jors | of 12 0.96
0 27] 65 1517
1800 | ™M | = 042 47] a0 3847 2N
40 2| 10 335
61 45 40-50 1000 [M | = | 70 | 27 55157 T35
% 0 43| 80 25 T X 7.
9100 1M | 1am [T 032 [43 760 40-43 15 1200 |1.2M]76M| 80 | 36 5= ; 34
. 4-4,
68| 4. 5360 2000 | 1M | = |65 | 18 | -0 =
27k | [76m ] 25 | 02 [=2120 4952 - 0 Y
i “ ™00 | 7.0 5670 1000 | 1w | o 0 I ‘1~
0 75| 75 2325 70 g - : EEE
1800 | M | e § o |042] 751 50 58-70 20 7200 |1.am | 16M| 80 | 3.6 | 3.9 | 4. 758
100 | 7.0 7377 o 51 | 60 3
0 58 | 7.0 7.0 2000 [ 1M | e 18 [91 ] 40
48 9100 [ 1M | 22m 032 [ e8] 65 59-64 hid 5 9 13-
25 TR 005 15K | 1M | 3.3M 53 67 8 :g 1&6.
0 Y00 | 12 3.3 1000 [ M [ o [p— 27 3 > :
27K 1M [ 12m{ ] 02 [160 | 50 6568 7200 [ 1M | 22M | 80 | 36 |68 0 1 n
780 | 80 |100.115 45 0|, o |15 85 55 =
Voo =715 2000 | M | = e 51 50 | 2021 =
vgg=-15 | K [™M [ = | 0 1022 of{ 10 0.98 [ 15K | 1M | 56M| 50 | 07 | 30 0 2835 8
- Vpp=+15
Vae- | 10K M [ = | 0 |19 | 0135 0.94 3
-0
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2N4391 2N4392 2N4393

iconix

n-channel JFETs
designed for . . .

® Analog Switches

® Commutators

® Choppers

B Integrator Reset Switch

*ABSOLUTE MAXIMUM RATINGS (25°C)

Reverse Gate-Drain or Gate-Source Voltage ......... -40V
Gate Current. .. ......iit it .. 50 mA
Total Device Dissipation at 256°C Case Temperature
(Derate 10 mW/°C}........ e e 1BW
Storage Temperature Range .......... ....—65 t0 +200°C

Lead Temperature

(1/16" from case for 60 seconds) ...............300°C

3 4

Siliconix
Performance Curves NC
See Section 5
BENEFITS

® Low Insertion Loss, High Accuracy in
Test Systems ron < 30 Q (2N4391)
® No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive
High Isolation Resistance from
Driver
® High Off-Isolation Ip(off) < 100 pA
® High Speed tgn < 20 ns

TO0-18
See Section 7

D
. a .
. G.C
s ) L4

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

L 2N4391 2N4392 2N4393
Characteristic Unit Test Conditions
Min | Max } Min | Max | Min | Max
Ul Gate Reverse C % L 1001 PR | Vgs=-20V,Vps =0
i ate Reverse Current =- , =
2| | ¢SS e ~200 200 200 na | S DS 150°C
3 BVGss Gate-Sotirce Breakdown Voltage -40 -40 -40 v Ig=-1uA,Vpg=0
4 100 | pA
5] 200 [ nA Vas=-8V Iege
] 100 PA
— ] i f = = ”
7 $ D{off) Drain Cutoff Current 700 oA Vps 20V | Vgg=-7V 150°C
8 100 pA
— A VGs=-12V
Dk 200 nA Gs 150°C _
10 é VaGsif Gate-Source Forward Voltage 1 1 1 v Ig=1mA,Vpg=0
1" VGS(off) Gate-Source Cutoff Voltage -4 -10 -2 -5 1-05 -3 Vps=20V,Ip=1nA
12| | 1pss eweation Drain Current so (160 | 25| 75| 5| 30f{ma| vps=20v,vgg=0
3] 0.4 Ip =3mA
_1_4_ VpS(on) Drain Source ON Voltage 0.4 v vVGgs =0 ip = 6 mA
15 0.4 Ip=12mA
16 *DS{on) Static Drain-Source ON Resistance 30 60 100] @ vVgs =0, Ip=1mA
17 Tds{on) Drain-Source ON Resistance 30 60 100] @ | vgs=0,Ip=0 f=1kHz
18] p{ Ciss C. -Source Input Capaci 14 14 14 Vps=20V,Vgs=0
19]Y 3.5 VGs=-5V]i=1mH
S0l N Common-Source Reverse Transfer pF - = - z
ﬂ Crss Capacitance 35 Vps=0 M
21 35 Vg =-12V
22 td{on). Turn-ON Delay Time 15 15 15 Vpp = 10V, VGs(on) =0
Blsiy Rise Time 5 5 5 1D(on) VGSloff) RL
24| Wi td{offy’ = Turn-OFF Delay Time 20 35 50) " | 2N4391 12 mA -12v 800
Kad : -7 X
E| fu Fall Time 15 20 30 Fitprecs ¢ X et
Voo
NC
» N 5123 1000 pF
JEDEC registered data. vour
NOTE: AL~ (———“ ) -B1a
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. PULSE Dlon),
INPUT PULSE SAMPLING SCOPE

RISE TIME < 0.5 ns
FALL TIME < 0.6 ns
= PULSE DUTY CYCLE 1%

RISE TIME 0.4 ns
INPUT RESISTANCE 50 {2 '

3-26
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n-channel JFETs 4

dGSigned fo o o o Performance Curves NH

See Section 5

m VHF Amplifiers BENEFITS
o ® [ ow Noise ‘
B Mixers NF = 3 dB Typical at 400 MHz
e Wide Band

VOLYYNT 9LYPNT

High g¢¢/Ciss Ratio

*ABSOLUTE MAXIMUM RATINGS (25°C) So0 Sueron 7

Gate-Drain or Gate-Source Voltage, 2N4416 ........ -30V
Gate-Drain or Gate-Source Voltage, 2N4416A ...... -35V
Gate Current .. ... e e eaeeaaa veee... 10mMA
cve.. 300 MW o

Total Device Dissipation (Derate 1.7 mW/°C)
Storage Temperature Range.............. -85 to +200°C
Lead Temperature N
(1/16" from case for 60 seconds). ......... .... 300°C s

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

Characteristic Min Max Unit Test Conditions
1 -0.1 nA
—2- lgss Gate Reverse Current Y A Vgs=-20V,Vpg=0V EO—"C_
—s
3 T BVGss Gate-Source Breakdown Voltage 30 v Ig=-1uA,Vps=0V M
o ? -35 2N4416A
ale VGS(off) Gate-Source Cutoff Voltage 21y Vps=15V,Ip=1nA Rileail
-2.5 -6 2N4416A
_5- IDSS Saturation Drain Current {Note 1) 5 15 mA
_i p| 9fs Common-Source Forward Transconductance 4500 | 7500 | umho £= 1 KHz
7|Y 9os Common-Source Output Conductance 50 Hmho
—iN Vps=15V,VGg=0V
__8_ a Crss Common-Source Reverse Transfer Capacitance 0.8 pF
91| Ciss Common-Source Input Capacitance 4 f=1MHz
T ¢ Coss Common-Source Output Capacitance 2 PF
Characteristic Minwo MH';“ Mi:oo MHzM“ Unit Test Conditions
11 [ H] 9iss Common-Source Input Conductance 100 1000 | umho
_1-; é bigs Common-Source Input Susceptance 2500 'I(_)!_()OD umho
H Common-Source Output
i : 9oss Conductance P 75 100 [ umho Vps=15V,Vgs=0V
14 |E | bos S source Outeut 1000 4000 | umho
slEla  Gommonsaes Forwrd
15 | $ Gps Common-Source Power Gain 18 10 dB Vps=15V,ip=5mA
17 NF Noise Figure 2 4 dB Vps=15V,ip=5mA,Rg=1K Q g
—d
*JEDEC Registered data NH
NOTES:

1. Pulse test duration = 300 us.

XIUOD!

© 1979 Siliconix incorporated
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2N4856 2N4857 2N4858 2N4859 2N4860 2N4861

iconix

n-channel JFETs
designed for . . .

® Analog Switches

® Commutators

m Choppers

B Integrator Reset Switch

Performance Curves NC

See Section 5

BENEFITS

® Low Insertion Loss and High Accuracy

in Test Systems

rDS{on) < 25 §2 {2N4856, 59)
® High Off-Isolation
Ip(off) < 250 pA

® High Speed
toN <9 ns
¢ Fully Qualified

—

Slllconnx

» O
ABSOLUTE MAXIMUM RATINGS (25°C) JAN, JANTX and JANTXV
. Available
Reverse Gate-Drain or Gate-Source Voltage,
2NABBB-58. . .o ettt e -40v o8
Reverse Gate-Drain or Gate-Source Voltage, Ses Section 7
2N4859-61 ..........ciiiiiiii i =30V
Gate Current ....... e e 50 mA
Total Device Dissipation at 25°C Case Temperature
{Derate TOMW/®C) ......oieeiiiiieennnnn 1.8W °
Storage Temperature Range.............. -65 to +200°C
Lead Temperature @
(1/16" from case for 10seconds).............. 300°C s “e ! y
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N4856 2Na8s? 2N4a858
Characteristic 2N4859 2N4860 2N4861 Unit Test Conditions
Min | Max Min Max | Min Max
1 Gate-S 2 58 -40 -40 —40
— BV, < s o = — -
2 888 voitage 2N48E0-61 30 30 30 v |'e=-1#AVps=0
3 —26 — E -
2IN4855-58 0 250 250 | pA Vgs =20V,
4 ~500 500 500 | na |VDs=0 150°C
— Iess Gate Reverse Current
5|8 -250 250 250 [ PA |vgg=—15V
—{T 2N4869-61 '
6|a 500 -500 -500 | nA [Vos=0 150°C
717 ] 250 260 250 | PA [vpg=15V,
—-; :: ID(off) Drain Cutoff Current 500 500 50| oA |Vas=-10v [Tsorc
2 VGS(off) Gate-Source Cutoff Voltage -4 -t0 -2 -6 | 08 4l v Vps =15V, Ip=06nA
10 IDss Saturation Drain Current (Note 1} 50 20 | 100 8 80| mA [Vpgs=16V,Vgs=0
) 0.7 .
1t VpS({on) Drain-Source ON Voltage (205; ?1%? 0(55? (m‘i\) AVes=0.1p=1( )
12 rdsion) Drain-Source ON Resistance 25 40 60| o :l:f; 9, f=1kHz
[
13] v| Ciss C S, Input C: 18 18 18 Voe=0
—1IN Ds =0,
Common-Source Reverse Transfer pF - f=1MHz
14 Crss Capacitance 8 8 8 Ves=-10V
6 6 0] ns
15|8 | td(on) Turn-ON Delay Time {20} {10} {6) | (mA)
w (-10] {-6] (4] | (V]
’ 3 4 0] m [yO2"10V 464 2, 2N4856, 50
18le e Rise Time (20) (10} 8} fmay | GSton) B0, 953 1, 2N4857, 60
" [-10) 6! {41 | (v1 [.Dlont : 1910 0, 2N4858, 61
-1 VaGs(otf) = [
M 25 50 100 | ns
17 G | toft Turn-OFF Time (20 {10} {8) |(mA)
[-10) -6l 4] | (v]
Voo NC
*JEDEC registered data. VDD-VDS(ON)
L oo INPUT PULSE SAMPLING SCOPE
NOTE: Vin VouT RISE TIME 0.25 ns RISE TIME 0.76 ns
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. RG S FALL TIME 0.76 ns INPUT RESISTANCE 1 M
5081 PULSE WIDTH 100 na INPUT CA'PACITANCE 25pF

PULSE DUTY CYCLE < 10%
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n-channel JFETs

designed for . . .

® Analog Switches

2 Commutators

® Choppers

B Integrator Reset Switch

g
Siliconix
Performance Curves NC
See Section 5

BENEFITS

e Low Insertion Loss and High Accuracy
in Test Systems
rDS(on) < 256 2 (2N4856A, 59A)
e High Off-Isolation
ID(off) < 250 pA
e Short Sample and Hold Aperture Time

. Cyss < 4 pF
* .
ABSOLUTE MAXIMUM RATINGS (25°C) e High Speed
Reverse Gate-Drain or Gate-Source Voltage, ton <8ns
2N4856A-B8BA. . ... ... P —40V
Reverse Gate-Drain or Gate-Source Voltage, TO-18
2N4869A61A............... e -30V See Section 7
Gate CUITBNt. . v\t it et e e eiie e 50 mA
Total Device Dissipation at 256°C Case Temperature
(Derate 1T0MW/°C) .. ..ot 1.8W .
Storage Temperature Range . ........... —65 to +200°C
Lead Temperature e
(1/16’" from case for 10 seconds) ............. 300°C ac !
S D
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2NABS6A 2N4857A 2N4858A
Characteristic 2N4859A 2MN4861A Unit Test Conditions
Min | Max Min Max Min Max
1 Gate-Source Breakdown | 2N4856A-68A —40 —40 —40
BV v |ig=-1uA.vps=0
2 GSS  voltage 2N4BEOA E1A -30 -30 -30 G uA-YDS
3 -250 ~260 260 | pA -
2N48S6A-58A P2 _{Ves=-20V.
4 -500 -500 ~500| nA [VD5=0 150°C
IGss Gate Reverse Current
s|S -250 -250 -250| PA |vgg=-15V,
— T 2N4859A-61A -
6|a -500 ~500 500 | nA [VDS=0 150°C
71T 260 260 250 pA [ypc=15Vv
RR Drain Cutoff C s :
8lc Dloft rain Cutoff Current 500 500 500 nAa |Vas=-10V | 180°C
9 VGs(off) Gate-Source Cutoff Voltage -4 -10 -2 -6 | 08 —-4 \ Vps =15V, Ip=05nA
10 lpss Saturation Drain Current (Note 1} 50 20 100 80| mA jVvps=15V,VgGs=0
. 0.75 0.50 050] Vv
11 Vps{on) Drain-Source ON Voltage 20 o ®) |imay Vgs=0.lp=1 )
12 fds(on) Drain-Source ON Resistance 25 40 60| @ YDGf; o. f=1kHz
[}
131 v¥] Ciss C Source Ipput C 10 10 10 Vi =0
14 N Crss Comrvton-Source Reverse Transfer 4 35 - pF Vg: ;_'10 v f=1MHz
Capacitance
5 [} 8 ns
15} | tdion) Turn-ON Delay Time (20} {10} (8) | tmA}
w {-101 -8l 41 | 1v]
] 3 4 8| ns |yDO" oY 464 52, 2N4B56A, 5IA
Blg|t Rise Time 20) 10) 5) | tma) | "GStond 75 gy - {953 0, 2N4857A, 60A
H [~10} -6} {-a] § [vy |[Dlom=1 3 1910 0, 2N4B58A, B1A
' Vasiof) = 1
N 20 40 80 [ ns
17] 6| tots Turn-OFF Time (20} (10) {5) | (mA)
(-10] [-6] 41 | V]
NC
*JEDEC registered data. Vpp
Ry - YDD"VDS(ON)
NOTE: ) ) L™ " ibon) INPUT PULSE SAMPLING SCOPE
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. Vin Vour RISE TIME 0.25 ns RISE TIME 0.75 ns
Rg FALL TIME 0.75 ns INPUT RESISTANCE 1M
502 PULSE WIOTH 100 ns INPUT CAPACITANCE 2.5 pF

PULSE DUTY CYCLE < 10%
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2N4867 2N4867A 2N4868 2N4868A 2N4869 2NA4869A

ICOMIX

n-channel JFETs

designed for . . .

B Audio and Sub-Audio
Amplifiers

g

Siliconix

Performance Curves NS
See Section 5

BENEFITS

¢ Ultra Low Noise :
B, = 8 nVA/Hz Typical

at 10 Hz

‘e, = 2 nVA/Hz Typical at 1 kHz

*ABSOLUTE MAXIMUM RATINGS (25°C) TO-72
See Section 7
Gate-Drain or Gate-Source Voltage (Note 1) ........ -40V
Gate Current or DrainCurrent ................. BOmA
Total Device Dissipation
{Derate 1.7 mW/°C).........oeiene e ... 300 mW o
Storage Temperature Range.............. -65 to +200°C
Lead Temperature ¢
(1/16" from case for 60 seconds) ...............300°C .
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N4867 2N4868 2N4869
Characteristic 2N4B67A | 2N4868A | 2N4869A | ypiy Test Conditions
Min | Max [ Min | Max | Min | Max
il \ Gate R c -0.25 -0.25 025 oA |, 30V Ve <0
ate HReverse r t = - . =
2|8 ass dreen 025 025 025 pA | O° bs 150°C
3| A| BVGsS Gate-Source Breakdown Voltage -40 -40 ) -40 v IG=~1uA, Vpg=0
_4_1 -Ir VGS(off) Gate-Source Cutoff Voltage -0.7 -2 -1 ~3| -18 -5 Vps=20V,Ip=1uA
5 Cc 1DSs Saturation Drain Current 0.4 1.2 1 3 25 75 mA |Vps=20V,Vgs=0
{Note 2)
Common-Source Forward q
6 9fs Transconductance {Note 2} 700 [ 2000 1000| 3000 | 1300 | 4000
] Common-Source Output umho f= kN
; ommon-!
_7 Yos Conductance 15 4 10 v 20V v 0
8 c Common-Source Reverse Transfer 5 5 5 /DS = Ves
p| VTS Capacitance
1Y Common-Source Input pE f=1 M
. 0! - npi
_9_ 2 Ciss Capacitance 25 25 25
10|M 20 20 20 2N4867 Series
— —] f=10Hz
e : Short Circuit Equivalent tnput 10 10 10 nv | Vps=10V,| 2N4867A Series
12 " Noise Voltage 10 10 10{ iz | VGs=0 2N4867 Series =1k
= = z
13 5 5 5 2N4BB7A Series
Vps=10V,Vgs=0
14 NF Spot Noise Figure 1 1 1| dB R N 20K, 2N4867 Series| f= 1 kHz
gen 5 K, 2N4867A Series
“JEDEC registered data. NS

NOTES:

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.

2. Pulse test duration = 2 ms.
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p-channel JFETs

designed for . . .

B Analog Switches
B Commutators

m Choppers

*ABSOLUTE MAXIMUM RATINGS (25°C)

E: 3

Siliconix
Performance Curves P$S
See Section 5
BENEFITS

® Low Insertion Loss

RpS{on) < 75 £ (2N5018)

o No Offset or Error Voltages Generated

by Closed Switch
Purely Resistive

. T0-18
Reverse Gate-Drain or Gate-Source Voltage Soe Section 7
(Note1) . . . . . . . . . . . . . ... 30V
GateCurrent . . ., . . . . . . .. .. . . .50mA
Total Device Dissipation, Free-Air
{Derate3mw/°C) . . . .. . .. .. . .500mwW o
Storage Temperature Range . . . . . . -65t0+200°C
Lead Temperature ¢ [
(1/16" from case for 60seconds) . . . . . . 300°C s 6.c s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
g 2N5018 2N5019 . 202
Characteristic Win Wox T Wim T Mox Unit Test Conditions
o1 BVgss Gate-Source Breakdown Voltage| 30 30 A Ig=1uA,Vps=0
2 IGss Gate Reverse Current 2 2 A Vgs=15V,Vpg=0
h— n
3 ~10 -10 Vps =-15V, Vgs = 12 V (2N5018)
— 1D(off) Drain Cutoff Current -
4 ~10 -10 | uA | vgs =7V (2N5019) 150°C
k]
5 -2 -2 nA
—_ T i = le = e
51 a GO Drain Reverse Current =3 = Y Vpg=-15V,Ig=0 160°C
7 T VGsioff)  Gate-Source Cutoff Voltage 10 5 v Vps =—-15V, Ip=~1 A
—
g8|C Ipss Saturation Drain Current -10 -5 mA Vps =-20V,Vgs =0
] Vgs =0, Ip = —6 mA (2N5018),
9 Vpsion) Drain-Source ON Voltage -05 -05 v ID = —3 mA (2N5019)
Static Drain-Source ON . -
10 'DS{on) Resistance 75 150 2 Ip=—1mA,Vgs =0
-— .
1 rds(on) Drain-Source ON Resistance 75 150 fQ Ip=0,Vgs =0 f=1kHz
12| 0 Ciss Comrrfon-Source Input 45 45 Vps =-16V, Vgs = 0
M Capacitance OF f=1MHz
— pf =
13 N c Common-Source Reverse 10 10 Vps =0,Vgs = 12V (2N5018),
rss Transfer Capacitance VGs =7V (2N5019)
l st td(on) Tflrn-(?N Delay Time 15 15 VDD =6V, VGsion) =0
2 11t Rise Time 20 75 s VGs(off) iD(on) Ry
16| T{ taioty) __ Turn-OFF Delay Time 15 % 2Ns018 12V —6mA  910Q
17|H |y Fall Time 50 100 2N5019 7V =3mA  18Ka
PS
*JEDEC registered data.
':OSE: el N . be S with INPUT PULSE SAMPLING SCOPE
. Due to symmetrical geometry these units may be operated witl
source and drain leads interchanged. :':&71'.::“5?'":‘ :‘N'ifl.: :‘Ei:’s‘;x‘ﬁ omMa
PULSE WIDTH 100 ns INPUT CAPACITANGE 1.6 pF

REPETITION RATE 1t MHz
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2N5045 2N5046 2N5047

iconix

monolithic dudl
n-channel JFETs

designed for . . .

B High Gain Differential
Amplifiers

*ABSOLUTE MAXIMUM RATINGS (25°C)

Lead Temperature

(1/16"" from case for 10 seconds) .............

Gate-Drain or Gate-Source Voltage . ....... vee.... B0V
Forward GateCurrent ............ e vee... 30mA
Total Dissipation (25°C Free Air Temp.) ...... .. 400 mW
Power Derating (to 175°C)............ ..... 2.67mW/°C
Storage Temperature Range.............. -65 to +200°C

300°C

5

Siliconix

Performance Curves NNR
See Section

BENEFITS

tion
5 mV Offset Maximum (2N5045)

Low Drift

Minimum System Error and Calibra-

5 mV Drift Maximum (2N5045}

G

TO-71

See Section 7

Dq D2

Gz

s1 Sz

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

BOTTOM VIEW

2. Assumes smaller value in numerator.
3. Measured at end points, T and Tg.

1. Individual FET characteristics. The terminals of the FET not under test are open-circuited for these measurements. .

2N5045 2N5046 2N5047 . N
Characteristic (Note 1) Unit Test Conditions
Min | Max | Min § Max | Min | Max
1 -1 -1 -1 | A |VGgs=-50V,Vpg=0V
—1s
2 1 Gate Reverse Current -0.25 -0.25 -0.26
ELIRg ? o oA |Vgs=-30V,Vpg=0V S
3 : -250 -250 -250 T=150°C
41 1 | VGS(off) Gate-Source Cutoff Voitage -05| 45| -05] 45| -05| -45| Vv Vps =15V, Ip=05nA
5 ¢ Ipss Drain Saturation Current 0.5 80} 05| 80| 05 8.0 | mA
Common-Source Forward -
6 Ofs Transconductance 1.5 6.0 156 6.0 15 6.0 . f=1kHz
Cormmon-Source Forward -
7 bygs! A 15 1.5 15 f= 100 MHz
N Common-Source Qutput =
8 x 9os Conductance 25 25 25 |umho f=1kHz
Al -~ Common-Source input Vps=15V,Vgg=0V
9| pm | Ciss Capacitance 80 8.0 80
! Common-Source Reverse oF f= 1 MHz
101 C{ Crs Transfer Capacitance 40 40 40
et
13 NF Spot Noise Figure 5.0 5.0 ds f=10Hz, Rg=1MQ
Equivalent Short-Circuit nv _
12 Zn tnput Noise Voltage 200 200 Az f=10Hz
13 llGss1-IGss2!  Differential Gate Current 10 10 10| nA [VGgg=-15V,vpg=0V | Ta=100°C
—
14 " IDSS1/IDSS2  Drain Current Ratio (Note 2) | 0.95 10| 09| 10| 08 10| — |Ves=0V,Vps=15V
18] A Differential Gate-Source 5 10 15 D =50uA
—— v -V | Vps=15V
6] 1 GS1VGS2!  yoltage 5 10 15| mv | DS I = 200 4A
17 5 10 15 =15V, 1p=200uA, | Tg=-25"C
] T |AIVGS1—VGsal Gate-Source Voltage Vbs VD 2004 8 .
18]y Differential Drift (Note 3) 10 15 TA=25°C Tg=100C
19| G ||gts1/0s2 Transconductance Ratio 0.95 1.0 09| 10| 08 0] —
(Note 2}
] Vps=15V,Ip=200uA | f=1kHz
20 l90s1-90s2! Diff. Output Conductance 1.0 2.0 3.0 | umho s o .
*JEDEC registered data. NNR
NOTES: NRL-D
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p-channel JFETs

designed for . . .

B Analog Switches
B Commutators

® Choppers
® Integrator Reset Switch

*ABSOLUTE MAXIMUM RATINGS (25°C)

Siliconix

Performance Curves PS
See Section 5

BENEFITS

o Simplifies Series-Shunt Switching when
Combined with 2N4393, its N-Channel
Complement .

e Low Insertion Loss in Switching
Systems R <75 £ (2N5114)

e Short Sample and Hold Aperture Time

Ciss <7 pF
® High Off-Isolation Ip(off) <500 pA

Reverse Gate-Drain or Gate-Source Voltage TO18
See Section 7
(Note1) . . . . . . . . . ... ... .. 30V
GateCurrent . . . . . . . . . . . . .50 mA
Total Device Dissipation, Free-Air
{Derate 3mW/°C) . . . . . .. . . . . .boOmW o
Storage Temperature Range . . . . . . -6510+200°C
Lead Temperature N L
{1/16" from case for 10 seconds}) . . . . . 300°C s ac s
*ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
2N5114 2N5115 2N5116
Characteristic - Unit Test Conditions
Min | Max | Min | Max | Min | Max
1 BVGss Gate-Source Breakdown Voltage 30 30 30 v Ig=1uA, Vps=0 A
2 1 Gate R C 500 500 500 1 oA V 20V,V 0
— ate Reverse Current = . = 0
3 GSS 1.0 1.0 1.0 | uA Gs DS 150°C
= — =12V
B ‘ 500 500 500 | oA VDS_ 15V, Vgs =12V (2N5114}
~— s | ID(off} Drain Cutoff Current VGs =7V (2N5115), =
5y -1.0 -1.0 -1.0 | #A | vgg =5V (2N6116) 150°C
6 ¢ VGS(off) Gate-Source Cutoff Voltage 5 10 3 6 1 4|V Vpg=-16V,Ip=-1nA
| . 5 ; VGs =0, Vps = —18V (2N5114)
71 ¢l 'Dss Saturation Drain Current {Note 2}, | -30 -90 |-15 | -60 -5 -25 | mA Vps = —15 V (2N5115, 2N5116)
8 VGsif) Forward Gate-Source Voltage -1 -1 -1 IG=-1mA,Vps=0
v _ V | VGs=0,1p=—15mA (2N5114)
9 DS{on} Drain-Source ON Voltage -1.3 -0.8 -0.6 Ip = —7 mA (2N5115), Ip = =3 mA (2N51186)
10 rDS{on)  Static Drain-Source ON Resistance 75 100 150 { Q Vgs=0.Ip=-1mA
11 o rds{on) Drain-Source ON Resistance 75 100 150 | Vgs=0.Ip=0 f=1kHz
12] v Ciss Common-Source Input Capacitance 25 25 25 Vpg=-156,VGgs=0 f=1MHz
N ¢ Common-Source Reverse Transfer 7 7 7 PF | Vpg =0, VGs =12V (2N5114)
13 rss Capacitance VGs =7 V{2N5115), V55 = 5 V (2N5116)
2N5114 | 2N5115 | 2N5116
14 3] td{on) Turn-ON Delay Time 6 10 12 VpDp -10V -6V -6V
5] 1]t Rise Time 10 20 30 VGS(off) 12V A% 5V
- ns
16 z td(off)  Turn-OFF Delay Time 6 8 10 RL 5800 | 7430 | 18000
17 1H[ Fall Time 15 30 50 VGsion) 0 0 0
ID{on) -15mA | -7mA -3ImA
Ve Voo PS
o
*JEDEC registered data. I3
NOTES: led
1. Due to symmetrical geometry these units may be operated with 519§ 75K INPUT PULSE SAMPLING SCOPE
source and drain leads interchanged. 1 RISE TIME < tns RISE TIME 0.4 ns
2. Pulse Test PW 300 s, duty cycle < 3%. 5'1 Q! SAsrslg;'ENG 510 FALLTIME < 1ns SNPUT RESISTANCE 10 M2

PULSE WIDTH 100 ns
REPETITION RATE 1 MHz

INPUT CAPACITANCE 1.6 pF
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2N5196 2N5197 2N5198 2N5199

iconix

monolithic dual
n-channel JFETs
designed for. ..

m Differential Amplifiers
B FET Input Op Amps

7_
Siliconix

Performance Curves NNP

See Section 5

BENEFITS
® Minimum System Error and Calibration
5 mV Maximum Offset (2N5196, 97)
® Low Drift
5 uV/°C Maximum (2N5196)
o Simplifies Amplifier Design
Low Output Conductance

TO-71
*ABSOLUTE MAXIMUM RATINGS (25°C) o op, o Section?
1 2
Gate-Drain or Gate-Source Voltage ............... -50V o &
GateCurrent ..................... e 50 mA
Device Dissipation (Each Side), Tp = 85°C $10 Os;
(Derate 256 mW/°C)............... e . 250 mW s
Total Device Dissipation, T = 85°C
(Derate 4.3 mW/°C)..............cuunnn. 500 mW
Storage Temperature Range.............. -65 to +200°C 5 s2 o2 | el
BOTTOM VIEW G p M
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 -25 pA :
— 1Gss Gate Reverse Current Vgs=-30V,Vpg=0
2 250 Y os 150°C
_3 S| BVGss  Gate-Source Breakdown Voltage -50 IGg=-11A,Vps=0
_4_ : VGS(off) Gate-Source Cutoff Voltage -0.7 -4 \ Vps=20V,ip =1nA
517 Vas Gate-Soisrce Voltage 0.2 -3.8
11 e
- -15 A Vv =20V =2
6(Clig Gate Operating Current it ba +1D=2004A | = e
— -15 nA 125°C
7 ipss Saturation Drain Current Q7 7 mA | Vps=20V,VGgs=0
8] ofs - C Source Forward Transcond 1000 4000 Vps=20V,V@s =0
9 s Common-Source Forward Transconductance 700 1600 pmho | YDG=20V.ID=2004A . .\ .
1 D} 9s C Source Output Cond! 50 Vpg=20V,Vgs =0
" x Yos Common-Source Output Conductance 4 VpG =20V, Ip = 200 uA
12 C; Common-Source Input Capacitance 6
Al _iss P! _
F* M| Crss Common-Source Reverse Transter Capacitance 2 ek f=1Muz
— e
14 NF t Noise Fi X Vpg=20V,Vgg=0 =100 Hz,
Cc Spot Noise Figure 0.5 dB Rg = 10 MQ2
15 g, Equivalent Short-Circuit Input Noise Voltage 20 /n_H_\z/ f=1kHz
2N5196 2N5197 2N5198 2N5199
Characteristic - Unit Test Conditions
Min {Max | Min | Max | Min | Max | Min | Max
- i ; VDG =20 V.| 125°c
16 lig1-lg2! Differential Gate Current 5 5 5 5 nA ID = 200 4A [
lpss1 Saturation Drain Current Ratic’
1?7 o — = =
ibecs (Note 1) 095 t [o9s| 1]o095| 1 [095] 1 Vps=20V,Vgs=0V
—m -
18|42 Transconductance Ratio 097 1 |oo7| 1 |oss] 1 |oes] 1| - f=1kHz
952 {Note 1}
c —_—
ﬁ H| VGs1-Vgs2!  Differential Gate-Source Voltage E] 5 10 15 mv
-— T —
. j VpG=20V,[Ta= 25°C
2 g AlVGs1-VGs2! Gate-Source Differential Voltage 5 10 2 40 1D =200 uA | Tg = 125°C
- Y Change with Temperature uv/’c Ta-o5c
(Note 2) A= -
i 5 10 20 40 Tp - 25°C
22 o 19052/ Differential Qutput Conductance 1 1 1 1 | pmho f=1kHz
*JEDEC registered data. NNP
NOTES: NP-D)

1.  Assumes smaller value in numerator. 2. Measured at end points, Ta and Tg.
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n-channel JFETs
designed for. ..

m Low ON Resistance
Analog Switches

8 Commutators

B Choppers

B Integrator Reset Capacitors
® Low Noise Audio Amplifiers

*ABSOLUTE MAXIMUM RATINGS (25°C)

)
Siliconix
Performance Curves NIP
See Section 5

BENEFITS

® Low Insertion Loss :
Rps(on) <5 (2N5432)

o Small Error in Measurement Systems
Vps(on) <50 mV (2N5432)

o High Off-Isolation
Ip(off) <200 pA

@ High Speed
td(on) <4ns

e L ow Noise Audio-Frequency Ampli-

fication

en < 2 nVA/Hz at 1 kHz Typical

Reverse Gate-Drain or Gate-Source Voltage ......... —25V
GateCurrent. .........oovirviiiiinnnnnenons 100 mA s 1:;5?
DrainCurment . . ..o ieee et iieia e cannns 400 mA @ Section 7
Total Device Dissipation at 25°C
Free-Air Temperature (Note 1) .. ............. 300 mW
Storage Temperature Range . ............. —65 to +150°C o
Lead Temperature
{(1/16" from case for 10seconds) ............... 300°C s
G,C
H D s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N5432 2N5433 2N5434
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max
! | Gate Reverse Currant -2 200 201 A 1y 15V, Vps =0
- ate Reverse Curren = - A = —
2 Gss -200 -200 200 nA | ©° DS 150°C
_3‘ BVgss  Gate Source Breakdown Voltage -26 -26 -26 vV |iIg=-1uA,Vps=0
2 i I Drain Cutoff C t 200 200 2001 oA v 5V.V v
h— rain Cuto urren = , = - e ——
5| a| Dl 200 200 200] nA | 05 s 150°C
-7
6] 1| VGs(off) Gate-Source Cutoff Voltage -4 -10 -3 -9 -1 4| V |Vps=5V, ip=3nA
c - -
7| | oss (S;'o“t?;;’" Drain Current 150 100 30 mA |vps=15v, vgs=0
—
8 rDS(on)  Static Drain-Source ON Resistance 2 5 7 10| ohm
— Vgs=0.ip =10mA
9 VpS(on) Drain-Source ON Voltage 50 70 00| mv
10 rds(on) Drain-Source ON Resistance 5 7 10| ohm VGgs=0,Ip=0 f=1kHz
1" 3 Ciss Common-Source input Capacitance 30 30 30
12 N c Common-Saurce Reverse Transfer 15 15 15 PF |Vps=0,VGs=-10V f=1MHz
rss Capacitance
13 td Turn-ON Delay Time 4 4 4 _
3] (on) urn € Vpp =15V, 145 2 (2N5432)
14 tr Rise Time 1 1 1 VGSion) =0
— S ns ' RL = 143 Q (2N5433)
15 | W| tg(offy  Turn-OFF Delay Time 6 6 6 VGS(offy = -12V, Q
— - I5lon} = 10 mA 140 Q (2N5434)
16 t Fall Time 30 30 30
*JEDEC registered data. NIP
NOTES:
1. Derate linearly at the rate of 2.3 mW/°C. Voo
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. Ay - VoD-VDs(oN)
Ip(oNy INPUT PULSE SAMPLING SCOPE
vin Vout RISE TIME 0.25 ns RISE TIME 0.4 ns
RG S| FALL TIME 0.76 ns INPUT RESISTANCE 10M
5082 PULSE WIDTH 200 ns  INPUT CAPACITANCE 1.5 pF

PULSE RATE 550 pps
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2N5452 2N5453 2N5454

iconix

matched duadl
n-channel JFETs

designed for . . .

*ABSOLUTE MAXIMUM RATINGS (25°C)

B Low and Medium Frequency
Differential Amplifiers

Performance Curves NFA

See Section 5

BENEFITS

® Minimum System Error and Calibra-

tion
5 mV Offset Maximum (2N5452)

® Simplifies Amplifier Design

Qutput Conductance Less that

Siliconix

1. Assumes smaller value in numerator.

Any Lead-To-Case Voltage.............. ce....¥100V 1 umho
Gate-Drain or Gate-Source Voltage .............. -60V
TO-71
Gate-To-Gate Voltage ................ v .. £100V See Section 7
GateCurrent . ...........covevvvereneneees.. BDOMA 0,0 0D,
Total Device Dissipation 85°C (Each Side) ....... 250 mW
Case Temperature (Both Sides) ...... 500 mW G G2
Power Derating (EachSide) .............. 286 mW/°C
(Both Sides)............... 43 mW/°C
Storage Temperature Range ............. -65to +250°C
Lead Temperature (1/16" from case for 10 seconds) . . . 300°C
Gvsl Dls Gz
o ) BOTTOM VIEW D1 1
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) (ALTERNATE)
2N5452 2N5453 2N5454
Characteristic Unit Test Conditions
Min | Max | Min { Max | Min | Max
U Gate Reverse Current 19 19 1901 PA_fygs=-30V, Vpg =0V
- ite Reverse Cur = - » = |
2| |9 @ e 200 ~200 200] oA | OO DS TA = 150°C
GateS Breakd,
3] f_ BVGSS V;fag:”"’e reakdown -50 -50 -50 |vos=0V.ig=-14A
A
4|7 | vasiorm sz}f;sgg“'“ Cutoff 1| 45| -1|-a5| -1| 45| v |vps=20V,Ip=1nA
5] ('; VGs Gate-Source Voltage -0.2| 42 | -02]-42 | -02| 4.2 Vpg =20V, Ip = 50 uA
6 VGs(f) Gate-Source Forward Voltage 2 2 2 Vps=0V,IGg=1mA
7 IDss Drain Saturation Current 05| 50 05| 5.0 05) 50| mA |Vps=20V,Vvgg=0V
1 of Common-Source Forward 1000 | 3000 | 1000|3000 | 1000 |{ 3000 f=1kHz
9] s Transconductance 1000 1000 1000 mho | VDS =20V.VGs =0V | =100 MHz
10 Common-Source Qutput 3.0 3.0 3.0 M = 1KH
1], fos Conductance 10 1.0 1.0 Vps=20V,Ip=200pA| ]| "~ 1 kHz
Common-Source Input
12| Y| i ! 40 40 40 .
N Capacitance Vps=20V,Vgg =0V
13 A c Common-Source Reverse 12 12 12 pF f=1MHz
—m s Transfer Capacitance ) - -
14 é Cdgo Drain-Gate Capacitance 15 15 15 VDG=10V,Is=0V
Equivalent Short Circuit oy = = =
1_.1 %, Input Noise Voltage 20 20 20| jE |Vps=20V,vgs=0V | f=1kHz
Common-Source Spot Vps=20V,Vgs=0V, _
16 NF Noise Figure 05 05 05f 48 |p oo =100 Hz
17| |ipssi/ipss2 ?N'ill f’,‘“"""“ Current Ratiof s 951 10 | 095| 1.0 | 095| 10| - [vps=20v,ves=0Vv
M _ Differential Gate-Source
‘l_ﬂ " vgs1-vas2! Voltage 5.0 10.0 15.0
197 Gate-Source Voltage 0.4 0.8 20] mv T =25°C to -55°C
—1 C | AlvGs1-VGs2! Differential Change with T
z’% rll Temperature 0.5 1.0 25 VDs=20V,Ip =200pA | T=25°C to +126°C
Transconductance Ratio
21} N 097| 10| 097| 10| o095] 10| -
P 951/9¢s2 (Note 1) 9 ! 0.9 0 0 f=1kHz
Differential Qutput
22 19051 -9052| Conductance 0.256 0.25 0.25 {!umhos|
*JEDEC registered data ~ NOTE: NFA

3-36

© 1979 Siliconix incorporated



matched dual Siliconix
n-channel JFETs e Sacion 5 rves
See Section 5
designed f ‘ UoLo
eS'gne or o O o ® Ultra-Low Noise
©h = 8 nVA/Hz at 10 Hz (Typical)
m Differential Amplifiers o B oo
p ® Minimum System Error and Calibration
5 mV Offset Maximum
CMRR > 100 dB
* o TO-71
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-Drain or Gate-Source Voltage .. ... e -40V
GateCurrent ................ ceiiiiiiiie.... BOMA
Device Dissipation (Each Side}, T 5 = 85°C
(Derate 2.0 mW/°C) .. .............. vev.... 250 MW
Total Device Dissipation, T = 85°C
(Derate 3.0 mW/°C)...........oonnnns. ... 375 mW
Storage Temperature Range.............. -85 to +150°C
Lead Temperature AR
(1/16” from case for 30 seconds) ........ PP 300°C BOTTOM VIEW Dy $
(ALTERNATE}
*EL ECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
41 Gate Reverse Current 250 PR Vgg=-30V, Vpg=0
= GSS ate Reverse Curren 550 vy GS = . VDS I PPrCRa
_3_ ? BVGSS Gate-Source Breakdown Voltage -40 IG=~1pA,Vpg=0
41 A | VGsioth Gate-Source Cutoff Voitage -0.7 -4 v Vps=20V,Ip=1nA
_5] 1; vgs Gate Source Voltage -0.2 -3.8
. -1 A VpG =20V, Ip =200 uA
6| [Ie] Gate Operating Current L e b6 b . ry
] -100 nA 126°C
7 Ipss Saturation Drain Current (Note 1) 0.5 75 mA | Vps=20V,VGs=0
S: F Y
B s oo orward T 1000 | 4000 Vpg =20V, Vgg =0
C 3 Forward Tr = =
_3_ ) ots A orwar 500 1000 mho Vpg =20V, Ip =200 uA £=1KHz
0] Y] %0 C: S Output Cond 10 Vps=20V,Vgs =0
Rl : 9os Common-Source Output Conductance 1 VpG =20V, Ip = 200 A
1_2_ aln Ciss Common-Source Input Capacitance : 25:» oF Vps =20V, Vgs =0 -1 MHz
13 ¢ Crss Common-Source Reverse Transfer Capacitance 5
] - 2N5515-19 30
14 3, riqn.Jivalent Short Circuit input INE520.24 5 /&_\{ VDG =20V, Ip = 200 pA f=10 Hz
oise Voltage ZNESTE T4 0 z T=1kHz
. 2N5515,20 | 2N5516,21 | 2N5517,22|2N5518,23 | 2N5519,24 -
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min] Max |Min | Max | Min | Max
15 g1-lg2! Qifterential Gate 10 10 10 10 10| na YDD=Gz=(x2)(:4X' 125°C
1Dss1 Saturation Drain
16 I_. Current Ratio 095 1 |0.95 110895 1 |0.95 11080 1 - Vps=20V,Vgs=0
] DS52 {Notes 1 and 2}
Ditferential Gate-
17 . VGS1-VGS2!  gource Voaltage 5 5 10 15 5 | mv ]
A Ta- 25C
T | Alvgsi-vgsz! Gate-Source Voltage 5 10 20 40 80 . Tg =125°C
18 | € | ——————==- Differential Drift uv/’c Th - 55°C
H AT {Note 3) 5 1 20 a0 80 VDG =20V, | A= 55,2
—iN ip=200pA |78
19 © | lgost-gosp!  Qfferential Qutput 0.1 0.1 0.1 0.1 0.1 |umho
] f=1kHz
9fs1 Transconductance
20 m Ratio (Notes 1 and 2) 097 11097 11095 11095 1]0.80 1 -
Common Mode Vpp =10t 20V,
21 CMRR Rejection Ratio 100 100 90 dB _
{Note 4} Ip = 200 pA
*JEDEC registered data. 3. Measured at end points, TA and Tg. NS
NOTES: AVpp )
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. 4. CMRR = 20logQ { ---———— LAVDD=10V.
2 ) AlVGs1-Ves2l
. Assumes smaller value in numerator.
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2N5545 2N5546 2N5547

iconix

monolithic dual
n-channel JFETs

designed for . . .

B General Purpose
Differential Amplifiers

g

Performance Curves NNP
See Section 5
BENEFITS
® High Input Impedance
Ig < 50 pA
® Minimum System Error and Calibra-
tion

5 mV Offset Maximum (2N5545)

*ABSOLUTE MAXIMUM RATINGS (25°C) T0-71
. See Section 7
Gate-Drain or Gate-Source Voltage. .. ... P - LAY 5,0 05
GateCurrent............... e vove.. 30mMA
Device Dissipation (Each Side}, TaA = 26°C o1 &
(Derate 1.67 mW/°C) ........... e —— oo s
. . . 1 2
Total Device Dissipation, TA = 26°C
{(Derate 267 mW/°C) ................. .. ... 400 mW 2 o,
Storage Temperature Range .............. —65 to +200°C -
Lead Temperature
(1/16" from case for 30seconds) ............ ...300°C 1 $2 o2 |6
BOTTOM VIEW G g, S
*ELECTRICAL CHARACTERISTICS {26°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 -100 pA
z $ IGgss Gate Reverse Current R oA VGs=-30V,Vps=0 ?A_=_150°_
3] al BVGSs Gate-Source Breakdown Voltage -50 v Ig=-1uA,Vps=0
4| Tl Vgs(otf) Gate-Source Cutoff Voltage -0.5 -4.5 Vps=15V,Ip=0.5nA
5 (': G Gate Operating Current 50 pA | VDG =15V, Ip - 200 uA
6 'DSs Saturation Drain Current 05 8 mA | Vps=15V,Vgs=0
_g_ Ofs gommon-:ource gonlvardCTradnsconduc!ance 1500 60(212 umho £= 1 kHz
8] p| g0s ommon-Source Output on' uctance Vps =16V, Vg =0
9] Y| Ciss Common-Source Input Capacitance 6 pF =1 MHz
10 2 Crss Common-Source Reverse Transfer Capacitance 2
1M NE Spot Noise Figure 3.5 d8 2N5845 | f=10Hz,
‘I: 5 VpG =16V, [ 2Ns546 A =1 MQ
7 Ip = 200 uA
12 €, Equivalent Short Circuit Input Noise Voltage 180 oy | o KA |2N5545 f=10Hz
200 yHz 2N5546
2N5545 2N5546 2N5547
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max
13 lig1-lg2! Differential Gate Current 5 5 5] nA | Vpg=15V,Ip=200pA | Ta=125°C
o
IDSS1 Saturation Drain Current _ .
14 iBess Ratio (Note 1) 0.95 1| 0.90 1 | 090 1{ - | Vvps=15V,vgs=0
, Differential Gate-Source 5 10 15 ID = 50 yA
15|M| v -V | mV | V =15V —
ik G51-VGS2!  yoitage 5 10 15 DG 1D = 200 kA
—T 3
Ta= 25C
c 10 20 40 AT
16| H Alvgg1-Vgs2! Gate-Source Voitage v/°C Tg = 125°C
| [T—AT  Differential Drift (Note 2) s EPEETR
AT Ta=-5
N 10 20 40 e
_Je - VDG=15V,Ip=200pA |82 27
s1 Transconductance Ratio
17 —_— . 1 A 0.9 -
9fs2 (Note 1) 0.97 0.95 ! 0 ! f=1kHz
Differential Qutput
18 l90s1-90s2! Conductance ! 2 3 |umho
*JEDEC registered data. NNP
NOTES: NP-D

1. Assumes smaller value in numerator.
2, Measured at end points, TA and Tg.
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——— N
n-channel JFETs B &
Siliconix | O
M ‘ — | O
designed for . . . Performance Curves NRL | &
See Section 5 e o
ifi 5
B General Purpose Amplifiers BENEFITS S
® | ow Noise (¥, ]
® Low Output Conductance g}
(3
o
* ABSOLUTE MAXIMUM RATINGS (at 25°C) 0
Gate-Drain or Gate-Source Voltage (Note 1} ........ -30V T0-72
Gate Current ...... R 0114 Sea Section 7
Total Device Dissipation
(25°C Free Air Temperature). . .......... c... 300mW
Power Derating (to +175°C) ................ 20 mW/°C
Storage Temperature Range............ .. —-65 to +200°C °
Operating Temperature Range . ........... -65 to +175°C .
Lead Temperature s ¢
(1/16" from case for 10 seconds) ............. 240°C s b s
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N5656 2N5557 2N5568 .
Characteristic - Unit Test Conditions
Min | Max | Min | Max | Min | Max
! 1 Gate R Current 0.1 01 L Vps=0V
- ate Heverse Curren n = =
2|3 Gss ' ~100 ~100 ~100 Ves=-15V.VDs T=150°C
3| A] VGs(off) Gate-Source Cutoff Voltage -0.2| 40 -08] 50 ) -1.5| -6.0 v Vps=15V,Ip=1nA
—T
4] y | BVGss  Gate-Source Breakdown Voltage -30 -30 -30 ig=-10uA, Vpg=0V
—c
5 Ipss Saturation Drain Current {Note 2) 05 25 20| 50 40| 10.0] mA Vpg=16V,Vgs=0V
6| o Common-Source Forward 1500 | 6500 | 1500|6500 | 1500 | 6500
- umhol f=1kHz
Common-Source Output
7 D 9os Conductance 20 20 20
M Common-Source Reverse Transfer -
Vpg=15V,Vgs=0V
i x Crss Capacitance 3 3 ° pF b o f=1MHz
9 h:‘ Ciss Common-Source Input Capacitance 6 6 8
0jc|_ Common-Source Equivalent Short 35 35 35 | nv f=10H2
11 en Circuit Input Noise Voltage 20 20 20 vHz f=100 Hz
12 1 1 1 = = t=10Hz
= InF Noise Figure ap | VDS=15V.Vas=0V. |~ =
13 1 1 1 BW = 1.0 Hz f =100 Hz m
- . -
JEDEC registered data NRL =
NOTES: 0
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. o
2. Pulse test duration < 2 ms. :
=.
X

© 1979 Siliconix incorporated

3-39



2N5564 2N5565 2N5566

icoNix

matched dual
n-channel JFETs

designed for . . .

m Wideband Differential
Amplifiers

B Commutators
*ABSOLUTE MAXIMUM RATINGS (25°C)

g

Siliconix

Performance Curves NC
See Section 5

BENEFITS
® High Gain
7500 umho Minimum g¢g
® Specified Matching Characteristics

TO-71
See Section 7
Gate-Gate Voltage .............. P ..... 280V 010 On,
Gate-Drain or Gate-Source Voltage .............. -40V
Gate Current ...... e et ... B0 mA & Gy
Device Dissipation (Each Side), T = 25°C 50 &5,
(Derate 2.2 mW/°C)....... e ... 326 mW
Total Device Dissipation, T a = 25°C
(Derate 3.3 mW/°C).............. veiv..i.. 650MW
Storage Temperature Range. .. ........... -65 to +200°C e
G
Lead Temperature o s
(1/16" from case for 10seconds) ......... e 300°C BOTTOM VIEW - (ALTERNATE]
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
U Gate-Reverse C 190 L PR i vgs=-20V,Vps=0
“1 ate-Reverse Current = . = g
7, ass 200 | na | UGS 0s 150°C
3] 1| BVgss Gate-Source Breakdown Voltage -40 Ig=-1uA,Vps=0
4 ¢ VGS(off) Gate-Source Cutoff Voltage -05 -3 v Vps=15V,ip=1nA
5] 1 Vasin Gate-Source Voltage 1.0 Vps=0V,IGg=2mA
ﬂ c| ipss Saturation Drain Current {Note 1) 5 30 mA [Vpg=15V,VGg=0
7 'DS{on) Static Drain Source ON Resistance 100 Q Ip=1mA,Vgs=0
8 B Common-Source Forward Transconductance 7500 12,500 f=1kHz
el {Note 1) 7000 pmho T =100 MHz
i Y| 905 Common-Source Cutput Conductance 45 f=1kHz
N - - | 1= Tk
2 A Crss Common-Source Reverse Transter Capacitance 3 oF Vpg=15V,Ip=2mA £=1MHz
11 | m| Ciss Common-Source Input Capacitance 12
_1i (|: NF Spot Noise Figure 1.0 dnBV f=10Hz, Rg =1M
131 |% Equivalent Short Circuit input Noise Voltage 50 ﬁ f=10Hz
e 2N5564 2N5565 2N5566
Characteristics Unit Test Conditions
Min | Max | Min | Max | Min | Max
. IDSS1 Saturation Drain Current
14 | Toss2 Ratio (Notes 1 and 2) 0951 1oss| 1|09 1| - |VDs=16V,Vgs=0
\ ' Diff tial Gate-S
21¢ lVGS1'VGSZ| V:,It:r;en 1al Gate-Source 5 10 20| mv
¢ TAa= 26°C
A
H 10 25 50
161 AlVGs1-vas2! Gate-Source Voltage uv/ Tpg = 125°C
N| TTaT  Differential Drift {Note 3) °c | VDS=18V.p=2mA  Ip TTese
G 10 2 50 Tg - 25%
. 9fs1 Transconductance Ratio =
17 Q_fs—i (Notes 1 and 2) 0.95 1 0.90 1109 1 - f=1kHz
*JEDEC registered data.
NC

NOTES:

1. Pulse test required, pulse width 300 us, duty cycle < 3%.
2. Assumes smaller value in numerator.

3. Measured at ends points, T and Tg.
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matched dual
n-channel JFETs

designed for . . .

m Differential Amplifiers

® High Input
Impedance Amplifiers

Siliconix

Performance Curves NT
See Section 5

BENEFITS

® Matching Characteristics Specified

® High Input Impedance
Ig = 1 pA Max (2N5906—9)

TO-78
See Section 7
0
*ABSOLUTE MAXIMUM RATINGS (25°C) 01 QP2
Gate-to-Gate Voltage ............... e 80V 61 o
Gate-Drain or Gate-Source Voltage ............... 40V
GateCurrent .......... ..o, .. 10 mA $10 0%,
. P . - o
Device Dissipation {Each Side), T = 25°C
o
(Derate 3mW/°C) ..............oviiven. . 367 MW 2
. P . - o
Total Device Dissipation, Tp = 25°C G2
]
(Derate 4mW/°C) ................ b [ | &
o 1
Storage Temperature Range.............. -656t0o +150°C BOTTOM VIEW G b &
o -
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
2N5902-5 2N5906-9 ]
Characteristic Unit Test Conditions
Min Max Min Max
o Gate Reverse C = 2 ] A ygs=-20v.vps=0
- ate Reverse Current = . =
2 ass -10 -5 nA s bs 125°C
3|7 8Vass Gate-Source Breakdown Voltage -40 -40 IG=-10A,Vpg=0
i‘ ‘Y‘ VGSlaff) Gate-Source Cutoff Voltage -0.6 -45 -0.6 -45 \Z Vps=10V,ip=1nA
51| VGs Gate Source Voltage -4 -4
“lc 3 X pA Vpg = -
) E DG =10V, Ip =30 4A
i Gate Operating Current
s perating 3 EH D 125°C
8 1Dss Saturation Drain Current 30 500 30 500 pA
Common-Source Forward
i 9s Transconductance 70 | 20 70 | 20 umho f=1kHz
10 Jos C S Output Cond 5 5 Vps=10V.Vgs=0
1" o Ciss C S Input C; 3 3
. Common-Source Reverse Transfer pF f=1MHz
12 : Crss Capacitance 15 15
A Common-Source Forward
i M| 9 Transconductance 50 150 50 150 umho | VDG =10V, Ip =30 A
i (I: 905 Common-Source Output Conductance 1 1 f=1KHz
Equivalent Short Circuit Input uv
5 L) Noise Voltage 02 01 Viz
] — VDs=10V.VGs =0 =100 Hz,
16 NF Spot Noise Figure 3 1 dB RG=10M
2N5902, 6 | 2N5903,7 | 2N5904,8 | 2N5905,9
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min |Max | Min | Max
17 2.0 20 2.0 2.0 VDG = 10 V.| on5902.5
— hgi-lg2! Ditferential Gate Current nA ip = 30 uA,
18 02 02 02 02 T - 125°C | 2N68069
1| |lbsst Saturation Drain Current Ratio | gg5] 1 |o9s| 1 |oes| 1 |oes| 1| - |vps=10v.vgs=0
wm| Ipss2 (Note 1)
|a
20]|T|3 Transconductance Ratio 097 1|oe7| 1]oes| 1 Joes| 1] - f=1kHz
C | 552 {Note 1)
FAl ’: VGs1-Vgs2!  Differential Gate-Source Voltage 5 5 10 15 mv
N VoG =10V | 1= 25°%C
5 20 40 o
2le ANVGg1-VGs2! Gate-Source Voltage Differential ° o | ID=30uA | Tg =125"C
— — a7 Diift (Note 2) uvre Th-55°C
3 5 10 20 40 T - 28°
29 180518052/ Differentiat Output Conductance 0.2 0.2 0.2 0.2 | umho f=1kHz
*JEDEC registered data. NT
NOTES:

1. Assumes smaller value in numerator.
2. Measured at end points, Ta and Tp.
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903 2N5904 2N5905

2N5906 2N5907 2N5908 2N5909

2N5902 2N5

iconix

APPLICATIONS

> <
<

> <

S 465K

+av

o)
-12v

+3TO +15V*

50K

-5 TO -15V

+3TO +1BV*

-t2v

*Use lower voltages for minimum Ig

=

Siliconix

+12v

+3TO +15v*
0

+5TO +16v*

-5 TO -15V
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matched dual B

Siliconix

n-channel JFETs rerormance curves nzr

See Section 5

deSigned for e oo BENEFITS

® High Gain through 100 MHz

CTL6SNT LL6SNT

B Wideband Differential gfs > 5000 umho
Amplifi ers ® Matching Characteristics Specified
’ To-78
*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-to-Gate Voltage ........................ 180V 7y
Gate-Drain or Gate-Source Voltage .............. -25V o .
GateCurrent ..............c0vivnnn.. ceeee... BOMA

Device Dissipation (Each Side), {Derate 3 mW/°C).. 367 mW
Total Device Dissipation, (Derate 4 mW/°C)....... 500 mW

Storage Temperature Range.............. -65 to +160°C
Lead Temperature
{1/16" from case for 10seconds) ............... 300°C s

1
BOTTOM VIEW

*ELECTRICAL CHARACTERISTICS (25° unless otherwise noted)

Characteristic Min Max Unit Test Conditions
! 1 Gate R Current 10 [ ety 15V, Vpg =0
=t ate Reverse Curren =- , = [
2] |'ess 250 | na | VOGS oS TA = 150°C
3|8 | 8BVgss Gate-Source Breakdown Voltage -25 Ig=-1uA, Vps=0
4 Z VGS(off) Gate-Source Cutoff Voltage -1 -5 v Vps=10V,Ip=1nA
i T | Vas Gate-Source Voltage -0.3 -4
! -100 A | vpg=10V,Ip=5mA
6{C|Ig Gate Operating Current P DG 0 P yread
] -100 nA Ta=126°C
Saturation Drain Current ’ _ -
7 ipss | (Note 1) 7 40 mA | Vps=10V,Vgg=0V
8 Ofs Common-Source Forward Transconductance 5000 10,000 f=1kHz
9 Ofs Common-Source Forward Transconductance - 5000 10,000 amho f= 100 MMz
10| p | g0s Common-Source Output Conductance 100 f=1kHz
1" x G0 Common-Source Output Conductance 150 =100 MHz
1 A | Ciss Common-Source Input Capacitance 5 oF Vpg=10V,ip=56mA f= 1 MHz
13 ff Crss Common-Source Reverse Transfer Capacitance 1.2
\'
14(Cg, Equivalent Short Circuit Input Noise Voltage 20 ﬁ =10 kHz
- — T=10kHz
16 NF Spot Noise Figure 1 dB Rg = 100K
2N5911 2N5912 i
Characteristic Unit Test Conditions
Min Max Min Max
16 lig1-iga! Ditferential Gate Current 20 20 nA VpG=10V,Ip=5mA TTA =125°C
iDgs1 Saturation Drain Current Ratio ) _ = =
17 . m " (Notes 1 and 2) 0.95 1 0.95 1 Vps=10V,Vgs=0
18 ? VGs1-VGs2!  Differential Gate-Source Voltage 10 15 mv
—— c _—‘:‘T'
90| \ 20 40 A
—1 1 | AVGS1-VGS2! Gate-Source Voltage Differential Ve | B=1 %
20| N AT Dritt {(Note 3) 20 %0 Vpg=10V,Ip=5mA TaA =-56°C
G Tg = 25°C
21 E Transconductance Ratio (Note 2) 0.95 1 0.95 1 - f=1kHz
9fs2 m
-
*JEDEC registered data. NzF =
NOTES:

1. Pulsewidth < 300 us, duty cycle < 3%.
2. Assumes smaller value in numerator.
3. Measured at end points, T and Tg.

0
0
3
X
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3N163 3N164

iconix

enhancement-type

p-channel MOSFETs

designed for. . .

® Ultra-High Input Impedance
Amplifiers
Electrometers
Smoke Detectors
pH Meters

B Digital Switching Interfaces

® Analog Switching
*ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Source or Gate-Source Voitage 3N163 .... .. -40V
Drain-Source or Gate-Source Voitage 3N164 .. .. .. -30V
Transient Gate-Source Voitage (Note 1} ......... +1650V
DrainCurrent ......... ... .. .. iiiinun.n. ~-50 mA
Storage Temperature ................. -65 to +200°C
Operating Junction Temperature . . ....... -55 to +160°C
Total Device Dissipation

(Derate 3.0 mW/°Ct0 150°C) .............. 3756 mW

Lead Temperature 1/16" From Case For 10 Seconds . .265°C

Performance Curves MRA

3 3

See Section 5

BENEFITS

® Rugged MOS Gate Minimizes Handling
Problems

+150 V Transient Capability

® Low Gate-Leakage

Typically 0.02 pA

® High OffIsolation as a Switch

IDss < 200 pA

TO-72
See Section 7

K

colfEm—os
L

*ELECTRICAL CHARACTERISTICS (25°C and Vs = 0 unless otherwise noted)

Characteristic Min3N163Max Min3N 164Max Unit ‘Test Conditions
1 -10
] Vgs=-40V,Vpg=0 T
2 25 GS os Ta=125C
3 IGss  Gate-Body Leakage Current 7 PA -

— . =10 Vgs=-30V,Vps=0 —
4 .26 TaA=125°C
5|$ BVpgs Drain-Source Breakdown Voitage -40 -30 Ip = -10 A, Vgg=0

T -
6 A BV§D5 Source-Drain Breakdown Voltage -40 -30 Is=-10UA Vgp=Vpp=0
71t | Vas Gate Source Voltage -3 -6.5 -2,5 -6.5 v Vps=-15V,ip=-0.5 mA
8] VGS[th) Gate-Source Threshotd Voltage -2 ) -2 -5 Vps= V§§, Ip =-10 A
9]C |t Drai toff Current -200 -400 Vpg=-15V,Vgs=0
DSS rain Cutoff Curren oA Gs
10 1sps  Source Cutoff Current -400 -800 Vgp=-20V,Vgp=0,Vpg =0
1 In(on) ON Drain Current -5 -30 -3 -30 mA Vps =-15V, Vgs =-10V
12 rDS(on) DPrain-Source ON Resistance 250 300 Q Vas =-20V, Ip = -100 pA
Common-Source Forward
° 5 afs Transconductance 2000 | 4000 | 1000} 4000 pmho | VDS=-15V, £=1kHz
lp=-10mA
Common-Source Qutput D
14 2 90s Conductance 250 250
15 M Ciss Common-Source Input Capacitance 2.5 25
Common-Source Reverse Transfer - = = 2
16 é Crss  Copacitanes 0.7 0.7 pF Vpg=-16V,Ip=-10mA [f= 1 MHz
17 Coss Common-Source Output Capacitance 3 3
18 s td{on) Turn-ON Delay Time 12 12 Vpp=-16V
19 wht Rise Time 24 24 ns 1D{on) =~10mA
20 toff Turn-OFF Time 50 50 Rg =R = 1.5 kS
*JEDEC registered data Voo MRA
NOTE: RL
1. Transient gate-source voltage JEDEC registered as +125 V. Ag Vour INPUT PULSE SAMPLING SCOPE
Vin RISE TIME< 2 ns t, < 0.2ns
5002 PULSE WIDTH > 200 ns CiN<2pF
Ry > 10 MQ2
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current regulator diodes .Z..
dESigﬂed fOr' e o o n?(foﬁmnﬁKgu?e? Section 5

B Current Regulation BENEFITS

° Si
] Currenf Limiﬁng Simple Two Lga‘d Current Source
® Current Insensitive to Temperature

B Biasi Changes
B asmg Temperature Coefficient Better

® Low Voltage References Than 1500 ppm/°C On All Devices
® TO-18 Package for Improved Current
Control
o Simplifies Floating Current Sources
No Power Supplies Required

0Lby) ybnody ZzZowd

ABSOLUTE MAXIMUM RATINGS (25°C) T0-18
See Section 7
Peak Operating Voltage ................ ve.... 100V
ForwardCurrent ..............ccovevuenn... 20mA
Reverse Current ........... wetenciieeaa.... BOMA AnOOE )
Thermal Resistance )¢ .....................100°C/W
Power Dissipation at Tc=25°C ........ ceve.... 1.25W
Operating Junction Temperature ........ -b5to+150°C
Storage Temperature ................. . -556 10 +200°C cATHODE € ase 4

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

Symbol Igy Zg % vy POV 09
Paramaeter Regulator Current namic Impedance | Knes Impedance | Limiting Voltage | Peak Operating Voitage Temperature Cosfficiant G
Vg=28V Ve=26V 1F = 0.8 1F1(Min) 1E= L11F1(Max) V=28V VE=25V V=25V E
| Vest Conditions {Note 1} (Note 2) Mk {Note 3) (Note 4} _B5°C < Ta < 25°C | 0°C < To <50°C | 26°C < Ta < 126°C | O
(mA) MO Ms Volts M
Units Min Volts T re T rc Typ ppm/°C
" Nom | Min | Max | _Min | Tye Min | Tve | Max | Typ " Ve ¥e phm Ve epm veee
cA022 0.22 [0198jo.242 | 130 | 180 275 |38 1.0 0.40 100 +1350 +1050 +750
CRO24 0.24 |0216J0.264 | 100 | 140 235 |30 1.0 0.45 100 +1200 +900 +600
cRoz7 0.27 |0243j0297 | 9.0 | 130 195 | 28 10 050 100 +1000 +700 +400
CR030 0.30 [0270j0330 | 80 | 120 160 | 26 1.0 056 100 +800 +500 +200
CRO33 033 0297jo363 | 68 | 110 136 | 22 10 0.60 100 +600 +300 ~50 :
CR039 0.39 [0351j0420 [ 410 | 95 100 | 180 |105 | o070 100 +300 +50 ~300 v
CRO43 043 |0387/0473 | 330 | 86 087 |166 | 106 | 078 100 +150 -180 -450
CRO47 047 |0423j0517 | 270 | 80 076 [150 |110 | oss 100 ~50 ~300 -600
CROBB 0.56 |0.504/0616 | 190 | €5 086 125 |1.20 | o098 100 -300 -800 -900
CRO62 062 |o6eajoesz | 185 | 62 047 |15 {130 | 110 100 -600 -800 -1100
CROGS 068 [0612Jo748 [ 135 | 85 0400 170 [1.15 [ 070 100 +850 +400 -50
CRO75 0.76 (06760828 | 146 | 72 033|150 [120 [ 078 100 +650 +200 -250
CRo82 082 [0738Josoz | 100 | 60 0290{130 |[126 | o080 100 +450 +50 450
CR091 091 {o819[1001 | o088 | 52 0240110 |120 | oss 100 +300 -150 -600
CR100 1.00 {0.000[1.700 | o080 | 44 0205|095 |13 | oss 100 +150 -300 750 3
CR110 110 [ogeofr.210{ o070 | 38 o180 o080 [140 | 105 100 | +80 ~450 -900 M
CR120 1.20 [1.08 [1.32 084 | 33 0165071 [145 | 118 100 -150 -600 -1080
CR130 130 [1.17 [1.43 088 | 32 0135|060 150 | 125 100 ~300 ~780 ~1200
CR140 140 |1.26 [1.54 054 | 25 o1s|os2 |18 | 130 100 —400 -850 -1300
CR150 1.50 {1.36 |1.66 061 | 22 0105046 | 180 | 1385 100 ~500 -950 ~1400
CR160 160 |1.44 [1.76 0475 | 1.00 0092|035 |[16s | o0s0 100 +650 +350 +50
CR180 180 [1.62 |1.08 0420 o098 0074 (030 |175 | o055 100 +500 +200 ~100 .
CA200 2.00 {1.80 |2.20 0396 | 088 006t (026 186 | oe0 100 +360 +60 ~250
CR220 220 (198 242 0370 o080 0062 (022 |185 | 085 100 +200 -100 -350
CR240 2.40 (216 264 0.346| 075 0044 (020 |200 | 070 100 +50 -200 —450 N
cR270 270 (243 J2o7 0320{ oes 0036 (018 | 215 | 075 100 -100 -300 -550 K
CR300 3.00 |270 [a.30 0300 | 0.0 0029 (014 |225 | oss 100 -250 —450 -700 o
CR330 2.30 [297 363 0280 | 088 0024 (013 235 | 030 100 —400 -600 -800
CR360 3.60 [3.24 [3.98 0265 | 052 0020 (011 | 280 | o096 100 -860 -760 -900
cR380 3.90 [3.51 Ja.20 0.265 | 048 0017|010 |260 | 100 100 ~700 -850 -1000
cRra30  [4.30 (387 la73 0245 045 0014 |ooo |275 | 110 100 -850 -950 -1100
CR470 470 |4.23 517 0.235 | 0.40 0012 {008 [290 | 140 100 ~1000 -1100 -1200 m
-
NOTES: NKL, NKM, NKO d

1. Pulse test — steady state currents may vary.

2. Pulse test — steady state impedances may vary,
3. Min VE required to insure tg > 0.8 g4 {min)-
4. Max Vg whers IE < 1.1 Ig{ (max) is gusrantead.

XU
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CR022 through CR470

iconix

Current-Limiter Diode V-1 Characteristic

¢

. Zx Z4
POV @ 1.1 11 MAX)
VL @08 IErn
Ve 60V 2V ooy F
n
EQUIVALENT CIRCUIT
‘? o]
C> C IF1 %El_ld TG
Ag -
Rs
©
APPLICATIONS

The current-limiter diode is the electrical dual of the Zener diode.

Constant-Current

Timing Circuits

+

)

e

Collector or Drain

Hi-Z Load Resistors

¢

+ O

SYMBOLS AND DEFINITIONS

A
c

IF
IF1
POV
0
buc
0sA
ZK

24

+
D
s

Emitter or Source Biasing

Anode (Drain)
Cathode (Source and Gate Shorted)

Forward Current (Anode Positive)
Current at a specified Test Voltage, VF

Peak Operating Voltage

Current Temperature Coefficient

Thermal Resistance Junction to Case

Thermal Resistance Junction to Ambient

Knee AC Impedance at specified V. ZK should
be as high as possible and is specified as a mini-
mum.

Dynamic Impedance at specified VF. Zq is speci-
fied as a minimum.

Constant-Current Supply
or Current-Limiting Element

_J;:
|

Logic Circuit Pull-Up
Current Source

N
5
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enhancement-type

p-channel MOSFET
designed for. ..

® High-Input
Impedance Amplifiers

Smoke Detectors
Electrometers
pH Meters

ABSOLUTE MAXIMUM RATINGS (25°C)
Drain-Source Voltage

) g

Performance Curves MRA
See Section 5

BENEFITS
@ High Input Impedance

lgss = 30 Femto Amp Typical
® High Gain

9¢s = 1000 umho Minimum

Gate-Source Voltage . . .. ..., +10V See;(o)c:iin 7
DrainCurrent .. ... ... ...ttt ienannnnes 30 mA
Total Device Dissipation at (Or Below) T = 25°C
(Derate 3mW/°Cto+150°C) .. .............. 375 mW
Operating Junction Temperature. .. ........ -55 to +150°C D
Storage Temperature. . .. ................ —65 to +200°C n_-T
Lead Temperature ¢ G_Jﬂ adc
{1/16" from case for 10seconds) ............... 265°C s e o
ELECTRICAL CHARACTERISTICS (25°C)
Characteristic Min Max Unit Test Conditions
[ 1] s lgss Gate-Source Leakage Current -10 pA Vgs=-10V,Vpg =0
2| T| BVpss Drain-Source Breakdown Voltage —25 \'4 Ip=—10kA,VGgg=0
E 21 vas Gate-Source Voltage 20 | 60 | V | Vpg=—10V,ip=-10uA
-i 11 Ipss Drain Cutoff Current -20 nA Vps=-10V,Vgg =0
5 ¢ 1D(on) ON Drain Current -3.0 mA Vpg=-10V,Vgg=-10V
6|2 ors $:’a’“n:c‘zzfu°c‘:;i:°'wa'd 1000 umhos | Vpg=—10V, Ip=—2mA, f = 1 kHz
7 2 Ciss Comnjon-Source Input 6.0
—M Capacitance pF Vpg=-10V,Vgg=-10V, f=1MHz
8 | c Common-Source Reverse 15
c| “rss Transfer Capacitance ’

MRA

347
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DPAD1 DPAD2 DPADS DPAD10O
DPAD20 DPAD50 DPAD100

iconix

dual pico ampere diodes

designed for. ..

m Clipping Circuits
B Diode Switching

B High Impedance Protection
Circuits

BENEFITS

® Very High Off-Isolation
1 pA Max (DPAD1)

® High Isolation Between Diodes
20 Femto Amp Typical (DPAD1)

® Matched Capacitances
® Compact Packaging

0

Siliconix

TO-71 TO-78
{Pins 2 and 6 Removed) (DPAD1 Only)
See Section 7 Sae Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
Forward Gate Current, EachSide. .. ............. 50 mA
Total Device Dissipation @ Tp = 25°C
Derate 4.0 mW/°Ct0125°C................. 400 mW e, e 1A 4
1 c
Storage Temperature Range............. —-55 to +125°C &1 A1 i
Lead Temperature & o
{1/16"" from case for 10seconds) ............... 300°C ) CASE € /5 o
Dxb n S %b a2
A :%Xo 7 A1 9\5% 7
1 1
€1 €4
BOTTOM VIEW BOTTOM VIEW
(ALTERNATE)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
CHARACTERISTIC MIN | TYP | MAX | uniT TEST CONDITION
1 -1 DPAD1
2 -2 DPAD2
3 -5 DPADS
4 s I Reverse Current -10 | pA VR =-20V DPAD10
5 I -20 DPAD20
6T -50 DPAD50
7 (I: -100 DPAD100
8 -45 -120 DPAD1,2,5
BVR Reverse Breakdown Voltage 'R =-1uA
9 -35 v DPAD10, 20, 50, 100
10 |vg Forward Voltage Drop 08| 15 Ig=1mA DPADI1, 2, 5, 10, 20, 50, 100
11D 0.8 DPAD1,2,5
Y| Cr Capacitance pF VR =-5V,f=1MHz
12N 2.0 DPAD10, 20, 50, 100
™M
13| A |ICR1—CRyl Differential Capacitance 01 | 02| pF |Vgy=Vga=-5V,f=1MHz |DPAD1,?2,5, 10, 20, 60, 100
T

APPLICATION

Operational Amplifier Protection. Input Differential Voltage limited to 0.8 V
' (typ) by DPADS D4 and Dy Common mode input voltage limited by DPADS D3

and D4 to £15 V.,

Typical sample and hold circuit with clipping. DPAD diodes reduce offset voltages

fed capacitively from the FET switch gate.

DPAD10

01X 0,7 1

03 Y 04 %
+1BV -18v

+V -V +
IR<|9A% ;
DPAD1 oPADT 1ot
} 2N4393 b—0
Lc Vour
1 CONTROL SIGNAL

3-4
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IO.W"Ieaka .e ;:H:nix
pico-amp diodes
designed for . . . N

B Clipping Circuits 1 pA Max (PAD1)
B Diode Switching

B High Impedance
Protection Circuits

TO-18
See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
ForwardCurrent .................... ... 50 mA
Total Device Dissipation ..................... 300 mwW ANODE
Storage Temperature Range............ -55°C to +1256°C A ‘1
Lead Temperature
I CASE LEAD FOR PAD1, 2,6
(1/16" from case for 10seconds) .............. 300°C CATHODE oNLY
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
Characteristic Min Typ Max Unit Test Conditions
1 -1 PAD1
2] 2 2
3 -5 5
4 : IR Reverse Current -10 pA | VR=-20V PAD10
5|A -20 20
6T -50 50
7 ‘I: -100 PAD100
8 -45 -120 PAD1, 2,5
- BVR Breakdown Voltage {Reverse) IR = -1uA
9 -35 \ PAD10, 20, 50, 100
10 VE  Forward Voltage Drop 0.8 1.5 IF=5mA PAD1, 2,5, 10, 20, 50, 100
1|D 0.8 PAD1,2,5
—Y| |CR; Capacitance pF VR=-5V,f=1MHz
12 |y 2 PAD10, 20, 50, 100
+
PADI0 IR <1 pl\% i_ Jj
D1 X o, % 3 Pab1 PADY 2N4117A
p- 2N4393 b-—o VouT
03 X 0, ‘ *
BV 18V CONTROL SIGNAL.
APPLICATION
Operational Amplifier Protection.input Differential Voitage limited Typical sample and hold circuit with clipping. PAD diodes reduce
to 0.8 V (typ} by PADS D¢ and D2 Common mode input voitage offset voltages fed capacitively from the FET switch gate.

timited by PADS D3 and Dg to 15 V.,

© 1979 Siliconix incorporated
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U200 U201 U202

iconix

n-channel JFETs
designed for . . .

B Analog Switches
B Commutators
m Choppers

Pérformance Curves NC

5

Siiliconix

See Section 5

BENEFITS

® Low Insertion Loss

Rps(on) <50 £ (U202)

® Good Off-Isolation

ID(off) < 1nA

TO-18
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-Drain or Gate-Source Voltage . .............. -30V
GateCurrent .. ... ... ...ttt 50 mA
Total Device Dissipation at 25°C Case Temperature
{Derate 1T0mMW/°C) ........ccivriiiennnnnnn. 1.8W °
Storage Temperature Range.............. -65 to +200°C
Lead Temperature : Ge¢
{1/16" from case for 10 seconds). ............. 300°C s ° s
|
i
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
! U200 U201 U202
i Characteristic Unit Test Conditions
| Min | Max | Min [ Max | Min | Max
[IE Gate Reverse C . - L8 ) Vs =20V, Vps =0
2 GSS ate Reverse Current " =) 3 Yy GS = - . VDS = 180°C
_3- .?. BVGss Gate-Source Breakdown Voltage -30 -30 -30 v IG=-1uA,Vps=0
4| A| VGS(off) Gate-Source Cutoff Voltage -0.5 -3 ] -15 -5 | -356 | -10 Vps=20V,Ip=10nA
5 1; I Drain Cutoff Ci t ! ! ! nA \' 0V,Vv 12v
rain Cutoff Curren = s = -
c | 'Dloff) ] ; T aa ] VDS Gs Te0°C
6 IDSs Saturation Drain Current (Note 1) 3 25 15{ 75 30| 150 mA { Vpg=20V,VGgs=0
7 rds{on} Drain-Source ON Resistance 150 75 50 | ohm | Vgg=0,1p=0 f=1kHz
D . Common-Source Input = =
8| y | Ciss Capacitance (Note 1) 30 30 30 Vps=20V,Vgs=0
Nk C Si Reverse Transfer PF F= 1 MRz
ommon-Source Rev _ .
9 Crss Capacitance 8 8 8 Vps=0.Vgs=-12V
NOTE: NC

1. Pulse test required, pulsewidth = 300 usec, duty cycle < 3%.
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monolithic dudl
n-channel JFETs

designed for . ..

1

Siliconix

Performance Curves NNP
See Section

* * ° e
m Differential Amplifiers BENEFITS
® Good Matching Characteristics
TO-71
See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C) 0,0 O,
Gate-Drain or Gate-Source Voltage .............. .50V G [
GateCurrent ........... e .. B0 mA
. A . s s,
Total Device Dissipation at 25°C ? 2
(Derate 1.7 mW/°C 10 200°C) ............... 300 mW 5
Storage Temperature Range.............. -65 to +200°C °
Lead Temperature
(1/16" from case for 10 seconds) ......... ......300°C a2 I %) e
BOTTOM VIEW LI ]
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
4 Gate R C -1%0 PA | Vgs=-30V,Vps =0
ate Reverse Current = - . =
. Gss r 500 oA | VG oS 150°C
_3_ S| BVGss Gate-Source Breakdown Voltage -50 Ig=-1uA, Vps=0
_4 I VGS(off) Gate-Source Cutoff Voltage -0.5 -4.5 \ Vps=20V,Ip=1nA
5|T| Vags Gate-Source Voltage -0.3 -4.0
BN -50 pA | Vpg =20V, Ip =200 A
6|C| g Gate Operating Current béG o K 3
] -250 nA 125°C
7 Ipss Saturation Drain Current {Note 1) 05 5.0 mA Vps=20V,Vgs=0
8 Ci S F d Ti d (N 1) 1000 3000 v 2V,V 0 f21KkH:
mmon- ! t = . =
B [:TH ommon-Source Forward Transconductance (Note 1000 DS GS T~ 00
9 e Gfs Common-Source Forward Transconductance (Note 1) 600 1600 umho | Vpg =20V, Ip = 200 uA
10| N | 90s Common-Source Qutput Conductance 35 Vps=20V,Vgs=0 f=1kHz
" IG 9os Common-Source Qutput Conductance 10 VpG =20V, Ip = 200 uA
i é Ciss Common-Source Input Capacitance i [ oF f=1MHz
2 Crss Common-Source Reverse Transfer Capacitance 2 . VDS =20V, Vgs =0
14 &, Equivalent Short Circuit Input Noise Voitage 80 n_z =100 Hz
i U231 | U232 | U233 | U234 | U235 . "
Characteristic Max | Max | Max | Max | Max Unit Test Conditions
15 llg1-ig2! Differentiat Gate Current 10 10 10 10 10 nA [VpGg= 20V, Ip =200 uA 125°C
(Ipss1-1DSs2}  Saturation Drain Current 5 = =
16 5 5 5 10 14 Vps=20V,Vgs=0
DSS1 Match (Note 1) > * 0§ GS
Differential Gate-S: -
17 ': IVgs1-Vgs2! Vlm";;e" 1al aate-Source 5 | 10 15 | 20 | 25 mv
T TA= 25°C
18 10 25 50 75 100
ﬁ ANGS1-VGS2! Gate-Source Voltage uv/°c Tg =126°C
- AT Differential Drift (Note 2) " Ta=--65°C
e 10 | 25 50 76 | 100 VDG =20V, Ip = 200 uA Tg = 26°C
—G -
20 (9s1-9¢52) I‘t‘;art\sc?;\ductance Match 3 5 5 10 15 %
] 9fs1 ote f=1kHz
Differential Qutput "
21 k0519052 Conductance 5 5 5 5 5 pmho
NOTES: NNP
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. NP-D

2. Measured at end points, T and Tg.
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U257

iconix

matched dual
n-channel JFET

designed for . . .

B Wideband Differential
Amplifiers

ABSOLUTE MAXIMUM RATINGS (25°C)

i A
50 mA

Gate-Drain or Gate-Source Voltage
GateCurrent . .......coiiviiiennnennnen.
Device Dissipation (Each Side), T = 85°C

(Derate 3.85 mW/°C)......... e, 250 MW
Total Device Dissipation, Tp = 85°C

(Derate 7.7 mW/°C) .. ........ ceieieeeea... BOOMW
Storage Temperature Range.............. -65 to +150°C
Lead Temperature

(1/16" from case for 10seconds) . .............. 300°C

ELECTRICAL CHARACTERISTICS (25° unless otherwise noted)

5

Siliconix

Performance Curves NZF
See Section

BENEFITS

® High Gain through 100 MHz
9¢g = 5000 umho Minimum
® Matching Characteristics Specified

TO-78
Ses Section 7
| D2
Gq G2
$1 S2
&2 0z Gy
BOTTOM VIEW G p, %

Characteristic Min Max Unit Test Conditions

sl Gate Reverse Cui UL S, N 15V,Vps=0
- ate Reverse Current =- ,Vps= "

2|7 %8 250 | nA Gs S 150°C
_3_ .‘: 8VGss Gate-Source Breakdown Voltage -25 v Ig=-11A,Vps=0
L (I: VGS(off) Gate-Source Cutoff Voltage -1 -5 Vps=10V,lp=1nA

5 Ipss Saturation Drain Current (Note 1) 5 40 mA Vps=10V,Vgs=0

6 gfs Common-Source Forward Transconductance 5000 10,000 Vps=10V, Ip=6mA | f=1kHz

7 o s Common-Source Forward Transconductance 5000 10,000 n VpGg=10V,ip=5mA = 100 MHz
—_ #mho

8|Y| gos Common-Source Output Conductance 150 Vps=10V,Ip=5mA |f=1kHz
i 2 dos Common-Source Output Conductance 160 =100 MHz
10 | M| Ciss Common-Source Input Capacitance 5
-—1 pF VpG=10V,Ip=5mA | f=1MHz
MiclCrss Common-Source Reverse Transfer Capacitance 12
12 en Equivalent Short Circuit Input Noise Voltage 30 V%: f=10kHz

[

131M -DSS1 Saturation Drain Current Ratio (Notes 1 and 2) 0.85 1 Vps=10V,Vgs=0
__{aflDss2 )
14 ; IVGs1-VGgs2!  Differential Gate-Source Voltage 100 mV
—nlz —
15 1 gf—ﬂ Transconductance Ratio {Note 2) 0.85 1 Vpg=10V,Ip=5mA
-3 fs2 | £=1kHz
16 l9051-90s2! Differentiat Qutput Conductance 20 umho
NOTES: NZF

1. Pulse test required, pulse width = 300 us, duty cycle < 30%.
2. Assumes smaller value in numerator.
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n-channel JFETs
designed for . . .

® Analog Switches
B Commutators
m Choppers

ABSOLUTE MAXIMUM RATINGS (25°C)

TOS52
Reverse Gate-Drain or Gate-Source Voltage . ........ 30V See Section 7
GateCurrent ... .... e 100 mA
Drain Current ...... et vee.... 1.BA
Total Device Dissipation at 25°C
Free-Air Temperature (Note 1) .. ............. 500 mW o
Storage Temperature Range. .. ........... -65 to +150°C
Lead Temperature g o
{1/16" from case for 10'seconds)......... ..... 300°C s 0 s

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

u
Performance Curves NVA
See Section 5

BENEFITS

o Ultra-Low Insertion Loss
Rps(on) < 2.5 £ (U290)
® High Off-Isolation
1D(off) < TNA

Characteristic u290 uz9 Unit Test Conditions
Min Max Min Max

—1 Igés Gate Reverse Current 2 - oA VGs=-15V,Vpg=0
_2] -1 -1 1 wA ’ 150°C

3 B8VGss Gate-Source Breakdown Voltage -30 -30 Ig=-1uA, Vps=0
Z $ VGS(off) Gate-Source Cutoff Voltage -4 -10 -1.5 -4.5 v Vps=15V,Ip=3nA

5| A ) 1 1 | nA
E 1I- 1D{off) Drain Cutoff Current ; 7 7y Vps=5V,Vvgg=-10V 500G
_7- C | VDs(on) Drain-Source ON Voltage 25 70 mV | Vgs=0,Ip=10mA

8| |ioss roruresion Drain Currant 500 200 mA | Vps=10V,vgs=0

9| | roston) Datie Drain-Source ON 10 25 2 7 | @ |[vgs=0V.ip=10mA
E 3 Tdsion) Drain-Source ON Resistance 10 28 2 7 Q Vgs=0,lp=0 f=1kHz
11| N| CsGo Source-Gate OF F Capacitance 30 30 Veg=15V,Ip=0
12| a CpGo Drain-Gate OFF Capacitance 30 30 pF VpG=15V,Ig=0 f=1MHz
13 ¢ | csgrepg  Source Gate Plus Drain Gate 160 160 VDs=0,Vgs =0
T‘;— td{on) Turn-ON Detay Time 15 15 VDD = 1.5V, Ip(on) =30 mA, R| =502,
E s Lt Rise Time 20 20 ne VGSton) =0V,
16 | W] ta(off) Turn-OFF Delay Time 15 15 VGs(off) = -12V (U290)
7| [y Fall Time 20 20 VGS(off) = - 7V (U291

NOTES: NVA

1. Derate linearly at the rate of 4.0 mW/°C.
2. Puise test required pulsewidth 300 us, duty cycle < 3%.
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U304 U305 U306

iIConNix

-channel JFETs i
p Siliconix
[ ]
designed for . . . Performance, CurvesPS
See Section 5
°*
B Analog Switches BENEFITS
mC tat ® Low Insertion Loss
ommurarors RDS(on) < 85 2 (U304)
n Cho ers ® High Off-Isolation
PP ID(off) < 500 pA
o TO-18
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Reverse Gate-Drain or Gate-Source Voltage (Note 1).. 30V
GateCurrent .............. e R 50 mA
Total Device Dissipation, Free-Air
(Derate 28 mW/°C) . ..ot 350 mW ®
Storage Temperature Range. . ............ -85 to +150°C R
Lead Temperature o
{1/16"* from case for 60 seconds) ............. 300°C s G.c s
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
U304 U305 u306
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max |
! i Gate R C 50 500 500 | oA Vi 20vV,V 0
. t = , = -
5 GSS ate Reverse Curren 0 o 10| A GS DS 150°C
3 BVGss Gate-Source Breakdown Voltage 30 30 30 Ig=1u4A,Vps=0
_4) s VGS(off) Gate-Source Cutoff Voltage 5 10 3 6 1 4 Vps=-15V, Ip=-1uA
T v VGs =0, Ip = -15 mA (U304),
sl A VDS(on) Drain-Source ON Voltage -13 -08 -0.6 Ip = -7 mA (U305},
T Ip = -3 mA (U306}
8| C|lIpss Saturation Drain Current (Note 2) -30 | -60 | -16 | -60 -5 -26 | mA | Vpg=-15V,VGs=0
7 " -500 -500 -500 | pA Vps=-15V, Vgs = 12V (U304),
— [} Drain Cutoff Current Vi =7V (U305}, By e
s D{off) ai 0 rren o o 0 | A ng v (U306) 150°C
ol 'DS{on} Static Drain-Source ON Resistance 85 110 175 | @ | Vgs=0V,Ip=-1mA
10 rds{on) Drain-Source ON Resistance 85 110 175 { € | vgs=0V,Ip=0 f=1kHz
11| p | Ciss Common-Source Input Capacitance 27 27 27 Vps=-15V,Vgs=0
Y Vps =0, Vgs = 12 V (U304 f=1MHz
F Ds=0.VGs ( )
12| N Crss gomar‘\:';to:ri:urce Reverse Transfer 7 7 7 P VGs = 7 V {U305),
° Vs = 5V (U306)
. U304 U306 U306
-1_3:_ ; td(on) Turn-ON Delay Time 20 25 25 Voo RV I Ve
gt Rise Time 15 25 35 VGS{off) 2V 7V 5V
— ns
15| T | tdiotf) Turn-OFF Delay Time 10 18 20 Ry 580 7430 | 180082
16 ; % Fall Time 2% 40 60 VGs(on] 0 0 ]
ID{on) {-15mA -7 mA -3mA
NOTES: Ps
1. Due to symmetrical geometry these units may be operated with
source and drain leads interchanged.
2, Pulse test pulsewidth = 300 us, duty cycle < 3%.
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n-channel JFETs

designed for . . .

® VHF Amplifiers

®m Front End High Sensitivity
Amplifiers

m Oscillators
m Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

b2 4
Siliconix
Performance Curves NZA
See Section 5

BENEFITS

@ |ndustry Standard
o High Power Gain
16 dB at 105 MHz, Common-Gate
11 dB at 450 MHz, Common-Gate
® Low Noise
2.7 dB Noise Figure at 450 MHz
© Wide Dynamic Range
Greater than 100 dB
® 75 Q Input Match Common Gate

. TO-52
Gate-Drain or Gate-Source Voltage ............... -25V See Section 7
GateCurrent .......... e e 20 mA
Total Power Dissipation at TA =256°C ...... .... 500 mw
Power Derating to 150°C . ............. .... 40mwW/°C
Storage Temperature Range.............. -85 to +150°C o
Lead Temperature
{1/16" from case for 10 seconds) ..............300°C ¢ ok
s D s
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
- U308 U309 U310 . .
Characteristic Min | Typ | Mox | Min | Tye | Max | Min | Typ | Max Unit Test Conditions
1 -150 -150 ~150 | PA -
— lgss Gate Reverse Current M _ (i (]
o2 -160 —150 -150| nA |VGs=0 Ta=126°C
S Gate-Source Breakdown N
3 -; BVgss Voltage —25 ~25 -25 v Ig=-18A,Vps=0
41TV £ Gate-Source Cutoff Valtage -1.0 -6.0| -1.0 40|25 6.0 Vps=10V,ip=1nA
GS{off} DS D
—1 - -
5| ¢|ipss (S,::“t'::';’" Drain Current 12 60} 12 30| 24 60| ma [vpg=10v,vgs=0
Gate-Source Forward = -
6 VGsif) Voltage 1.0 1.0 10} V Ig=10mA,Vpg=0
Common-Gate Forward
7 Stg Transconductance (Note 1) 10 20) 10 0] 10 18 | mmho Vos=10V, |, .\
[+] iy = z
Common-Gate Output ip=10mA
%
8 N Yog Conductance 200 200 200 | umho
9 lG Cgd Drain-Gate Capacitance 25 2.5 25 oF VGgs=-10 V| £= 1 MH2
10|y | Cgs Gate-Source Capacitance 5.0 5.0 5.0 Vps=10V
c - —
— Equivalent Short Circuit nV | Vpg=10V, -
1 €n Input Noise Voltage 10 10 10 Jhz Ip=10mA f=100 Hz
12 Common-Gate Forward 15 15 15 f = 105 MHz
13 " 9fg Transconductance 14 14 14 £ =450 MHz
1411 Common-Gate Output 0.18 0.18 0.18 mmho =105 MHz
5], Sog Conductance 0.32 0.32 0.32 Vps =10V, | 1= 450 MHz
16| R G Common-Gate Power 14| 16 14| 16 14] 16 Ip=10mA | =105 MHz
17 g P8 Gain (Note 2) 10 11 10 11 10] 11 1= 450 MHz
18 1.5] 2.0 15| 20 15| 20| dB # = 106 MHz
— NF Noise Figure
19 27| 35 27| 35 27| 35 £ = 450 MHz
NOTES: NZA

1. Pulse test duration = 2 ms.
2. Gain (Gpg) measured at optimum input noise match.
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U308 U309 U310

iconix

APPLICATIONS

200-250 MHz Wideband Amplifer (1 dB Ripple)

3-Stage Amplifier Circuit
%2 ¢y o Cq cy  TEQ
INPUT | out
VSWR |
1.06/1 1 ]
max — Ly I L2 Ly te =
c2 it Jjea ¢ A }|ce
Ry i Az
U
RFCy
€1, Cq, C7,Cg =88 pF L1tz Lg =120 nHy Vp=+20V
€2.C5 =600 pF Lo Lg Lg =222nHy
€3.Ca.Cg = 1000 pF RFCy, RFCy = 2.2 sty
Q1,Q2,G3 = Sikiconix U310 Ry, Rz 510
450 MHz Common Gate Amplifier
C:
iN 3 U310
soa (&= 1
- our
T | T4, 08
1 ;{ & 7£cz £
| o
Cs | C7 N
j|¢ e
AFC
lika:
= “Vpo

€4, C2 - 0.8-10 pF JFD model MVM 010W
C3. C4 — 835 F Evie saries 638-002D

Cg, Cg — 5000 pF Eris (2443-000}

€7 - 1000 pF ALLEN-BRADLEY type FASC

AFC — .33 :H MILLER typs {230-30)
T1 -~ oneturn, #16 copper wire, %" 1.D. {Air Core)

Tap — one tum, #16 copper wire, %" 1.D. {Air Core)

2
T2s — one tum, #16 copper wirs, %" 1., (Air Core)

Prototype Active Balanced Mixer*

it
L
E I
= cz T1
s (o L ki
3] +VpD 1HE<I
. e
UAAS Lo
” T"
T wee "
L2
=Cs ==Cs
€1.Cp— .0 pfd Cig -0t yuF =
C2,Cq—1-10pF g, Lz— 13shy
C3 —1000pF  Qy.Qz- U310
Cq. Cg ~ 30 pF T1 —RELCOMBT-@
C3,Cq — 88 pF

*Reference Siliconix Application Note AN71-2.

2 Tone Intercept & Compression

POWER OUT {dBm)

$.5.B NOISE FIGURE {dB)

Point Measurement

o | INTERCEPT POINT
B/W (1dB) = 50 MHz
+20 | fo = 225 MHz A
G=24d8 /y
0 A 1d8
/ / COMP.
-20 /’
W /
/ / %d ORDER
-60 INTI -
LATION
PRODUCT
0 40 20 o 20
POWER IN (dBm)

Noise Figure vs. Power Gain

6—T—T 18
vp =415V
f = 450 MHz
5 15
GAIN
4
3 NOISE FIGUR
2
1 3
o 3 dB BANDWIDTH = 10 MHz °
4 6 8 10 12 14 16 8 20 22 24
Ip — DRAIN CURRENT {mA)
Comparison of Mixer IM
Characteristics
SOURCE INJECTED MIXER (L.O. & SIGNAL)
FREQ LO = 120 MHz; POWER 1.O: +17 dBm
15 FREQSIG = 150 Mz .
| DRAIN IMPEDANCE:
Wy 1700 chms e o o o 40
[E1 S ohms 138 2
o 12} \  inrencert e 432
= \ POINT , «° o
w " 428 3
S 10 ‘20 ™
2 ]
; 9 +20 E
o 8 +16
g 8
7 412
I
8 +8 ?
5 +4
< . . — 0
° 1 2 3 a 5

VGS — GATE-SOURCE VOLTAGE (VOLTS)
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n-channel JFET

designed for . . .
B VHF Amplifiers
m Oscillators

m Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage ............... -25V
Gate CUImeNt ... . ittt iianeannanaraannnn- 10 mA
Total Dévice Dissipation {Derate 1.7 mW/°C) ... .. 300 mW
Storage Temperature Range.............. -65 to +200°C
Lead Temperature

(1/16" from case for 10 seconds) ............. 300°C

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

P

Siliconix
Performance Curves NZA
See Section 5
BENEFITS

e High Power Gain
16 dB Typ @ 105 MHz, Common-
Gate
11.dB Typ @ 450 MHz, Common-
Gate

® Low Noise Figure
1.5dB Typ @ 105 MHz

2.7 dB Typ @ 450 MHz
e Wide Dynamic Range—Greater than
100 dB
TO-72
See Section 7

Characteristic Min Max Unit Test Conditions
LA Gate Reverse C 104 PA 1 ygs=-15V,Vps=0
b ate Reverse Current = + = [
2 s Gss ‘ -1501 nA @s bs 160°C
3 Z BVGsS Gate-Source Breakdown Voltage -25 ig=-1pA,Vpg=0
— v
2 ':' VGS(off) Gate-Source Cutoff Voltage -1 -6 Vps=10V,ip=1nA
s{C ! ipss Saturation Drain Current {(Note 1) 20 60 mA Vps=10V,VGgg=0
6 VGsif) Gate-Source Forward Voltage 1 v IG=1mA,Vpg=0
7 9 Common-Gate Forward Transconductance {Note 1} | 10,000 | 20,000
-— umho Vps=10V,Ip=10mA f=1kHz
8 e 9og Common-Gate Output Conductance 200
9N | €y Gate-Drain Capacitance 25
-~ pF VpG=10V,Ip= 5mA f=1MHz
10 Cgs Gate-Source Capacitance 6.0
NOTE: NzA

1. Pulse test duration = 2 ms.
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U312

Iicomx

n-channel JFET

designed for . . .

® VHF/UHF Common-Gate
Amplifiers

B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

. 4

Siliconix

Performance Curves NZF
See Section 5

BENEFITS

® High Power Gain
10 dB Typical at 450 MHz,
Common Gate

® Low Noise
NF = 3.5 dB Typical at 450 MHz

Gate-Drain or Gate-Source Voltage ............... -25V T0-52
Gate CUITENE .. .ottt ee e ieeaeeanns, .. 10mA See Section 7
Total Power Dissipation at or below 25°C

Free-Air Temperature ...............co0vuu. 500 mW
PowerDerating ............covvvunennn... 4.0 mW/°C
Operating Temperature Range . .. ......... -65 to +150°C o
Storage Temperature Range.............. -65 to +150°C
Lead Temperature N ok

(1/16°' from case for 10seconds) ............... 300°C s o s
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

Characteristic Min Max Unit Test Conditions

De | Gate R C 0.1 nA Vgs=-15 =0 —
1 $ GSS ate Reverse Current o1 A Gs=-15V,Vps 150°C
3 ¢ BVGss Gate-Source Breakdown Voltage -25 Ig=-14A,Vps=0
411 | VGs(off) Gate-Source Cutoff Voltage -1 -6 v Vps=10V,Ip=1nA
; ¢ iDSsS Saturation Drain Current (Note 1) 10 30 mA Vpg=10V,Vgs=0
6 9fg Common-Gate Forward Transconductance {Note 1) 6000 | 10,000 | umho Voe = _
—o ps=10V,Ip=10mA f=1kHz
7y 9og Common-Gate Output Conductance 200 | pmho
—8-‘ N Cgd Gate-Drain Capacitance 1.2 pF ’ .
— VpGg=10V,ip=10mA f=1MHz
9 Cgs Gate-Source Capacitance 3.8 pF
NOTE:

1. Pulse test duration = 2 ms.

NZF
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n-channel JFETs 5 |8
Siliconix | 3
[
designed for. .. Berformance Curves NP
See Section 5 E\
. N
B VHF Buffer Amplifiers BENEFITS -
e ge #® High Gain
m IF Amplifiers gfs = 120,000 umho Typical 8
® Wide Dynamic Range B
® Low Intermodulation Distortion
TO-39
Seo Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain or Gate-Source Voltage.............. ..—25V
GateCurrent..................coveveveen. .. 100mA
Total Device Dissipation (25°C Case Temperature)......3 W
Power Derating (to 150°C) .................. 24 mW/°C
Storage Temperature Range . ........ .....—551t0 +150°C o
Operating Temperature Range. . . .......... —55 to +150°C
Lead Temperature e et
{1/16" from case for 10 seconds) ......:........300°C s s o
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
U320 U321 U322
Characteristic Unit Test Conditions
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
A1 Gats Reverse Current (Note 1) -3 i 2 318 fyes=-15V, vps=0V
B . GSS ate Reverse Current (Note o5 05 05 | #A GS . VDS T=100°C
3| T VGsiotf) Gate-Source Cutoff Voltage -2 -10 -1 -4 -3 -10 v Vpg=5V,Ip=1mA
_4_ ? BVGss Gate-Source Breakdown Voltage | -25 . -25 -25 IG=-1uA, Vpg=0V
_5 1 | lDss Saturation Drain Current (Note 2)| 100 500 80 250 | 200 700 mA | Vps=15V,Vgg=0V
8| € VGs(H) Gate-Source Forward Voltage 1 1 1 v IG=1mA,Vpg=0V
7 DS(on) Drain-Source ON Resistance 10 1 8 Q Vgs=0V, Ip =10mA
8| |ofs o e (o) 75{120 | 200 | 75| 120 [ 200 | 78| 130] 200 |mmhos| vpg=15v,vgg=0v |f=1kH:
| . Common-Source Input
_9‘ 3 Ciss Capacitance 30 30 30
N Common-Source Reverse
108 A | Crss Transfer Capacitance 16 16 16 pF | VGgg=-10V,Vpg=0V |f=1MHz
1| Mlcg Gate-Source Capacitance 12 12 12 Vgs=-10V,Ip=0
_13_ c | Cgd Gate-Drain Capacitance 12 12 12 Vgp=-10V,Is=0
— Equivalent Short Circuit nv - - -
13 en Inbat Noise Voltage 2 2 2 NG Vps=56V,Ip=10mA [f=1kHz
14 9fg Common Gate Forward 55 55 55
H Transconductance
mi Commen-Gate Input
15] G | sig 56 56 56
— g""d“m':‘t — mmho | oG =20V, Ip = 26 mA | £ = 50 MHz
ommon-Gate Outpu
16 F 9og Conductance 05 05 05
17] n | Gps Power Gain {(Note 3) 9 9 9 dB
18] E|Fy Gain-Bandwidth (Note 4) 400 400 400 MHz | Vps=15V,Vgg=0V m
19 a NF Noise Figure (Note 3) 25 25 25 dB | Vpg=20V,Ip=25mA I f =30 MHz =
NOTES: Nip ﬁ'
1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 2 ms.
3. Noise figure {(SSB) and power gain measured in circuit shown in Figure 1.
4. Computed as gfs/Crss. i'
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U320 U321 U322

Siliconix

INPUT
50Q

IL OUTPUT
VO 50

T

1000 pF

Vas Voo

T1-6 TURNS #22 AWG TWISTED PAIR WIRE ON 0.375 INCH DIAMETER
INDIANA GENERAL F625-902 TOROID CORE.

50 MHz Power Gain and Noise Figure Test Circuit
for U320, U321 and U322
Figure 1

4 ———1 7
T rehcepT PoINT
» |
L TdB COMPRESSION A |
g 0 !
£ ofvop=20v
z Ip =27 mA
& -°T rrea-s0mn:z 7
§ -20
-30
2 ]
£ 4o 7
3 50 3rd ORDER
& INTER-
MODULATION
70 PRopucT f
|

-80
-90 -80-70-60-50-40-30-20-10 0 10 20 30
INPUT POWER (dBrm)

Gain - Intermodulation Characteristics
Figure 2

4

Siliconix
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monolithic dual
n-channel JFETs

designed for . . .

B Low Noise FET Input
Amplifiers

B Low and Medium Frequency

Amplifiers

Impedance Converters

B Precision Instrumentation
Amplifiers

® Comparators

ABSOLUTE MAXIMUM RATINGS (25°C)

7
Siliconix
Performance Curves NNR
See Section 5

BENEFITS

® Minimum System Error and Calibra-
tion
5 mV Offset Maximum (U401)
95 dB Minimum CMRR (U401-04)
® Low Drift with Temperature
10 ©V/°C Maximum (U401, 02)
® Operates from Low Power Supply
Voltages
VGS(off) <2.5V
® Simplifies Amplifier Design
Output Conductance < 2 umho
@ Low Noise
‘8 = 6 nVA/Hz at 10 Hz Typical

TO-71
See Section 7

e

4, Measured at end points, TA, Tp and Tg.

Gate-Drain or Gate-Source Voltage . e . . . . .. BOV
Forward Gate Current . . . . e e e ... 10mMA
Device Dissipation (each side)
od o
@Tp=85Cderate2.6 mwW/°C . . . . . . 300mw
Total Device Dissipation
o i
@Tp =85°C (derate 5mW/°C} . . . . . . 500mw
E o
Storage Temperature Range . . . . —65bto 200°C 52 o |l 6;
Gq $1
o D
ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) soTromview !
401 402 U403 U408 u40s U408
- Uni Test Conditi
Characteristic Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max it ® tiom
1] | evess s;::f':“’“ Breskdown | _gg -50 -50 -50 -50 -50 v Vos =0, Ig = -1 A
Gate Reverse Current
21 | 'ass (Note 1} -25 -25 -25 -25 ~25 -25 pA Vpg =0, Vgs *-30V
3| | Vastotn s;:::“"" Cutoft -6|-28| -5|-25| -5|-28{ -s|-25| -s]-25) -s|-25 Vps=16V.lp=1nA
— v
T
A Gate-Source B . B B . . .
4 1A Vasion Voltags tom 23 23 2.3 23 23 23 Vpg = 16V, Ip = 200 A
— ]
5 (€] 1pss urston Drain Current | 0.5 {100 | 05| 100 | o0s| 10| os100| 05100 es|100 | mA | vpg=10V.vgs=0
[ -15 -15 -15 -15 -15 -15 | oA Vpg=15V,
——|le Gate Current (Note 1)
7 -10 -10 -10 -10 -10 -10 nA Ip = 200 A Tp = 126°C
8| |sver-g2 e Gato Braakdown 60 160 160 150 +50 50 v Vs =0, Vas =0, Ig = £14A
Common-Source Forward
[ T e o (Noa 2} | 2000 | 7000 | 2000 | 7000 | 2000|7000 | 2000 | 7000 | 2000 |7000 | 2000 | 7000 Vos= 10V .
— : fa1 kHz
Common-Source Output Vgs=0
10 { 80s oo, 20 20 20 20 20 20 .
— mho
D Common-Source Forward
1 [P g T e o 1000 [ 1600 | 1000 |1800 | 1000 [ 1600 | 1000 | 1800 | 1000 |1600 | 1000 | 1600 .
A Common-Source Output Y
12 Al 6oq P 20 20 20 20 20 20 —
—N
yale| e Common-Source Input 80 8.0 80 8.0 80 80 Ip = 200 kA
iss Capacitance ) } ) 3 :
Cor Source R oF 1= 1MHz
mmon-Source Reverse
18] [ Cpyg Tometor Comatancs 30 30 30 20 30 30
—
H Equivalent Short-Circuit . ny Vpg=15V,
B [on Input Noise Voltage 20 20 ° 20 20 20 Az | vgs=0 fe10Hz
| Common-Mode Rejection = -
16 M cmra P 95 3 95 9% 2 a8 Vpg = 101020 V, Iy = 200 xA
M " .
17 1€ ivas - vesa 3‘:"";""“ Gate-Source 5 10 10 15 20 40 | mv VoG = 10V, Ip = 2004A
—{! .
N o o
18 15| AIVGs) ~ Vgs2l  Gate-Source Voitage Differ- Vpg ~ 10V, Ta=-55°C, Tp = +25°C
I3 entis) Drift (Note 1. 10 10 25 25 40 80 | uvfc Ip = 200 4A To = +126°C
NOTES:
1. Approximately doubles for evary 10°C increase in TA. 2. Pulse test duration = 300 us; duty cycle < 3%. 3. CMRA = 20l0g10 [ 2:‘?0652[]  AVDD = 10V. :::E-D-
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U401 U402 U403 U404 U405 U406

iconix

APPLICATIONS

General Purpose FET Input Op Amp

-15Vv

Typical Specs for General Purpose FET Input Op Amp*

CommonMode Range . . . . . . +6.7 to-8.8 Volts
Worst Case Drift Referred to the Input . . =~ 12uV/°C
Broad Band Noise Referred to

the lnput (0.1to1kHz} . . . . . ~ 188nV/Rms
Gainand Bandwidth . . . . . . . . (seegraph)

*These specs depend upon the specifications of the Opera-
tional amplifier IC used.

FET Input Instrumentation Amplifier

For futher design information, write for:

DESIGNING FET-INPUT OPERATIONAL AMPLIFIERS
(AN74-3)

Describes the advantages of FET input operational ampli-
fiers over their bipolar transistor counterparts. Includes data
on noise, leakage current, offset and drift, CMRR and slew
rate. Detailed design information and several practical cir-
cuits are included. (16 pages).

Open Loop Gain and Frequency Response of Op Amp

15048 — e = 741 OP AMP
it e ies PREAMP
ettt OVERALL RESPONSE

120dB

-
90 dB -
20 dB/decade
60dBf- AN
\ ~40 dB/decade
30dB s e ¢ e+ e s At
o AN
_3048 I I L l\\

5

1 10 100 1w 10K 100K ™M 10M  100M
FREQUENCY (Hz)

HBYV 1.144CJ
Instrumentation Amplifier
RSET
1.5Ma
75K 78K
A AAA
13
L144
Ra
AW 13
Rig KO L4 Vout
10K S —0
Rz
AAA
VWA
45K 9
"\ AA ANA | :}v i
T 75K 0 67K 10K Q CMRR
Varim B RN L144 ADJUSTMENT
U401-6 ) i
~—— e [ -
ORIFT A 2800
COMPENSATION THIS CONFIGURATION SET FOR Ay =10
> 3 HOWEVER Ay =1+ %l
390K 0 S100k0 Saxe 1
> <
-5V B I
0K QS BIAS CURRENT SET
FOR 400 uA
-5V
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monolithic dudl
n-channel JFETs

deSigned fOr o o o Performance Curves NQP

ZLyn Livn OLyN

See Section 5
B FET Input Amplifiers BENEFITS
H ® Low Cost
" I-OW a.n.d Medlum Frequency ® Minimum System Error and Calibration
Amplifiers 10 mV Offset Maximum (U410)
. . o - Low Drift with Temperature
B Precision Instrumentation 10 uV/°C Maximum (U410)
Ampliﬁers o Simplifies Amplifier Design
Low Output Conductance
® Comparators o1
See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C) »7 7
Gate-To-GateVoltage ..........covvvvvenee.... 240V ™ 6,
Gate-Drain or Gate-Source Voltage ...... e -40V
GateCurrent . .............. eeerenreraana... BOMA $10 Os;
Total Package Dissipation {25°C Free-Air) ........ 375 mW
Power Derating...........coovvnennn. e.....3.0mW/C
Storage Temperature Range ....... e .—65 to +150°C

Lead Temperature {1/16" from case for 10 seconds) . .300°C

BOTTOM VIEW G p, ©
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
U410 uan U412 . "
Characteristic - Unit Test Conditions
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
1 1SS Gate Reverse Current 200 200 200 | pA Vps =0, Vg = =30 V
(Note 1) .
Gate-Source Cutoff - -
2 s VGS(off) Voltage -1.0 -35( -1.0 -35| -1.0 -35 y Vps=20V,Ip=10nA
T Gate-Source Breakdown = =
3 TA BVGSS Voltage -40 -40 -40 Vps =0V, Ig=-1 kA
] Saturation Drain Current =20V, VGgs=0V
4 c Ipss (Note 2) 0.5 50} 05 50] 05 6.0 | mA Vps=20V,VGs
5 Ie} Gate Current (Note 1) -200 -200 200 | pA
— VpG =20V, Ip = 200 A
6 VGs Gate-Source Voltage -0.2] -3.0| -0.2 -368| -0.2 -3.0 \'
7 Common-Source Forward | 1.000 4,000 }1,000 4,000 [1,000 4,000 Vps=20V,VGgs=0V
s| |* Transconductance 600 1,200| 600 1,200 600 1,200 no | VDG = 20V, ip=200pAl
— umho =
) p Common-Source Output 20 20 20 Vpg=20V,VGgs=0V
10 x as Conductance 5 5 5 VpG =20V, Ip = 200 uA
Ale Common-Source Input
1 | |Ciss Capacitance 45 45 45
—1 pF Vps=20V,Vgs=0V |f=1MHz
12le e Common-Source Reverse 12 12 12
¥ss Transfer Capacitance .
- Equivalent Short-Circuit nVv Vpe =20V, In = <100 H
13| % Input Noise Voltage 50 50 50 i DS ,1p = 200 A 3
M Diff tial Gate-Sourc: = =
14 {4 | Vas1-Vasz! VL“‘:;" 1al Late-Source 10 20 40 | mv | vpg=20V,Ip=200uA
fd T
15 [C [AVGs1-VGS2! Gate-Source 10 21 g0 | wvrc| VDG =20V:1D= 200 uA
H AT Ditferential Drift (Note 3) TA=25°CtoTg =86°C
S_—
N Common-Mode Rejection VpDp =10V toVpp =20V
16 |g |CMRR Ratio (Note 4) 80 g0 0 9@ 1 p=200uA t__’!
d
NOTES: NQP a
1. Approximately doubtes for every 10°C increase in TA. AVpp 0
2. Pulse test duration = 300 usec; duty cycle < 3%. 4. CMRR = 20logjp [—] ,AVpp=10V. o |
3. Measured at end points, Ta and Tg. Alvgst1-vas2! il

© 1979 Siliconix incorporated
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U421 U422 U423 U424 U425 U426

icoNnixX

monolithic duadl B
n-channel JFETs  ismice, oo nat

dESigned for o o o EE}:’:E: IIziutlmpedance

Ig = 0.1 pA Maximum (U421-3)

e Hi . = -
B Very High Input Impedance H'sllg Gain 915 1 ao amho Minimum @
Differential Amplifiers e Low Power Supply Operation
Elect ters VGS(off) = 2 V Maximum (U421-3)
ecirome ® Minimum System Error and Calibration
10 mV Maximum Offset
] ed nverters 2
Impedance Co 90 dB Minimum CMRR (U421, U424)
ABSOLUTE MAXIMUM RATINGS (25°C) o
Gate-to-Gate Voltage . . . ... . .. x40V o1 g
Gate-Drain or Gate-Source Voltage e . ... 40V PINZT T PING
Gate Current . . . . <. .. 10mA @ G,
Device Dissipation (Each Snde) TA 25°C sk ls, CesePina
(Derate 3.2 mW/°Cto 150°C). . . . . . . 400mW en 1@ Ceins
Total Device Dissipation, Tp = 25°C
(Derate 6.0 mW/°Ct0 150°C) . . . . . . . 750 mW
Storage Temperature Range . . . . . . -651t0+150°C
$1
. 8OTTOM VIEW
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) (NOTE 4}
Characteristic uan3 v424.6 Unit Test Conditions
Min | Typ {Max { Min | Typ jMax
1 BVgss  Gate-Source Breakdown Voltage -40 |-60 -40 | -60 v Ig =-14A, Vpg =0
2 BVG1G2 Gate-Gate Breakdown Voltage 40 140 Ig=-1uAlp=0,Ig=0
0.2 .| A =
3 ?‘ lgss Gate Reverse Current (Note 1) g :g :A I= :fg;sc Vgs=-20V,Vpg=0
A 4 N ] 0.1 05 T=1+28°C
. g ate Operating Current {Note 1) 700 (500 pA T= W Vpg =10V, Ip=30uA
— .
5 ¢ VGS(ofﬂ Gate-Source Cutoff Voltage -0.4 -2.0 |-0.4 -3.0 v Vps=10V,Ip=1nA
6 Vas Gate-Source Voltage -1.8 -2.9 Vpg =10V, Ip =30pA
? Ipss Saturation Drain Current 60 1000 | 60 800 uA Vps=10V,vgg=0
8 afs Common-Source Forward Transconductance | 300 800 | 300 000 .
P ) £=1kHz
9 Sos Common-Source Qutput Conductance 3.0 5.0 Vps=10V,Vgg=0
1D
10 C; C Source Input Capacitance 3.0 3.0
i x iss ce_npu pF f=1MHz
1" A Cres Common-Source Reverse Transter Capacitance 1.5 15
—i
12 C Source Forward Tr onductance | 140 250 135 300
—i ": s b = i) f=1kHz
13} C1 g c Source Output Cond 0.5 1.0 \
pu— Vpg =10V, g =30uA
14 - Equivalent Short Circuit Input 20| S0 20| 70 vA/Az DG o K f=10 Hz
n Noise Voltage . 10 0] s0]"/V"? =1kHz
16| | nF Noise Figure 10 10| @ | =100z | Rg=1oMn
Characteristic uan, 4 u422,5 u423.6 Test Conditions
Min | Typ | Max | Min | Typ | Max |Min { Typ | Max] Unit
16 ™ IVgs1 - VGsal Differential Gate-Source Voltage 10 15 T2s] mv Vpg =10V, Ip=30ukA
—
A i . .
v, -V | Differential Gate-Source Voltage VpGg =10V, Ip =30 uA,
7| Ves1 - Vgs2 DG D
v c AT Change With Temperature {Note 2) 10 % 40 fuvrc Ta=-56°C, Tg= 25°C, Tg = 126°C
18 " CMRR Common Mode Rejection Ratio 90 ) 95 80 | 90 80 | %0 d8 |1p=30pA, Vpg=10to 20V
{Note 3)
NOTES: av
1. Approximately doubies for every 10°C increase in T 4. 3. CMRR = 20log19 [LT\@"J:DV_&T] AVpp =10V, NaT
2. Measured at end points  Tp, Tgand Tg.

4. Case lead not connected.

© 1979 Siliconix incorporated
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APPLICATIONS

Very Low Leakage FET Input Op Amps

+BV
i 10K 8
XA
Vi
DRIFT
COMPENSATION
100k 0 POT $ 100k s
< <
0K o °'°°I‘ ut

rAT41

OFFSET POT
1.5K @
2N4118

Ioka Saooka 390K 0

=15V
‘e =0.1 pAat ch=0
Offset = Can be nulled to 0 volts
Drift = Can be nulled to 2 uV/°C
Slew Rate = 0.5 V/us

Electrometer Amplifier
+15V

NOTE: Pin 4 {case) is isolated

from the substrate and should
be left floating.

For more information see:

DESIGNING FET INPUT OPERATIONAL AMPLIFIERS
(AN74-3)

Describes the advantages of FET input operational ampli-
fiers over their bipolar transistor counterparts. Includes data
on noise, leakage current, offset and drift, CMRR and slew
rate. Detailed design information and several practical cir-
cuits are included.’

1.144CJ
Instrumentation Amplifier

RsET
10M
£ 75K Q 75K 2
‘v‘v‘v ‘v‘v‘v
_ 13
L1a4
Rz
WA 13

A g 45K L144 Vour
10K S A —0
A

ORIFT 4
COMPENSATION

L
390K 0 :; 100K 0

<
<
- -5V 1 |
50K @ S BIAS CURRENT
4 SET

o 3 75K @

VWA—-8—AN/
67K Q Ko CMRAR
ADJUSTMENT
2Ry
Ay=1+ A

)-15Vv

Voitage Gain

{nput Current
Compensated Drift
Nulted Offset
CMRR

Power Consumption

=0.1 pA

=3 uVv/C

=0mV

=80 d8 typical

= Approx. 30 Volt x 120 uA = 3.6 mW
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U430 U431

iconix

matched duadl
n-channel JFETs

designed for . . .

B Balanced Mixers
m Differential Amplifiers

ABSOLUTE MAXIMUM RATINGS (25°C)

=

Siliconix

Performance Curves NZA
See Section 5

BENEFITS
® Low Noise Figure

® Low IMD :
30 dBm Intercept Point

TO-929

Gate-Drain or Gate-Source Voltage ........ cei.... =25V Ses Section 7
GateCurrent ................ N . 10mA o o
N . . 1 2
Total Continuous Power Dissipation at
(or Below) 256°C Free Air Temperature o o
Derate 4 mW/°C1t0 150°C. . ................. 500 mW
. . . . . s B
Continuous Device Dissipation (Each Side) at ! 2
(or Below) 25°C Free Air Temperature
Derate 24 mW/°Ct0 160°C ... ........ e 300 mW
Storage Temperature Range.............. -65 to +200°C
Lead Temperature
(1/16" from case for 10 seconds) ....... ...... 300°C BOTTOM VIEW
ELECTRICAL CHARACTERISTICS (25° unless otherwise noted)
U430 U431
Characteristic Unit Test Conditions
Min { Typ | Max | Min | Typ | Max
11 . -150 -150 PA _ -0
=] $ lGgss Gate Reverse Current T Ty Y VGgs=-15V,Vpg=0V —rC
_3_ A | BVGSS Gate-Source Breakdown Voltage -25 -25 Ig=-1uA, Vps=0V
_4 1; VGS(off) Gate-Source Cutoff Voitage -1.0 4.0 | -20 -6.0 \Z Vps=10V,Ip=1nA
_5]clVasty Gate-Source Forward Voltage 1.0 1.0 Vps=0V,IiGg=10mA
6 IDsSs Saturation Drain Current (Note 4) 12 30 24 60 mA | Vpg=10V,Vgg=0V
Common-Source Forward
7 9fs 10 20| 10 20 | mmho
—P z"’"s“’"ds“m"“’:) Vpg =10V, Ip = 10 mA =1kHz
ommon-Source Output
. 8 2 Hos Conductance 200 200 | umho
l n:l Cgs Gatf?-Sou.rce Capaf:ltance 5.0 5.0 oF VGs =-10V, Vps =0V £=1MHz
10 ¢ ng Drain Gate Capacitance 25 25 -
- Equivalent Short-Circuit Input v - - -
1 [ Noise Voltage 10 10 Vo Vps=10V,Ip=10mA f=100 Hz
Common-Source Forward
12 I;' 9fs Transconductance 12 12
Common-Source Qutput mmho | Vpg=10V, Ip=10mA
__13_‘ r 9os Conductance 015 0.15 §= 100 MHz
G | Sig Power-Match Source Admittance 12 12
16| E | G¢ Conversion Gain (See Note 1) 3.0 3.0 dB
— Vps=20V,VGs=1/2V
16 @ Mivp Intercept Point (See Notes 1 and 2) +30 +30 dBm bs as GSloff
IDSs1 Saturation Drain Current -
17 " T0S82 Ratio (Note 3) 0.9 1.0 | 09 1.0 Vg=0V
A | VGS(off)1 Gate-Source Cutoff - -
18 Z Vasier)2 Voltage Ratio (Note 3) 09 10 | 09 1.0 Vps=10V | Ip=1nA
19 H 9_f5_1 Transconductance Ratio 0.9 10| o9 1.0 Ip=10mA
9fs2 {Note 3)
NOTES: NZA

1. VHF single-balanced mixer drain load impedance 2k 2.
2. 2-tone 3rd-order IMD.

3. Assumes smaller value in numerator.

4, Pulse test puisewidth = 300 us, duty cycle < 3%.
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matched dual =N
n-channel JFETs

dQSigned for c o o Performance Curves NZF

See Section 5
B VHF/UHF Amplifiers BENEFITS

® High Gain
gfs = 4500 umho Minimum
® Dual Version of J300 with Matched
Gate-to-Source Voltage

LN OYYN

ABSOLUTE MAXIMUM RATINGS {25°C) T0-71
Gate-To-Gate VoItage . ... .. veeeeerneennnnn 50V b0 op, SeeSection?
Gate-Drain or Gate-Source Voltage . .............. -25V
G [
Gate Current . .....vviiiin i 50 mA ! 2
Total Package Dissipation 5,0 bs,
(25°C Free-Air Temperature) ............... 350 mW
Power Derating . . .......cooiriiiinnnnnn. 2.8 mW/°C
Storage Temperature Range . ............. —65 to +150°C
Lead Temperature d
O G:
(1/16"" from case for 10seconds) ............... 300°C BOTTOM ViEW A o, %5
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
U440 U441
Characteristic - - Unit Test Conditions
Min | Typ | Max | Min | Typ | Max
1]s |lGss Gate Reverse Current (Note 1} ’ -500 -500( pA Vps=0,Vgs=-15V
2 Z VGS({off) Gate-Source Cutoff Voltage -1 -6 -1 -6 v Vps=10V,ip=1nA
3{71|BVagss Gate-Source Breakdown Voltage -25 -26 Vps=0,IG=-1uA
4 (': Ipss Saturation Drain Current (Note 2) 6 30 6 30| mA Vps=10V,Vgs=0
5 IG Gate Current (Note 1) -500 -500 | pA VpG=10V,Ip=5mA
Common-Source Forward
6 D Ofs Transconductance 4500 9,000 | 4,500 9,000
1y Common-Source Quiput pmho f=1kHe
TN | 80s Conductance 200 200
-— A c > " Vpg =10V, Ip=5mA
M . ommon-Source Input
8 y | Ciss Capacitance 35 35
N Common-Source Reverse oF f= 1 MRz
9 Crss Transfer Capacitance 08 08
10 ¢ IVGS1-VGS2|  Differential Gate-Source Voltage 10 20| mv VpGg =10V, Ip=5mA
NOTES: NZF =

1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 300 usec; duty cycle < 3%.

0
g
3
X
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VCR2N VCR3P VCR4N VCR5P VCR7N

iconix

voltage-controlled

resistor FETs
designed for . .

® Small Signal Attenuators

m Filters
B Amplifier Gain Control

B Oscillator Amplitude Control

5

Siliconix

Performance Curves NC NP
NT PC PE See Settion 5

TO-18 T0-72
See Section 7 See Section 7
D D D
S s s
: i i
7
\
\
ABSOLUTE MAXIMUM RATING (25°C) A\
Gate-Drain or Gate-Source Voltage. . . .............. 15V
GateCurrent. ........oiiiiii ... 10 mA s s
Total Device Dissipation at TA = 25°C ¢l s 4 s : b
(Derate at 20 mW/°Ct0 175°C). ............. 300 mw VER2N VCR3P VCR7N
Storage Temperature Range ............. —55 to +175°C VCR4N VCR5P
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
N-Channet VCR FETs
- VCR2N VCR4AN{ VCR7N | . N
Characteristic Min_[Max| Min] Max Min] Max Unit} Test Conditions
1 ? 1Gss Gate Reverse Current -5 -0.2 -0.1| na|VGs=-15V, Vpg=0
2 # BVGss Gate-Source Breakdown Voltage -15 -15 -15 v Ig=-1uA,Vps=0
3 11 ] VGS(off) Gate-Source Cutoff Voltage -35| -7|-35| -7|-25 -5 Ip=1urA,Vps=10V
4 ¢ rds(on) Drain Source ON Resistance 20| 60 { 200} 600 {4,000(8000} Q [VGgs=0,ip=0 f=1kHz
5 C, Drain-Gate Capacitance 75 . 3 1.5 Vgp=-10V,Ig=0
—~p |4 il pF |52 S f=1MHz
6 |Y |Csgo Source-Gate Capacitance 7.5 3 1.5 Ves=-10V,Ip=0
NC NP NT
P-Channel VCR FETs
VCR3P VCR5P
1 |s |lgss Gate Reverse Current 20 10 nA [VGs=15V,Vps=0
2 Z BVGss Gate-Source Breakdown Voltage 15 15 v Ig=1uA,Vps=0 -
3 T VGSiof) Gate-Source Cutoff Voltage 35 7 35 7 Ip=-1uA, Vpg=-10V
4 | € |rds(on) Drain-Source ON Resistance 70 | 200 300 900 £ |Vgs=0,ip=0 f=1kHz
_5 p | Cdgo Drain-Gate Capacitance 6 3 VGD=10V,I5=0 f=1MH
— pF z
6 |Y Csgo Source-Gate Capacitance 6 3 Vgs=10V,Ip=0
PE PC

3-68
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APPLICATIONS VGS approaches VGS(off), rDS increases very rapidly so
that rgs control becomes very critical and unit-to-unit
matching is almost impossible. In Fig. 4, rds(on) (drain-
source resistance at Vps = VG = 0) varies as an inverse
'function of VGs(off)- In Fig. 5 rgs has a typical 0.7%/°C
temperature coefficient for P-channels which decreases as
VGs approaches the zero t.c. point. N-channel devices
have a typical 0.3%/°C t.c. Specific bias voltage to set
operation at the zero t.c. point varies, as does VGS(off).
from device to device.*

103 T
[~ vps <0.1v
N-CHANNEL FET
N-Channel JFET Output Characteristic
Enfarged Around Vpig = 0 102

Figure 1

Besl

08/ DS {on)

NZYDA dSUIA NPUOA dEUDA NTUOA

7
yd
L
! 0.2 (X} 0.6 0.8 1.0
vasiVastotn
Fig. 3
FOUR FIXED RESISTORS 1 T pevs
1T vGs 4
V-1 Characteristic of Four Fixed Resistors Vot
Figure 2 S s O\
The VCR FET has an a-c drain-source resistance, evaluated 2 i
around Vpg = 0, that is controlled by d-c bias voltage VGs g )
applied to the high-impedance gate terminal. Minimum rdg s
occurs when V@s = 0 and, as VGS approaches the pinch-off 3 .
voltage, rds rapidly increases. Comparing Fig. 1 and 2, for § 0 I T u:o
Vps < £0.1 volt and V@Gg = constant, the VCR FET has a w VCRZN: ilicl"{‘li
bilateral characteristic with no offset voltage, just like a 3] s N \\
fixed resistor. However, when Vpg.> +0.1 volts, the VCR £ - \
FET characteristic has noticeahle curvature. k) R M
This series of junction FETs is intended for applications
where the drain-source voltage is a low-level a—c signal with e 02 02 W04
no d-c component. Thus the FET operating point will "asioN) - ORAIN-SOURGE ON RESISTANCE {ohms)
swing symmetrically around Vpg = 0. In the first quadrant, Fig. 4

signal distortion depends on what extent the FET output
characteristic deviates from a straight line or linear relation.
Besides the linearity problem in the third quadrant, when
VGs is near zero and vgs > 0.5 volt rms, the gate-channel
junction will become forward biased and cause additional
curvature in the characteristic. Also, whenever the gate be-
comes forward biased due to any combination of Vg and
vds, it ceases to be a high-impedance control terminal for
the VCR.

3

VGSioft) 28V
rdsion} AT 25°C ~ 500 1

145 — DRAIN-SOURCE RESISTANCE {OHMS)

Fig. 3 presents a normalized plot of rpg versus normalized
VGs where VGS(off) is defined as that value of Vgg at
Ip/Ipss = 0.001. The dynamic range of rpg is shown as
greater than 100:1. For best control of rpg the normalized For further information on using FETs as voltage-variable
VGs should lie between 0 and 0.8 VGg(off) because as resistors, consult Siliconix Application Note AN73-1.

VGs — GATE-SOURCE VOLTAGE (VOLTS)

Fig. 5

L. Evans; "“Biasing FETs for Zero DC Drift”; Electro Technology, August 1964.

XIUO0D
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n-channel JFET
designed for . . .

B General Purpose Amplifiers
B Analog Switching

* ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Gate Voltage . . .. .......ccoivii e, 25V
Drain-Source Voltage .............. .o, 25V
Reverse Gate-Source Voltage. . . . ................. -25V
Gate Current. . ... .ottt e e 10 mA
Continuous Device Dissipation

at (or Below) 25°C Free Air Temperature

(Note 1) ... e 200 mwW
Storage Temperature Range .. .......... —55°C to +150°C
L.ead Temperature

(1/16” from Case for 10seconds) ... ............ 260°C

*ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)

Siliconix

Performance Curves .NRL
See Section

BENEFITS

® Low Cost
® Specified at 100 MHz
® Automatic Insertion Package

TO-92
See Section 7

Characteristic Min Max Unit Test Conditions
1 BVGss Gate-Source Breakdown Voltage -25 v Ig=-1 uA, Vps =0
2 $ I Gate Reverse C 2] A
— ate Reverse Current Vgs=—-15V,Vpg =0 P——
a1 al 'ess 2 A Gs bs Ta=100°C
4 T Ipss Saturation Drain Current 2 20 mA Vpg =15V, Vgg = 0 (Note 2)
8§ lc| VGs Gate-Source Voltage 05| 75 v Vpg =15V, Ip =200 1A
6 VGS(off) Gate-Source Cutoff Voitage -8 \ Vps =16V, ip=2nA
Common-Source Forward
7 vis! Transfer Admittance 2000 | 6500 | wmho
— Vps =16V, Vgg =0 (Note 2) f=1kHz
s D el Common Source Output 50 mho
v| Wos Admittance s
/N
9 | A Cigs Comrrfon Source Input 8 oF
M Capacitance
b Vps =16V, Vgs =0 f=1MHz
10 } c Common Source Reverse a F
[ rss Transfer Capacitance P
1 Ivfs! Common Source Forward 1600 mho | Vps=15V,Vgs=0 f =100 MHz
Vis Transfer Admittance s DS -Vas
*JEDEC registered data NRL

NOTES:

1. Derate linearly to 125°C {free air temperature at a rate of 2 mW/°C).
2. Pulse tested pulse width = 100 ms, duty cycle < 10%.

41
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2N5457 2N5458 2N5459

iconix

n-channel JFETs
designed for . . .

8 General Purpose Amplifiers
® Switches

*ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Source Voltage ..... e e . 25V
Drain-Gate Voltage .. ....... e vhie... 2BV
Source-Gate Voltage . ................... ciev.. 2BV
Total Device Dissipationat25°C............. .. 310 mw:

Derateabove 25°C ................... 2.82 mW/°C
Operating Junction Temperature . . ............. . 135°C
Storage Temperature Range.......... .... -65to+150°C

E:
Siliconix
Performance Curves NRL
See Section 5 '

BENEFITS
® Low Cost
o Automated Insertion Package

T0-92
See Section 7
D
1]
G s
D s G
s Battom View °

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

1. Pulse test pulsewidth = 2 ms.

Characteristic 205457 2N5458 2N5459 Unit Test Conditions
Min Typ Max | Min Typ Max | Min Typ | Max
1 -01] -1.0 -01 ] -1.0 -.01] -1.0
1S |! Gate R t Vgs=-15V,Vpg=0
2| GSS ate Reverse Curren 200 200 200 ™ V68 08 = ol - r100°C
3 BV, Gate-Source Breakdown| _o5 | .60 -25 | -60 -25 | -60 IG=-10A, Vpg =0
j A GSS Voltage v G HA, Vps
4|T Gate-Source Cutoff . . ~ ~ B . _ _
. VGSioff) Voltage 0.5 6.0 1.0 7.0 -2.0 8.0 Vps=15V,Ip=10nA
Saturation Drain - =
| 5l€ {1oss Curront 1.0 50{ 2.0 90| 4.0 16} mA |vps= 15V, vgs = 0(Note 1)
Common-Source For-
_i Gfs ward Transconductance | 1-990 5000 1,500 5.500] 2,000 6,000 icoh f=1kHz
[ . . o
7 dos Common-Source Out. 10 50 15 50 20 50
Y put Conductance Vps=15V,Vgg=0
N |A, Common-Source Input
8 A Ciss Capacitance 45| 70 as| 7.0 as| 1.0 R
Common-Source Re- pF
9|M Cess verse Transfer Capaci- 1.0 3.0 1.0} 3.0 1.0 3.0
{1 tance
c Vps =15V, Vgs = 0
10 NF Noise Figure .04 3.0 .04 3.0 .04 3.0| d8 Rg =1 MS, f=1kHz
NBW =1 Hz
. .
JEDEC registered data
NOTE: NRL

4.2
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n-channel JFETs - B
designed for . . . Performance Curves NH
® VHF/UHF Amplifiers BENEFITS

98YSNT S8VSNT V8VYSNCT

m Mixers ® Low Cost
o Completely Specified for 400 MHz
- .
eration
m Oscillators Op .
® Low Error Analog Switch
L3 . -
B Analog Switches Vry Little Charge Coupling
rss < L.UP
* ABSOLUTE MAXIMUM RATINGS (25°C)
Drain-Gate Voltage . . .. ... .. e, .25V
SourceGate Voltage . ............viiiiienne, ...25V TO-92
DrainCurrent . .....ovv v e ....30mA Ses Section 7
Forward GateCurrent. . ....................... 10 mA
Total Device Dissipation @25°C. .. ............. 360 mW
Derate above 25°C .....................3.27 mW/°C
Operating Junction Temperature Range . . ...—65 to +135°C o o
Storage Temperature Range . ............. —65 to +150°C
Lead Temperature N ° 4
(1/16" from case for 10seconds) ............... 240°C s Bottom View °
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic 2N5484 2N5485 2N6486 Unit Test Conditions
Min | Max | Min' [ Max | Min Max
s i Gate R c 10 10 101 v 20V, Vps=0
ate Reverse Current =-20V, =
M GSS 200 -200 200] " Gs bs Ta = +100°C
Gate-Source Breakdown — "
3 ¢ 8VGss Voltage -25 -25 -25 v IG=-1uA,Vps=0
Gate-S: Cutoff
4| vesiotn Vz“age"“'“ ute -03| -3.0{ -05 | -40]| -20( -6.0 Vps=15V,ip=10 nA
5 ¢ Ipss  Saturation Drain Current 1.0 5.0 4.0 10 8.0 20| mA |Vps=156 V,'VGS =0 {Note 1)
Common-Source Forward
8 9fs Transconductance 3,000 [6,000 | 3,500 [7,000 |4:000 {8,000 (o 1k
Common-Source Qutput .
7 Fos Conductance 50 60 7%
8 Re Common-Source Forward [2:500 [f=100MHz
) {yts) Transconductance 3.000 3,500 f =400 MHz
— 4 . —_—
Hmhos
10 Retyoq) Common-Source Output 75 f =100 MH2
11 Yos) Conductance 100 100 Vps =15V, Vgg=0 f =400 MH2
12 Common-Source Input 100 f=100MHz
D |Refyis) Conductance =
13 Y 1,000 1,000 f= 400 MHz
Common-Source Input
N . -
14 N Ciss  Camacitance 5.0 5.0 50
M Common-Source Reverse -
15 | Crss Transfer Capacitance 10 1o 101 oF f=1MH:
C Common-Source Output
16 Coss  Copacivamcs 2.0 2.0 2.0
17 25 25 25 Vps=15V,VGs=0,RGg=1MQ |[f=1kHz
18 3.0 Vps =15V, Ip=1mA, Rg= 1k
— NF Noise Fi =
19 o 20 20 v 15V, Ip=4mA, Rg = 1kS2 o
] - ID=4mA, ARG =
20 4.0 4.0 a8 Ds D G f = 400 MHz
2 G Common-Source Power 16 % Vps=15V. D~ 1mA f =100 MHz
22 ps Gain 18 30 18 30 m
— Vps=15V,Ip=4mA [t | =3
23 10] 20 10 20 f =400 MHz —
* JEDEC registered data NH g
NOTE: :
1 Pulse Test PW 300 [s, duty cycle <<3% i'

© 1979 Siliconix incorporated
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2N5555

iconix

n-channel JFET B
des:gned for ... Performance Curves NH

® Andalog Switches BENEFITS
. ¢ Low Cost
n Choppers ® Automatic Insertion Package
® No Offset or Error Voltages Generated
. by Closed Switch
. commu"ators Purely Resistive
Low Charge Coupling from Driver to
Load :
Cyss = 0.8 pF Typicatly

*ABSOLUTE MAXIMUM RATINGS (25°C)

TO-92
Gate-Drain or Gate-Source Voltage. .. ............. -25V See Section 7
GateCurrent. ...t e, 10 mA
Total Device Dissipation at {or Below) TaA = 25°C .. 360 mW
{Derate 3.28 mW/°C to 135°C)
Operating Temperature Range. . ........... -55 10 +135°C o
Storage Temperature Range .............. —65 to +150°C - ©
s
Lead Temperature 6 R
(1/16" from case for 10 seconds) ............... 240°C s — s ¢
tom View ]
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 -1.0 nA = _
31 igss Gate Reverse Current 02 A VGS =-15V,Vps=0 -————TA =760°C
‘3 10 nA
— | i =1 g = b
ry . DGO Drain Leakage Current 032 oA VpGg=15V,Ig=0 Th=100°C
5|1 ) 10 nA - __
3 ID{otf) Drain Cutoff Current 30 A Vps=12V,Vgg=—-10V —————TA T700°C
7| T{BVGss  Gate-Source Breakdown Voltage -25 Ig=-10¢ A, Vpg =0
8 ‘l: VGsif) Gate-Source Forward Voltage 10 v Ig=1mA,Vpg =0
a—i .
_i Vps(on) Drain-Source ON Voltage 15 Ip=7mA,Vgs =0
10 rDS(on)  Static Drain-Source ON Resistance 150 Q Ip=0.1mA,Vgg =0
11 1pss Saturation Drain Current ) 15 mA Vps =156V, Vgg =0
12 rds{on) Drain-Source ON Resistance 180 Q Ip=0,Vgs =0 f=1kHz
13 3 Ciss Common-Source input Capacitance 5.0 Vps=16V,Vgs=0
T F f=1MHz
14| Nlc Common-Source Reverse Transfer P - -
£33 Capacitance 1.2 Vps=0,Vgg=—-10V
16 | 81 t4(on) Turn ON Delay Time 5
I Rise Time 5 VpD =10V, Ip(gn) = 7 mA, Ry = 1.21K &2
v ns VGsion) = 0. VGs(off) =~10V
17 Z td(off)  Turn OFF Delay Time 15
18 1|t Fall Time 10
*JEDEC registered data NH

© 1979 Siliconix incorporated



n-channel JFETs
designed for . . .

B Andalog Switches
m Commutators
m Choppers

*ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Source Breakdown Voltage ... ............. 30V
Drain-Gate Breakdown Voltage ..........:...... 30V
Source-Gate Breakdown Voltage. . .. ...oovvvvnn.. 30V
Forward Gate Current . . .. oo oo v ini e innannens 10 mA
Total Device Dissipation at TLEAD =25°C...... 625 mW

Derate above 25°C .« vvvven i 5.68 mW/°C
Operating Junction Temperature Range. . . .. -65 to +135°C

Storage Temperature Range -65 to +150°C
l.ead Temperature

(1/16" from case for 10 seconds)

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

.4
Siliconix
Performance Curves NC
See Section

BENEFITS

® Low Cost
Industry Standard Package
Automatic Insertion Package
Fast Switching

trise <5 ns (2N5638)
Low Insertion Loss

RDS(on) < 30 L2 (2N5638)

o Short Sample and Hold Aperture Time
Crss <4 pF
7092
See Section 7
° G
s
G o <
s
s Bottom View o

Characteristic l 2N5638 | 2NS639 2N5640 Unit Test Conditions
Min | Max [Min | Max |Min |Max
Gate-Source Breakdown
| [BVess  voitspe -30 -30 -30 v |1g=-10uA,Vpg =0
2 s| 'gss Gate Reverse Current -1.0 -1.0 oL Vgs =-15V,Vps =0
3t 1.0 1.0 1.0 |uA - VDS Th-t100°C
4 1.0 1. 1.0 | nA = = .
=4 Iploffy  Drain Cutoff Current 0 PA |Vps =15V, Vgg =-12V (2N5638) e
5| T 1.0 1.0 1.0 [ A | VGs = -8 V (2N5639), Vs = -6 V (2N5640).] To = +100°C
6 é ipss Saturation Drain Current | 50 25 5.0 mA | Vps =20V, Vgs =0 (Note 1)
7 Vpsion) Drain-Source ON Voltags 05 0.5 05| v [Ves =0, lp = 12mA (2N5638), :
] Ip = 6 mA (2N5639), Ip = 3 mA (2N65640)
8] | rpstom peatic Drain-Source ON 0 60 10|  |!p=1mA Ves=-0
8| |rastom Drain-Source ON 30 60 100 Vgs=0,1p=0 f=1kHz
D Common-Source Input 1
10|y | Cigs : 10 10 10
nd ; Capacitance pF |vgs=-12V,Vpg=0 f=1MHz
1 C Common-Source Reverse 4.0 4.0 4.0
Tss Transfer Capacitance - . g . :
12 tdion)  Turn-On Delay Time 4.0 6.0 8.0 Vpp =10V ID(on)=12 mA (2N5638) R = 800 Q2 (2N5638)
13)s [« Rise Time 5.0 8.0 10] _ |Vaston= ©  'Dlon)= 6:mA (2N6630) Ry = 1.6k 2 (2N5636)
14w | ta(off) Turn-OFF Delay Time 5.0 10 15 VGs(off)= -10V Ipton)=3 mA (2N5640) R =3.2k Q (2N5640)
15 tf Fall Time 10 20 30
NC
* f 2 Y00 _nian 7
JEDEC registered data Ru =5 ~lrosten) 450) SSovoc a1uF
NOTE: m"fx',,—U Vaston! |es:::isronl L\ f_u{_ }—-o TO 50 OHM SCOPE B
1 Pulse test PW < 300 pisec, duty cycle < 3.0% 0% e Vasiott) £ 0001 Ff
o ;..TIJT:_'%"‘"’ 10K8 500
tdlots 0%
ouUTRUT ﬂ te TO 60 OHM SCOPE A
{scoPE B To% 500
TEKTRONIX 567A
OR EQUIVALENT

45
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2N5653 2N5654

iconix

n-channel JFETs
designed for . . .

B Analog Switches
® Commutators
® Choppers

*ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Source Voltage ............c i 30V
Drain-Gate Voltage . . ......... ....... ... ....... 30V
Source-GateVoltage . .. ..........ciiiiniivanannn 30V
Forward Gate CUrrent. . . ....ooovenennnnnnn, 10 mA
Total Device Dissipation at (or Below) TA = 256°C

(Derate 2.82 mW/°C t0 135°C) ... ... ......... 360 mW
Operating Junction Temperature Range ... .. -65 to +135°C
Storage Temperature Range . ............. —65 to +160°C

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

Performance Curves NC
See Section

Siliconix

BENEFITS
® Low Cost
® Automatic Insertion Package
® High Speed
toN * tOFF = 24 ns Max (2N5653)

® Low Insertion Loss
Rps(on) = 50 £ Max (2N5653)

TO-92
See Section 7

G
s
) G

s Bottom View o

. 2N5653 2N5654 N e
Characteristic i T Max in Miox Unit Test Conditions
Gate-Source Breakdown _
1 BVgss Voltage -30 -30 \% Ig=—-10uA, Vpg =0
21s)) Gate Reverse C 10 il LI I 15V, Vpg = 0
R ate Reverse Current == . = e
3 |5|'ess o 10| ua |VGS bs Ta=+100°C
4|A 10 10 | nA |vps=15V,Vgg=—-12V (2N5653)
—1T|lD(off} Drain Cutoff Current e
5y 10 |- 10 | #A |Vgs=-8V (2N5654) Ta =+100°C
6 |CliDss Saturation Drain Current 40 15 mA Vps=20V,Vgs =0 (Note 1) )
7| [VDS(on} Drain-Source ON Voltage 0.75 0.75 VvV 1VGs =0, Ip =10 mA (2N5653), Ip = 5 mA (2N6654)
Static Drain-Source ON
8 'DSlon)  Resistance 50 100 o Ip=1mA,Vgg=0
Drain-Source ON _ _ _
9 fdsfon)  Qesistance 50 100 Vgs=0,1p=0 f=1kHz
1D
10 |¥(Cies Comrr!on-Source Input 10 10
Capacitance
p— pF |Vgg=-12V,Vpg=0 f=1MHz
1 c Common-Source Reverse 325 35
Tss Transfer Capacitance : ’
12| |td(on) Turn-ON Delay Time 4.0 6.0 Vpp =10V, Ip(on) = 10 mA (2N5653)
13 {str Rise Time 5.0 8.0 VGsion) = 0. Ip(on) =5 mA (2N5654)
—] nsec
14 W td(off) Turn-OFF Delay Time 5.0 10 Vasloff) =12 V, R =925 12 (2N5653)
15 tf Fall Time 10 . 20 Ry = 1.85K 2 (2N5654)
*JEDEC registered data voo Voo NC
ALy~ rostont +50) 502 =10VOC 0.14F
NOTE: INPUT 0% PULSE TO 50 QHM SCOPE B
1. Pulse test PW < 300 ps, duty cycle < 3%. (SCOPE A)U Vasion) GENERATOR| =% -
e vasioft) =, 0.001x F
~ I_‘;-l__}‘——- tdfon) 1OKQ 500

tdtoff 0% .
e
OUTPUT J0%

(SCOPE B}

TO 50 OHM SCOPE A

500=
SCOPE

TEKTRONIX 567A

OR EQUIVALENT

© 1979 Siliconix incorporated



-Chﬂ“hé' JFETs B &
n g Siliconix | O
: &
designed for Performance Curves NH
e o o . 5 ‘ (-]
See Section
LY &1
B VHF/UHF Amplifiers BENEFITS E
o ® Low Cost b
m Mixers ) . g
e Automatic Insertion Package N
L] .gpe .
# Oscillators ® Specified for 100 MHz Operation
E
* ABSOLUTE MAXIMUM RATINGS (25°C) (7]
Drain-Gate Voltage . .......................... .25V T0-92 9‘
Source-GateVoltage .. ......coiiiviriennnnennn. 25V Sea Section 7 o
Drain-Source Voltage. . . . ...........iinnnnn. 25V
Forward GateCurrent. . ...................... 10 mA
Total Device Dissipation at 256°C Ambient
(Derate 3.27mMW/°C). ... oo i e 360 mW o
Operating Temperature Range. . ........... —55to 135°C
Storage Temperature Range. . ............. —55 to 1560°C s 95
Lead Temperature Range .
(1/16"" from case for 10seconds) ..............300°C N
s
D
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View
L 2N5668 2N5669 2N5670 . .
Characteristic Win Max Wi Niax Wi Mox Unit Test Conditions
1 ' ote R R 20 20 20| oA | 15V Voe -0
N ate Reverse Current == v =
2| S Gss 220 20 20| wA | 8 Ds Ta - +100°C
A Gate-Source Breakdown . _ _ o _
3 ; BVGss Voltage 26 26 25 v I =-10uA,Vps=0
4| V| Vgs(off) Gate-Source Cutoff Voltage 0.2 40 1.0 6.0 20 8.0 Vps=15V,Ip=10nA
5 c Ipss Saturation Drain Current 1.0 5.0 4.0 10 8.0 20 { mA |Vpg=156V,VGs =0 (Note 1)
6| | o Common-Source Forward 1500 | 6500 | 2000 | 6500 | 3000 | 7500
Transconductance
M— S S f=1kHz
Common-Source utput
7 Gos Conductance 20 50 75
Common-Source Forward
8 Re(vfs) “Transconductance 1000 1600 2500 umhos
Common-Source Output - - _
9 5 Refyos) Conductonce 50 100 150 Vps=15V,Vgs=0 | f=100MHz
Common-Source Input
N
10 N Rejy;) Conduotance 800 800 800
" hlll Ciss Comrrjon-Source input 70 70 70
Capacitance
¢ Source R
Common-Source Reverse -
12 Crss Transfer Capacitance 3.0 30 301 of f=1Mhz
Common-Source Output
13 Coss Capacitance 40 40 40
A Vps =15V, Vgs=0.
14 NF Noise Figure 25 25 25 Rg = 1K Q
— dB =100 MHz
15{ | Gps Gommon-Source Power 16 16 16 Vpg=15V,Vgs =0
*JEDEC registered data NH m
NOTE: =
1. Pulse test PW = 300 us, duty cycle < 3%. a'
3
-
b

© 1979 Siliconix incorporated
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J105 J106 J107

J105-18 J106-18 J107-18

iconix

-channel JFETs i
n ' Siliconix
[ ]
designed for. .. Performance Curves NVA
See Section 5
itch
® Analog Switches BENEFITS
e Very Low Insertion Loss
|| Choppers Rps(on) <3 £ (J105)
® No Offset or Error Voltages Generated
by Closed Switch
B Commutators " Purely Resistive
High lsolation Resistance from
Driver
TO-92
o See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
. D
Gate-Drain or Gate-Source Voltage ............... -25V
GateCurrent . ..........ovtiiiinnnienennnnn. 50 mA .
Total Device Dissipation at 25°C Ambient
{Derate 3.27 mW/°C). .. ..o 360 mwW s
Operating Temperature Range............. —55 10 135°C
Storage Temperature Range. . ............. ~55 to 1560°C
Lead Temperature Range )
{1/16" from case for 10 seconds) .............. 300°C 4s° 0 °
G G
s [l —
D s
Bottom View Bottom View
. o o (-18}
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
J105 J106 J107
Characteristic Unit Test Conditions
Min | Typ Max |Min | Typ|Max| Min| Typ| Max|
M |GSS Gate Reverse Current (Note 1) -3 -3 -3InA | Vpg=0V,Vgs=-15V
_2 : VGS(off) Gate-Source Cutoff Voltage -4.5 -10] -2 -6|-0.5 -4.5 v Vps=5V,Ip=1uA
_3 A BVGSS Gate-Source Breakdown Voltage |—25| 25 —25 Vps=0V,Iig=-1uA
_i T | pss Drain Saturation Current {Note 2} | 500 200 100 mA | Vps=15V,VGgg=0V
_i (': 1D(off) Drain Cutoff Current (Note 1) 3 3 3[nA | Vps=5V,Vgs=-10V
6 'DS(on) _Drain Source ON Resistance 3 6 8] | Vps<0.1V,VGs=0V
7 C o Drain Gate OFF C it; 35 35 35
_7 dg(off) rain Gate apaci ?nce VD§ =0V, Vas = 10V
_8 Csgloff)  Source Gate OFF Capacitance 35 35 35
93 Cdg(on) Drain Gate plus S R pF f=1MHz
rain Gate pius Source Gate v =V =0V
N + ON Capacitance 160 160 160 DS GS
| A Csglon)
10]M | td(on) Turn On Delay Time 15 15 15 Switching Time Test Conditions
TINE Rise Time 20 20 20 4105 4106 J107
—{ €L ns | VDD 15V 15V 15V
12 td{off) Turn Off Delay Time 15 15 15 VGS(off) -12V -7V 5V
13 tf Fall Time 20 20 20 RL 502 50Q 508
NOTES: NVA
1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 300 us; duty cycle < 3%.

© 1979 Siliconix incorporated
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- ' =15
n-channel JFETs 2. |88
igned f | B
Performance Curves NIP -l e
designed for . . . Performance > 2
. | &9
B Andlog Switches BENEFITS o
® Low Cost O =
| Choppers e Automated Insertion Package o ;
® Low Insertion Loss -]
Rps(on) <88 (J108)
. Commutafors e No Offset or Error Voltages Generated :
. o o po by Closed Switch -d
m Low Noise Audio Ampllflers Purely Resistive Q
. High Isolation Resistance from -l
Driver - -]

e Fast Switching
tD(on) * ty = 5 ns Typical
® Low Noise
8n = 6 n\VA/Hz at 10 Hz, Typ (J110)

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage . .............. —25V T0-92
Gate Current ..... et 50 mA See Saction 7
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mW/°C). . ..o i e 360 mW
Operating Temperature Range. . ........... —55 to 135°C
Storage Temperature Range. . .. ........... —55 to 150°C o
Lead Temperature Range
(1/16" from case for 10seconds} .............. 300°C G
§ G G
N P
D s
Bottom View Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) -18)
- 4108 J108 J110 ) -
Characteristic Wi T Typ [ Wiax [Win | Tvp | Max | #m | Typ | Max Unit Test Conditions
1 IGss Gate Reverse Current (Note 1) -3 -3 -3 nA | Vpg=0V,Vgg=-15 \
2] i Vgs(off) Gate-Source Cutoff Voltage -3 10| -2 -6 |-05 =1, [Vos=5V.ip= 1 uA
3 |AlBVgGss Gate-Source Breakdown Voltage -25 -25 -25 Vps=0V.ig=-1kA
_4_ T Ipss Drain Saturation Current (Note 2) 80 40 10 MA | Vg =15V, Vgg=0V
5 |¢|lpiorn Drain Cutoff Current (Note 1} 3 3 3 nA |Vpg=5V,Vgg=-10V "
6 rDS{on) Drain-Source ON Resistance 8 12 18 Q2 | Vpg<01V,Vgg=0V
_7_ Cygloff) Drain-Gate OFF Capacitance 16 15 15 Vps = 0V.Vgg = ~10V
8| |Ceg(ofr) I Source-Gate OFF Capacitance 15 15 18
—Tbis oF f=1MH2z
dglon}  Drain-Gate Plus Source-
Y rain-Gate us Source = -
9 Nl ¢ + Gate ON Capacitance 85 85 85 VDS VGS 0
A sglon}
10jp taton) Turn ON Delay Time 4 4 4 Switching Time Test Conditions
b — Jios  J109 J110
Al Y Rise Time ! ! v ns VDo 18V 18V 15V
12 ta(off) Turn OFF Delay Tims 6 6 6 Vasioff) =12V -7V 5V m
13] |y Fall Time 30 30 30 R 150 150 150 =
d
NOTES: NIP

1. Approximately doubtes for every 10°C increase in Ta.
2. Pulse Test duration 300 us; duty cycle < 3%.

p {|¥ o]

© 1979 Siliconix incorporated
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JIM J112 N3

J111-18 J112-18 J113-18

iconix

n-channel FETs
designed for . . .

B Analog Switches
m Choppers

B Commutators

E:
Siliconix

Performance Curves NC

See Section

BENEFITS

® Low Cost
® Automated Insertion Package
® Low Insertion Loss
RpSs(on) <30 Q (J4111)
No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive
High Isolation Resistance from
Driver
® Fast Switching
tD(on) * tr = 13 ns Typical
Short Sample and Hold Aperture Time
Cgd{off) <5 pF
Cgsloff) <53 pF

ABSOLUTE MAXIMUM RATINGS (25°C) T0.92
Gate-Drain or Gate-Source Voltage .. ............. ~35V See Section 7
Gate CUITent. . ... oottt e 50 mA
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mW/°C). .. oo oo 360 mwW
Operating Temperature Range. ..........., —55 10 135°C o
Storage Temperature Range. . .. ........... —55 to 160°C 4 o4 ©
Lead Temperature Range . o :
{1/16" from case for 10 seconds) .............. 300°C s s
D s
Bottom View Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) (18]
4111 Jit2 9113
Characteristic UNIT Test Conditions
Min{ Typ § Max | Min | Typ] Max | Min | Typ | Max
1 1Gss Gate Reverse Current {Note 1) -1 - ~1 nA Vps=0V,Vgs=-15V
:;_— : VGsioff)  Gate Source Cutoff Voltage -3 -10]| -1 -5 | 08 -3 v Vps =5V, Ip=1kA
3| a| BVagss Gate Source Breakdown Voltage 35 35 -35 Vps=0V,Ig=-1uA
:Z T inss Drain Saturatian Current {Mote 2) 20 5 2 mA Vpg=18V,Vgg=0V
51¢ | ploft) Drain Cutoff Current (Note 1) -1 -1 -1 nA Vps=5V,Vgg=~10V
51 [ostem  Oram Soures ON Reverancs 0 50 100 o | vpg=o1v,vgs=av
7 Cdgloff) Drain Gate OFF Capacitance 5 5 5
—_ Vpg=0V,Vgs=-10V
_B_ o Csgloff) Source Gate OFF Capacitance 5 5 5 oF £=1 MHz
i u!
o[ |G G soreecne = o m| | vosvasso
_1; ,: td(on} Turn On Delay Time 7 7 7 Switching Time Test Conditions
—1'1" | . e Time s 5 6 Ji Ji12 J113
A ns Vpp 0V 0V 0V
12 td(off) Turn Off Delay Time 20 20 20 VGsioft) 2V v sV
13 t Fall Time 15 15 15 AL 800 0 1600 2 3.200 22
NOTES: NeC

1. Approximately doubles for every 10°C increase in Ta.
2. Pulse Test duration 300 us; duty cycle < 3%.

© 1979 Siliconix incorporated



'n-channel JFET F

Siliconix

dGSigned for ceo e PerformunéeSCurves NZF

See Section

PLLr

® Analog Switches BENEFITS
, ® No Offset or Error Voltages Generated
] Choppers by Closed Switch

Purely Resistive
High Isolation Resistance from
® Commutators Driver

® Very Fast Switching
tp(on) t tr = 6 ns Typical

® Short Sample and Hold Aperture Time
(o] <2pF

gd{off) P

Cgs(off) <2 pF

ABSOLUTE MAXIMUM RATINGS (25°C) To92
See Section 7
Gate-Drain or Gate-Source Voltage............... —~25V o
GateCurrent........... T 50 mA
Total Device Dissipation at 25°C Ambient G
(Derate 3.27mW/°C). . .. ..o i i 360 mw .
Operating Temperature Range. . ........... —55 to 135°C
Storage Temperature Range. . ............. —55 to 150°C
Lead Temperature Range s
(1/16" from case for 10seconds) .............. 300°C s ) ,
o G
Bottom View o®

ELECTRICAL CHARACTERISTICS {25°C unles; otherwise noted)

J114
Characteristic Unit Test Conditions -
Min Typ Max
1 IGss Gate Reverse Current (Note 1) . ) -1 nA Vps=0,Vgs=-15V
2 : VGSs{off) Gate-Source Cutoff Voltage -3 -10 v Vps=5V,Iip=1pA
3] a| BVass Gate-Source Breakdown Voltage -25 Vps=0,ig=-1uA
4| 7T Ipss Saturation Drain Current {Note 2) 15 mA Vps=15V,Vgs =0
5 ‘I: ID{off) Drain Cutoff Current (Note 1) 1 nA Vps=5V.Vgg=-10V
6 'DS{on) Drain-Source ON Resistance 150 Q Vps<0.1V,Vgs=0
7 C Drain-Gate OFF Capacitance 2
] dg(off) - Vps=0,Vgs=-10V
8 Csgloff) Source-Gate OFF Capacitance 2
b f=1MHz
Cdg(on) pF
e Y Drain-Gate Plus Source-Gate 8 Vhs = Vas = 0
N * ON Capacitance DS =VGS =
A | Ceaton)
107 M| tdlon) Turn On Delay Time * 3
1 J tr Rise Time 3 Switching Time Test Conditions
e |
2] ¢ td(off) Turn Off Delay Time 12 ns VDD = 10V, VGs(off) = -12V
13 t Fall Time 8 RL = 1K VGs(on) = 0
NOTES: NZF =
d

1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 300 us; duty cycle < 3%.

XiUoO
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J174 )75 I76 I177

J174-18 J175-18 J176-18 IJ177-18

iconix

p-channel JFETs

designed for . .

Performance Curves PS

—F

e See Section 5
*
B Analog Switches BENEFITS
® Low Cost
m ChO ers ® Simplifies Series-Shunt Switching when
PP when Combined with J113, its N-Chan-
Channel Complement
B Commutators ® Low Insertion Loss
Rps(on) <85 % (J174)
® No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive
High Isolation Resistance from Driver
® Short Sample and Hold Aperture Time
Csg(off) < 5.5 pF
Cdg(off) <5.5 pF
ABSOLUTE MAXIMUM RATINGS (25°C) * Fa:t SW'tj_h;"Q 7 o Tvoical
. =7ns ical
Gate-Drain or Gate-Source Voitage (Note 1)......... 30V d{on) ™ tr yp
GateCurrent.......... ...t iiirnnnnnennnn 50 mA TO-92
Total Device Dissipation at 25°C Ambient See Section 7
(Derate 3.27 mW/°C). .. .....coviiiin e, 360 mW b s
Operating Temperature Range. ............ —55 to 135°C s
Storage Temperature Range. . .. ........... —55 10 150°C o o
Lead Temperature Range . Bottom View
(1/16" from case for 10seconds) . ............. 300°C
D
6o
. s po D
s b G <
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) B"‘(“’;"s")""
L J174 J175 176 J177
Characteristics - Unit Test Conditions
Min | Typ | Max |Min | Typ | Max |Min | Typ | Max | Min | Typ | Max
1] (lass ﬁ\j’;‘::;)"e’se Current 1 1 1 1{na | vps=0,vgs=20v
=
Gate-Source Cutoff ”
_2_ s VGS{off) Voltage 5 10| 3 ] 1 4|08 225 v Vps=-15V,Ip=-10nA
T Gate-Source Breakdown - -
_3- A BVGss Voltage 30 30 30 30 Vps=0,Ilg=1¢rA
T - -
4|, |1oss (S;‘O“t?‘a';’" Drain Current |, -100] -7 60 | -2 25 (-15 -20 | mA| vpg=-16V,Vgs =0
5 Cc Dot l(:)eri;%uoff Current 3 1 a 1] na{vos=-15v.ves=10v
6 {Dsion)  pramSource ON 85 125 250 300 | 2 | Vgg=0.vpg=-0.1v
71 | Cagtotn 8;:;’;5:;;0” 55 55 55 55
-— oF Vps=0,Vgs =10V
8| [cuor  SoveeSare0FF
o Cdglor) pF f=1MHz
slv] 7 gsuehame | | 2 s 2 Vos - Ves -0
N Csglon)
—A
10| m| tdion} Turn On Delay Time 2 5 15 20
- Switching Time Test Conditions
1 c tr Rise Time 5 10 20 25 J174 J176 - 176 177
— s | VOD -0V -6V BV -8BV
12] | tdlotf) Turn Off Delay Time 5 10 15 20 VGS(offy 12V 8V 6V 3V
- RL 560 1.2KQ 56K2 10KQ
13) |t Fall Time 10 20 20 25 VGS(on) OV 0OV oV ov
NOTES: 2. Approximately doubles for every 10°C increase in Ta. PS

1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged.

3. Pulse test duration = 300 us; duty cycle < 3%.

4-12
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n-channel JFETs
designed for. ..

B General Purpose Amplifiers

ABSOLUTE MAXIMUM RATINGS (25°C)

b2 §
Siliconix
Performance Curves NP
See Section 5

BENEFITS
® High input Impedance
Ig = 35 pA Typical
e Good for Low Power Supply Opera-
tion
VGs(off) < 1.5V (J201)

T0-92
See Section 7

D

Gate-Drain or Gate-Source Voltage (Note 1) ... .... -40V
GateCurrent .. ............coviuennn . 50 mA 6
Total Device Dissipation at 25°C Ambient
{Derate 3.27 mW/°C}................. c.... 360 MW s
Operating Temperature Range. . ........... —55 to0 135°C
Storage Temperature Range. . .. .. eie......—5510150°C
Lead Temperature Range
(1/16" from case for 10seconds} .............. 300°C 3G
D
G G
5 By —
o s
Bottom View Bottom View
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
J201 J202 J203
Characteristic Unit Test Conditions
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Gate Reverse Current i _ _
1 tGss (Note 2) -100 -100 -100 | pA Vps=0,Vgg=-20V
S Gate-Source Cutoff
2| | Vesiot V;nagg” uto -0.3 -15| -08 -40| -2.0 -10.0 v Vps =20V, Ip=100nA
A Gate-Source Breakdown _ _
3 T BVGss Voltage -40 -40 -40 Vps=0.Ig =-1uA
i " -
a|c|ipss  paaration Drain Current 02 10| o9 45| a0 20| mA | vps-20V,vgs=0
5 Ig Gate Current (Note 2) -35 -35 -35 pPA Vpg=20V.Ip = IpSS{min}
Common-Source Forward
8 ol %s Transconductance (Note 3) 500 1,000 1.500
vy c s Suro umho f=1kHz
ommon-source Qutpu
7 N | 9os Conductance ! 35 10
— A Vps=20V,Vgs =0
. Common-Source Input
M| Ciss Capacitance 4 4 4
— pF f=1MHz
Common-Source Reverse
9[C | Crss Transfer Capacitance ! 1 1
- Equivalent Short-Circuit nVvV _ _ -
10 €n Input Noise Voltage 5 5 5 iz Vps=10V,Vgs=0 [f=1kHz
NOTES: NP

1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged.
2. Approximately doubles for every 10°C increase in TaA.
3. Pulse test duration = 2 ms.

© 1979 Siliconix incorporated
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J204

J204-18

iconix

n-channel JFETs
designed for . . .

B General Purpose Switching

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage (Note 1)
Gate CUITeNt. . . ... it it ittt st

Total Device Dissipation at 25°C Ambient

(Derate 3.27 mW/°C)
Operating Temperature Range
Storage Temperature Range

Lead Temperature Range

(1/16"" from case for 10 seconds)

—55 to 135°C
—55 to 160°C

360 mW

g

Siliconix

Performance Curves NP
See Section 5

BENEFITS
® Very Low Leakage

TO-92
See Section 7

I

1. Geometry is symmetrical. Units may be operated with source and drain teads interchanged.

2. Approximately doubles for every 10°C increase in Ta-

3. Pulse test duration = 2 ms.

Battorn View Bottom View
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
3204
Characteristic Unit Test Conditions
Min | Typ | Max
Gate Reverse Current
1 Igss {Note 2) -100 pPA [Vpg=0,Vgg=-20V
Gate-Source Cutoff
2 |'s | Vestoff yoltage -0.5 ~2.0 Vps=20V,Ip=10nA
- T \Y
A Gate-Source Breakdown _ _
3 }. BVgss Voltage -25 Vps=0,Ig=-1uA
N Cc Saturation Drain Current _ _
4 IDSS (Note 3) 1.2 mA VDS =20V, VGS =0
]
5 g Gate Current (Note 2) -35 pA | Vpg =20V, Ip=200pA
Common Source Forward
6 9s Transconductance {Note 3) 1500
-— D umho f=1kHz
Y Common-Source Qutput
RN 9os Conductance 25
— A V[)3=20V,VG3=0
8 M c Common-Source Input 4
I 158 Capacitance
-— C pF f=1MHz
9 c Common-Source Reverse 1
rss Transfer Capacitance
—~ Equivalent Short-Circuit nv _ _ _
10 €n Input Noise Voltage 10 s Vpg=10V,Vgg=0 f=1kHz
NOTES: NP

4-14
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B L
n-channel JFETs i | B
Siliconix | ©
[
deS'gned fOl" oo o Performance Curves NZF —
See Section 5 _ B
o ge il
B General Purpose Amplifiers BENEFITS
o High Gain (o
Gfg = 7000 umho Minimum E
(4211, J212) N
® High Input Impedance
lgss = 100 pA Maximum
Ciss = 5 pF Typical
TO-92
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-Drain or Gate-Source Voltage .............. -25V e
GateCurrent ............coiiiiirninnnnennn. 10 mA .
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mW/°C). ........coeviei... 360 mW s
Operating Temperature Range. ............ —55 10 135°C
Storage Temperature Range. . ............. —55 to 150°C
Lead Temperature Range @
(1/16°" from case for 10seconds) .............. 300°C s S
o oS
Battom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
4210 J211 J212 A
Characteristic " Unit Test Conditions
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
11s|'Gss Gate Reverse Current (Note 1) -100 -100 -100| pA | Vps=0,Vgs=-15V
2 | T|Vgs(off) Gate-Source Cutoff Voltage -1 -3} -25 -45 -4 -6 v Vps=15V,Ip=1nA
73] ¢ BVGss. Gate-Source Breakdown Voltage | -25 -25 -25 Vps=0,IGg=-1rA
“a| 1 |'oss Saturation Drain Current (Note 2 2 15 7 20 15 40f mA | Vpg=15V,VGs=0
51C|tg Gate Current (Note 1) -10 -10 -10 PA | VpG=10V,Ip=1mA
Common-Source Forward 00! 2,000 7,000 12,000
i 9fs Transconductance {Note 2) 4,000 12,000 7,000 ! amho £=1kHz
D Common-Source Qutput
71y |Ss Conductance 150 200 200
—n y
8| afcis g:;'gf:n:me toput 4 4 4 Vpg=16V,VGs=0
— M pF f=1MHz
91 |crss Common-Source Reverse 1 1 1
c " Transfer Capacitance
= Equivatent Short-Circuit Input nV B
101 | Noise Voltage 10 10 10 Vie f=1kHz
NOTES: - NZF =
1. Approximately doubles for every 10°C increase in TA. o
2. Pulse test duration = 2 ms, o
3.
X
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J230 J231 J232

J230-18 J231-18 J232-18

iconix

n-channel JFETs -
dGSigned for c o o PerformgnceSCurves NS

See Section
B Audio and Sub-Audio BENEFITS

Amplifiers e Ultra Low Noise
&n = 8 nVA/Hz Typical at 10 Hz

“en = 2 nVA/Hz Typical at 1 kHz

T0-92
See Section 7

ABSOLUTE MAXIMUM RATINGS (25°C)

D
Gate-Drain or Gate-Source Voltage {Note 1}........ —40V
GateCurrent. .........oiiiirininiiainnnnn 50 mA G
Total Device Dissipation at 26°C Ambient .
{Derate 3.27 mW/°C). .. ........... .. on... 360 mW
Operating Temperature Range. ............ ~55 to 135°C
Storage Temperature Range. .. ............ —55 10 150°C
Lead Temperature Range
(1/16"" from case for 10seconds) .............. 300°C
[
s
o
Bottom View Bottom View
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
4230 Ja3
Characteristic - - 2 1252 Unit Test Conditions
Min | Typ [ Max |Min |Typ | Max | Min | Typ | Max
Gate Reverse Current = o
111688 iNow2) -250 -250 2501 pA |Vps=0,Vgg=-30V
S Gate-Source Cutoff - _ ~ ~ = = =
2 T VGS(off) Voltage 1 3 2 5 -4 6 v Vps=20V,ip=1pA
A Gate-Source Breakdown = =_
_3_{ T [BVGSs Voltage : -40 -40 -40 Vps=0,IiGg=-1pA
‘ | T T
Saturation Drain = =
4|c | loss. Current (Note 3) 07 3 2 & 5 10} mA | VDs=20V.Vgs =0
5 1G Gate Current (Note 2) -10 -10 -10 pA | VDG=10V,Ip=05mA
Common-Source Forward
ﬂ s Transconductance {Note 3) 1.000 2,50011.500 3.00012,500 4.000
- D S s S umho f=1kHz
ommon-Source Output
AMES Conductance 2 4 8
—N Vps=20V,Vgs=0 +———0
s|Alc; Common-Source input 12 12 12
M Iss Capacitance
— pF f=1MHz
al|!]e Common-Source Reverse 2 2 2 .
c| s Transfer Capacitance
10 . - 8 30 8 30 8 30 nv f=10Hz
— - Equivalent Short Circuit . ——— = = e
11 en Input Noise Voltage 2 2 2 Hz VDs =10V, Vgs =0 f=1kHz
NOTES: NS

1. Geometry is symmetrical. Unit may be operated with source and drain leads interchanged.
2. Approximately doubles for every 10°C increase in TA.
3. Pulse test duration = 2 ms.

© 1979 Siliconix incorporated
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p-channel JFETs -
deS'.gned for o o o Performance Curves PS

See Section 5
B General Purpose Amplifiers BENEFITS

® Low Cost
® Automatic Insertion Package
& High Gain Amplifiers o
g¢s = 14,000 umho Typical (J271)
® Low Noise
e, = 6 nVA/Hz at 1 kHz Typical

TO-92
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-Drain or Gate Source Voltage (Note 1}......... 30V
Gate CUrrent. ... ..ottt it e —50 mA
Total Devige Dissipation at 25°C Ambient

{Derate 327 mW/°C). . ... i it e e 360 mW ‘
Operating Temperature Range. ............ —55 to 135°C
Storage Temperature Range. . .. ........... —55 to 150°C o
Lead Temperature Range '

(1/16" from case for 10seconds) .............. 300°C G )

I S 5

s D
G G
D s

Bottom View Bottom View
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
J270 J271
Characteristic Unit Test Conditions
Min Typ | Max Min Typ Max
1 s | lGss Gate Reverse Current (Note 2} 200 200] pA |Vps=0.VGs=20V
2| T | VGS(off) Gate-Source Cutoff Voltage 0.5 2.0 1.5 45 v Vps=-15V,Ip=-1nA
3 ‘: BVGSS Gate-Source Breakdown Voltage 30 30 Vps=0,iG=1uA
41,1 'Dss Saturation Drain Current {(Note 3) -2 -15 -6 -50] mA |Vps=-15V,Vgs5=0
51Cllg Gate Current (Note 2) 18 60 pA |VpG=-15V,Ip = IDSS{min}
Common-Source Forward
6 s Transconductance {Note 3) 6,000 15,000 | 8,000 18,000
o P s o umho f=1kHz
7 g ommon-Source Output 200 500
y | 9os
M Conductance Vbs=-15V, Vgg =0
8l a|Ciss gommon-Source {nput 32 32
apacitance
M pF f=1MHz
9 c Common-Source Reverse 4 4
('Z rss Transfer Capacitance
Equival hort-Circui nV
o] o i Sy 6 6| [E|vosz-10v. 0= ossimin 1=1 ke
NOTES: PS

1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged.
2. Approximately doubles for every 10°C increase in TA.
3. Pulse test duration = 2 ms.

© 1979 Siliconix incorporated
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J300

iconix

n-channel JFETs

designed for . . .

m VHF/UHF Amplifiers
m Oscillators

m Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage. ... ............ -25V
GateCurrent. .. ... ... ... . i 10 mA
Total Device Dissipation at 25°C Ambient

{Derate 3.27 mW/°C). ..o e i 360 mW
Operating Temperature Range. .. .......... —55 to 135°C
Storage Temperature Range. .. ............ —55 to 150°C
Lead Temperature Range

{1/16"" from case for 10seconds) .............. 300°C

Performance Curves NZF
See Section 5

BENEFITS

® High Power Gain :

20--23 dB Typical at 100 MHz,
Common-Source

17.5—20.5 dB Typical at 100 MHz,
Common-Gate

® Low Noise Figure

1.3 dB Typical at 100 MHz

® High Dynamic Range

Greater than 100 dB

See Section 7

D
G
S
G
s
B

Bottom View

ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified)

a5

Siliconix

TO-92

Characteristic Min | Max Unit Test Conditions
Usi Gate Reverse C 051 "Mt ygs=-15V, Vpg=0
ate Reverse Current =- , = p
2] 7| ¢SS 01| A | G DS= T Ta-125°C
3 : BVGss Gate-Source Breakdown Voltage -25 v Ig=—1uA,Vps=0
411 EVGS(off) Gate-Source Cutoff Voltage (Note 1) -1.6| -7.0 Vps=10V,Ip=1nA
c
5 IDpss Saturation Drain Current {Note 1, 2) 4 45| mA |Vps=10V,Vgs=0
6o | ofs ?’\c:mm?n-Source Forward Transconductance 4500 | 9000
v ote 1) umho [ Vpg=10V,Ip=5mA, f=1kHz
7|N| dos Common-Source Output Conductance 200
A Common-Source Reverse Transfer
8[M | Crgs c . 1.7
| apacitance pF | VDG =10V, Ip=5mA, f=1MHz
9|C|Cis Common-Source Input Capacitance 5.5
NOTES:

1. Ipss and VGss(off) are selected into 5 ranges and labeled according to above table.
2. Pulse test PW < 300 us, duty cycle < 3%.

NZF

4-18
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-channel JFETs ilieon
n Siliconix
. ®
es,gne or ... Performance Curves NH
See Section 5
.f.
B VHF/UHF Amplifiers BENEFITS
. ® Characterized for Operation at 100
B Oscillators and 400 MHz
o : ® Low Noise
B Mixers . N :
NF = 1.7 dB Typical at 100 MHz
TO-92
See Section 7
D
ABSOLUTE MAXIMUM RATINGS (25°C)
Gate-Drain or Gate-Source Voltage............... -30 Vv .
Gate Current . ................. e e 10 mA
Total Device Dissipation at 25°C Ambient s
(Derate 3.27 mW/°C). .. ......oviiii 360 mW
Operating Temperature Range. . ........ ...—5510 135°C
Storage Temperature Range. . . . . e ...—bbto 150°C N
Lead Temperature Range s :
(1/18" from case for 10 seconds) .............. 300°C ° 5 S
Bottom View
ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted)
- J304 J305
Characteristic Unit Test Conditions
Min | Typ | Max | Min | Typ { Max
1{s 1GSs Gate Reverse Current {Mote 1) -100 -100 | pA Vps=0,Vgs=-20V
T
2 A VGS{off) Gate Source Cutoff Voltage -2 -6| -05 -3 v Vps=15V,Ip=1nA
317! BVGSS Gate Source Breakdown Voltage -30 -30 Vps=0,l1g=-1uA
41¢c | 'oss Saturation Drain Current {Note 2} 5 15 1 81 mA Vps=15V,VGs=0
Common-Source Forward
5 9ts Transconductance (Note 2) 4,500 7.500 | 3.000
— C s O umho f=1kHz
D ommon-Source Outpu!
6 y | Jos Transconductance 50 50
—N c s p— Vps =156V, Vgg=0
. ommon-source |npu
? a Ciss Capacitance 35 3.5
| Common-Source Reverse _
8l¢| Crss Transfer Capacitance 0.85 0.85 pF f=1MHz
Common-Source Output
9 Coss Capacitance 10 0
2 Common-Source Forward 3,000 f = 100 MHz
11 9ts Transconductance 4,200 t = 400 MHz
_12_ Common-Source OQutput 60 60 =100 MHz
H | Soss Conductan 200 e
13] 4 onductance 80 f = 400 MHz
— 6 I ot
14 800 800 f =100 MHz
ad Y] Common-Source Qutput - -
5 bogs Susceptance 3.600 umho| Vpg=15V,VGgs=0 ™ 200 MH
—F | 1oV
18| gy Common-Source Input 80 80 f= 100 MHz
17| E| 9 Conductance 800 f = 400 MHz
—— o | S,
E u by Common-Source Input 2,000 2,000 =100 MHz
19 E\l iss Susceptance 7,500 f = 400 MH2
20fc Common-Source Power 20 f =100 MHz
——d G . A\ =15V, Ip = A [ ——
2| Y[ " Gain 1 o bs D=5m f = 400'MHz
22] NE Noise Figure 1.7 Vps=15V,Ip =5mA, f =100 MHz
23 (Single Sideband) 38 RG=1KQ = 400 MHz
NOTES:
1. Approximately doubles for every 10°C increase in TA. NH
2. Pulse test duration = 2 ms.

© 1979 Siliconix incorporated
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J308 J309 J310

iconix

n-channel JFETs

designed for. ..

m VHF/UHF Amplifiers
B Oscillators
B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

Slllcomx

Performance Curves NZA
See Section 5 :

BENEFITS
¢ [ndustry Standard Part
In Low Cost Plastic Package
® High Power Gain
11 dB Typical at 450 MHz
Common-Gate
® Low Noise
2.7 dB Typical at 450 MHz

Drain-Gate Voltage .. ................ ceienn... 2BV e Wide Dynamic Range
Source-Gate Voltage .. ............... LAY Greater than 100 dB
Forward Gate Current. ... .. e ciieene... 10mMA ® Easily Matches to 75  Input
Total Device Dissipation at 256°C Amblent
(Derate 3.27 mW/°C). . ..o oo 360 mwW Soe Ts?.:?z 5
. ction
Operating Temperature Range. .......... ..—55 to 135°C
Storage Temperature Range. . ............. —55 to 150°C
Lead Temperature Range o
(1/16" from case for 10seconds) .............. 300°C G
G s
D
s
Bottom View
G
5 S
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
- 3308 309 J310 ”
Characteristic (T Ve T in T (7 i Tor Vo Unit Test Conditions
1 [BVass  parae s Brenkdonn 25 -2 25 v | tg=-Tua vpg=0
i 1.0 1.0 10| na | vgem-15V
_-1s GS »
oy 1gss Gate Reverse Current -1.0 -1.0 -1.0 uA Vpg =0 T=4+126°C
—a
a|r|Vasiomn 3:::‘:‘"“ Cutotf 10 65| -10 40 | -20 5| v | vps=10v,Ip=1na
—1
5[¢ipss ZZ‘:::‘(‘T’,;&""‘, 12 0| - 12 30 24 60| ma | vpg=10v,vgs=0
8| |vasm 3:'.:::‘"“ Forward 10 10 10 v | vps=0.1g=1ma
1 ot 5:2?::2:;:.:::\“ 8,000 20,000 | 10,000 20,000 | 8,000 18,000
] Common-Source
81 |90s Output Conductance 200 200 200 " :/Ds :ow\AI‘ f=1kHz
9 3 Common-Gate Forward 13,000 13,000 12,000 pmhos o "
N 9tg Transconductance ' ’ ’
ol oo o B
— 2
1fc|cga Sate Drain 18] 28 18| 28 18| 25
| apa c pF zDS j gjlo v f=1MHz
12| |cgs e Source 43| s0 43| 50 43| s0 as
TE Equivalent Short-Circuit oV | Vps-10V, _
B3f fen Input Noise Voltage 10 10 10 Uz | tg=10ma =100 hz
Common-Source Forward
141 |Retygy) Transconductance 12 12 12
—
18] |Regy,g) ggrz:;i:‘e fnput 14 14 14
] H Common-Source Input mmho
16 | Retyig) Conductance 04 04 04
— f= 106 MHz
Common-Source Qutput Vpg=10V,
i : Retyos) Conductance 0.15 015 01s |DD=s 10 mA
Common-Gate Power
18 : Gog Gain at Noise Match 16 16 18
19] [nF Noise Figure 15 15 15 a
Common-Gate Power
20| |Gpg Gain at Noise Match " " "
— f = 450 MHz
21] |nF Noise Figure 2.7 27 27
NOTE: NZA

1. Pulse test PW 300 us, duty cycle < 3%.
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n-channel JFETs sl
current regulator diodes

Performance Curves NCL

deS'.gned for oo o See Section 5

G
U
o
o
=
9]
(=
-
. BENEFITS o
B Current Regulation e Low Cost o
. eas e Simple Tw. N
] Current lelfll‘lg i p. T 0 Lea.d Current Source
o Simplifies Floating Current Sources (.
[ BiﬂSil‘lg No Power Supplies Required 19, ]
R R ® Good Operating Current Tolerance 8
® Linear Ramp dand Staircase £20%
Generator To82 -
See Section 7 o
ABSOLUTE MAXIMUM RATINGS (25°C) AomE &
Peak OperatingVoltage. . ...............covvn.. 50 V ";
ForwardCurrent. . ........ .. vt 20 mA o
ReverseCurrent. ............................. 50 mA b (7]
Total Device Dissipation at 26°C Ambient o
(Derate 3.27 mW/°C). .. ..o o i e 360 mW CATHODE
Operating Temperature Range. . ... ........ —55 to 135°C
Storage Temperature Range. . ............. —55 to 160°C
Lead Temperature Range ¢
(1/16" from case for 10seconds) .............. 300°C c
A A
Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic J500 | J501 J502 | J503 | J504 | J505 | Unit Test Conditions
] Min 0.192 | 0.264 | 0.344 | 0.448 | 0.600 | 0.800
L s| IF Forward Current (Note 1} Nominal | 0.240 | 0.330 [0.430 [ 0560 {0.750 | 1.000 | mA | VF=25V
3 I Max 0.288 | 0.396 |0.516 | 0.672 | 0.900 | 1.200
T Peak Operating Voltage . _
i ] POV (Rotes 1 and 2) Min 50 50 50 50 50 50 IE =11 1| (Max)
ic v Limiting Voltage (Note 3) Max 12] 13| 18] 17| 19| 24| VY 081
6 L rmiting Voltage fNote ~ Typ 08| oo 11| 12] 14] 1s F= 22 IR Min)
7 Si i Mi Y 3, 20| 14| 10] o8
10| 2, Small-Signat Dynamic in 5.0 0 M2 | VE=25V,f=1kHz
8|y impedance (Note 1) Typ 80| 60| 44| 34| 25| 19
9 N Cr Anode-Cathode Capacitance Typ 2 2 2 2 2. 2] eF VE=25V,f=1MHz
NOTES: NCL
1. Pulse test duration = 2 ms.
2. Maximum Vg where Ig < 1.1 If|(Max) is guaranteed. Current-Limiter Diode
3. Minimum Vg required to insure g > 0.9 I (Min)- V-l Characteristic
'F
15y J
VR VL POV Ve m
L

0
0
3
X

© 1979 Siliconix incorporated
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J506 J507 J508 J509 J510 J5N

iconix

n-channel JFETs

current regulator diodes

designed for. . .

[ ] Current Regulation

B Current Limiting

B Biasing

B Linear Ramp and Staircase

g

Siliconix

Performance Curves NCL
See Section 5

BENEFITS
® Low Cost
® Simple Two Lead Current Source
e Simplifies Floating Current Sources
No Power Supplies Required
® Good Operating Current Tolerance
+20%

TO-92
Generafor See Section 7
ANQDE
ABSOLUTE MAXIMUM RATINGS (25°C) .
Peak OperatingVoltage. ... ...................... 50V
ForwardCurrent. ... ... ... ... .. .. ... .. ..... 20 mA
Reverse Current. . . ..... ... ... ... .. ... .. 50 mA 1
Total Device Dissipation at 25°C Ambient 6
(Derate 3.27 mW/°C). . ... 360 mW CATHODE
Operating Temperature Range. ............ —-55 to 135°C
Storage Temperature Range. .. ............ —55 to 160°C c
Lead Temperature Range c
(1/16"" from case for 10seconds) .............. 300°C A A
Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic J506 | J507 | J508 | 4509 | 4510 | 4511 | Unit Test Conditions
1] Min 1120 {1440 | 19 | 24 | 20| 38
2| s| tr Forward Current {Note 1) Nominal | 1400 {1800 | 24 | 3.0 | 36 | 47| mA | vp=25v
3 ; ' Max 1680|2160 | 29 | 36 | 43| 56
T Peak Operating Voltage . _
411 POV (Notes 1 and 2} Min 50 50 50 50 50 50 1E = 1.1 g | (Max)
5| € Max 261 28] 3a 35 | 38| 42| Y
-1 Vi Limiting Voltage {(Note 3} IF = 0.9 1F| (Min)
6 Typ 181 20| 22| 28| 28| 30
7 si i Min 04| 025 | 026 | 020 | 0.20 | 015
AN ZF| Smali-Signal Dynamic ! 0 M2 VE=25V,f=1KkHz
8|y Impedance (Note 1) Typ 14| 10| o070 | 060 | 050 | 0.30
9 N [of5 Anode-Cathode Capacitance Typ 2 2 2 2 2 2 pF VE=25V,f=1MHz
NOTES: NCL
1. Pulse test duration = 2 ms.
2. Maximum VE where [F < 1.1 IE|(Max) is guaranteed. Current-Limiter Diode
3. Minimum Vg required to insure Ig > 0.9 1E[{Min)- V-l Characteristic
e
IRy J
VR Ve
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low-leakage -
pico-amp diodes
designed for . . .

® High Impedance Diode
Switching

m High Dynamic Range Log Amps

B High Isolation Protection
Circuits

BENEFITS
® Low Cost

TO-92
See Segtion 7

ABSOLUTE MAXIMUM RATINGS (25°C)

00savdr oocavdr ooLavdr o0savdr

ForwardCurrent............................ 10 mA
Total Device Dissipation ..................... 360 mW
Storage Temperature Range. .. ......... —65°C to +135°C c
Lead Temperature
{1/16" from case for 10 seconds) ............. 300°C
A
C A
Bottom View
A Also Available As EPADS50,
100, 200, 500 (TO-1086)
c
Bottom View
ELECTRICAL CHARACTERISTICS {25°C) {T0-108)
Characteristic Min | Typ | Max Unit Test Conditions
1 JPADS0 -50'
2\|s JPAD100 -100
—T|lR Reverse Current {Note 1) pA VR=-20V
3]a JPAD200 —200
4 ':’ JPAD500 -500
5 | ¢ | BVR Breakdown Voltage {Reverse) -356l] -80 \ Ig=-1uA
€ VE Forward Voltage Drop 081 156 v Ig=5mA
D
7 x Cg Capacitance 15| 2.0 pF VR=-5V,f=1MHz
g,]z;% Lo 0.500 ___y
. 2.7
NOTE: S lrmz/
1. The JPAD type number denotes its maximum reverse current value in pico amps, 2.05) ‘
Devices with IR values intermediate to those shown are also available on request. sﬁ% 0106 i 3?\
(563 ____—.__.__N&% 42—+ )
(4.38) (242 LS
?;_"gl—l e ;'5_.5:@2 oia BOTTOMVIEW m
MIN 0.016 (.406) -
- SEATING PLANE a
TO-106 3,
X
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K114-18

iconix

n-channel JFET

designed for . ..

B Analog Switches
m Choppers

B Commutators

ABSOLUTE MAXIMUM RATINGS {25°C)

Performance Curves NZF
See Section 5

BENEFITS

o No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive
High Isolation Resistance from
~ Driver
® Very Fast Switching
_ tD(on) * ty = 6 ns Typical
® Short Sample and Hold Aperture Time
Cqd(off) <2PF
Cgs((off)) <2pF

T0-92 Lead-form
See Section 7

1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 300 us; duty cycle < 3%.

. [}
Gate-Drain or Gate-Source Voltage ............... =25V
GateCurrent . ......coivvi it 50 mA R
Total Device Dissipation at 256°C Ambient
(Derate3.27mW/°C). .. ... .o i 360 mwW s
Operating Temperature Range............ —b5 to 135°C
Storage Temperature Range. . ............ —55 to 150°C
Lead Temperature Range S
(1/16" from case for 10seconds) .............. 300°C a4 <
. s
Bottom View s
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
K114
Characteristic Unit Test Conditions
Min Typ Max
1 1GSS Gate Reverse Current (Note 1) -1 nA Vps=0,Vgs=-15V
2 : VGS(off) Gate-Source Cutoff Voltage -3 -10 v Vps=5V,Ilp=1uA
_3_ A BVGss Gate-Source Breakdown Voltage -25 - Vps=0,Ig=-1pA
4| 7T Ipss Saturation Drain Current (Note 2) 15 mA Vps =15V, Vgs =0
5 é 1D (off) Drain Cutoff Current (Note 1) 1 nA Vps=5V,Vgs=-10V
6 "DS{on) Drain-Source ON Resistance 150 Q Vps<0.1V,vgs=0
7 Cdg(off) Drain-Gate OFF Capacitance 2
h— - Vps=0,Vgs=-10V
8 Csg(off) Source-Gate OFF Capacitance 2
— o C f=1MHz
9 Y dglon) Drain-Gate Plus Source-Gate 8 pF v _
N + ON Capacitance DS =V@s =0
A |_Csalon)
10 | m | tdion) Turn On Delay Time 3
11 | tr Rise Time 3 Switching Time Test Conditions
12| C tdfoff) Turn Off Delay Time 12 ns VDD = 10V, VGs(off) = -12V
13 W Fall Time 8 RL= 1K VGs(on) =0
NOTES: NZF
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n-channel JFET
designed for . . .

® VHF/UHF Amplifiers
B Mixers
B Oscillators

1T0-92
See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
Drain-Gate Voltage . ................couvnvnnen. 25V 5
Source-Gate Voltage . ............... e 25V
Drain-Source Voltage. . . ........... ... civiiunn.. 25V s
Forward Gate Current. . ............ccovvinnnnn 10 mA
Total Device Dissipation at 25°C Ambient s
(Derate 3.27mW/°C). . ............coun. 360 mwW
Operating Temperature Range. ............ —565 to 135°C o
Storage Temperature Range. .. ............ —55 to 150°C oo
Lead Temperature Range s’
(1/16"" from case for 10seconds) . ............. 300°C Bottom View o9 ¢

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

—

Performance Curves NH
See Section 5

BENEFITS
® Specified for 200 MHz Operation

(-18)

1. Pulse test PW = 300 us; duty cycle < 3%.

Characteristic Min Max Unit Test Conditions
LU Gate R c il ML R 20V, Vpg =0
— ate Reverse Current = , =
51| 'ess 5] oA Gs os T =+86°C
T
Gate-Source Breakdown
3 | Al BVGss Voltage -30 lg=—-1uA,Vpg=0
T v
i Gate-Source Cutoff _ _
4 c VGSioff) Voltage -05 8.0 Vps =15V, ip=1uA
5 Ipss Saturation Drain Current 4.0 25 mA Vps = 16V, Vgs =0 (Note 1)
Drain-Source ON
6 rDS{on)  Registance 300 [} Ip=1mA,Vgs=0
7 afs Common-Source Forward 4,500 | 10,000 f=1kHz
Transconductance
Common-Source Forward
8 Retyss) Transconductance 4,00 "
umhos
Common-Source Output
9 |D Re(y ) Conductance 150 f =200 MHz
Y Vps =15V, Vgs=0
10 N Re Common-Source Input 800
Al Ctvig) Conductance )
M
. Common-Source Input
1|1 | Ciss Capacitance 60
c pF f=1MHz
12 c Common-Source Reverse 20
rss Transfer Capacitance :
13 3.0 Vps =15V, VGs=0,Rg=1K & f = 200 MHz
NF Noise Figure
14 5.0 a8 Vps=15V,VGs=0,RGg=1M 2, BW =56 Hz [ f=10 Hz
15 Gpg g:::mon-Source Power 15 Vps = 15V, Vgs = 0 £ = 200 MHz
NOTE: NH
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K210-18 K211-18 K212-18

g

Siliconix

n-channel JFETs
designed for . . .

® General Purpose Amplifiers

Performance Curves NZF
See Section 5

BENEFITS

e High Gain
Ggg = 7000 umho Minimum
{(K211-18, K212-18)

e High Input Impedance
Igss = 100 pA Maximum
Ciss = 5 pF Typical

TO-92 Lead-form

ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7

Gate-Drain or Gate-Source Voltage . . ............. -25v o
Gate CUITeNt. .. . ..o it ittt ittt 10 mA
Total Device Dissipation at 25°C Ambient G
(Derate 3.27mW/°C). ...ttt 360 mW s
Operating Temperature Range............. —55 to 136°C
Storage Temperature Range. . ............. —55 to 150°C
Lead Temperature Range s
(1/16" from case for 10seconds) .............. 300°C g
s L34 8
Bottom View
{(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
4210 4211 4212
Characteristic Unit Test Conditions
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
1]s|'Gss Gate Reverse Current {Note 1) -100 -100 -100| pA | Vps=0,Vgg=-15V
2| T|VGS(off) Gate-Source Cutoff Voltage -1 -3] -25 -4.5 -4 -6 v [ VDs =15V, Ip=1nA
3 : BVGss  Gate-Source Breakdown Voltage | -25 -25 -25 Vps=0,Ig=-1uA
41, |'oss Saturation Drain Current (Note 2 2 15 7 20 15 40 mA | Vpg=15V,Vgs=0
5[Cllig Gate Current {Note 1) -10 -10 -10 pA | Vpg=10V,Ip=1mA
6| o Common-Source Forward 4,000 12,000 | 7,000 12,000 | 7,000 12,000
_ Transconductance (Note 2} pmho §=1KHz
7|0 Common-Source Output 150 200 200
v [%0s Conductance
L Common-Source Input
8 ': Ciss Capacitance 4 4 .4 Vps=15V.Vgs=0
sltle Common-Source Reverse i 1 T pF f=1MH:
c rss Transfer Capacitance
. Equivalent Short-Circuit Input
= quiva - n _
10 *n Noise Voltage 10 10 10 /% f=1kHz
NOTES: NZF

1. Approximately doubles for every 10°C increase in TA.
2. Pulse test duration = 2 ms.

iconix
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n-channel JFET
designed for. ..

m VHF/UHF Amplifiers
B Oscillators

B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage .. ....... vee...—2BV
GateCurrent {FWD)......................... 10mA
Total Device Dissipation at 25°C Ambient

(Derate 3.27 mW/°C)............eetn.....360mW

Operating Temperature Range.............—55t0 135°C
Storage Temperature Range...............—551t0 1560°C
Lead Temperature Range

;4

Siliconix

Performance Curves NZF
See Section 5

BENEFITS

® High Power Gain
22 dB Typical at 100 MHz
Common-Source
17 dB Typical at 100 MHz
Common-Gate

® Low Noise
NF = 2 dB Typical at 100 MHz

® High Dynamic Range Greater than
100 dB

TO-92 Lead-form
See Section 7

D
G
s
G
m! o G
s 5

(1/16" from case for 10seconds) .............. 300°C
Bottom View
(-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Unit Test Conditions
Min | Typ | Max
1 s IGSs Gate Reverse Current (Note 1} -500 | pA Vg =-15V,Vpg=0
2] T VGS(offy Gate-Source Cutoff Voltage -1 -6 v Vps=10V,Ip=1nA
3 ¢ BVGSS Gate-Source Breakdown Voltage -25 Vps=0,Ig=-1uA
411 IDss Saturation Drain Current {Note 2) 6 30| mA | Vps=10V, Vgs=0
5|C VGs(f) Gate-Source Forward Voltage 1V IG=1mA,Vps=0
6 9fs Common-Source Forward Transconductance (Note 2) | 4,500 9,000
umho | VpG =10V, Ip=5mA| f=1kHz
_7_ D dos Common-Source Output Transconductance 200
8] v| Ciss Common-Source Input Capacitance 4 55
i N Crss Common-Source Reverse Transfer Capacitance 1 1.7 ] pF VpGg =10V, Ip=5mA|f=1MHz
10 Coss Common-Source Output Capacitance 1.5 )
1 6,200 f = 100 MHz
—1 H| Iyl Common-Source Forward Transcadmittance
2], 6,000 =450 MHz
— umho
13 6,000 f =100 MHz
— g | vtd Common-Gate Forward Transcadmittance Vpg=15V,Ip=5mA
14 R 5,500 f = 450 MHz
15| €| Gig Common-Gate Power Gain 17
—a —_— - - dB f = 100 MHz{Note 3)
16 NF Noise Figure {Single Sideband) 2
NOTES: NZF

1. Approximately doubies for every 10°C increase in TA.

2. Puise test duration = 2 ms.

3. Typical values for performance at 100 MHz in a common-gate circuit
operating 3 dB bandwidth is 2 MHz.
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K304-18 K305-18

iconix

n-channel JFETs
designed for. ..

® VHF/UHF Amplifiers
] Oscillators
B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

7__
Siliconix

Performance Curves NH

See Section

BENEFITS

® Characterized for Operation at 100
and 400 MHz

® Low Noise
NF = 1.7 dB Typical at 100 MHz

TO-92 Lead-form

See Section 7
Gate-Drain or Gate-Source Voltage . .. ........ Ny o
GateCurrent............ccovverninennena... 10mMA
Total Device Dissipation at 256°C Ambient G
(Derate 3.27 mW/°C). ... ... U, ..360mwW .
- o
Operating Temperature Range. . ...... .....—b51t0 135°C
Storage Temperature Range...............—551t0 150°C .
Lead Temperature Range ool
(1/16"* from case for 10seconds) ........... ...300°C .
e
Bottom View L
{-18)
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
e K304-18 K305-18
Characteristic Unit Test Conditions
Min | Typ | Max | Min | Typ | Max
1 $ 1Gss Gate Reverse Current {(Note 1) -100 -100| pA Vps=0,Vgs=-20V
-
_2} Al VGS(off) Gate Source Cutoff Voltage -2 6] -05 -3 v Vps=15V,ip=1nA
_:'L 'If BVGss Gate Source Breakdown Voltage -30 -30 Vps=0,Ig=-1uA
41c| 'bss Saturation Drain Current (Note 2) 5 15 1 8] mA Vps=15V,Vgs=0
Common-Source Forward
5 s Transconductance {Note 2) 4,500 7500 | 3,000
- umho f=1kHz
6D g Common-Source Output 50 50
y| o Transconductance
1IN Vps=16V,Vgs=0
1Al G Common-Source Input 35 a5
M 155 Capacitance i *
| Common-Source Reverse _
8[| Crss Transfer Capacitance 0.85 0.85 pF f=1MHz
Common-Source Output
8 Coss Capacitance 1.0 1.0
o] Common-Source Forward . 3,000 =100 MHz
1 9fs Transconductance 4,200 = 400 MHz
12 H1 Goss Common-Source Output 60 60 =100 MHz
1_3.1 \ Conductance 80 § = 400 MHz,
G
14 K 800 800 100 MHz
il Y} Common-Source Output _ .
=11 boss Susoeptance 3600 umho | Vp§ =15V, Vas =0 1= 400 MHz
—F Ll
18lRr| Common-Source Input 80 80 =100 MH2
17| €| s Conductance 800 = 400 MHz
—— Q ——
18lu b Common-Source Input 2,000 2,000 100 MHz
1o E| ™ Susceptance 7,500 f = 400 MHz
20|c Common-Source Power 20 =100 MHz
—y| G ; Vpg=15V,Ip=5mA |—————
51 Y| G Gain T - DS p=>m T= 400 MHz
2 | Noise Figure 1.7 Vps=15V, Ip =5mA, = 100 MHz
23 (Single Sideband) 3.8 RG = 1KQ f = 400 MHz
NOTES:
1. Approximately doubles for every 10°C increase in TaA. NH

2. Pulse test duration = 2 ms.
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n-channel JFETs -
designed for ...  feizmmegmreas

BENEFITS
B VHF/UHF Amplifiers ® Industry Standard Part

. In Low Cost Plastic Package
B Oscillators e High Power Gain

. 11 dB Typical at 450 MHz
= M'xers Common-Gate

® Low Noise
2.7 dB Typical at 450 MHz

SL-OLEX 81-60€X 8L-8OEN

* ABSOLUTE MAXIMUM RATINGS (25°C}) e Wide Dynamic Range
Drain-Gate Voltage . . ................. ceiie. .25V Greater than 100 dB
Source-Gate Voltage . . . . .... e A 25V ® Easily Matches to 75 2 Input
Forward Gate Current. . ...................... 10 mA
T | Device Dissi . 25°C bi TO-92 Lead-form
otal Device Dissipation at 25°C Ambient See Section 7
(Derate 3.27 mW/°C).............. ceee....360mW
Operating Temperature Range. . .......... .—b5 to 135°C
Storage Temperature Range. . . .. e —55 to 150°C D
G
Lead Temperature Range )
(1/16" from case for 10seconds) ..............300°C s .
s Bottom View
(-18) o G
s
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
e K308 K308 K310 I "
Characteristic T Ve v e Ve T i Tyo o Unit Test Conditions
1| levess S:":::““" Breakdown -25 -25 -25 v | 1g=-1uavpg-0
I -10 10 10| na [ veg--15v
—is GS .
3t Igss Gate Reverse Current = o o A Vps =0 Tonoee
1A
afr|vasiomn 3‘::;2:"'” Cutoft 10 65| -10 40 | 20 65] v | vpg=10v.ip=1na
—
5[ |ipss zz';:;‘:""‘:zg:"'") 12 60 12 30 2 60| ma | vps=10V,vgs=0
6| |vasi 3:::::“’“ Forward 10 10 10| v | vpg=0.1g=1ma
7| ot &::";‘:;‘i:;;::‘:’m 8,000 20,000 | 10,000 20,000 | 8,000 18,000
] Common-Source
8l [90s Output Conductance 200 200 200 Vos= 10V, =1 Kh:
—o umhos | 1p = 10 mA 2
M Common Sate Forward 13,000 13,000 12,000
10/ 505 gznmdmuggi‘:'e Output 150 100 150
—1 v
11c Jegy Sate-Drain 18| 25 18] 25 18 28
] apacitance pF Vps =0, f=1MHz
Ny -0V
12| [cgs g:;i::’:n'z: 43 50 43 50 43 5.0 Ves
A Equivalent Short-Circuit nV_ | Vps=10V, R
3] fen Input Noise Voltage 10 10 10 Uz | ip=10ma f=100 Hz
Common-Source Forward
M |Retveg) Transconductance 12 2 12
15| |Rey;y  common Gate Input 14 14 14
1—5- Hig Common-Source [nput 04 rmho
t lvig) Conductance 04 04
p— f =105 MHz
Common-Source Qutput Vpg =10V,
i : Retyos) Conductance 015 0.15 018 |DDf1o mA
Common-Gate Power
18 : Geg Gain at Noise Match e 6 18
19 NF Noise Figure 15 15 15 a8 m
. Common-Gate Power =
20| 1eg Gain at Noise Match " " n f = 450 MHz a'
21 NF Noise Figure 27 27 2.7 o
NOTE: NZA ;-.
1. Puise test PW 300 us, duty cycle < 3%. x

© 1979 Silicenix incorporated
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KK4416-18

icCoNnix

n-channel JFET

designed for . . .

m VHF Amplifiers
B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

g

Siliconix

Performance Curves NH
See Section

BENEFITS
® Low Noise
NF = 3 dB Typical at 400 MHz
o Wide Bandwidth
® |Low Cost

T0-92 Lead-form
See Section 7

1. Puise test duration = 300 us.

D
Gate-Drain or Gate-Source Voltage . . . . . e -30V
GateCurrent...........coiiiniiniiinnnn.. 10 mA e
Total Device Dissipation at 25°C Ambient s
(Derate 3.27 mW/°C)... ... 360 mW
Operating Temperature Range. ........... .—b5 to 1356°C
Storage Temperature Range. .............. —55 to 150°C
Lead Temperature Range G
(1/16" from case for 10 seconds) . ............. 300°C por= ! RS
s s
Bottom View
{(-18}
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 Iass Gate Reverse Current -1.0 nA VGgg=—-15V,Vps=0
2| 8| BVgss Gate-Source Breakdown Voltage -30 v tG=—14A, Vpg =0
3 I VGS{off) Gate-Source Cutoff Voitage -6 Vps=16V,Ip=1nA
4 Ipss Saturation Drain Current (Note 1) 5 15 mA
5 afs Common-Source Forward Transconductance (Note 1) | 4600 { 7500
— umho f=1kHz
6| b | %s Common-Source Output Conductance 50
— Vpg=16V,Vgs=0
- DS +VGS
71 Y1 Crss Common-Source Reverse Transfer Capacitance 1.0
g N Ciss Common-Source Input Capacitance 4 pF f=1MHz
9 Coss Common-Source Output Capacitance 2
- 100 MHz 400 MHz . .
Characteristic Win | Max Min ] Max Unit Test Conditions
10 Qiss Common-Source input Conductance 100 1000
11 bjss Commaon-Source Input Susceptance 2500 10,000
121 H Soss Common-Source Output Conductance 75 100 | umho
— ! Vps=15V,Vgg=0
13 boss Common-Source Output Susceptance 1000 4000
F Common-Source Forward Transcon-
‘ 4 ER 9fs ductance (Note 1) 4000
151 Q [ Gpg Common-Source Power Gain 18 10
———— dB Vps=18V,Ip=5mA
16 NF Noise Figure 2 4 Rg=1KQ
NOTE: NH

4-30

© 1979 Siliconix incorporated



n-channel JFET B

designed for. .. Performance Curves NH

® VHF/UHF Amplifiers BENEFITS

o ® Low Cost
" Mlxers ° Au::)matic Insertion Package
B Oscillators

TOoLiddW

TO-92

ABSOLUTE MAXIMUM RATINGS (25°C) Se0 Section 7
Drain-Gate Voltage . .............cciiiinvunnn.. 25V
Source-Gate Voltage . .. ........................ 25V
Drain-Source Voltage. . .. ....................... 25V
Forward Gate Current. . ...................... 10mA
Total Device Dissipation at 25°C Ambient

(Derate 3.27mW/°C)........cviii it 360 mw
Operating Temperature Range. .. .......... —-55 to 135°C °
Storage Temperature Range. . ... .......... —55 to 150°C
Lead Temperature Range ¢

(1/16" from case for 10seconds) . .......... ...300°C s

Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
U Gate R c 20 ia v 15V, Vpg =0
— ate Reverse Current == ' bl
2 s Gss 20 uA Gs bs Ta =+100°C
T Gate-Source Breakdown ' _
- Ig =~ A =
3 A BVGss Voltage 25 G=—10uA,Vps=0
— 5 v
Gate-Source Cutoff
. N = =
4 (l: VGS(off)  yoitage 8.0 DS=16V,Ip=2nA
5 lpss Saturation Drain Current 2.0 20 mA Vps =15V, Vgs = 0 (Note 1)
] VGs Gate-Source Voltage -0.5 ~71.5 v Vps =15V, ip =200 uA
Common-Source Forward o
7 8fs Transconductance 2000 7500 f=1kHz
Common-Source Forward
8l p| Retygs) Transconductance 1600
— v umhos
aln Re(Yos) gommon-Source Output 200 f = 100 MHz
onductance
— A Vps =15V, Vgg=0
M Common-Source Input
10 1 Retyis) Conductance 800
—c -
1 Ciss Com@on Source Input 7.0
Capacitance
— p s A pfF f=1MHz
ommon-Source Reverse
12 Crss Transfer Capacitance 3.0
NOTE: NH

1. Pulse test PW = 300 us; duty cycle < 3%.

b (Ve )]
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MPF108

iconix

n-channel JFET i
des,.gned for e o 0 Performance Curves NH

See Section 5
® VHF/UHF Amplifiers BENEFITS
® Low Cost
m Mixers ® Automatic Insertion Package
B Oscillators
TO92
See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C) ° Sectien
Drain-Gate Voltage .. ..........coivviiininnnnn. 25V
Source-Gate Voltage ... .........c.cvuiinneunnn. 25V
Drain-Source Voltage. . . ..............ccvuun... 25V
Forward GateCurrent. . ...............ccv..... 10 mA
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mW/°C). ..o 360 mW
Operating Temperature Range. ............ —55 to 135°C
Storage Temperature Range. . ............. -55 to 1560°C °
Lead Temperature Range o
(1/16"* from case for 10seconds) . ............. 300°C ¢ o®

Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 -1.0 nA
— { G R - = = _
2 ? GSS ate Reverse Current =10 oA Vgs=—-15V,Vpg=0 Tpa=+100°C
Gate-Source Breakdown
3|A|Bvgss Voltage -25 ig=-10uA, Vpg =0
T & v
411 |VGs(off) Gate-Source Cutoff Voltage 05 -8.0 Vps=16V,1p=10uA
5 ¢ IDss Saturation Drain Current 1.5 24 mA Vps=15V,Vgg =0 (Note 1)
Common-Source Forward
6] Jofs Transconductance 2000 7500
— f=1kH
7 Common-Source Output 7% 8
Jos Conductance
Common-Source Forward
8 b Relyss) Transconductance 1600 #mhos
Y Common-Source Output
of y|Relvos) oo o iree Suteu 200 Vps =15V, Vgs =0 f = 100 MHz
-—A
Common-Source Input
10|M .
: 1 Retyis) Conductance 800
c
Common-Source Input
1 .
1 [Ciss Capacitance 65
- F f=1MH
12 c Common-Source Reverse 25 P 2
rss Transfer Capacitance :
13 25 Vps=15V,Vgs=0,Rg=1MQ | f=1kH
—{ |NF Noise Figure dB DS Gs < z
14 3.0 Vps=15V,VGgs=0,Rg=1K Q f =100 MHz
NOTE: NH

1. Pulse test, pulse width = 300 us, duty cycle < 3%.

© 1979 Siliconix incorporated
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® Analog Switches

Lead Temperature Range

{1/16"" from case for 10 seconds)

ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-GateVoltage . . . ...............civuennn..
Source-Gate Voltage . .. .......covtinnnnnnenenns
Drain-Source Voltage. . .. ...............ccvutn.
ForwardGate Current. . ..........c..0ovuun.. e
Total Device Dissipation at 26°C Ambient

{Derate 3.27 mW/°C). . .. ..ot
Operating Temperature Range
Storage Temperature Range

n-channel JFET
designed for . ..

m General Purpose Amplifiers

360 mW

—55 to 135°C
—55 to 150°C

Performance Curves NRL
See Section 5

BENEFITS

® Low Cost
® Automatic Insertion Package

ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)

TO-92
See Section 7

7

Siliconix

1. Pulse test PW < 630 ms, duty cycle < 10%.

Characteristic Min Typ Max Unit Test Conditions
_L s|icss Gate Reverse Current -0.01 ~-1.0 nA Vgs=—15V,Vpg=0
2| 7T Gate-Source Breakdown
b, g =— =
? BVGSs Voltage 25 -60 v G 10 A, Vpsg =0
3| ;1VGs(off)  Gate-Source Cutoff Voltage -0.2 -80 Vpg =15V, Ip=10uA
4| clipss Saturation Drain Current 05 24 mA Vps =15V, VGgs = 0 (Note 1)
5 Common-Source Forward 800 6000
9fs Transconductance
'—6— D P s o umho f=1kHz
ommon-dSource Qutput
Y {9os Conductance 10 I
—q{ N Vpg=15V,Vgs =0
71 a Common-Source Input
Ciss : 45 7.0
M Capacitance
] pF f=1MHz
g|! c Common-Source Reverse 10 3.0
C |>rss Transfer Capacitance ” :
o Vpg =15V, VGgg =0, -
9 NF Noise Figure 0.04 2.5 dB Rg = 1M 2 f=1kHz
NOTE: NRL
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MPF111

iconix

n-channel JFET

designed for. ..

B General Purpose Amplifiers
B Analog Switches

ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Gate Voltage . .......................... 20V
Source-Gate Voltage . . ..........ccoivvivinrenn. 20V
Drain-Source Voltage. . . . .. ......ciiviinnnnnn 20V
Forward Gate Current. . ...........cvinervinnn 10 mA
Total Device Dissipation at 26°C Ambient

(Derate 3.27 mW/°C). .. ..., 360 mw
Operating Temperature Range. . ........... —55 10 135°C
Storage Temperature Range. .. ............ —55 to 150°C
Lead Temperature Range

(1/16" from case for 10seconds) .............. 300°C

Performance Curves NRL
See Section 5

BENEFITS

® [ow Cost
® Automatic Insertion Package

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

;4

Siliconix

T0O-92
See Section 7

Bottom View

1. Puise test PW < 630 msec, duty cycle < 10%.

Characteristic Min Typ Max Unit Test Conditions
1_‘ $ 1Gss Gate-Reverse Current -.01 ~100 nA VGgs=-10V,Vpg=0
2] A|BVGgss Gate-Source Breakdown Voltage -20 v Ig=-10uA,Vps =0
3 T VGsioff) Gate-Source Cutoff Voltage ~0.5 -10.0 Vps =10V, Ip=1pA
4|C Ipss Saturation Drain Current 05 20 mA Vps =10V, Vgs =0 {Note 1)
5| p|oss Common-Source Forward Transconductance 500
-y umho f=1kHz
6| n | 90s Common-Source Output Conductance 10
- Vps=10V,Vgs =0
7 a Ciss Comman-Source Input Capacitance 45
8 ! c Common-Source Reverse Transfer 10 pF f=1MHz
C| s Capacitance :
NRL
NOTE:
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n-channel JFET B
dGSigned for o o o Performance Curves NH

See Section 5

CllidW

m VHF/UHF Amplifiers BENEFITS

. e | ow Cost
® Mixers ® Automatic Insertion Package
B Oscillators

TO-92
See Section 7

ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Gate Voltage . . .....coiiiiinrnerenninnenn 25V

Source-Gate Voltage ... ...........iivvinnrennn 25V

Drain-Source Voltage. . ..............ciivvrian, 25V

Forward Gate Current. . . .........ccvvivvennns 10 mA

Total Device Dissipation at 26°C Ambient

(Derate 3.27mW/°C). ..o ii it e 360 mW o

Operating Temperature Range. .. .......... —556 to 135°C

Storage Temperature Range. .. ............ —55 to 160°C e

L.ead Temperature Range

G
s
(1/16" from case for 10seconds) .............. 300°C G
s

Bottom View
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Typ Max Unit Test Conditions
1 Igss Gate Reverse Current -0.01 ~100 nA Vgs =—-10V,Vpg =0
2| s{Bvass S::S:urce Breakdown _25 1 =-10 4A, Vpg = 0
1T 9 v
A Gate-Source Cutoff
3 1| VGSstott) Voltage 05 -10.0 Vps =10V, ip =1uA
!
4|c |lpss Saturation Drain Current 1 25 mA Vpg =10V, Vgs = 0, (Note 1)
Common-Source Forward
5 8ts Transconductance 1000 7500 f=1khz
umho
Common-Source Forward _
Re(y“) Transconductance 800 f=100 MH:
D Vps=10V,Vgg=0
7lvlc Common-Source Input 35
S Capacitance :
—— P s Fl pF f=1MHz
ommon-Source Reverse
8 Crss Transfer Capacitarice 085
NOTE: NH

1. Pulse test PW = 300 us, duty cycle < 3%.

XIUOi
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P1086 P1087
P1086-18 P1087-18

p-channel JFETs
designed for. . .

Siliconix
Soc Seaon s e S
® Analog Switches
m Choppers
B Commutators

BENEFITS

® Low Insertion Loss
Rps(on) =752 Maximum (P1086E)

® No Offset or Error Voltages Generated
by Closed Switch
Purely Resistive

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage (Note 1)......... 30V 3.;9223520., 7
GateCurrent..................c.civuvua.... BOMA
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mW/°C). .. .. ..ot 360 mW
Operating Temperature Range. . ........... —55 to 135°C
Storage Temperature Range. . ............. ~55 to 150°C
L.ead Temperature Range 5
(1/16" from case for 10seconds) ............ ..300°C
G 6
D ®
s

Bottom View Bottom View

. (-18
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) !
gt P1086 P1087 . L
Characteristic Min Max | Min Wiax Unit Test Conditions
Gate-Source Breakdown
Ig=1 =
1 BVGss Voltage 30 30 A G uA,Vpg=0
2 Igss Gate Reverse Current 2 2 A Vgg=15V,Vpg=0
-_+ n :
3 —10 -10 Vps =-15V, Vgg = 12 V (P1086E)
. DS VGS
— | Drain Cutoff Current
4l s Dloth) -05 05 | uA |Vas=7V (P1087E) Ta =85°C
A . 2 2 nA __ _ .
5 -:- Ipgo  Drain Reverse Current X o1 uA VDG ="15V.Is=0 TA=85°C
6] C| VGs(off) Gate-Source Cutoff Voitage 10 5 v Vpg==-15V,ip =~1 »A
7 Ipss Saturation Drain Current -10 -5 mA |Vps=-20V,VGgs =0
8 VDs(on) Drain-Source ON Voltage 0.5 0.5 VGs =0, Ip =—6 mA (P1086E), Ip = -3 mA (P1087E)
Static Drain-Source ON - -
9 'DS(on)  Registance 75 150 2 Ip=-1mA,Vgg=0
10 rds{on) Drain-Source ON Resistance 75 150 Q p=0,VGgs=0 f=1kHz
bl . Common-Source Input . _ _
1] vy Ciss Capacitance 45 45 Vpg=-16V,Vgs =0
—IN pF f=1MHz
12 c Common-Source Reverse 10 10 Vps =0,Vgs = 12 V (P1086E)
rss Transfer Capacitance Vgs =7V (P1087E)
13| s | td(on)  Turn-ON Delay Time 15 15 Vpp=-6V,VGsion) =0
14 VIV tr Rise Time 20 75 VGS{off) ID{on) Ry
— ns
15 Z td(off)  Turn-OFF Delay Time 15 25 P108GE 12v -6 mA 910
16| H| t Fall Time 50 100 P1087E 7V —-3mA 1.8k Q
NOTE: PS

1. Due to symmetrical geometry, these units may be operated with
source and drain leads interchanged.

iconix
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n-ChCInne| JFE I S Siliconix
°
designed for oo surves NC
e o o See Section 5
BENEFITS ‘
. .
B Analog Switches ® Low Insertion Loss
High Accuracy in Test Systems
® Commutators RoN < 30 & (PN4091)
® High Off-Isolation
® Choppers ID(off) < 200 pA
[ ® High Speed
B Integrator Reset Switch trise < 10 ns (PN4091)
® Short Sample and Hold Aperture Time
o Crss <5 pF
ABSOLUTE MAXIMUM RATINGS {25°C)
. TO-92
Reverse Gate-Drain or Gate-Source Voltage......... -40V See Section 7
GateCurrent ................0vveninvenne... 10mMA o
Total Device Dissipation at 256°C Ambient
(Derate 3.27 mW/°C). .. ... e 360 mwW .
Operating Temperature Range. . ........... —55 to 135°C
Storage Temperature Range. . .. ........... -55 to 150°C s
Lead Temperature Range a °
{1/16" from case for 10 seconds) . ........ .....300°C s bl
=}
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted) Bottom View
» PN4091 PN4092 PN4093
Characteristic Unit Test Conditions
Min | Max | Min | Max | Min | Max
_1‘ BVGss Gate-Source Breakdown Voltage -40 -40 -40 \ IG=-1uA,Vpsg=0
2] \ Orain B c 200 200 200 | pA Ve - 20V, (=0
—3— DGO rain Reverse Current 200 200 200 | oA GS = - g = 150°0
4 200 | pA
=1 VGs =~ BV [T
5] 400 | nA 150°C
i{ 1 Drain Cutoff C: 200 A Ly 20V ]| v 8V
1t t = = —
Kl s Dloff} rain Cutoff Curren 200 A DS GS 150°G
2 I‘ 200 pA vGs=-12V
o7 400 nA 68712V Heooc
10| ¢ | VGs(off) Gate-Source Cutoff Voltage -5 -10 =2 -7 -1 -5 v Vps=20V,Ip=1nA
1| [ioss  paration Drain Current 30 15 8 mA | Vps=20V,Vgs=0
12| 0.2 Ip =2.5 mA
_1_3_ VDS{on)} Drain-Source ON Voltage 0.2 v Vgs=0 D=4 mA
14 ] 0.2 Ip = 6.6 mA
15 rDS(on)  Static Drain-Source ON Resistance 30 50 80 Q Vgs=0,ip=1mA
16 rds{on} Drain-Source ON Resistance 30 50 80 Q VGgs=0,1p=0 f=1kHz
17 e Ciss Common-Source Input Capacitance 16 16 16 oF Vps=20V,Vgs=0
b f=1MHz
N Common-Source Reverse Transfer - -
18 Crss Capaitance 5 5 5 Vps=0,Vgs=-20V
19 tdion)  Turn-ON Delay Time 15 15 20 VpD =3V, Vasion} =0
—s - ID(on) VGS(off) RL
20 w]t Rise Time 10 20 40 | ns | pN4091 66mA -12V 4250
21 toff Turn-OFF Time 40 60 80 PN4092 4 -8 700
PN4093 25 -6 1120
Vop NC
INPUT PULSE SAMPLING SCOPE
NOTE: Ry RISE TIME < 1ns RISE TIMEO.4 s
1. Pulsewidth = 300 us, duty cycle < 3%. D Vour FALLTIME <1ms INPUT RESISTANCE 10M
ViN PULSE WIDTH 1 s INPUT CAPACITANCE 1.7 pF
s PULSE DUTY CYCLE < 10%
= PULSE GENERATOR IMPEDANCE 5082

© 1979 Siliconix incorporated
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PN4302 PNA4303 PN4304

PN4302-18 PN4303-18 PN4304-18

iconix

n-channel JFETs
designed for . ..

B General Purpose Amplifiers

o
Siliconix
Performance Curves NP
See Section 5

BENEFITS

® lLow Cost
® High input Impedance
IG = 35 pA Typically
® Low Noise
€n = 5 nVA/Hz Typically @ 1 kHz

TO-92
o See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
D
Gate-Drain or Gate-Source Voltage (Note 1) ... .. .. 30V
Gate Current . ........ .. 50 mA e
Total Device Dissipation at 25°C Ambien .
(Derate 3.27 mW/°C). . ... e e 360 mW
Operating Temperature Range., ............ —565 to 135°C
Storage Temperature Range. .. ......... ..~55 to 150°C
Lead Temperature Range
{1/16"" from case for 10 seconds) ......... .....300°C S e o9 ¢
[}
<] [
s D=
D s
Bottom View Bottom View
-18)
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
02 PN43
Characteristic M:‘NAS Mox M:'N4 30:'“ i o:/lax Unit Test Conditons
1 1 -1 -1 nA
s Ves=-10V b
7'1 T Igss Gate Reverse Current (Note 2} o "y oA A VDs =0 Ta=85C
3 'II'\ BVGss Gate-Source Breakdown Voltage -30 -30 -30 v tg =—1uA, Vpg =0
4 ' VGs(off) Gate-Source Cutoff Voltage —4.0 6.0 -10 Vpg =20V, Ip =100A
5 ¢ lpss Saturation Drain Current {Note 3) 05 50 40 10 05 15 mA
Common-Source Forward
& gfs Transconductance {Note 3) 1000 2000 1000
— umhbo f=1kHz
Common-Source Qutput
7 Jos Conductance 50 50 50 Vps =20V,
D Common-Source Reverse Transfer Vgs=0
8 Y Crss Capacitance 3 3 3
N Common-Source Input Capaci- f=1MHz
9 1A Cig 6 6 6] pF
M tance
[} =
10 cl Coa Drain-Gate Capacitance 2 2 2 :/SDED v, =140 kHz
. . Vps =10V, f=1kHz,
il NF Noise Figure 2.0 2.0 3.0 dB Vs =0 Rgen = 1.0M 2
Common-Source Short Circuit Ve = 20 V
12 Ivts! Forward Transadmittance 700 1400 700 umho VDS -0 ! f=10 MHz
(Note 3) Gs
NP
NOTES:

1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged.

2. Approximately doubtes for every 10°C increase in Ta.
3. Pulse test duration = 2 ms.
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n-channel JFETs

designed for ..

5 3

Siliconix

Performance Curves NC

¢ See Section
® Analog Switches BENEFITS
B Commutators : Low Insertion Loss
No Offset or Error Voltages Generated
= Choppers by |:'Jlosed Sw_itqh
urely Resistive
High lIsolation Resistance from
Driver
® Low Cost
ABSOLUTE MAXIMUM RATINGS (25°C) T0-92
See Section 7
Reverse Gate-Drain or Gate-Source Voltage ......... —40V
Forward Gate Current. . ... ................... 50 mA
Total Device Dissipation at 25°C Ambient
(Derate 3.27 mMW/°C). .ot 360 mw °
Operating Temperature Range. . ........... —55 to 135°C
Storage Temperature Range. . ............. —55 to 150°C @ 95 ¢ s
Lead Temperature Range s t-18)
(1/16"" from case for 10seconds) .............. 300°C 6 ‘;
R r—o
D s
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom Visw Bottom View
Characteristic PN4391 PN4392 PN4393 Unit Test Conditions
Min Max Min Max Min Max
! lgss Gate Reverse Current 10 19 71.'0 nA Vgs =20V, Vpg =0
2 -200 -200 —200 100°C
3 BVGss Gate-Source Breakdown Voltage —40 —40 —40 v Ig=-1uA,Vpg=0
4 1.0
5 200 Ves =SV M ogc
Els ID(aff) Drain Cutoff Current L nA | vpg=20v{ vgg=-7V
74T 200 100°C
8 ': 1.0 B
9 | 200 Ves =12V e
10 | C VGSioff) Gate-Source Cutoff Voitage —-4 -10 -2 -5 | 05 -3 Vv Vps=20V,.ip=1nA
1" Ipss Saturation Drain Current {Note 1) 50 150 25 5 5 30 mA Vpg=20V,Vgg=0
12 04 Ip =3 mA
13 VDs{on) Drain-Source ON Voitage 0.4 v Vgs =0 Ip = 6 mA
14 04 Ip =12 mA
15 DS {on) Static Drain-Source ON Resistance 30 60 100 2 Vgs=0,Ip=1mA
16 Tds{on) Drain-Source ON Resistance 30 60 100 Q Vgs=0,Vps=0 f=1kHz
17 & Common-Source Input Capacitance 14 14 14 Vpg =20V, Vgs =0
- b Common-Source Reverse Transfer = a8 -8
19 | y[Cres Copacitance ¢ 35 pF Vps =0 Vgs = -7V f=1MHz
20 |N 35 Vgg=-12V
21 tdion) Turn-ON Delay Time 15 15 15 Vpp =10V, Vgs(on) =0
22 t Rise Time 5 5 5 IDlon)  VGslof)  RL
ns PN4391  12mA  -12V 800 Q
23 | s|talots) Turn-OFF Delay Time 20 35 50 PN4392 & -7 1.6K
24 W] Fall Time 15 20 30 PN4393 3 -5 3.2K
NC
NOTE:

1. Pulse test required, pulse width = 300 us, duty cycle < 3%.
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PN4416

Helalgl)'d

n-channel JFETs
designed for . . .

B VHF Amplifiers
B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

g

Performance Curves NH
See Section 5

BENEFITS
® Low Noise

NF = 3 dB Typical at 400 MHz
¢ Wide Band

High g¢,/Cjss Ratio

Gate-Drain or Gate-Source Voltage . .. ............ —-30V sgeg’;in ;
GateCurrent................cccvvnennn ... 10MA
Total Device Dissipation at 25°C Ambient o
{Derate 3.27 mW/°C).................... .. 360 mW
. Q
Operating Temperature Range. ...... ......—bb 1o 135°C G
(=3
Storage Temperature Range. . ............. —b5 to 1560°C .
Lead Temperature Range
o
(1/16" from case for 10seconds) .............. 300°C . 4
s o
D
Bottom View
Characteristic Min Max Unit Test Conditions
1
--T‘ IGss Gate Reverse Current 1.0 nA Vs =-15V,Vpg=0V
2
3 ; BVGass Gate-Source Breakdown Voltage -30 Ig=-1uA Vpg=0V
—T \
|
4 |C| VGS(off) Gate-Source Cutoff Voltage -6 | Vps=15V,Ip=1nA
5 1DSS Saturation Drain Current (Note 1) 5 15 mA
6 o |9 Common-Source Forward Transconductance 4500 { 7500 wroho f=1kHz
7Y 90s Common-Source Output Conductance 50
—{N Vps=15V,Vgg=0V
8 |A] Crg Common-Source Reverse Transfer Capacitance 0.8
—— M
911 Ciss Common-Source Input Capacitance 4 pF f=1MHz
—c
10 Coss Common-Source Output Capacitance 2
Characteristic 100 MHz 400 MHz Unit Test Conditions
Min Max Min Max
11 [H) 9 Common-Source Input Conductance 100 1000
12 é bjss Common-Source Input Susceptance 2500 10,000
H
Common-Source Output
13 . Aoss Conductance 5 100 | umho VDS =15V, vgs =0V
R
Common-Source Output
14 g boss Susceptance 1000 4000
v
Common-Source Forward
5 'E\| s Transconductance 4000
16 s Gps Common-Source Power Gain 18 10 B Vps=15V,ip=5mA
17 NF Noise Figure 2 4 Vps=15V,Ip=5mA,RGg = 1K Q
NH
NOTES:

1. Pulse test duration = 300 us.
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designed for. ..

n-channel JFET i

L]
B Low and Medium Frequency BENEFITS
o g
Amplifiers ® Low Cost
o TO-92
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 7
Gate-Drain or Gate-Source Voitage . . ............. —25V b
Gate Current{FWD})....... e 10 mA
Total Device Dissipation at 25°C Ambient G
{Derate3.27 mW/°C). .. ....... ...l 360 mwW .
. O
Operating Temperature Range. . .. ......... —55 to 135°C
0
Storage Temperature Range. . .. ........... —55 to 150°C
Lead Temperature Range N
(1/16"" from case for 10seconds) . ............. 300°C o
S
°]
Bottom View
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
Characteristic Min Max Unit Test Conditions
1 -10] nA L _
3l igss Gate Reverse Current o6] uA Vgg=—-16V,Vpg=0 _—_TA -85°C
T]
_3]a|BVGss  Gate-Source Breakdown Voltage -25 I =—10uA, Vpg=0
4 ':' VGS(off) Gate-Source Cutoff Voltage 04| 80| V |Vpg=15V,ip=1uA
5lc|Ves Gate-Source Voltage ~7.5 Vps =18V, Ip =100 uA
6 Ipss Saturation Drain Current 1.0 40| mA | Vps=15V,Vgs=0
71 |rdsion) Drain-Source ON Resistance B00| 2 | Vgs=0,Ip=0
Common-Source Forward
8| |ofs Transconductance 2000 9000 f=1kHz
9 pl9os Common-Source Output Conductance 200 | umho
Y Common-Source Forward
10 ': 9ts Transconductance 1800 Vps=18V.Vgg=0
11 ﬁ Ciss Common-Source input Capacitance 20 f=1MHz
! c s R Transt PF
ommon-source Reverse lransfer
12 [cCres Capacitance 50
13 NF Common-Source Spot Noise Figure 30% dB Rg =150k f=1kH
— = z
14| fan Equivalent Short Circuit Input Noise 50 nv | Vbs=15V.Ip=1mA NBW = 150 Hz
Voltage VHz

*JEDEC registered data

© 1979 Siliconix incorporated
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u1837

Siliconix

n-channel JFET
designed for. ..

B VHF/UHF Amplifiers
B Mixers
B Oscillators

Performance Curves NH
See Section 5

BENEFITS
o Specified for 200 MHz Operation

iconix

TO92
o See Section 7
ABSOLUTE MAXIMUM RATINGS (25°C)
Drain-Gate Voltage . . .......................... 30v b
Source-Gate Voltage . ..........c.oiviiirennnnn.. 30v
Drain-Source Voltage. . .. ................c0oounn, 30v .
Forward Gate Current. ................c.uu... 10 mA
Total Device Dissipation at 25°C Ambient s
(Derate 3.27 mW/°C). .. ...o vt i 360 mW
Operating Temperature Range. . ........... —-55 to 135°C
Storage Temperature Range. . ............. —-55 to 150°C G
Lead Temperature Range s s ¢
1 :]
(1/16" from case for 10seconds) .............. 300°C °
Bottom View
ELECTRICAL CHARACTERISTICS {25°C unless otherwise noted)
Charactaristic Min Max Unit Test Conditions
LA Gate R c il LI I 20V, Vpg =0
ate Reverse Current =— . =
2 | s| 58 5] oA @s Ds Ta=+86°C
T
Gate-Source Breakdown _ -
3 ? BVGss Voltage -30 y lg=~14A,Vpg=0
i Gate-Source Cutoff - _
4 c VGSs(off) Voltage -05 —-8.0 Vps=15V,Ip=14xA
5 Ipss Saturation Drain Current 4.0 25 mA Vpg =15V, VGs =0 (Note 1)
Drain-Source ON _ _
6 fOSlom  Resistance 300 @ Ip=1mA,Vgs =0
7 ofs Common-Source Forward 4,500 | 10,000 f=1kHz
Transconductance
Common-Source Forward
8 Retys) Transconductance 4,000
Ci -S Output umhos
D ommon-Source Qutpu =
9 v Re(y ) Conductance 150 f = 200 MHz
Vps=15V,VGgs =0
10 N Re Common-Source input 800
A| "8 conductance
M
. Common-Source tnput
1|1 | Ciss Capacitance 6.0
c pF f=1MHz
12 c Common-Source Reverse 20
. rss Transfer Capacitance .
13 3.0 Vps=15V,VGs=0,Rg =1K @ £ = 200 MHz
NF Noise Figure
14 801 o | VDS=18V.VGs=0.RG=1MQ,BW=6Hz |f=10Hz
15 | |Gps gommon-Source Power 15 Vps =16V, Vgs =0 f = 200 MHz
NOTE: NH

1. Pulse test PW = 300 us; duty cycle < 3%.
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-channel JFETs B
n Siliconix
°
designed for . . . Performance Curves NC
See Section 5 .
.
B Analog Switches BENEFITS
® Low Insertion Loss
m Choppers RpSfon) < 30 2 (U1897E)
e No Error or Offset Voltage Generated
B Commutators .
by Closed Switch
Purely Resistive
ABSOLUTE MAXIMUM RATINGS (25°C)
TO-92
Gate-Drain or Gate-Source Voltage . . .............—40V See Section 7
GateCurrent..........civvverernenerasne... TOMA
Total Device Dissipation at 25°C Ambient '
(Derate 3.27 mW/°C).......... Ceieiie.e...360mW
Operating Temperature Range.............—551t0 135°C
Storage Temperature Range. . ............. —55 to 1650°C
Lead Temperature Range ° 55 ¢ oy
(1/16"" from case for 10 seconds) ..............300°C {-18)
G G af{no
. s ] D
D s -]
a3 - iaw Bot Vi
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) ot ¥ om e
- U1897 01898 U1899 - -
Characteristic i T Wax | #in T Max | ™in | Max Unit Tast Conditions
1 BVGSS Gate-Source Breakdown Voltage —40 —40 —40 Ig=-1pA,Vpg=0
2 BVpGO Drain-Gate Breakdown Voltage 40 40 40 \'s Ig=—1uA,lg=0
3 BVsGo Source-Gate Breakdown Voltage 40 40 40 Ig=—-1uA,Ip=0
4] Igss Gate Reverse Current -400 —400 -400 VGg =-20V,Vps =0
5 Ipco Drain-Gate Leakage Current 200 200 200 Vpg=20V,Ilg=0
— A
6| s|lsGco Source-Gate Leakage Current 200 200 200 | ° Vgg=20V,Ip=0
71 T 200 200 200 Vps =20V, VGgs=-12 V (U1897E)
—-{ Alipotn Drain Cutoff Current VGs = -8 V (U1898E)
sl T 10 10 10 nA | yge =6 V (U1899E) |TA=85°C
—_—
9| ¢ | VGs(off)  Gate-Source Cutoff Voltage -5.0| -10|-2.0| -7.0|-10| 50| V ]|Vpg=20V,Ip=1nA
Saturation Drain Current _
10 Ipss (Note ) 30| 15 80 mA | vps=20V,vgs=0
Vgs =0, Ip = 6.6 mA (U1897E)
1" Vpsion) Drain-Source ON Voltage 0.2 0.2 0.2 \ Ip = 4.0 mA (U1898E),
Ip = 2.5 mA (U1899E)
Static Drain-Source ON
12 rpSion) Resistance 30 50 80] & |Ip=1mA,VGgg=0
13 Coe Drain-Gate Capacitance 5 5 VpG=20V,Ig=0
14 CsG Source-Gate Capacitance 5 5 Vgg=20V.,Ip=0
5 Common-Source Input pF f=1MHz
15| D | Ciss Capacitance 16 16 16
—_ Y P s n Vps=20V,Vgs=0
N ommon-Source Reverse
16 A Crss “Transfer Capacitance 35 35 35
17 "'/' td{on) Turn ON Delay Time 15 15 20 Switching Time Test Conditions
18] ¢ 1t Rise Time 10 20 40 | ns U1897E  U1BSBE  U1899E
— Voo 3v 3v 3V
VGSion} 0 o 0
] v -12v -8V -V
Turn- 4 ) GS(off)
19! toff urn-OFF Time 0 60 8 AL 2430 9 200 & 1100 @
IDlon) 6.6 mA 4amA  25mA
NOTE: NC
1. Pulse test puisewidth = 300 us; duty cycle < 3%.
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u1994

iconix

n-channel silicon JFET

designed for . . .

& VHF Amplifiers
B Mixers

ABSOLUTE MAXIMUM RATINGS (25°C)

Gate-Drain or Gate-Source Voltage . . ............. -30V
Forward Gate Current........ e ... 10mA
Total Device Dissipation at 25°C Ambient

(Derate 3.27mW/°C). .........coiiiennn, 360 mwW
Operating Temperature Range. ............ —55 to 135°C
Storage Temperature Range. . ............. —55 to 150°C
Lead Temperature Range

(1/16" from case for 10seconds} .............. 300°C

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

5
Siliconix
Performance Curves NH

See Section 5

BENEFITS

® Low Noise
NF = 3 dB Typical at 400 MHz
® Wideband
High G¢¢/Cjss Ratio
o Specified for Operation at 400 MHz

D
G
s
G
s
D

Bottom View

T0-92
Sbe Section 7

Characteristic Min Max Unit Test Conditions
L Gate Reverse C 199 L PR 1y gs=-20V, Vpg =0
ate Reverse Current = s = —
2| g| 58 10 ] oA | O oS Ta=100°C
3 ; BVgss Gate-Source Breakdown Voltage -30 \ Ig=-1uA,Vps=0
4 'lf VGs(off) Gate-Source Cutoff Voltage -6 v |vps=15Vv,ip=1nA
5/C|vgs Gate-Source Voltage -10] 55 \ Vps =16V, Ip = 600 uA
6] |lpss Saturation Drain Current (Note 1} 5 15 mA |Vps=156V,Vgg=0
71D| gfs Common-Source Forward Transconductance (Note 1) | 4500 | 7600 | umho f=1KH
= rs
8 hY‘ 9o Common-Source Qutput Conductance 50 | umho
9| A| Crgs Common-Source Reverse Transfer Capacitance 1 pF lvpg=15V,Vgg=0
10 ':n iss Common-Source Input Capacitance 4 ¢ f=1MH
P = z
11C | Coqs Common-Source Qutput Capacitance 2
. 100 MHz 400 MHz . o
Characteristic Min Max Wi Max Unit Test Conditions
12 | giss Common-Source Input Conductance 100 1000 | umho
13] | biss Common-Source Input Susceptance 2500 10,000 | umho
tal Bl -
I Common-Source Output Vie =16V, Vas =0
14171 goss Conductance s 100 | wmho | VDS VG
15 ; boss Common-Source Output Susceptance 1000 4000 | umho
E Common-Source Forward Transcon-
16jq| 97 ductance (Note 1) 4000 pmbo
171 | Gpg Common-Source Power Gain 18 10 d8 |Vpg=18V,Ip=8mA
18 NF Noise Figure - 2 4 dB [Vpg=16V,Ip=5mA,RGg=1K Q
NOTE: NH

1. Pulse test duration = 300 us.
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BODY ALSO BACKSIOE CONTACT

o]
10.076)
(0.635)

ALL DIMENSIONS IN INCHES
TALL DIMENSIONS IN MILLIMETERS)

enhancement-type
p-channel MOSFET
designed for

s Analog and Digital Switching
s General Purpose Amplifiers

»  Smoke Detectors

TYPE PACKAGE
Single TO-18
Single TO-72
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristics
-50

Vgs=0 Vs = -20V

o

ri

-18v 4

%

\fz
\

/
(/
/l

(Y

ID(ON) ~ DRAIN ON CURRENT {mA)

)1

|

1D{ON} — DRAIN ON CURRENT (mA}

=10 -20

-40 -50

Vps ~ DRAIN-SOURCE VOLTAGE (VOLTS)

Low-Leve! Qutput
Characteristics

Common-Source, Short-Circuit,

¥fs ~ FORWARD ADMITTANCE (umhos}

5 V=t | vas- v ]
£ _goo| vBS g8 = 10V~ /)
Z AN//%
3 800 > L
= -7V ~J4 /
é -400 8V, 5V —
£ w0 g
2 -4av
g 0
Z 200
<
[ ValV.,
o /00 r g
i
5 600 Z
g /
] /[

1000

04 02 0 -02 -04

Vps ~ DRAIN-SOURCE VOLTAGE (VOLTS)

Common-Source, Short-Circuit,

Output Admittance vs
Drain Voltage

10K ———% 1000
= Vgg=0 z FE H
] Fvos=-16v
5 \ f=1MHz .'é :v§§=o T4
5 \ I 3 | = TkHz A
w
g ﬁ—% z ™
g T t = — - -
t N 7 I = 1
H] ~ A E— = H in
=] . Ip{ON) = -10 mA <
2 T =
2 100 2 10
— == 13 H
3 a ; = 3 - i H‘
L F.ioiom - 1omaA 5 i
> I —— > ]
0 | 1 1.0
o 5 -10 -15 -20 -2 -30 0.1 -10 -10 -100

Vps — DRAIN-SOURCE VOLTAGE (VOLTS)

g

s

&
8

~N
S

10K
|- vos=-15v i I
|- vgs=0 t
£ =1 khz L Ta=+25°C
13 g
[ Ta =+125°C T
1 1 i
100 =
il = =
I i
THr
Il
10
-0.01 -0.1 1.0 -10

Common-Source, Short-Circuit,

g5

Siliconix

BENEFITS:

® High Gate Transient Voltage Break-
down Eliminates Need for Gate
Protective Diode

Ultra-High Input impedance

Low Leakage

Normally OFF

PRINCIPAL DEVICES

MFE823
3N163-64
3N163-64CHP, MFE823CHP

Transfer Characteristic

T 1T
VDS = VGs
" ves=0

2

] -4 -8 -12 -16 -20

VGS - GATE-SOURCE VOLTAGE (VOLTS)

Forward Transadmittance vs
Drain Current

ID(on) — DRAIN ON CURRENT {mA)

QOutput Admittance vs
Drain Current

D {on) — DRAIN ON CURRENT (mA)
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MRA

iconix

PERFORMANCE CURVES (Cont’d) {25°C unless otherwise noted)

Drain-Source ON Resistance vs

100K

3
=

(DS(ON) ~ STATIC DRAIN-SOURCE
ON RESISTANCE (OHMS)
8
=9

30
27
24
21
1.8
5
12

CAPACITANCE (pF}

0.8
0.6

Gate-Source Voltage

Ip=100A ]
Vps =l0:‘ﬂ

Il

118
1\

=
~ TA=+125°C
A= +25°C = B

| | ]

0 -2 4 -6 -8-10-12-14-16 -18 -20

VGS - GATE-SOURCE VOLTAGE (VOLTS}

Capacitance vs Gate-Source

0.3

Voltage
!
Ciss
/ vps=-15V _J
Coss Vas=0
W f=1MHz
Crss
2 X Tz -6 20

VG§ -~ GATE-SOURCE VOLTAGE (VOLTS)

In(offy/'s(0FF)~ DRAIN/SOURCE

Vps — DRAIN-SOURCE VOLTAGE {VOLTS]

CUTOFF CURRENT (nA)}

Low-Level ON Drain-Source
Voltage vs Gate-Source Voltage
25

10=0.1mA
1
20 -
Ip=1.0mA ID=10mA
18
10

0 -2 -4 -6 -8 -10-12 -14 -16 -18 -20
V@S - GATE-SOURCE VOLTAGE (VOLTS)

Drain-Source Leakage Current vs

Temperature
101

O [T5totf) -VGS = Vps = 0, VDS = -20V
istott) - VGD = VBD = 0. VSD = -20 V,
]

10 30 50 70 9 110 130 150
TEMPERATURE - °C
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GATE 15 BACKSIOE CONTACT

2.004
002t 70.132)

10.833)

ALL DIMENSIONS IN INCHES
FALL DIMENSIONS IN MILLIMETERS)

n-channel JFETs
designed for

w  Analog Switches

«  Commutators
w  Choppers
® Integrator Reset Switch
TYPE PACKAGE
Single TO-18
Dual TO-71
Single TO-92
To-92 Lead-form
Single Chip
Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristic

200
g 180
W -
5 Vag =0
£
120 sV
-] X
3 /, - oV
2 L~ .5V
4 g et oV
£ 5V
1 .0V
o 35V
= a0 4.0V
1 4.5V
? 8 12 16 2

VDs — DRAIN-SOURCE VOLTAGE (VOLTS)

Transfer Characteristics

“ T T
Vps = 20V
d 160
£
-
2
& 120
9
e '\
o
2
§ 80 2N
-] N \
| N
2
P
0
—2 4 8 .8 -1

V@s — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

I T
£ ] Vpg=20V
£ s5°C k—f" IKHz
g |
Z ® -55°c\ \
g A; +26°C
Q +25°C |\ | l
g 10 ——
3 | +126°C \
2 _.w_nzrfc
=T
(=4
a s
©
<
z
9
S
'S
|
[ -2 —4 -8 -8
%

V@s ~ GATE-SOURCE VOLTAGE (VOLTS)

Ip — DRAIN CURRENT (mA} 1p — DRAIN CURRENT {(mA)

gfs — FORWARD TRANSCONDUCTANCE {mmhos)

Qutput Characteristic

R
3

1

8
]

4 8 12 18 20
Vps§ — DRAIN-SOURCE VOLTAGE (VOLTS}

Transfer Characteristics

200 L

Vpg = 20V
160
120
80 I, AV
NN

a0 ™~ g N

SR

0 -1 -2 -3 -4 -5

V@GS ~ GATE-SOURCE VOLTAGE (VOLTS}

Transconductance Characteristics

@

I Vpg =20V
DS
| —5|5°° L
-65°C |
10 -—l +2|5°c LLfﬁ°C \
L 1+125°C R} siec

|
I\
A\

VGS — GATE-SOURVE COLTAGE (VOLTS)

)

\

-3 -4 - -5

-]

-1

Siliconix
BENEFITS: T
o No Offsat or Error Voltages Generated
by Closed Switch. Purely Resistive.
High Isolation Resistance From
Driver
e High Off-Isolation 1p(off) < 100 pA
® High Speed tgN < 20 ns

PRINCIPAL DEVICES

2N3970-72, 2N4091-93, 2N4391-93
2N4856-61, 2N4856A-61A, U200-02, UCR2N
2N5564-66

2N5638-40, 2N6663-54, J111-13, PN4091-93,
PN4302-04, PN4391-93, U1897-99

J111-18 - J113-18, PN4302-18 - PN4304-18,
PN4391-18 -PN4393-18, U1897-18 - U1899-18
All of above single devices

2N5566 CHP

Output Characteristic

%
E Vgs =0
& =
g
2 3
g A _a
=
E -8
]
£ 1w 1.2]
1.8
o =
4 8 12 1% 20
Vps DRAIN-SOURCE VOLTAGE (VOLTS)
Transfer Characteristics
50 T T
Vps = 20V
40
30 \ N

3
/.

Ip — DRAIN CURRENT (mA)

N\
N

3

N

5 1.0 15 20 25
V@s — GATE-SOURCE VOLTAGE (VOLTS)

o

Transconductance Characteristics

N
o

E T.1 VI‘IZ‘O'V
-85°C os*

£ F=1KHz

W

S s +25°C

g |

3 +126°C \‘\

2 0 } If

g o] ]

g +125°C

Q b5

g

2

x N

o

2 NN AN

é 0 -04 -08 -12 -18 -20 -24

VG@s — GATE-SOURCE VOLTAGE (VOLTS}

53
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NC

iconix

PERFORMANCE CURVES (Cont'd) {25°C uniess otherwise noted)

¥tg — FORWARD TRANSADMITTANCE {mmhos) Yig — INPUT ADMITTANCE (mmhas)

¥rg — TRANSFER ADMITTANCE {mmhos)

Common-Gate Input Admittance vs

Frequency
100
Y T
Vpg* 10V
Ip=10 nlm vig—]
10
P
™
1.0 9
[ A}
10 30 5¢ 70 100 200

f— FREQUENCY (MHz}

Common-Gate Forward
Transadmittance vs Frequency

100
Fvog=10V
Fip=10mA
[l
L ]
10
LT | e
1.0
01
10 30 50 70 100 200

f - FREQUENCY (MHz)

Common-Gate Reverse Transfer
Admittance vs Frequency

100
Y12 T
W—
—Vpg =10V
Ip=10mA
n ===
10 i |
o
o1 AL
10 30 50 70 100 200

f - FREQUENCY (MHz)

Common-Gate Qutput Admittance

Yog - OUTPUT ADMITTANCE (mmhos)

vs Frequency

100 EEEEREE
=7 ¥
VDG =10V
'Ipxll)n.!A
10
.
e “oa
===
oq
(X}
10 30 50 70 100 200

f - FREQUENCY {MHz}

rps RELATIVE TO 25°C VALUE

Ig ~ GATE CURRENT {nA)

ON Resistance vs Ambient
Temperature

1 I 1
| 1p=100,A /
Vgs =0

15
14
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GATE 1S BACKSIDE CONTACT.
SOURCE AND GATE ARE COMMON.

0.028
105351

-

0.025

__| 0,004,
(0 102)

F 0,635

ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET
current regulator diode
designed for

s Current Regulatien
u  Current Limiting

w  Biasing

TYPE PACKAGE
Single TO92
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Dynamic Impedance vs

Limiter Current

0

Siliconix

BENEFITS:

e Simple Two Lead Current Source

e Simplifies Floating Current Sources
No Power Supplies Required

¢ Low Cost

PRINCIPAL DEVICES
J500-505, J506-511
J500CHP-505CHP, J506CHP-611CHP

Knee Impedance vs Limiter Current
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a 1
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iconix

GATE IS BACKSIDE CONTACT

$ AND D ARE SYMMETRICAL M.hunnel J/m H
designed for . . . Siliconix

®  Low and Medium Frequency Single BENEFITS: :
and Differential Amplifiers ® Wide Dynamic Range
= High Input Impedance Amplifiers G Specified @ Vpg =20V

* Low Capacitance Cigg < 4 pF
® Low Output Conductance

TYPE PACKAGE PRINCIPAL DEVICES
Duat TO-7% IN3054, 2N3954A, 2N3955, 2N3GEEA, 2N3956-8,
fai) 2NE4652-54
ALL DIMENSIONS IN INCHES Single TO-72 2N3684-7
ALL DIMENSIONS IN MILLIMETERS! Dual Chip 2N3956CHP, 2N3956CHP-8CHP, 2N5454CHP
Single Chip 2N3684CHP-7CHP

PERFORMANCE CURVES (25°C unless otherwise noted)

QOutput Characteristic Output Characteristic Qutput Characteristic
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} |
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted)

Drain Current and Transconductarnce

vs Gate-Source Cutoff Voltage vs Drain-Source Voltage
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JATE ALSO BACKSIDE CONTACT

SE—

-~
H
g

5
8

DN

sy

fa0761

0,018

76.381)

ALL DIMENSIONS IN INCHES
{ALL DIMENSIONS (N MILLIMETERS)

n-channel JFET
designed for

= VHF/UHF Amplifiers
= Oscillators

Siliconix
BENEFITS:

¢ Low Noise
NF = 3 dB Typical @ 400 MHz

e Wideband
" High gf/Cigs Ratio

PRINCIPAL DEVICES

2N3966, 2N4416-16A
2N6484-6, 2N5555, 2N5668-70, MPF102, MPF108,

MPF112, PN4416,
J304-5, U1837, U1994

= Mixers
= Low Input Capacitance High Spesd
Switch
TYPE PACKAGE
Single TO-72
Single TO92
Single TO-92 Lead-form
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

gfs - FORWARD TRANSCONDUCTANCE

Qutput Characteristic
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Transfer Characteristics
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Drain Current & Transconductance
vs Gate-Source Voltage

KK4416-18, K304-18, KK305-18, K1837-18
All of the above devices

‘ON’ Resistance & Output Conductance
vs Gate-Source Cutoff Voltage
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PERFORMANCE CURVES (Cont'd) (25°C_unless otherwise noted) T
S Parameters S11 Common-Source Common-Source Input Admittance Gate Operating Current
vs Frequency vs Frequency vs Drain-Gate Voltage
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GATE ALSC BACKEIDE CONTACT

ALL DIMENSIONS IN INCHES
{ALL DIMENSIONS IN MILLIMETERS)

Output Characteristic

ollves=o A
-1

1p — DRAIN CURRENT (mA}
3 3

8

/ 40
et
VGSiat)
e

10 16 20 28 30

Vps - DRAIN-SOURCE VOLTAGE (VOLTS)

Transfer Characteristics

i VDS 20V
% 400
£
g
gm\ N
TN
Z 00
Z 200
g \
100\ <
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V@GS — GATE-SOURCE VOLTAGE (VOLTS}

Forward Transconductance
vs Drain Current

100 \
. AN
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o L \
© -1 -2 -3 -4 5 -8
Vg8 — GATE-SOURCE VOLTAGE (VOLTS)

T
Vpg=20V
£=1kHz

9fs — FORWARD TRANSCONDUCTANCE {mmbhos)

-channel JFET

designed for . . .

Low ON Resistance Analog Switcheas
Commutators

Choppers

Integrator Reset Capacitors

Low Noise Audio Amplifiers

TYPE PACKAGE

Single TO-39

Single TO-62

Single TO-92

Single TO-92 Lead-form
Single Chip

PERFORMANCE CURVES {25°C unless otherwise noted)

Drain Cutoff Current vs
Ambient Temperature

3

3
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T y
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ON Resistance vs Ambient
Temperature

Ip=1mA
["Ves=0

D§/rDs® — NORMALIZED DRAIN-
SOURCE RESISTANCE (OHMS)

=

rps — DRAIN-SOURCE RESISTANCE (OHMS)

3
)

Q Ll | —
-75 50 -25 25 50 75 100 125 150 175
T- TEMPERATURE (°C}

Resistance vs Normalized
Gate-Source Voltage

A

Ip=1

o

»
I~

2
I
Il

o
™

N
N

5

- N
o

0.2 04 0.6 08 1.0
vgs - NORMALIZED GATE-SOURCE
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VGS(off}

BENEFITS:

PRINCIPAL DEVICES
U320-2

2N5432-34

J108-10

J108-18 -110-18

All of the above devices

Common-Source Capacitance vs
Normalized Gate-Source Voltage

Siliconix
Low Insertion Loss

Small Error in Measurement Systems
VDslon) < 50 mV {2N5432)

High Off-Isolation Ip (o) < 200 pA
High Speed tg{on) < 4 ns

Low Noise Audio-Freq Amplification
N < 2nV/\/Hz at 1 kHz

50|
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10 \\\
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted)

Input Admittance Common Gate Forward Transfer Admittance Common  Reverse Transfer Admittance Common
vs Frequency Gate vs Frequency Gate vs Frequency
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f - FREQUENCY (MHz) INPUT POWER {dBm) VGS(O") — GATE-SOURCE CUTOFF VOLTAGE (VOLTS)
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CATHOOK 1% BACKSIDE CONTACT

t,

2008, ..l L_
1127
0.050
f 11.270) L

ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET

) ; 4

3
r e s .
current regulator diod Siliconix
Current Regulation BENEFITS:
Current Limiting e Simple Two Lead Current Source

Current Insensitive to Temperature

Changes. Temperature Coefficient

Better Than 0.15%/°C On All' Devices

e TO-18 Package for Improved Current
Control

o Simplifies Floating Current Sources

No Power Supplies Required

Biasing [y
Low Voitage References

TYPE PACKAGE PRINCIPAL DEVICES
Single TO-18 {2-lead) CR022 Thru CR062, U508
Single Chip CRO22CHP Thru CRO62CHP

PERFORMANCE CURVES (25°C unless otherwise noted)

Dynamic Impedance vs
Regulator Current

100
VE=26V
g i
2
:
g w =
8
o
z
]
E 10
a
|
N
0.1 1 10

1f — REGULATOR CURRENT (mA)
Temberature Coefficient
-65°C < Tj< 25°C vs
Regulator Current

) Ve=25V
bR
2
L
g0
2
i+ 05
8
o /
S0
9
=3
Y -08
&
g . / i
g
b T
tos
s
01 1.0 10

IF — REGULATOR CURRENT (mA)

Capacitance vs Forward Voltage

9
>

>

CT — CAPACITANCE (pF)

n

P

o 10 20 30 40 50
V§ — FORWARD VOLTAGE (VOLTS)

2k — KNEE IMPEDANCE (M2}

#( — TEMPERATURE COEFFICIENT (%/°C)

Knee Impedance vs
Regulator Current

Limiting Voltage @ 0.8 I vs
Regulator Current

10 10
VE=6V . VE=25VQ
g i
~ i
™ 3
w
1.0 3
g
5
S 1o
o
z
I
ot = = 3
5
|
-
>
01
01 10 1 0.1 10 10
Ip ~ REGULATOR CURRENT (mA) i — REGULATOR CURRENT {mA)
Temperature Coefficient
O .
26°C < Tj<125°Cvs Thermal Resistance vs
Regulator Current Power Dissipation
1000  —
V=25V = - — —]
15 g —— —1
< T | -t
w %j-a
b g =
05 \ 2 | ]
\ 13 T
@ dj-¢
0 < 100 e -
<
-.05 E -
o \Y B -
= . RANGE |
-1 | Ta = 26°C STiLL AIR, CURRENT
s [ REGULATOR .26 IN . ABOVE ]
-.15 < CIRCUIT BOARD
10 TC ~ 25°C INFINITE HEAT SINK
0.1 1.0 10 0 100 200 300 400 500

Ig — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION {mW)

NOTE: IF, Regulator Current is specified under pulse conditions.
In operation, final current will be a function of junction tempera-
ture. IF (steady state] = |E x {1 + 6 (Tj — 256°C}] where | is the
temperature coefficient of IF and Tj is the junction temperature.

Tj may be found by Tj = Tamb + 0j-aPD = Tcase + 0j-cPD. Tj must
not exceed 150°C. L or —1— is the derating factor for all devices.

i fj-a

© 1979 Siliconix incorporated
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CATHODE I& BACKSIOE CONTACT n-channel JFET
- current ::rgulator diode

¢ o
s Current Regulation
= Current Limiting

»  Biasing

= Low Voitage References

o] e

fo.1140) l
= 11.143) -

ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

TYPE PACKAGE
Single TO-18 (2-lead}
Single Chip
PERFORMANCE CURVES (25°C unless otherwise noted)
Dynamic Impedance vs Knee Impedance vs
Regulator Current Regulator Current

8
3

VE=25V VE=8V

=
o

=
°

0.1

Z4 — DYNAMIC IMPEDANCE {MQ)
%
Z) — KNEE IMPEDANCE (M2)
Y

01
0.1 1 10 0.1 1.0 10

g — REGULATOR CURRENT {(mA} g = REGULATOR CURRENT (mA}
Temperature Coefficient Temperature Coefficient
-55°C < Tj< 25°C vs 25°C<Tj<125°Cvs
Regulator Current Regulator Current

VE=26V VF-25V

°

E
™

9y — TEMPERATURE COEFFICIENT (%/°C)
: s . .
a - o
04 — TEMPERATURE COEFFICIENT (%/°C)
o

1
11

14
S

1.0 0 01 10 10
IF ~ REGULATOR CURRENT (mA) Ig — REGULATOR CURRENT {mA)

Capacitance vs Forward Voltage

T
f=1MHz

T 20
2
w
¢ .
[~
Q
<
% 40
(3]
|
\
&
5
j-c  fj-a
o 0 20 ) (] 50

VF ~ FORWARD VOLTAGE (VOLTS)

BENEFITS:

Simple Two Lead Current Source
Current Insensitive to Temperature
Changes. Temperature Coefficient
Better Than 0.15%/°C On All Devices
TO-18 Package for Improved Current
Control
Simplifies Floating Current Sources
No Power Supplies Required

PRINCIPAL DEVICES

CR068 Thru CR150
CROB8CHP Thru CR150CHP

Limiting Voltage @ 0.8 If vs
Regulator Current

Ve=26VY

Vi~ LIMITING VOLTAGE (VOLTS)

0.1

g

10 10

IF — REGULATOR CURRENT (mA)

Thermal Resistance vs
Power Dissipation

—

¥
T
¥
1

55

g

Y
RANGE —{

0 -x — THERMAL RESISTANCE ["C/W)

TA = 25°C STILL AIR, CURRENT |
REGULATOR .26 IN. ‘ABOVE
CIRCUIT BOARD

-
S

T¢ — 25°C INFINITE HEAT SINK

0 100 200 300 400 500

Pp — POWER DISSIPATION (mw)

NOTE: IF, Regulator Current is specified under pulse conditions.
In operation, final current will be a function of junction tempera-
ture. |F (steady state) = IF x [1 + 8} (Tj — 25°C)] where 6 is the
temperature cosfficient of IF and Tj is the junction temperature.

Tj may be found by Tj = Tamb *+ 6j-aPD = Tcase + 8j-cPD. Tjmust
not exceed 150°C. (9‘_1_ or —1_ is the derating factor for all devices.

5-13

© 1979 Siliconix incorporated

WDIN

XIUuQDI!



NKO

iconix

CATHODE 15 BACKS\DE CONTACT

L
e
143

ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET

current regulator diode
designed for .

u  Current Regulation

m  Current Limiting

= Biasing

&  Low Voltage Referances

TYPE PACKAGE
Single TO-18 (2-tead)
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Dynamic Impedance vs
Regulator Current

VE=25V
-t
1T
1

w0 —r—]

24 — DYNAMIC IMPEDANCE (MQ)

01 1 0
1g — REGULATOR CURRENT (mA}
Temperature Coefficient
-65°C< Tj< 25°C vs
Regulator Current

~ e
5 . VE~25V
%
z 10
z.
Q
& 05
i
8
[

2 /
2

-6
: Vi
g
g .
]
L.
s

01 19 10

1 — REGULATOR CURRENT (mA}

Capacitance vs Forward Voltage

b T
£=1MHz
& 2
s
8
2 s\
=
Q
<
g 1 N,
| N
5 ~
5
o 10 20 30 a0 50

VF ~ FORWARD VOLTAGE (VOLTS}

2Kk — KNEE IMPEDANCE {M22)

83 — TEMPERATURE COEFFICIENT {%/°C}

Knee Impedance vs
Regulator Current

au
11

Ve=8V
i
|

I
]
+

L

0.1

.0t
0.1 1.0 1¢

tg — REGULATOR CURRENT (mA}
Temperature Coefficient
25°C<Tj<125°Cvs
Regulator Current

VE=26V

Pg

a1 1.0 10

IF — REGULATOR CURRENT (mA)

) : 4

Siliconix
BENEFITS: )
¢ Simple Two Lead Current Source
® Current | itive to Temp

Changes. Temperature Coefficient
Batter Than 0.15%/°C On All Devices
® TO-18 Package for Improved Current
Control
e Simplifies Floating Current S
No Power Supplies Required

PRINCIPAL DEVICES

CR160 Thru CR470
CR160CHP Thru CRA70CHP

Limiting Voltage @ 0.8 IF vs
Regulator Current

10 =TT

. VE=25V ]

1] 1

3

2

w

2]

<

3 %

S 10 A

g 7

g 7

H L

5

l

o

>

01 1.0 10
1p — REGULATOR CURRENT {mA)
Thermal Resistance vs
Power Dissipation
1000

—

==

X
| | RANGE ]
Ta= 26°C STILL AIR, CURRENT!
REGULATOR .26 IN. ABOVE
CIRCUIT BOARD

Tc — 25°C INFINITE HEAT SINK

100 200 300 400 500

8j -x — THERMAL RESISTANCE ("C/W)
5
i

Pp — POWER DISSIPATION (mW)

NOTE: IF, Regulator Current is specified under pulse conditions.
In operation, final current will be a function of junction tempera-
ture. |F (steady state) = IF x [1 + 61 (Tj — 25°C})] where 0| is the
temperature coefficient of IF and Tj is the junction temperature.

Tj may be found by Tj= Tamb + 0j-aPD = Tcase + 0j-cPD. Ty must
not exceed 150°C. —1— or —- is the derating factor for all devices. |

fic dj-a
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BACKSIDE JUNCTION ISOLATED
FAOM ACTIVE CONTACTS

monolithic
dual n-channel JFET

w  Low and Medium Frequency Ampli-
fiers

= Impedance Converters
= Precision Instrumentation Amplifiers
s Comparators

0.031
fo7a7)

ALL DIMENSIONS N INCHES TYPE PACKAGE
{ALL DIMENSIONS IN MILLIMETERS)
Dual TO-71
Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Ll
Output Characteristics
Medium VGS(off) Unit

Output Characteristics
Low VGS(off) Unit

2000 5.0

1800 o5
2 1600 g 40
2 100 Eas
z vGs=0 4
& 1200 u 30
« o« []
3 1000 / ! 325 =
3 [ ~2v S T,
E 52.0 —
S eoo Y G158 T8V

|

2 a00 lsv 10

200 'av 5

T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Vps — DRAIN-SOURCE VOLTAGE (VOLTS} Vps — DRAIN-SOURCE VOLTAGE {VOLTS)

Transfer Characteristics Transfer Characteristics

Low VGS(Off) Medium V gg(off)
T —T 16 —T 40
Vpg=20V 1= _86°C Vps =20V

f=1kHz ! / 14 1= 1kHz 35
S S
T=25°C 77" ‘|J |=I—55°c 30 lU
T=4+125°C F4 3
9 1.0 : rese ] /120 2
o | 20 8
/108 S T=+125°C / $
1 N A2
' VA NE
/, 04 3 s 0 F
E / =

> 02 05

1.6 14 12 10 -8 -6 -4 -2 0 40 -35 -30 -26 -20 15 1.0 -5 0

VGs — GATE-SOURCE VOLTAGE (VOLTS) Vs — GATE-SQURCE VOLTAGE (VOLTS)

Transconductance Characteristics Transconductance Characteristics

Low VGS(off) Medium VGS(off)
Famo Ty 'E 4000 Vor 3oV
3500 f=1kHz 2 3500 w1
Q
]
£ 3000 N £ 3000
5 T = 56°C g
2 2500 g mw \
3 \/’ T=425C 8 2000
2000
g \’\\ z T _55°C
§'5°° " & 1500
g T % +26°C
2 1000 < 1000 N
g . <
= T=+125°C E3 \
= S sa0 i
g 500 S so N
' ! T=+125°C
£ o . £ o
0 -2 -4 -8 -8 —10-12 14 16 0 -5 1.0 15 —2.0 25 --3.0 ~35 —40

Vgs ~ GATE-SOURCE VOLTAGE (VOLTS) Vs — GATE-SOURCE VOLTAGE (VOLTS)

Siliconix
BENEFITS:
e Minimum System Error and Calibra-
tion

5 mV Offset Maximum (2N5196)
¢ Low Drift With Temperature
5 uV/°C Maximum (2N5196)

PRINCIPAL DEVICES

2N5196-9, 2N5545-47, U231-35
2N5199CHP, U232CHP-35CHP
2NS547CHP

Output Characteristics
High Vgs(off) Unit

20
18
FaL]
E
e
2
2 12
4
3 1 vGgs=0
z T
I 8 -5V
-4
S 6 r~ -1.0V
b e 5V
= 2.0V
2 5V ——1 3.0V 1
t

T
0 2 4 6 B8 10 12 14 16 18 20
Vps — DRAIN-SOURCE VOLTAGE (VOLTS)

Transfer Characteristics
High V gs(off)

T T
Vpg- 20V l I
- t=1khz T 12
. 5
yiz |
/ o
Ed
T=+25°C 10 ;
| o
8 c
y v
=+126°C / 3
m
r 8 z
L v 4 3
>
1 2
k4

-40 -35 -3.0 -25 -20 -15 -1.0 -05 L]
VGSs — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics
High VGs(off)

G 6000
£

Ess00
1 5000
2

£ 4500
§ 4000
g 3500 [
g 3000
S 2500 P
F 2000
9

£ 1600 =
£ 1000 [

T T
Vps =20V
o 1kHz

N

\\
N T=+25°C

n

N
\\\“\
N,
I h
-20 -3.0 —4.0

5]/ /
Pe
e

[ -1.0 -5.0

Vs — GATE-SOURCE VOLTAGE (VOLTS}
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PERFORMANCE CURVES (Cont'd) {25°C unless otherwise noted)

Static Drain-Source ON Resistance Normalized ON Resistance Ipss and g¢s vs Gate-Source

2 vs Gate-Source Cutoff Voltage vs Ambient Temperature Cutoff Voltage

T

(=]

~ 500 1.7 z 2 5000

w \ Ip= 100 A y Ip= 100aA 2 = 5}

g Vs =0 2 181 vgs=0 y4 ) L / as00 |

£ w0 \ VGsioth) @ Ip =1 mA > 15 2 16 // 4000%

2 O 14 g 9s

H ) 1 ) g 14 // / 3500 §

2 o W

S a0 E o / Z 5 A A 3000 3

w N g 1 K I

I N 2 Y = /Dss

€ ~J 81 s / 2500 ﬁ

5

z Pl & 0o 1 g / 1500 §

o 2 > 9

5 T 08 7 2 / 3

[ 207 5: 4 74 vDs=20g. ) A— mooé

S 2 v GSloff} @lp = TrA_] -

2 g 08 4 z os @11 kHe 0 £

IS L g k- A e A ES
0 %5 % 25 6 106 145 0 ° g

0 -1 -2 -3 -4 -5 -6 -7 -8 - - 0 -1 -2 -3 -4 -5 -6 -7 -8 -

TEMPERATURE (°C}
VGs(off) — GATE SOURCE CUTOFF VOLTAGE (VOLTS) VGs{otf) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS)

Common Source

Common-Source Output Conductance Common-Source Qutput Conductance Forward Transconductance
vs Drain-Source Voltage vs Drain Current vs Drain Current
100 = — 0 | T 10K =
Vns=20VE| sl w Vps =20V
3 N e S 3 g +=1kHz
H AN ! H &
w v ~a3v w 3 Vesioff) = ~81V L]
g N | Vosiomn g 4, 4 2 1« o ol
g £ 8 H
1= - = T
s H 28 i il
g L 2 [ T
5 Vas(off) = 81V 5 2 Vasioft) = ~33V
T 10 E 1 < 100
3 3 H
lm I ﬁ E
& $ [
i 1l $
1 a1 10
0 5 10 15 20 25 30 Q A 1.0 10 01 01 1.0 10
Vps — DRAIN SOURCE VOLTAGE {VOLTS) Ip — DRAIN CURRENT {mA} Ip —~ DRAIN CURRENT {mA}
Gate Leakage Currents vs Gate Leakage Currents vs .
) g eakag Capacitance vs Gate-Source Voltage
Ambient Temperature Drain-Gate Voltage
—10K 10 T
(=% QzF — f=1MHz
23 zi s 9
cE 33 1 AT ip =200 uA 8
wow W g
o o« _
4 T w 7
22 22 T 1 2
Lo oQ 1 T 1
ow o T I 7 T w 6
E$4 z2 Z .
: g E “51—100 == 5
3 S8 7 a 4
85 S ~ & Ciss Vpg =0
£g ] ¢ 2 T
39 i — = 2 Cra VDS =0 __|
' 9 o8 = e 1 o
=2 ot R
1 i o
N [ 10 20 30 40 50 0 -t -2 -3 -4 -5 -6 -7 -8
T - TEMPERATURE (°C)
Vpg — DRAIN-GATE VOLTAGE (VOLTS) Vgs — GATE-SOURCE VOLTAGE {VOLTS)

Equivalent Input Noise Voltage
vs Frequency

2 T
Vps=20V
E ‘st =0
< 20
5 TH
z
8 it
2
5
3
o 10 . R
@
<]
z
]
£ 5 ~t T
T N
[}
10 100 K 10K 100K

£ — FREQUENCY (Hz}
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BACKSIDE JUNCTION ISOLATED
FROM ACTIVE CONTACTS

0.004
fa 1021
0.032
el

ALL DIMENSIONS IN INCHES
IALL DIMENSIONS IN MILLIMETERS)

monolithic
dual n-channel JFET
designed for. ..

®  FET Input Amplifiers

®m  Low and Medium Frequency Amplifiers
»  Impedance Converters

»  Precision Instrumentation Amplifiers

s Comparators

TYPE PACKAGE
Dual TO-71
Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristics
Low VGS(Off) Unit {(-1.5 V)

) [
T 4 Vgs =0
E
=
[ )
5 -2V
g I‘ 1
° [
2 -
z av
a |
e -6V T
o 1 t
-8V
XY
L
0 4 8 12 16 20
Vps — DRAIN SOURCE VOLTAGE (VOLTS)
Transfer Characteristics
Low VGS(off) Unit (1.5 V)
5
J 1
-Vbg= 15V 1
g 4 -55°C
E |
Z |
g )
g 3 +25 cl,
g, ) 0/4
g Y,
g // +125°C 4
]
e
o I
18 <12 -8 -a 0

VGs ~ GATE SOURCE {VOLTS)

Ip — DRAIN CURRENT {mA)

Ip — DRAIN CURRENT {mA}

Output Characteristics
Medium VGS(off) Unit (-2.2 V)

10 q
E
=
4

8 &
(3

vas =0 2

+ z

S -2V g
+ 1 a

-4V z

=3

4 —r— o

-6V b=

-8 V] 3

2

2 I — 3
1! |

Il 3

£

0 4 8 12 16 20

Vps — DRAIN-SOURCE VOLTAGE {VOLTS)

Transfer Characteristics

Medium VGS(off) Unit (-2.2 V)

Vs — GATE SOURCE VOLTAGE (VOLTS)

BENEFITS:
® Minimum System Error and Calibra-
tion
5 mV Offset Maximum {J401)
95 dB Minimum CMRR
e |ow Drift With Temperature
10 uV/°C (J401)
¢ Simplifies Amplifier Design
Output Conductance < 2 umho
¢ Low Noise _
en=6 nV/+/Hz at 10 Hz Typical

PRINCIPAL DEVICES

2N3921-2, 2N4084-5, 2N5045-7, U401-6
2N4085CHP, 2N5046CHP-47CHP,
U403CHP-06CHP

Drain Current and Transconductance vs

Gate-Source Cutoff Voltage

#
10 7 zi3 0K %
T 1§) Py
I 7 4
) 77 H
L A/ [} 3
91s @Vgs =0 ‘ 3
r
t =
oy ‘lgh@lg=20 A g
1 ~h |1 2
e 1" g
pss H
8
p-3
2z
[~}
Fvpg=15V L
9t @ = 1kHz 13
Ll 100 }
0.1 1 10 =

VGs(off) - GATE-SOURCE CUTOFF VOLTAGE (VOLTS)

Forward Transconductance
vs Drain Current

10 2 10k
rrt T £ S
- Vpg =15V T 2 VGsiofy = ~1.52 V -
s mc% g ; 1
3 i
5
+25°C. 2 LN
6 s A VGsiofty = -2.16V
IS A 2 i |
/v g ™ : i
4 Y.V E :
Zé £ [
g o
s < ! I
2 1125"[0—4— F | Vou 18 v
2 w l f=1knz
R 1T T 00 | !
-20 -16 -2 -8 -4 0 & 0 0.1 1 10

Ip — DRAIN CURRENT {mA}
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PERFORMANCE CURVES (Con’t) (25°C unless otherwise noted)

Transconductance vs Gate Source Voltage Transconductance vs Gate Source Voltage Output Conductance

Low VGS(off) Unit {(-1.5 V)

T T ] i1
5 | Vpg =15V -55°C_A
£ £=1kHz M
2 e
b —t
Q +25°C
z // L]
=
8
2 « +125°C —
2 4P —
§ / // -

: 29ad
g 2K
1
§ 7
[}
12 -0 -8 -6 -4 -2 O

Vs — GATE SOURCE VOLTAGE (VOLTS}

Gate Operating Current
vs Drain Gate Voltage

s e i s
= +—4f 16 @1p=2004A 1—

IG — GATE OPERATING CURRENT AND
Igss — GATE REVERSE CURRENT {pA)

Vpg — DRAIN GATE VOLTAGE (VOLTS)

Capacitance vs Gate Source Voltage

12

afs — TRANSCONDUCTANCE {umho)

|G — GATE OPERATING CURRENT (pA)

Medium VGS(off) Unit (-2.2V)

vs Drain Gate Voltage

10K 100 : T T
Vg 15V = ke =
e ke ) ] . :
oK b—1 : _ss°c € Vs = D MEDIUM Vgs(off) UNIT
- N\ __ Vestot=-22V
L g | 1 1 1
| 3 Vs = 0 LOW Vgg(orr) UNIT -]
oK +25°C T2 g Vas(ot) * -1.62V
A 2 \
10
)4 g =
125°C 4 N ~
x® 7 +125°C ) S =
2 .
/ — 5 L ~_:
2K o s
o~ )
3 \p =200 uA
0 1 1 1
20 -6 12 -8 -4 [ 0 5 10 15 20 2 30

Vpg = 10V =
Ip = 200 uA
TR

V@gs — GATE SOURCE VOLTAGE (VOLTS)

Gate Operating Current
vs Ambient Temperature

.

—F
17
17
[ V

1+

Ll

~60 -20 0 20 60

LI
f=1MHz
10
i
°
w
©
H
= Crgs @
<3 Ve =
¢ N s -0
: 4
2 -
Crss®
Vpg=10V
[ -2 -4 -6 -8 -10

Vs — GATE SOURCE VOLTAGE {VOLTS)

g

Ta — AMBIENT TEMPERATURE (°C)

s

Vpg — PRAIN GATE VOLTAGE (VOLTS)

Equivalent Short Circuit Input Noise
vs Frequency

10 —
]
= 8 i
2
>
z
w6 WL vpg =10V ||| L
2 L1 Ip = 200A
&
o
g N
w \ 4 T
s
2z
L 2 = vpg=10V == |
& Vgs =0 ]
o Ll | |
10 100 K 10K 100K

FREQUENCY (Hz)

Capacitance vs Drain to Gate Voltage

l‘nll\‘de

Cas @1ip = 200,44

CAPACITANCE (pF)

N
\ Cpg @ Ip =200A
\\
4 8 12 16 20

Vpg — DRAIN GATE VOLTAGE (VOLTS)
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GATE ALSO BACKSIDE CONTACT
§ AND D ARE SYMMETRICAL

| a2 |

AL L DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET

u  Small Signal Amplifiers
®  Choppers
8 Voltage-Controlled Resistors

TYPE

PACKAGE
Single TO-18
Dual TO-7
Single T0-92
Single TO-92 Lead-form
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristic

50 l I
s oo
= (3
< a0
;z_' a5 A
2 30 // -0V
-3 Lt
2
3 s A -.\I v
g 20 20V
5 ® =25V
. -30V
2 4 35V
~Aa5V |~ .50 40V
05 T e
1 1
0 2 4 6 8 10 12 14 16 18 20

Vps — DRAIN-SOURCE VOLTAGE (VOLTS}

Transfer Characteristics

0.6
T
Vps =16V ]
05 _
-
[
04 g
=
z
03 §
-20°C =z
°c —] 2
zstls <L wc 0z 2
+26°C T
M B
-20°C 7 e 01 2
|l | AR i
7 71 e
-0 -p8 06 04 02 [

Vs — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

TTT
vps=15V
|- f= 1kHz A

-20°C =3

+26°C L4, 4

8°cd—V ¥V
P

74
7

Za
T

8™
sy,

I
4

™

rd

7
s +95“ c X

-08 © 02 ]

V@S — GATE-SOURCE VOLTAGE (VOLTS)

-1.0 -06 -04

FONVLINANOISNYHL QHYMHOS — 5

Ip — DRAIN CURRENT (mA}

Output Characteristic

20
18
16
14
VGs =0
1.2 88
1 -0V
10
1 -0.2V
T
08 “08y__-0.9 0.3V ]
0.6 = \ 04V
\ \ BT
04 —
\ v = A
0.2 I
{ T
1
0 2 4 6 8 10 12 14 16 18 20

Vps — DRAIN-SOURCE VOLTAGE (VOLTS)

Transfer Characteristics

VGs — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

Vog =18V [1 .
DS~
= 1kHz T o"c] P i
-2 1600 T
/425 C S
1400 %
4 H
A 1200 3
+85°C T
ERd
e it
1/ //‘ /] 300 gﬁ
e 7 8
-~ ¢ 600 2Z
i=3
[=3
e | 3
+25° b3
+86°C 7y lose 2
7, ]
I»Y [ | "
16 E¥] 0.8 0.4 [

VGs — GATE-SOURCE VOLTAGE (VOLTS)

T Y T 18
Vps=15V

+ 1.4
~20°C -
s WY A28
+85°C |
) g
7 w3z
v/ z
7 0.8 g
L wc]os B
z
3
04 3
+86°C i

425°C S 0.2

L
-1.6 -1.2 -0.8 -0.4 0

Ip — DRAIN CURRENT (mA)

BENEFITS:
e Low Noise NF < 1 dB at 1 kHz
e Operation From Low Power Supply
Voltages, Vgs(off) < 1V (2N4338)
e High Off-Isolation As a Switch
ID(off) < 50 PA
¢ High Input Impedance

PRINCIPAL DEVICES
2N3368-70, 2N3436-8, 2N3458-60,
2N4338-41, VCR4AN

2N5196-9, U231-5, 2N554547
J201-203, J204, PN4302-04
J201-18-203-18, J204-18,

All of the above
PN4302-18-4304-18

Output Characteristic

- 1]
18
vgs=0
Ty
14 )
-02V
12
1 203V
+0 04V
0.8 T 05 !V___ -
06 08V
07V
04 DV
11
0.2 ) fl
0 2 4 6 8 10 12 14 16 18 20

VDS — DRAIN-SOURCE VOLTAGE (VOLTS}

Transfer Characteristics

T 4.0
FVDs=15V
35
X / s
-20°C 3.0
i = é
+25°C _{ /A28 2
> z
85°C = 20 @
85°C ¥4 g
0 0 A8 ]
]' =1
e ™0 1
+85°C —
5°C 05
[
-28 -24 -20 -16 -1.2 -08 -0.4 ]

VG§ — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

Voao 75V 171 00
f=1kHz 11 200
-20°¢ 2
A 1A
‘26°C, 2000
| 4‘/
+86°C "m';‘
AT ) om0 §
s 4
-20°C ,J/ - 800
1 . +25°C
I 98¢ ~ 400
|
L] P
-28 -24 -20 -18 -1.2 -G8 -04 0

VGs —~ GATE-SOURCE VOLTAGE (VOLTS}
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iconix

PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted)

Drain Current and Transconductance ON Resistance & Output Conductance

Output Characteristic vs Gate-Source Cutoff Voitage vs Gate-Source Cutoff Voltage
5.0 -~ 20 - 4000 £ 50 750
< VGsioft) @ Ip* 1nA Pad [ \ G0s @ Vs = 16 v,'szlo
45 = Vpg =20V m‘ 7 2 8 rpg @ Ip = 100 4A, Vgs = 0 ]
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40 vgs = 0 g ' w?%h 1 kHz 3200 5 2 40 \ 'D"?")A 188
s o . £ / / 28 \ ' !
k-4 .
2 30 Ve 22, z A0 103§ s N | A 50 Z
-3 { 04V 4 > g N ) v 2
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0 2 4 6 8 1012 14 16 18 20 -0 LIS o o
0 -1 -2 -3 -4 5 -6 -7 -8 0 -2 -4 -6 -8
Vps ~ DRAIN-SOURCE VOLTAGE {VOLTS}
VGSi{off) — GATE SOURCE CUTOFF VOLTAGE (VOLTS) VGS({off) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS)
Common-Source Output Conductance ON Resistance vs
Transfer Characteristics vs Drain Current Ambient Temperature
T 10 10 T 15
Vps= 15V y = Fvpg=20V w /
g Fé=1kHz ER 4
s & & €3 /
20cL /| A T oW VGsioft) = —2.8V o /
+ 7 g 2 A o 12 //
Wi . PR S f 21 /
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(= 4 h =
4 3 9 =
A LI v L 0BV < 09
///—ZIJ“c 2 5 GStoff) r /
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 vosic o ’/ 2 2 8 ] oz 4
S ial For/]
01 05
-6 8 -4 3 2 0 001 01 0 10 100 55 15 26 e 105 145
V@Gs — GATE-SOURCE VOLTAGE {(VOLTS) Ip ~ DRAIN CURRENT {ma) T — TEMPERATURE (°C)
Common-Source
Common-Source Capacitances vs Forward Transconductance
Transconductance Characteristics Gate-Source Voltage vs Drain Current
T 3800 £ 100 r——r— £ 1ok
Vps =15V | tVps=0V £ Vps =20V H
f=1kH2 3000 3 f=1MHz 3 VGS(off) @ 1D = 1 nA
S W Lf=tkHe
-20°¢ ES S I
2500 P N = )
so5re k] . § g g [ Vostot =28 \éf )
- L w0 F 4 g2 |Vssemo-eey Vas(oft) = -8V
vecl i e § 2 10 §1ooo : Ly
1500 [}
77T g ¢ : B
N -20°C c g 5 o 4
p 1> Sl T N B Ciss 2 i
y/ 8 A +85°C ] 2 ~ i S ]
s & ——— S
r e
i l L 0o ___JM___.
-6 -5 -4 -3 -2 -1 0 §. o -4 -8 -12 -16 -20 & 0.00 0.1 1.0 10 100
VGS — GATE-SOURCE VOLTAGE (VOLTS) V@s — GATE-SOURCE VOLTAGE (VOLTS) 1D — DRAIN CURRENT (mA)
Gate Operating Current vs Equivalent Input Noise Voltage and
Gate Currents vs Ambient Temperature Drain-Gate Voltage Noise Current vs Frequency
-10 —10 K 10713
1GSS @ VGs = -30V, Vps = 0 ~ Vps=10V
IG@® VPG =20V, Ip=100pA ’. 3 Ipgs = 0.38 mA !
+ I
o % g % z g
—_ et — *
e === | 5 A g™ e
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SACKSIDE JUNCTION (SOLATED
FROM ACTIVE CONTACTS

o026
10.670) 1

ALL DIMENEIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

0023
fo.584}
% s 077
%
| |
i |

! —

monolithic
dual n-channel JFET
designed for . ..

= General Purpose Differential Amplifiers

TYPE PACKAGE
Dual TO-
Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristics
Low VGS(Off) Unit

:

1800
1600
1400
Vas= 0

1200 3
000 |-£4 |

1

-2V

2
5

-

8
'
]
<

1p — DRAIN CURRENT {:A)

a
2

-8V

~N
=1
S

-8V

T
2 4 6 8 10 12 14 16 18 20
Vp§ - DRAIN-SOURCE VOLTAGE (VOLTS)

Transfer Characteristics

Low VGs(off)

T T T Y 16

Vpg=15V T -5C
14
Y / 1.2

II' +25°C /
T=+125°C 1.0
4 0.8
086

P4

04
L7 02

-
-16 -14 <12 -1.0 -8 -6 -4 -2 o
V@S§ — GATE-SOURCE VOLTAGE (VOLTS}

Transconductance Characteristics
Low VGs(off)

anoo ™
Vpg=15V _|]
;assw = 1kHz
Q
,§. 3000 \
§zsao N
g 000\ \\/.!’--ss'c
T=+25°C
£ 100 I
[ \\\
gwoo -
H
£ 500 ——7=+125°C
S \\
“w
[ —
£ 0 -2 -4 -8 -8 1.0 12 14 16

V@S — GATE-SOURCE VOLTAGE (VOLTS}

(v} INFYHND Nivea — aI

Qutput Characteristics
Medium VGS(Off) Unit

5.0
45
gl.ﬂ
= 35
-
w 3.0
x
«< Gs=0
325
2 2V
I 20
; / -4V
R W/ 5V
t -8V
-3 1) ps)
5 T
0 2 4 6 8 10 12 14 16 18 20

Vps — DRAIN-SOURCE VOLTAGE (VOLTS}

Transfer Characteristics
Medium VGS(off)

— 40
Vpg =16V
35
g
T = -56°C 30
| 25 2
Terzec|] 10 2
| Q
} 20 2
T=+n25°C S
£ // 15 8
Vi AN
p -
10 F
v E
05
-40 -35 -30 -25 -20 -15 -1.0 -5 0

V@S — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

Medium VGS(Off)

7 4000

2 T 1

£ Vpg = 16V_|
2 3500 £=1kHz

% 3000

2

9 2500 N

a g

2 2000 N0

3 \ N\ ] t=425°C

g 1500 \

- \

a 1000 P

- N \\

2 5o AN

©

S T=+125°C

* 1

g 0 -5 -10 115 -20 25 -30 35 40

V@s — GATE-SOQURCE VOLTAGE (VOLTS)

9¢; — FORWARD TRANSCONDUCT,

Ip — DRAIN CURRENT {mA}

Siliconix

BENEFITS:
e Low Cost
e High Input Impedance

PRINCIPAL DEVICES

U410-12
U411CHP, U412CHP

Output Characteristics
High Vgg(off) Unit

20
18
16
14
12
10 VGgs=0
!
8 -5V
6 e -1.0V
a -1.5V
-2.0
2 BV —1 _3.0v
I

=
0 2 4 6 8 W 12 14 16 18 20
Vps — DRAIY-SOURCE VOLTAGE {VOLTS)

Transfer Characteristics
High V gg(off)

— 1%
Vog=15V I ]
gy
L 5
A S
V'l s
- e © g
| s 2
! 4 E
T = +125°C )
A, &
/ Y ¥ 2
Ly v 4 3
>
] 2

-40 -35 -3.0 -25 -2.0 -15 -1.0 06 [}
VGs — GATE-SOURCE VOLTAGE {VOLTS}

Transconductance Characteristics
High V gg(off)

6000 T

T T
Vpg =15V
5500 f=1kHz |
5000
4500
4000 \ T=.56°C
|
3500 < 1 elv2sbe
3000 P
2500 P \\\\
2000 |— @ AN
1500 P \
1000 =T« +126°C
.
0 -5-1.0-15-20-25-3.0-3.5-4.0-45 6.0

V@S — GATE-SOURCE VOLTAGE {VOLTS)
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iconix

PERFORMANCE CURVES (Cont’d) (25°C unless otherwise noted)

Static Drain-Source ON Resistance Normalized ON Resistance
vs Gate-Source Cutoff Voliage vs Ambient Temperature
@
=1000 17
z P w Ip = 100 A
2 900 |- Ip~ 10044 3 18l vgg=o ,/
3] Vgs=0 < 45 A
Z 800 -
2 O 14
2 700 &
a o 13
& 600 = 1.2 /
z e Y
 s00 N o1 A
Qo \ 3
£ 400 S 310
2 200 N Z o9 ,
z N Z 08 Vi
g 200 | e
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‘3 100 é 06
= = 05
0 -1 -2 -3 -4 —5 -8 -7 —8 65 -15 25 65 106 145
TEMPERATURE (°C})
VGS(off) — GATE SOURCE CUTOFF VOLTAGE
(VOLTS)
Common Source Output Admittance Common-Source Output Conductance
vs Drain-Source Voltage vs Drain Current
e
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F] = f g
H AN I E 1
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(<] o
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§ 3
0.1 01
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Vps - DRAIN-SOURCE VOLTAGE (VOLTS) ip — DRAIN CURRENT (mAl

Leakage Current vs Ambient Gate Operating Current
Temperature vs Drain-Gate Voltage
===
E : = |
F [} AT[I 1 [A il 1
=1m
K G D
I =
[ J

IG — GATE OPERATING CURRENT AND
1Gss — GATE REVERSE CURRENT (pA)
g — GATE OPERATING CURRENT AND
IGss — GATE REVERSE CURRENT {pA}
1
2

-16 10 30 S0 70 90 110 130
T - TEMPERATURE {°C) VDG — DRAIN-GATE VOLTAGE (VOLTS)

Equivalent Input Noise Voltage
vs Frequency

25 7177 JERERLALY
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>
£
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2 "I TH
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- I~
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oLl Ll
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Ipss and g¢g vs Gate-Source
Cutoff Voltage

3 O [yomeins oA m;;
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£ wly (zzov / 4600 3
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VGs(off) GATES((J\L’I(F;EES():UTOFF VOLTAGE

Common Source
Forward Transconductance
vs Drain Current
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% i T
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< 100
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tp — DRAIN CURRENT (mA)

Capacitance vs Gate-Source Voltage

T
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|
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BACKSIDE JUNCTION ISOLATED
FROM ACTIVE CONTACTS

0.022 10.102) |
0.559) '
ALL DIMENSIONS IN INCHES

(ALL DIMENSIONS IN MILLIMETERS)

monolithic
dual n-channel JFETs

designed for . ..

= Low Leakage FET Input Op Amps
s pH Maters
= Ejectrometers

TYPE PACKAGE
Duat T0-78
Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristics
Low VGS(off) Unit (1.0 V)

200

1
T i
z 160 -0.1v_]
3
s
w420 92y
@«
3 -03v-
z |
I 80 act t
g -0.4V
| 1
a 40 —D.I5V
0.8V
VA
i
0 4 ] 12 16 20
Vpg - DRAIN SOURCE VOLTAGE (VOLTS)
Transfer Characteristics
Low VGS(Off) Unit (1.0 V)
o.z4[ T
vpg=10v ]
020 \
q
£
- 016
k4
&
g
g 0.12
Q
z \!
£ o008 \\
a N
|
© o0 N T=+125 c_| |
RN NN
11 1
[ -02 04 -06 -08 -1

Vs — GATE SOURCE VOLTAGE (VOLTS)

Transconductance vs Gate Source Voltage Transconductance vs Gate Source Voltage

Low VGS(off) Unit (1.0 V)

1 T
_ N Vpg= 10V
£ s00 N - -s5'C
3
5] N
S 400 <
a \\\

S w0 NN
] N
Z N
8 N
2 200 |t T=+125°C <J
H AN
&
! 100
&
[} 02 04 -06 -08 -1

Vs — GATE SOURCE VOLTAGE (VOLTS)

ip — DRAIN CURRENT (1A} Ip — DRAIN CURRENT {uA)

95 ~ TRANSCONDUCTANCE (amho)

Output Characteristics
High Vgg(off) Unit (2.5V)

1K
Pl Vgs =0
800 -0.2v}
-0.4 V
600 -0.6 V
-0.8 V
400 ~1.0 V4
-1.2V 4
200 -14V
-1.6 V.
-18V
1
[} 4 8 12 16 20
Vps — DRAIN SOURCE VOLTAGE (VOLTS)
Transfer Characteristics
High VGS(off) Unit (2.5 V)
1400 T T
Vps =10V
1200
1000 p— =-55°C
N,
80
o N
& N
\\\
N
400 \\\\
N
200 TTﬂzs‘(,5
||
{ 1

-04 -08 -12 -18 -2 -24
Vs — GATE SOURCE VOLYAGE (VOLTS)

High Vgg(off) Unit (2.5 V)

1« T ™7
L . vpg=1ov |
\\T"5C 127 kHz
800 <
“
so0 |1 NG
N N
[~~~
400 - I
\\‘ \\
T
200 T = +125° ~ 3
0 -04 -08 -12 -16 -2 -24

Vs — GATE SOURCE VOLTAGE (VOLTS)

lpss — ZERO GATE VOLTAGE DRAIN CURRENT (mA)

gs — FORWARD TRANSCONDUCTANCE {umho)

Siliconix

BENEFITS:

o Ultra-High Input Impedance
e Good Voltage Gain

¢ Low Noise

PRINCIPAL DEVICES

U421-6
U422CHP, U423CHP, U425CHP,
U426CHP

Ipsg vs Gate Source Cutoff Voltage

10 T
Vps=10V
Vastotf) @ 1p = 10A

0.1

0.1 1 10
VGsiotf) — GATE-SOURCE CUTOFF VOL.TAGE (VOLTS)
Forward Transconductance vs
Gate Source Cutoff Voltage

10K

E vps=10V
[~ VGsiot) @ Ip=1nA
[ 01 ®f=1kHz
1K
Vas =0
= 1p = 30 uA 11
1 L]
01 1 10

VGs{off) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS}

Common-Source Output Conductance

Gos ~ QUTPUT CONDUCTANCE (¢mha)

vs Drain Current

Vpg= 10V
f=1kHz

]

VGs(off) = 2.5 v//

.
|3
VGs(off) = 1V

(A

10 100 1K

Ip — DRAIN CURRENT (zA)
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted)

Forward Transconductance vs Qutput Conductance vs Capacitance vs Drain Gate Voltage
Drain Current Drain to Gate Voltage
= 1K 10 25 T T
S 7 T T Ip=
£ —H _ ip=30uA ] P «2133;1A-
3 T L H 1= 1kHz \\
8 b v, =1V € 8 2
:Z: G8{off) = 1V oz H =
G MUJ E iss
2 Vasioff) =25V z =
S / E [ \ Y 1.5
S 100 Z 3 z
2 2 =
2z 2 \ S
= g 4 Z 1
[ ¢ \ \ = 2
a 2 \{ VGS(off) =25V 3]
Y 5 N & N
g I 2 \ 05 - Crss
2 Vpg=1V L Nl ;
\ £=1kHz & VGsioth) = 1.0V —
F 10 100 1K o 4 8 12 16 20 0 s & 1z 16 20
Ip — DRAIN CURRENT {zA) Vpg — DRAIN TO GATE VOLTAGE (VOLTS) Vpg — DRAIN GATE VOLTAGE (VOLTS}
On Resistance vs Gate Operating Current

Leakage Current vs Temperature

Ambient Temperature vs Drain-Gate Voltage

4000 ~ 100
VIGS=]° L~ z ;lGSS@szzfzov,ngo,@

L vos-0 b Figevpg = 10V,1p=30ua 7 g
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H
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T~ TEMPERATURE ("C) T - TEMPERATURE €C) Vpg ~ DRAIN-GATE VOLTAGE (VOLTS)

Equivalent input Noise Voltage vs

Frequency
N
E 16
z
L
]
Ly 4
3
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z 4
S
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GATE ALSO BACKSIDE CONTACT
£ AND D ARE SYMMETRICAL

0.018

04571 !
ALL DIMENSIONS IN INCHES

TALL DIMENSIONS IN MILLIMETERS]

n-channel JFET

= Small Signal Amplifiers
a  VHF Amplifiers
= Oscillators

s Mixers

®  Switches

TYPE PACKAGE
Single TO-72
Singte TO-92
Dual TO-71
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristic

20 [ [
[
z 1.6 vgs=0vV——
E e [
E AR
12 =
] I LT 02V
3 — T
Z 0s -03v_l |
1
= 1 -0.4V |
. =1 05V
a 0.4
= ]
06V ]
[
0 8 10
VDs - DRAIN SOURCE VOLTAGE (VOLTS)
Transfer Characteristic
15
Vps=16V
_ 12
i
E Ta=+85°C
=N \N \\4
El 9 ——+26°C
© i
3 N \(-lamc
2
E \\\\
Q N \
o 3’TA.= +86°C_Y \\
- 425°C
R
|
] -1.0 -2.0 -3.0 -4.0

V@s - GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

= 6000
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g NP eorc

3 2000 P TA" *25]}\ NN

& L 485°C \\‘
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; 1200 —
|
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V@S - GATE-SOURCE VOLTAGE {VOLTS)

Output Characteristic

vgs =0V —1T]
4 1 i
11
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—|0.4 \|l

1
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>
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3
-08V

et
1.0V
-1.2V
Tt
1
“14V
o 2 ] 10
Vps - DRAIN SOURCE VOLTAGE (VOLTS)

Ip - DRAIN CURRENT (mA)

Transfer Characteristics

Vps =15V

Ip - DRAIN CURRENT {mA}

-5 =

V@s - GATE-SOURCE VOLTAGE (VOLTS}

Transconductance Characteristics

Vos=158V
f=1kHz -—

§ 8 8

Y

8

4
2
O
+
5
o

§

gfs - FORWARD TRANSCONDUCTANCE {umho)

o
'

9
!

3 4 B -6 -
V@S - GATE-SOURCE VOLTAGE

Siliconix

BENEFITS:

s  Wide Input Dynamic Range
High I Breakpoint Voltage

s High Gain

= Low Insertion Loss Switches

PRINCIPAL DEVICES

2N38214, 2N4220-2, 2N4220A-22A
2N4223-24, 2N5556-68

2N3819, 2N5457-9, MPF109, MPF111
2N3921-2, 2N4084-5, 2N5045-7, U401-6

All of the above except 2N3819

Drain Current & Transconductance vs

Gate-Source Voltage

-1 -2 -3 -4 6 6 7

- GATE-SOURCE CUTOFF VOLTAGE (VOLTS)

Leakage Currents vs
Ambient Temperature

-10
Igss @VEs=-30V, Vps =0 =
IG@VpG=16V,Ip=100 uA——"
1 I 1 I

CURRENT {nA)

N
N

0 25 50 75 100 126 150
T - TEMPERATURE (°C)

‘ON’ Resistance vs
Ambient Temperature
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T T T
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Vgs=0 4
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DS - RELATIVE TO 25°C VALUE
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g 16 - A 4000
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g 7 £

z2 12 088 +——] 3000
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8 ol 74 2000
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E Vps=15V
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' ot @ 1= 1kt

8 Vgsiofr) @ Ip = 1nA
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PERFORMANCE CURVES (Con’t){25°C unless otherwise noted)

Equivalent Input Noise Voltage and Noise
Current vs Frequency

10-13

. z
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Z 104 g
w [+]
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QATE 1§ BACKBIDE CONTACT
S AND D ARE SYMMETRICAL

ALL DIMENSIONE IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET
designed for

= Low Noise Amplifiers
s Single and Differential Amplifiers

TYPE PACKAGE

Dual TO-71

Single TO-72

Single TO-92

Single T0O-92 Lead-form
Dual Chip

Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristics
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o
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Transfer Characteristics
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Transconductance Characteristics
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Qutput Characteristics
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g
Siliconix
BENEFITS:
o Simplifies Amplifier Design
o Low Output Conductance
e Low 1/f Noise

PRINCIPAL DEVICES

2N56515-24

2N4867-9, 2N4867A-69A

J230-32

J230-18 - 232-18

2N5518CHP-9CHP, 2N55623CHP-4CHP
Ail of the above single devices

Output Characteristics
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Vps - DRAIN-SOURCE VOLTAGE {VOLTS)
Transfer Characteristics
10
I T 1
Vps = 20V —|
™
-56°
+25°C
6 K‘ C1+126°C
3
T\, \ bsec
4 NCN .
AN N30 e
NI EH126°C
2 \-\ 2N I
ININ
L] -1 -2 -3 -4 -5

VGs — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance Characteristics

) ‘I'as l- 2()|V
N\ . =1kHz
N e
P ™ +126°C
3N Rl | este
£ TN ]_ +26°C
£ i
- 2 6 >l ",
N
1 N\ \\\\1\
NN
[ E] 2 3 4 5

Vs - GATE-SOURCE VOLTAGE {VOLTS)

© 1979 Siliconix incorporated

SN

XiUuoJl



NS

iconix

PERFORMANCE CURVES (Cont'd) {25°C unless otherwise noted)

Saturation Drain Current and

Forward Transconductance Common-Source Output Conductance Common-Source Output Conductance
vs. Gate-Source Cutoff' Voltage vs Drain-Source Voltage vs Drain Current
< 20 VDS =20V 5000 100 = 10 o
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GATE ALSO BACKSIDE CONTACT
S AND D ARE SYMMETRICAL

0017
0.432)

o0V 77621

. fo432)
ALL DIMENSIONS IN INCHES
{ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET
designed for . . .

»  Ultra-High Input Impedance Amplifiers

Electrometers
pH Meters
Smoke Detectors

TYPE PACKAGE
Single TO-72
Dual TO-78
Single Chip

Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Qutput Characteristic
100
%
2 8
L vgs=0
£ Gs
[ [t T
Z el -01V
@« pmmet I [
§ 50 b/,// -02V_f |
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Transfer Characteristics
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Transconductance Characteristics
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Qutput Characteristic
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Transconductance Characteristics
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Ip —~ DRAIN CURRENT (1 A)

1p — DRAIN CURRENT (xA}

9¢; -~ FORWARD TRANSCONDUCTANCE {umhos)

BENEFITS:
¢ Low Power

Ipsg < 90 uA {2N4117)
¢ High Input Impedance

1g < 1 pA (2N5906-09)

PRINCIPAL DEVICES

2N4117-9, 2N4117A9A, VCR7N
2N5902-9

2N4117CHP-OCHP, 2N4117ACHP-OACHP,

VCR7NCHP
2N6905CHP, 2N5308CHP

Output Characteristic
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted)

Drain Current & Transconductance
vs Gate-Source Cutoff Voltage
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Leakage Currents vs Ambient
Temperature
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GATE 18 BACKSIDE CONTACT -
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ALL DIMENSIONS IN INCHES

IALL DIMENSIONS IN MILLIMETERS)

n-channel JFET
designed for

= Analog Switches
s  Commutators

s Choppers

TYPE PACKAGE
Single TO-52

Single TO-92

Single TO-92 Lead-form
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Saturation Drain Current and

Output Characteristic
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Ambient Temperature
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VpG — DRAIN-GATE VOLTAGE (VOLTS}

Drain-Source ‘ON’ Resistance vs

Gate~-Source Cutoff Voltage
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VGsiofth

Leakage Currents vs

Ambient Temperature

Diotf) © VD§ = 16 V, VGgg = -12 V;
FlGSS® Vs =-20V,Vps =0

LEAKAGE CURRENT (nA}
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1D(off}
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Common-Source Capacitance
vs Gate-Source Voltage

200 T
Vps = 15v
180 o8 e
160
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s
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Drain-Source Resistance vs Normalized
Gate-Source Voltage

@y — NOISE VOLTAGE {nV/v/Hz}

BENEFITS:
e Very Low Insertion Loss
RpS{on) < 2.5 Ohms (U290)

¢ High Off-Isolation

PRINCIPAL DEVICES

U290-1
J105-7

J105-18 - 107-18
U290CHP-1CHP, J105CHP-7CHP

rps - RELATIVE TO VALUE AT VGgs =0

Equivalent input Noise Voltage vs
vs Frequency
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B 1

Siliconix
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GATE ALSO BACKSIDE CONTACT

s
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0021
72.533)

0.021
0573

ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

n-channel JFET
designed for . . .

a  VHF/UHF Amplifiers

= Front End High Sensitivity Amplifiers

»  Osciltators

= Mixers

TYPE PACKAGE

Single TO-52

Single TO-72

Single TO-92

Dual TO-99

Single T0O-92 Lead-form
- Single Chip

Dual Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Drain Current & Transconductance
vs Gate-Source Cutoff Voltage
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Gate Operating Current vs
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Equivalent Input Noise Voltage
vs Frequency
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Siliconix
BENEFITS
o Industry Standard
o High Power Gain
16 dB at 100 MHz, Common Gate
11 dB at 450 MHz, Common Gate
® Low Noise
3 dB Noise Figure at 450 MHz
o Wide Dynamic Range
Greater Than 100 dB
e 75 Ohm Input Match Common Gate

PRINCIPAL DEVICES

U308-10

U3t

J4308-10

U430-1

K308-18 -310-18
J308CHP-10CHP,
U308CHP-10CHP, U311CHP
U430CHP-1CHP

Common-Source Output Conductance
vs Drain Current
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PERFORMANCE CURVES (Con‘t) (25°C unless otherwise noted)
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GATE ALSO BACKSIDE CONTACT n-channel JFET T
' designed for . . . Siliconix
= High Frequency Amplifiers BENEFITS:
»  Mixers e High Power Gain
= Ogcillators o Low Input Capacitance
TYPE PACKAGE PRINCIPAL DEVICES
Single TO-52 U312
Dual TO-78 2N5911-12, U257
pired l Dual TO-71 U440-41
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ALL DIMENSIONS INMILLIMETERS) Dual Chip 2NS912CHP, U257CHP
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PERFORMANCE CURVES {(Cont'd) (25°C unless otherwise noted)
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GATE ALSO BACKSIDE CONTACT
3 AND D ARE SYMMETRICAL.
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hannel JFET
s;csigned for

s Genaeral Purpose Amplifiers and

Attenuators
TYPE PACKAGE
Single TO-18
Single TO-72
Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Gate Reverse Current vs
Ambient Temperature

2

T T

VGgs=30V '/
Gs=30V //&

1V 7

3

N
N

/
%

/]
P

L
/I

10

CAPACITANCE (pF)

NF — NOISE FIGURE {dB}

3 A
-50 -26 0 25 50 76 100 125 150
T - AMBIENT TEMPERATURE (°C)

Common-Source Capacitances
vs Gate-Source Voltage

10 -
Fvps=0
Q-1MM;
Cis s
s
<
] \\4\ Crss
0.1
0 4 8 12 18 20
V@s — GATE-SOURCE VOLTAGE {VOLTS)
Noise Figure vs Frequency
Vps=-5V
Vs =0
Rgen = 750 k.
s N\
N\ b
4 N
\ \\ [N Roen=25Ma L
2 X ”I d
T N L1 L
Rgen = 7.5 MQ . ol
ol PRI STEIT I §
01 Bl 10

f — FREQUENCY (kHz}

g

PRINCIPAL DEVICES
2N2608, 2N2608JAN, 2N2843
2N3329-32, 2N3909, VCR5P
2N2608CHP, 2N2843CHP,

2N3329CHP-32CHP, 2N3909CHP
VCRSPCHP

Drain Current & Transconductance
vs Gate-Source Voltage

L
3

| Vps=-5V 3000
@1f=1kH;
-8 —'ggssﬁ‘Vss:" =/
/
lf
- ” /,
-6 < 2000
/7 /
ofs
-4
4 |/ 1oss

(soqwr) IINV1INANOISNYHL QHYMHOL — 95

/l |/
P

-2

Ipss — SATURATION DRAIN CURRENT {mA)

[

-3

[} 1 2 3 4 5 5
VGs(off) ~ GATE-SOURCE CUTOFF VOLTAGE (VOLTS)

Common-Source Output Conductance
vs Drain Current

100
F ¢ 1kH
5 1
"
2 10
<
g =
g
o
H > T
(=]
5 10
2
E
2
S =
3
0.1
-.01 -0.1 -1.0
ip ~ DRAIN CURRENT {mA}
Equivalent Input Noise Voltage
vs Frequency
1000,
- HVpg=-6V
n fvas-o
H
5100
<
e
5
(=}
>
2
g " =
g £t
1
&
. [l ]
10 100 1K 100K

f — FREQUENCY (Hz)

5-36

© 1979 Siliconix incorporated




GATE IS BACKSIDE CONTACT
S AND D ARE SYMMETRICAL
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ALL DIMENSIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS)

hannel JFET
s;csigned for .

= General Purpose Amplifiers
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GATE ALSO BACKSIDE CONTACT
3 AND D ARE SYMETRICAL

u  Switches

TYPE
Single
Single

ALL DIMENSIONS IN INCHES

(ALL DIMENSIONS IN MILLIMETERS)

hannel JFET
m'gned for .

s General Purpose Amplifiers

PACKAGE PRINCIPAL DEVICES
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Chip 2N3382CHP-86CHP, VCR3PCHP

PERFORMANCE CURVES (25°C unless otherwise noted)
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BENEFITS:
® Wide Range of Transconductance
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vs Gate-Source Voltage

~—
F=Vps=-15V
=1 Mz

~

Crss

2 10
VGS — GATE-SOURCE VOLTAGE (VOLTS)

Equivalent Input Noise Voltage
vs Frequency

f— FREQUENCY (Hz}

Drain Current & Transconductance
vs Gate-Source Voltage

VGSioff) — GATE-SOURCE VOLTAGE (VOLTS)

5-38

© 1979 Siliconix incorporated



GATE 1% BACKSIDE CONTACT
S AND O ARE SYMETRICAL

AL SIS P

ALL DIMENBIONS IN INCHES
(ALL DIMENSIONS IN MILLIMETERS}

®  Analog Switches
= Commutators

p-channel JFET
designed

u  Choppers
® Integrator Reset Switch
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Single Chip

PERFORMANCE CURVES (25°C unless otherwise noted)

Output Characteristic

-100
3 80
E
=
z
Y g0 Vgs =0 —
: e
g -
g 40 !
g - -2v
] I —
o —tT"1 =3V
2.2 ;
—— -4V
=5V
f
0 2 4 6 8 -0

VDS ~ DRAIN-SOURCE VOLTAGE (VOLTS}

Transfer Characteristics

Vpg = —16V
P
E
H
i e
]
A
TN
2 NN
N, ~
"o 2 a 6 8 10

Vgs — GATE-SOURCE VOLTAGE (VOLTS)

Transconductance
Characteristics
I T
g bl Vps=-15V |
E 12 \ s @ f= 1kHz
2 10 A
g MAX
- |
g | R
sl "\ AVG|
< N
[
2 ‘4 "'\MW AV N
F \ AN
§ v \ N
é [ 2 ] 6 8 10

VGs - GATE-SOURCE VOLTAGE (VOLTS}

Common-Source Output Conductance
vs Drain Current

1000
. Vos=-16V
g dos @ f = 1kHz ]
] 2
3 T [ =6V
]
g =:
S ~3V
Qo
2
=]
]
E ’, VGS(?" =1V
E 10 S5
1

2 T
) T
:ﬁ A il

. i

-0 0.1 1.0 -10

1D — ORAIN CURRENT {(mA}

Common-Source Capacitance
vs Gate-Source Voltage

100 T
T
—Vvps-0
——f =1 MHz
g [N
1 -
g 0
g .
g ris —
-y
Q
1
] 2 4 -] 8 10

V@s — GATE-SOURCE VOLTAGE {VOLTS)

Gate Operating Current
vs Drain-Gate Voltage

1000 F=p=—p—p=y
< [Elp= -5 mA
5 [
[
€ 100 =E§Q@
[ =
S —F
2 — Vastaif) =6V
= [
«
o fomert feoe1
g 10
o
w
w
<
o

I
L 1

-10 -20 -30 ~40 -50

VpG — DRAIN-GATE VOLTAGE (VOLTS}

z)

ey — NOISE VOLTAGE (nV/.

Inss — SATURATION DRAIN CURRENT (mA)

- 4
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BENEFITS: -
® Low Insertion Loss in Switching Systems
RoN < 75 Q (2N5114)

o Short Sampile and Hold Aperture Time
Cpss < 7 pF

¢ High Off-lsolation Ip(off) < 500 pA
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INTRODUCTION

The basic principle of the field-effect transistor (FET) has
been known since J.E. Lilenfeld’s patent of 1925. The theo-
retical description of a FET made by Schockley in 1952
paved the way for development of a classic electronic device
which provides the designer with the meansby which he can
accomplish nearly every circuit function. The field-effect
transistor earlier was known as a “unipolar” transistor, and
the term refers to the fact that current is transported by
carriers of one polarity (majority), whereas in the conven-
tional bipolar transistor carriers of both polarities (majority
and minority) are involved.

This Application Note provides an insight into the nature of
the FET, and touches briefly on its basic characteristics,
terminology and parameters, and typical applications.

The following list of FET applications indicates the versa-
tility of the FET family:

Ampilifiers Switches Current Limiters
Small Signal Chopper-type  Voltage-Controlled
Low Distortion  Analog Gate Resistors

High Gain Commutator  Mixers

Low Noise Oscillators
Selective

D.C.

High-Frequency

This very wide range of FET applications by no means implies
that the device will replace the more widely-known bipolar
transistor in every case. The simple fact is that FET charac-
teristics — which are very different from those of bipolar
devices — can often make possible the design of technically
superior (and sometimes cheaper) circuits. This comment
applies not only to networks employing discrete devices and
conventional components such as resistors and capacitors,
but also extends to both linear and digital integrated circuits.

APPLICATION NOTE

An Introduction to FETs

In fact, FET technology today allows a greater packaging
density in large-scale integrated circuits (LSI) than would
ever be possible with bipolar devices.

(Although there is no industry-accepted definition of LSI,
apparently when the equivalent circuit of an IC contains
more than 1,000 active elements (500 gates) or is “very com-
plex”, the end product may be called LSI. With a typical
LSI chip measuring less than 200 x 200 mils, this is high-
density packaging indeed.)

The family tree of FET devices (Figure 1) may be divided
into two main branches, junction FETs (JFETs) and Insula-
ted Gate FETs (or MOSFETs, metal-oxide-silicon field-effect
transistors). Junction FETs are inherently depletion-mode
devices, and are available in both P- and N-Channel con-
figurations. MOSFETs are available in both enhancement or
depletion modes, and exist as both N- and P-Channel devices.
The two main FET groups depend on different phenomena
for their operation, and will be discussed separately.

FIELD EFFECT
TRANSISTORS

[ 1

INSULATED
GATE

JUNCTION

I DEPLETION

ENHANCE-
MENT

P-4 CNANNELI I’N-CHANNEL P CNANNEI N—CHANNEL

I DEPLETIONJ

|P4CHANNEi| I:q—anNNiLI
1 2

FET Family Tree
Figure 1
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Junction FETs

In its most elementary version, this transistor consists of a
piece of high-resistivity semiconductor material (usually sili-
con) which constitutes a channel for the majority carrier
flow. The magnitude of this current is controlled by a volt-
age applied to a gare, which is a reverse-biased PN junction
formed along the channel. Implicit in this description is the
fundamental difference between FET and bipolar devices:
when the FET junction is reverse-biased the gate current is
practically zero, whereas the base current of the bipolar tran-
sistor is always some value greater than zero. The FET is a
high input resistance device, while the input resistance of the
bipolar transistor is comparatively low. If the channel is
doped with a donor impurity, N-type material is formed and
the channel current will consist of electrons. If the channel
is doped with an acceptor impurity, P-type material will be
formed and the channel current will consist of holes. N-Chan-
nel devices have greater conductivity than P-Channel types,
since electrons have higher mobility than do holes; thus N-
Channel FETs tend to be more efficient conductors than
their P-Channel counterparts.

Junction FETs are particularly suited to manufacture by
modern planar epitaxial processes. Figure 2 shows this pro-

| cess in an idealized manner. First, N-type silicon is deposited

I (A) P-type silicon substrate

{B) N-type silicon layer de-
posited epitaxially

IC) I1mpurity diffused in to
start isolation region

(D) More impurity diffused
in to complete isolation
and form N-type channel

(E) Final form taken by FET:

with N-type channel em-
bedded in P-type sub-
strate

{dealized Manufacture of an N-Channel Junction FET
Figure 2

epitaxially (single-crystal condensation surface) onto mono-
crystalline P-type silicon, so that crystal integrity is main-
tained. Then a layer of silicon dioxide is grown on the sur-
face of the N-type layer, and the surface is etched so that an
acceptor-type impurity can be diffused through into the
silicon. The resulting cross-section is shown in Figure 2C, and
demonstrates how a P-type annulus has been formed in the
layer on N-type silicon. Figure 2D shows how a further
sequence of oxide growth, etching, and diffusion can produce
a channel of N-type material within the substrate.

In addition to the channel material, a FET contains two
ohmic (non-rectifying) contacts, the source and the drain.
These are shown in Figure 2E. Since a symmetrical geom-
etry is shown in the idealized FET chip, it is immaterial
which contact is called the source and which is called the
drain; the FET will conduct current equally well in either
direction and the source and drain leads are usually inter-
changeable.

(For certain FET applications, such as amplifiers, an asym-
metrical geometry is preferred for lower capacitance and
improved frequency response. In these cases, the source and
drain leads should not be interchanged.)

Figure 2E also shows how the N-Channel is embedded in the
P-type silicon substrate, so that the gate above the channel
becomes part of this substrate. Figure 3 shows how the FET
functions. If the gate is connected to the source, then the
applied voltage (Vpg) will appear between the gate and the
drain. Since the PN junction is reverse-biased, little current
will flow in the gate connection. The potential gradient.
established will form a depletion layer, where almost all the
electrons present in the N-type channel will be swept away.
The most depleted portion is in the high field between the
gate and the drain, and the least-depleted area is between
the gate and the source. Because the flow of current along
the channel from the (positive) drain to the (negative) source
is really a flow of free electrons from source to drain in the
N-type silicon, the magnitude of this current will fall as more
silicon becomes depleted of free electrons. There is a limit
to the drain current (Ip) which increased Vpg can drive
through the channel. This limiting current is known as Ipgg
(Drain-to-Source current with the gate Shorted to the
source). Figure 3B shows the almost complete depletion of |
the channel under these conditions.

Figure 3C shows the output characteristics of an N-Channel
JFET with the gate short-circuited to the soufce. The initial
rise in Iy is related to the buildup of the depletion layer as
Vpg increases. The curve approaches the level of the limiting
current I ygg when Iy begins to be pinched off. The physical
meaning of this term leads to one definition of pinch-off
voltage, Vp, which is the value of Vpg at which the maxi-
mum IDSS flows.

© 1979 Siliconix incorporated



Vps < Vp

DEPLETION
LAYER

(A) N-channel FET working below saturation (Vgg = 0).
(Depletion shown only in channel region).

Vps - Vp
it

DEPLETION
LAYER

l SATURATION REGION/

|
|

BELOW
PINCH-OFF
REGION

vgs=0

D

vp

Vp§ ———=

(C) 1dealized output characteristic for Vgg = 0.

Figure 3

In Figure 4, consider the case where Vps =0, and where a
negative voltage Vg is applied to the gate. Again, a deple-
tion layer has built up. If a small value of Vg were now
applied, this depletion layer would limit the resultant chan-
nel current to a value lower than would be the case for
Vgs = 0. In fact, at a value of [Vggl 2 [Vp! the channel
current would be almost entirely cut off. This cutoff voltage
isreferred to as the gate cutoff voltage, and may be expressed
by the symbol Vp or by VGs(off)- Vp has been widely used
in the past, but VGS(off) is now more commonly accepted
since it eliminates the ambiguity between gate cut-off and
drain pinch-off. VGs(off) and Vp, strictly speaking, are
equal in magnitude but opposite in polarity.

% g 1)
i B s i, DEPLETION
LAYER

vas =

N-ch | FET Showing Depletion Due To
Gate-Source Voltage {Vpg = 0)
Figure 4

The mechanisms of Figure 3 and 4 react together to provide
a family of output characteristics as shown in Figure 5A.
The area below the pinchoff voltage locus is known as the
triode or “below pinchoff” region; the area above pinchoff
is often referred to as the pentode or saturation region. FET
behavior in these regions is comparable to that of a power
grid vacuum tube, and for this reason FETs operating in the
saturation region may be used as excellent amplifiers. Note
that in the “below pinchoff” region both Vg and Vpg
control the channel current, while in the saturation region
Vpg has little effect and Vg essentially controls Iy,

Figure 5B relates the curves of Figure 5A to the actual cir-
cuit arrangement, and shows the number of meters which
may be connected to display the conditions relevant to any
combination of Vpg and Vg. Note that the direction of
the arrow at the gate gives the direction of current flow for
the forward-bias condition of the junction. In practice, how-
ever, it is always reverse-biased.

J——osi =1vei - vesl

BELOW PINCH-OFF O D ABOVE PINCH-OFF

lpss vgs =0

VGs = VGs(offi

(A} Family of output characteristics for N-channel FET

D

|t

-

&

-

(B) Circuit arrangement for N-channel FET

+l|:‘

Figure 5

The P-Channel FET works in precisely the same way as does
the N-Channel FET. In manufacture, the planar process is
essentially reversed, with the acceptor impurity diffused
first onto N-type silicon, and the donor impurity diffused
later to form a second N-type region and leave a P-type chan-

6-3
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nel. In the P-Channel FET, the channel current is due to hole
movement, rather than to electron mobility. Consequently,
all the applied polarities are reversed, along with their direc-
tions and the direction of current flow. Figure 6A shows the
circuit arrangement for a P-Channel FET, and Figure 6B
shows the output characteristics of the device. Note that the
curves are shown in another quadrant than those of the N-
Channel FET, in order to stress the current directions and
polarities involved.

In summary, a junction FET consists essentially of a chan-
nel of semiconductor material along which a current may
flow whose magnitude is a function of two voltages, Vpg
and Vg. When Vg is greater than Vp, the channel current
is controlled largely by Vg alone, because Vg is applied
to a reverse-biased junction. The resulting gate current is
extremely small.

+l

(A) Circuit arrangement for P-channel FET

> pe——

VGs— VGsioff)

vgs=0
ABOVE PINCH-OFF (j , D BELOW PINCH-OFF
I=—Vos| = Ivet - Ivas|

(B) Family of output characteristics for P-channel FET

Figure 6

MOSFETs

The metal-oxide-silicon FET (MOSFET) depends for its
operation on the fact that it isnot actually necessary to form
a semiconductor junction on the channel of a FET in order
to achieve gate control of the channel current. Instead, a
metallic gate may be simply isolated from the channel by a
thin layer of silicon dioxide, as shown in Figure 7A. Although
the bottom of the insulating layer is in contact with the P-
type silicon substrate, the physical processes which occur at
this interface dictate that free electrons will accumulate at
the interface, spontaneously forming an N-type channel.
Thus a conducting path exists between the diffused N-type
source and drain regions. Further, the MOSFET will behave

s METAL D
INSULATING
= LAYER

{ SUBSTRATE

(A) Idealized cross-section through an N-channel depletion-
type MOSFET

AV
16 VOLTS

o 4 8 12
Vos

{C} Family of output characteristics for the Siliconix
2N3631 N-channel depletion MOSFET

Figure 7

in a manner similar to the N-Channel junction FET whena
voltage of the correct polarity is applied to the channel, as
in Figure 7B.

Output characteristics of an N-Channel MOSFET are shown
in Figure 7C. Because there is no junction involved, Vg
can be reversed without engendering a gate current; the gate
may be made either positive or negative with respect to the
source. Under these circumstances, still more free electrons
will be attracted to the channel region, and Ipy will become
greater than Iygg. This mode of operation is represented by
the higher members of the family of ourput characteristics.
Because the application of a negative gate voltage causes the
channel to be depleted of free electrons — thus reducing I —
the device just described is called a depletion-mode MOSFET.

The foregoing has established that the depletion-mode
MOSFET is a “normally-ON” device: when Vg =0, a con-
ducting path exists between source and drain. In many cir-
cuits a “normally-OFF” device would be useful, a condition
which leads to the concept of an enhancement-mode MOS-
FET. In the latter device, an increasing voltage applied to the
gate will enhance channel conduction, and depletion will
never occur, Iy being zero when Vg = 0.

© 1979 Siliconix incorporated



A P-Channel enhancement-mode MOSFET is shown in Fig-
ure 8. Here, an acceptor impurity has been diffused into an
N-type substrate to form P-type source and drain regions.
No conducting channel exists between the source and the
drain, because no matter how the drain-source voltage is
applied one of the PN junctions will always be reverse-biased.
On the other hand, if a negative voltage is applied to the
gate, a field will be set up in such a direction as to attract
holes into the upper layer of the substrate and produce a
P-type channel. A family of output characteristics for a
typical MOSFET is shown in Figure 8C. The idealized
cross-section illustrated in Figure 8A may be used to show
how the characteristics of Figure 8C come about. Refer
to Figure 9 for an extension of this phenomenon.

If a constant (negative) gate voltage, (VGS(K)) is applied,
then an essentially-uniform P-Channel depletion layer will
be induced, as in Figure 9A. If a negative drain voltage is
applied, then current, I, will flow through the drain. As
IVpsl increases, Iy also increases. However, the voltage
between the drain and the gate decreases, so that the thick-
ness of the channel at the drain end is reduced as in Figure
9B. Therefore, the relationship of Ipy versus Vpg will even-

INSULATING
LAYER

I SUBSTRATE (OR BOODY}
B

(A) ldealized cross-section through a P-channel enhancement
MOSFET

o

(=)

&1 E@

{B) Circuit arrangement for P-channel enhancement MOSFET

T

VDS =
os 0

Vgs=-1 Vv

22V commmmmmrn————"

a

4V e
6V s
DY e

(C) Family of output characteristics for a P-channel enhance-
ment MOSFLT

Figure 8

tually reach a limiting value when Vg = Vgg, and the
channel becomes pinched off. This condition is shown in
Figure 9C.

Different values.of Vg give rise to limiting values of Ipy, so
that the characteristic family of output curves which was
shown in Figure 8 is realized. Characteristics of depletion-
mode MOSFETs also come about for the same reason,
except that members of the output characteristics family
also exist for Vg values of zero or reversed polarity. The
P-Channel enhancement-mode MOSFET is currently the
most popular member of the FET family in current use,and
is in fact the basic element in many LSI integrated circuits.

In principle it is possible to manufacture the remaining two
members of the MOSFET family, the P-Channel depletion-
mode and the N-Channel enhancement-mode devices. Be-
cause of the spontaneous formation of an N-Channel at a
silicon/silicon-dioxide interface, the fabrication processes
involved become quite difficult on a volume production
basis. Much work has gone into the development of practical
MOSFET processes for these devices, and N-Channel deple-
tion-mode types are now becoming generally available.

vps=0

INDUCED
(A} P-CHANNEL
DEPLETION
LAVER
SUBSTRATE
(OR BODY)
WVpsi - Ves!
(8)
8
{Vpst > IVGs!
[{~]

Idealized approach of pinch-off,
(A)Vpg = 0, (B) Vpg! < Ngsl (C) Vps! > Vgs!

Figure 9
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FET Characteristics

The FET enjoys certain inherent advantages over bipolar
transistors because of the unique construction and method
of operation of the field-effect device. These characteristics
include:

® Low noise
® No thermal runaway

® Low distortion and negligible intermodulation

products
® High input impedance at low frequencies
® Very high dynamic range (>> 100 dB)
® Zero temperature coefficient Q point

® Junction capacitance independent of device current

The transfer function of a FET approximates to a square-
law response, and the second and higher-order derivatives of
8m are near zero, thus strong second and negligible higher-
order harmonics are produced. Intermodulation products
are extremely low.

The input impedance of a FET is simply the impedance of a
reverse-biased PN junction, which is on the order of 1010 to
1012 Q. In practice, the input impedance is limited by the
value of the shunt gate resistor used in a self-bias common-
source circuit configuration. At RF frequencies, the input
impedance drop is proportional to the square of the fre-
quency; for example, in a 2N4416 FET, the input impedance
would be 22K € at 100 MHz. Also, the input susceptance
increases linearly with frequency, since it is a simple para-

| sitic capacitance.

The FET has very high dynamic range, in excess of 100 dB.

| Thus it can amplify very small signals because it produces

very little noise, or it can amplify very large signals because
it has negligible intermodulation distortion products. It also
has a zero temperature coefficient bias point (zero TC point)
at which changes in temperature do not change the quiescent
operating point.

Junction FET capacitances are more constant over wide cur-
rent variation than are the same parameters in a bipolar
device. This inherent stability allows high-frequency (VHF
through L-band) oscillators to be built which are far more
stable than oscillators using low-frequency crystals and
multiplier stages.

FET Terminology and Parameters

Any introduction to the nature, behavior, and applications
of field-effect transistors requires that certain questions be
answered on FET electrical quantities and parameters — in
particular, the most important parameters, and the means
by which they can be measured. The following discussion
will define specific FET parameters and their associated
subscript notations, and present basic test circuits and
results.

Major parameters include:

® Ipgg — Drain current with the gate shorted to the
source

® Vgs(off) — Gate-source cutoff voltage

® [;gg — Gate-to-source current with the drain shorted
to the source

® BV(gs — Gate-to-source breakdown voltage with the
drain shorted to the source

® g, — Common-source forward transconductance
® C,; — Gate-source capacitance

¢ C,4q — Gate-drain capacitance

Special attention should be given to the subscript “‘s” be-
cause it has two different meanings and three possible uses.
In FET notations, an “s” for the first or second subscript
identifies the source terminal as a node point for voltage
reference or current flow. However, when using triple sub-
script notation, an *“s” for the third subscript does not refer
to the FET source terminal. It is an abbreviation for “short-
ed”, and signifies that all terminal$ not designated by the
first two subscripts must be tied together and shorted to the
common terminal, which is always the second subscript.
Therefore, the term Iggg refers to the gate-source current
with the drain tied to the source.

Because of the typical low input and output admittance of
the FET, four-pole admittance equations are commonly used
to describe electrical characteristics of the FET:

I1=Yy Vi1 + Yy Vo 0]

When Y ¢, Yy, Yo and Y,y are defined as the input,
reverse transfer, forward transconductance, and output
admittances respectively, Equation 1 reduces to ’

iy=yj virtyr vp2 @
Ip=yf vi1 +yo V22

For a three-lead FET, 11 usually corresponds to the gate-
source terminal and 22 corresponds to the drain-source
terminal (i.e., the device is connected in the common-source
mode). Thus

Ij =¥is Vgst ¥rs Vds G)
o= ¥fs Vgs ¥ Yos Vds

Here, the second subscript for the y parameters designates
the source lead as the common or ground terminal.
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Ipgs — Drain Current at Zero Gate Voltage (Ip at Vgg = 0)

By itself, Ipgg merely refers to the drain current that will
flow for any applied Vyg with the gate shorted to the source.
However, when a particular value for Vg is given, equal to
or greater than Vp (see Figure 10), Ipgg indicates the drain
saturation current at zero gate voltage. Some FET data
sheets label Ipgg for Vg greater than Vp as Ip(gp)-

VGs=0

7

1D - DRAIN CURRENT

|
I
!
|

f
I
|
|
Il—— SATURATION REGION *ﬂ
l
|
l
|

VDs - DRAIN SOURCE VOLTAGE ~ BVDGS

FET Characteristic at Vgs =0
Figure 10

VGs(off) — Gate-Source Cutoff Voltage

The resistance of a semiconductor channel is related to its
physical dimensions by R = pL/A, where

p = resistivity
L =length of the channel
A =W x T = cross-sectional area of channel

In the usual FET structure, L and W are fixed by device
geometry, while channel thickness T is the distance between
the depletion layers. The position of the depletion layer can
be varied either by the gate-source bias voltage or by the
drain-source voltage. When T is reduced to zero by any com-
bination of Vg and Vpg, the depletion layers from the
opposite sides come in contact, and the a-c or incremental
channel resistance, rpyg, approaches infinity. Asearlier noted,
this condition is referred to as “pinch-off” or “cutoff” be-
cause the channel current has been reduced to a very thin
sheet, and current will no longer be conducted. Further
increases in Vg (up to the junction reverse-bias breakdown)
will cause little change in Ip. Accordingly, the pinch-off
region is also referred to as the pentode or “constant-cur-
rent” region.

In Figure 10, pinch-off occurs with Vgg = 0. In Figure 11,
Vgs controls the magnitude of the saturated Ipy, with in-
creases in Vg resulting in lower values of constant Ip), and
smaller values of Vg necessary to reach the “knee” of the
curve. The current scale in Figure 11 has been normalized to
a specific value of Ipgg.

T T
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2 +04V
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FET Ip vs Vp Output Charactaeristics
Figure 11
The knee of the curve is important to the circuit designer
because he must know what minimum Vpg is needed to
reach the pinch-off region with Vg = 0, When appropriate
bias voltage is applied to the gate, it will pinch off the chan-
nel so that no drain current can flow; Vg has no effect.
until breakdown occurs. The specific amount of Vgg that
produces pinch-off is known as the gate-source cutoff voltage,

VGs(oft)-

VGS(off) Test Procedure

Although the magnitude of VGs(off) is equal to the pinch-
off voltage, Vp, defined by the pinch-off knee in Figure 10,
rapid curvature in the area makes it difficult to define any
precise point as Vp. Taking a second derivative of Vpg/Ip
would yield a peak corresponding to the inflection point at
the knee, which approximates Vp. However, this is not a
simple measurement for production quantities of devices. A
better measure is to approach the cutoff point of the Ip
versus Vg characteristic. This is easier than trying to specify
the location of the knee of the Ip versus Vpg output
characteristic.

A typical transfer characteristic I versus Vg is shown in
Figure 12. The curve can be closely approximated by

2
Ip=Ipgs \!l - ———VGS )
VGs(off)
14
3o _
£ Ipgs sLore = 12— - ot
A Vpg= -5V
&
3 -VDS 2 VGstoff)
2z 10
<
% \\TA =-55°C
o 08 }
N \ \ TA=25'C
3
ERP I < ¢
T
Z \
2
© 04
2
S
B 02f—7,-= 150°c\*\
VaGstoff)
A

0.4 08 12 24

VGs - GATE-SOURCE VOLTAGE {VOLTS)

16 2.0 28

Typical 1p vs VGg Transfer Characteristic
Figure 12
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Equation 4 and Figure 12 indicate that at Vg5 = VGs(off)
Ip = 0. In a practical device, this cannot be true because of
leakage currents. If Ipy is reduced to less than 1 percent of
Ipgs. Vg will be within 10 percent of the Vgg(off) value
indicated by Equation 4. If Iy is reduced to 0.1 percent of
Ipgs, the indicated VGS(off) error will be reduced to about
3 percent. For a true indication of Vgg(ofr), and a realistic
picture of the parameters of Figure 12, care must be taken
that leakage currents do not result in an error in the VGS(off)
reading. Typically, at room temperature, 1 percent of Ingg
is still well above leakage currents but is low enough to give
a fairly accurate value of Vg (off)-

A typical circuit for measuring Vgg(off) i shown in Figure
13. At Vg = 0, the value of Ipgg can be measured. Then,
by increasing Vg until Iy is 0.01 percent of [gg, the value
of Vgs(off) is obtained. From a production standpoint, it
is more convenient to specify Ipy at some fixed value (such
as 1 nA), rather than as a certain percentage of Ipgg. Thus
a pinchoff voltage specification may be given as indicated in
Table I.

Circuit for Measuring VGS{OFF)
Figure 13

Table |
Typical Pinch-Off Voltage Specification
Characteristic Min | Max | Units
VGSioff) Gate-source pinch-off voitage of:
Vpg=-6V,Ip=-1pA 1 4 | volts

Another method which provides an indirect indication of
the maximum value of Vgg(off) is shown in Table 1L The
characteristic specified is Ipoff), whereas the parameter of
interest is V5g = 8 volts. The specification does say that the
maximum VGS(off) is approximately 8 volts, but no pro-
vision is made for stating a minimum V Gg(off), 3 was done
in Table 1. Therefore, another test must be made if
VGS(otf) (min) 1 to be specified.

Table It
Indication of Maximum Vp

Characteristic Test Conditions Min { Max | Unit

Pinch-off
drain current

Vpg = -12V, -0 ua
Vgs =8V

In(otn

Igss — Gate-Source Cutoff Current

The input gate of a P-Channel FET appears as a simple PN
junction; thus the input d< input characteristic is analogous
to a diode V-I curve, as is shown in Figure 14.
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P-Channel FET Input Gate Characteristic
Figure 14

In the normal operating mode, with Vg positive for a P-
Channel device, the gate is reverse-biased to a voltage be-
tween zero and Vgg(off)- This results in a d-c gate-source
resistance which is typically more than 100M . The gate
current is both voltage- and temperature-sensitive. Figure
1S shows this relationship for Igg versus temperature and
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IGss vs Temperature
Figure 15

If the gate-source junction becomes forward-biased, (nega-
tive voltage in a P-Channel device) or if Vg exceeds the
reverse-bias breakdown for the junction, the input resistance
will then become very low.

The FET is normally operated with a slight reverse bias
applied to the gate-source; hence a good measure of the d-c
input characteristic is to check the gate current at a value
of gate-channel voltage that is below the junction break-
down rating. In device evaluation, there are three common
measurements of gate current: Igpg, Igso, and the com-
bined measurement Iggg. These measurement circuits are
shown in Figure 16.
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The question is, should Igpo and Iggo be measured
separately, or will one measurement of Igg suffice? One
thing is certain: Iggo *+ Igpo > 1gss, because the drain
and the source are not completely isolated. They are, in
fact, electrically connected via channel resistance. For most
FETs, if Vg is greater than VGS(off)’ the difference between
(Igso t Igpo) and Iggg is small; therefore, the measure-
ment of Iggg is a realistic means of controlling both Igpo

and IGSO'

In a circuit, Vgp may be biased between zero and BVgpg,
while Vg will be between zero and Vggoffy: therefore,
1 is not necessarily the same as Iggg.

BV gs — Gate-Source Breakdown Voltage

FET input terminals have been previously described as having
NP or PN junctions, depending on the channel material. As
such, the junction breakdown voltage is a necessary
parameter.

A useful equivalent circuit for a FET is the distributed con-
stant network shown in Figure 17, for a P-Channel FET. If
an N-Channel device is being evaluated, the diodes would be
reversed. In most applications, the gate-drain voltage is
greater than the gate-source voltage; thus the gate-drain
breakdown rating is most important. However, it is also pos-

o [}
Igss__
Ve Vg
1Gso vy s s

Three Common Measurement of Gate Current
Figure 16

DR

SOFT KNEE {(FAILING}

Examples of Soft Knee and Sharp Knee Breakdown
Figure 18

sible to consider the gate-source junction breakdown and
the apparent drain-source breakdown (i.e., in Figure 17,
when a high negative voltage is applied from drain to source,
CR; will break down while CR}, becomes forward-biased).

Some device manufacturers use a BVgp( rating, which
means they are only checking diode CR;. A better method
is to use a BVggg rating (gate-source breakdown with the
drain shorted to the source), because it checks both CRy
and CR,,, in addition to exposing the weakest breakdown
pathalong the entire gate-channel junction. The BV ggg test
also allows the user to interchange source and drain lead con-
nections without worry about device breakdown ratings.

Admittedly, a BVggg test will reject some units which
might pass a BVgpg test; the number rejected, however,
will be insignificant compared to the advantage of providing
symmetrical operation.

Test Procedures for BVGgg

Junctions may break down softly or sharply; junctions with
soft knee breakdown are undesirable. Without examining
each individual unit on a curve tracer, devices with a soft
knee may be eliminated by selecting a low current level for
breakdown measurement (see Figure 18).

GATE O—4 DRAIN

A
VWA

CRa-t <

AAA,
W

b———O SOURCE

A Useful FET Equivalent Circuit
Figure 17

SHARP BREAKDOWN
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g¢s — Transconductance

Transconductance, gg, is a measure of the effect of gate
voltage upon drain current:

Alp
8s = fVgg » VDS = constant )

The interrelation of gg to the parameters Ipgg and
VGS(OFF) should be noted. Equations 4, 6 and 7 describe
the value of Ip and gg in a FET for any value of Vg
between zero and VGS(OFF).

VGs
8fs = 8fso {1~ m) (©
2lpss
Bfso =~ g 7
fso Vis (off) Y]

where gy, is the value of ges at Vigg = 0 and Ipgg is the
value of Iy at Vgg = 0. With these equations, the value of
gfs can be calculated with a fair degree of accuracy (20 per-
cent) if Ingg and VGS(off) are known.

Figure 19 shows normalized curves for Ipy and ggg as func-
tions of Vg in a P-Channel FET. These curves were ob-
tained from actual measurements on typical diffused chan-
nel FETs, such as the 2N2606. The curves agree very well
with Equations 4 and 6 until VGs(off) is approached. For
these curves, VGS(Off) was assumed to be the value of Vg
where ID/IDSS =0.001.

~
.
NN
: AN
g

5 301

oo A

. —Y -

T vDs=-5V f=1ke 7T NI\

i— FOR gts MEASUREMENTS.

[} 0.z 0.4 0.6 0.8 1.0 12

Vas/VGsiofh)

Normalized Curves for Ip and ggg
as Functions of Vgg
Figure 19

The drain current of a JFET operating in the triode (below
pinch-off) region can be accurately predicted by using Equa-
tion 8, where

%
Vps ®)

Ip/triode = ipss m)

Specifications for gy are shown in Tables IIT and IV. Note
that there is a difference in the test conditions specified for
the N-Channel 2N3823 and the P-Channel 2N3329. The gate
voltage for the 2N3823 is established as zero. This means
that ggg is measured at Ip = Ipgg, as in Table III.

Table 111 {2N3823)

Characteristic Te.“A Min Max Unit
Conditions
g¢g  Small-signal common- Vps =15V, | 3,500 6,500 | umho
source forward Vgs=0.
transconductance f=1kHz
Table 1V (2N3329}
it .
Characteristic Ta's. Min | Max | Unit
Conditions
Y¢g Common-source Vps =-10V, 20 | umho
forward transfer Ip=-1mA
admittance f=1kHz

The test conditions shown in Table IV specify a certain
value for Iy (-1 mA for the 2N3329). This means that for
each unit tested, Vg is adjusted until Iy equals the speci-
fied value. The conditions specified in Table III simplify
testing of the g¢; parameter by eliminating the necessity of
adjusting Vq. Figures 20 and 21 show typical test setups
for the two methods.

——AAA
. VW i

Test Circuit for gfg with Vgg = 0
Figure 20

—_ VDS

=

vas
9/?

Test Circuit for ggs with 1p Specified
Figure 21
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Junction FET Capacitances

Associated with the junction between the gate and the chan-
nel of a FET is a capacitance whose value and geometric
distribution are functions of the applied voltages Vg and
Vps. Because of the complexity of dealing with such a
distributed capacitance, a simplification is made so that two
lumped capacitances, Cgs and ng, exist between the gate
and the source and drain, respectively. (A much smaller
capacitance, Cg,, also exists between the drain and the
source, stemming mainly from the device package; this
header capacitance is small enough so that it can be ignored
for most purposes.)

Data sheets quote Cqs and ng (or other capacitances from
which they may be derived) for specified operating condi-
tions. Occasionally, graphs are included which show the
variations of Cgs and ng as the result of changing condi-
tions of Vg, Vg and temperature. If these data are not
presented, an estimate of inter-electrode capacitance values
may be made by assuming that these values vary inversely
with the square root of the bias voltage. The temperature
variations will be very small, because they depend on the
-2.2 mV/°C change in junction potential difference.

Assuming that the FET is properly biased — that is, that the
d-c conditions are met by the external circuitry — it is pos-
sible to construct an incremental equivalent circuit from
which the small-signal or a-c performance may be predicted.
Such an equivalent circuit is shown in Figure 22,

Tad
SO ’ [ it 1 -00
Cod
vGs Cos rgs ots vos ' @ v:s :E 1 Cds
()] |
sO— . —0's
NOTE:  Cyes = Cigs = Cgs + Cou

Coss = Cod *+ Cds = Cod ® Crss

Incremental Equivalent Circuit for the Junction FET
Figure 22

The equivalent capacitance from the gate to the source,Cgs,
is shunted by a very large input resistance, ryg, with both of
these parameters being characteristic of a reverse-biased
junction. Similarly, the equivalent capacitance from the gate
to the drain is shunted by the very large resistance ryy. (For
MOSt pUrposes, Iyg and rgq may be neglected, and the gate
impedance of the FET treated as pure capacitance). At the
drain side of the equivalent circuit the small capacitance
Cqs— which stems from the header material — is shunted by
the incremental channel resistance, rqs. This resistance is
capable of wide variations, depending on bias conditions.
Since the equivalent circuit is fundamentally relevant to the
pinch-off or saturated condition, r4¢ will be on the order of
megohms.

The incremental channel current is given by the transcon-
ductance, gg,, multiplied by the incremental gate voltage.
For the small signal, vy, this is manifested in the equivalent
circuit by the current generator gg.Vy. Notice that the con-
ventional direction of flow of this current is such that iy
flows into the FET, in a “positive” direction.

Many circuits can be designed around the equivalent circuit
for the junction FET. The actual values of gfs adn rds can
be measured as previously mentioned; there remains only
the requirement to establish the methods of determining
Cgs and Cgd. ’

First, assume that the FET is in operation and that the drain
is connected to the source via a large capacitor, i.e., the
drain and source are short-circuited to a-c. Under these cir-
cumstances, a capacitance measurement between the gate
and the source will give

Cgss (or Ciss) = Cgs + Cgd ©
Second, assume that the gate and source are short~circuited
to a-c in a similar manner. A capacitance measurement be-
tween the drain and the source will now give

Cdss (or Coss) = Cgd (10
The alternative symbols Cigs and Cogg simply refer to mea—
surements made at the input (gate) and the output (drain)
respectively. An alternative symbol for Cgq is Crss, which
refers to the “‘reverse” capacitance.

In data sheets, it is customary to state (= Cigs) Cggs and
Cdss (= Coss)- Crss is often given in place of Cogs because
if Cdg <€ Cpgs, Which is usually the case, then Crgg = Cogs -
Equations (9) and (10) can be used in those instances where
it is necessary to extract Cgg and Cgg, as in

Cgs = Ciss - Cgd = Ciss - Crss (1)
and
Cgd =Crss (12)

Remember that all capacitance measurements should be
made at the same bias levels, since the capacitances are func-
tions of applied voltages. To indicate the order of the capa-
citances to be found in a junction FET, consider the values
given in the data sheet for the Siliconix E202 N-channel
FET. They are given as

Ciss (at VDS = 20 V and f = | MHz) = § pF max.
and

Crss (at VDS = 20 V and F = 1 MHz) = 2 pF max.
Hence, at a drain-source voltage of 20 V and a frequency of

1 MHz, Cgg = 5 - 2 = 3 pF maximum. Even though the FET
is physically symmetrical, bias conditions have forced the

capacitances to be unequal.

6-11
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Siliconix

Audio-Frequency Noise Characteristics

INTRODUCTION

The purpose of this application note is to identify and
characterize audio frequency noise in junction field-effect
transistors. Emphasis is placed on basic device character-
istics rather than on end applications, since it is impor-
tant for the circuit designer to know the salient noise
behavior of the FET, and how those characteristics may be
specified by production-oriented test parameters.

Defining FET Noise Figure

For analysis, it is convenient to represent noise in a FET
by assuming that an ideal noise-free device has two external
noise sources, eN and —iN. These noise sources are chosen
to have the same output as would an actual noisy FET. An
equivalent circuit is shown in Figure 1.

NOISE-FREEET
71
= |

i
L1

AAA
VWA
AAA
VW
k.
-

Representing Noise in an Ideal FET
Figure 1

A noise factor (F) is a Figure of Merit of a device with
respect to the resistance of a generator. To calculate a noise

VvLNY

APPLICATION NOTE

of Junction FETs

factor, a source resistor Rg, with a thermal noise voltage
eT, is added to the circuit.

A noise factor (F) may be defined as

Total available output noise power

F=
Noise power at output due to thermal noise of Rg
or
Noise power output due to Rg + noise power out-
F= put due to FET

Noise power output due to R
or

Noise power output due to FET

Noise power output due to Rg
or

Gain X noise power of FET referred to input

=1+
Gain X noise power due to R
or

+Noise power of FET referred to input

Noise power due to Rg

The thermal noise voltage across Rg is(D

1 = VA&TRGB 6]

where k = 1.380 x 10°23 Joules/°K (Boltzmann’s Constant),
T = temperature in °K, and B = bandwidth in Hz. Therefore
noise power due to Rg is

op?
Rg

4kTRGB
R 2= 4KTB
G

#3)

XIUuoJ!
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The noise power of the FET referred to the input is

ol
N .
Rg tiIN’'Ro ©)

When expressions for the noise power of both the FET and
R are substituted, the noise factor becomes

F=1+ eN2 + 1N2RG2 (4)
4kTRGB

A noise figure (NF) expressed in dB indicates the presence

of added noise power from the FET or another active

device. The noise figure is always given with reference to a

standard, specifically the generator resistance Rg:

NF = 10 log ) [F] ©)

The noise figure of the FET is

2 3+ 2R A2
en + in“R,
_T\_T___N_._G_]dB (6)

NF = Iologw[l + AKTRGB

When junction FET noise is expressed in terms of the noise
figure (NF), an inherent disadvantage arises in that the
noise figure value is dependent upon the value of the gen-
erator resistance, Rgy. Therefore, the ey, iy method re-
mains as the best way to quantitatively express the noise
characteristics of the FET itself.

Describing Junction FET Noise Characteristics

Junction FET ‘ey and iy characteristics are frequency-
dependent within the audio noise spectrum, and take a form
as shown in Figure 2.

- K= . 013
> [—— /" OR FLICKER F _JOMNSONOR T GENERATOR 3
& —"excess voise T—HT nvauisy THEAMAL TH RecomBINATION, T
€ — * Recion [J{T, | Notse AeGion - 1yl on sHor Noise
= i fr | REGION .
sE [RRE 1 5{ i ge
2 ] l RYR S
G 3> w00 10
8z = BREAK 1 eq
T = POINTS T4 H S
28 Nl Mt i Ee
2 & 3
e SLOPES H i3
z0 £ 18 o 5 ?
4o 10 az1t02 Nttt 10-15 £ 2
; 2 — 2B
58 jiid | él S
H - m %3
I v
f f. <
F B N iz wte A
10 100 1K 10K 100K

f - FREQUENCY (Hz)}
Characteristics of Junction FET Noise

Figure 2

e, the equivalent short circuit input noise voltage (with
the exception of the 1/f™ region), is defined as(2)

ey = /4kTRyB Q)

where Ry = 0.67)gfs, the equivalent
resistance for noise. The ey, except in the 1/f® region,
closely approximates the equivalent thermal noise voltage
of the channel resistance.

In the so-called 1/f1 regjon,EN is expressed as
ey = VAKRyB(1 + £;/f%) @

where n varies between 1 and 2
and is device- and lot-oriented.

The characteristic bulge in ey in the 1/fM region has been
observed to some extent in all junction FETs submitted to
test. The breakpoint or corner frequency shown as f; in-
Figure 2 is lot- and device design-oriented, and varies from
about 100 Hz to 1 kHz.

As indicated in Equations (7) and (8), ey is inversely pro-
portional to the square root of the transconductance of the
FET (eNy = 1/7/ggg). en can be lowered by a factor of
1A/N if N devices with matched electrical characteristics
are connected parallel. For example, when

N=2 9).
let

ERC ) 10
and let

8fs1 = 2fs2 an
Thus,

gfsTOTAL =2 gfsl or 2 gfsz (12)
From Equation (7)

eN1 = VAKT(0.67/gg51)B (13)
and

eNTOTAL = /4kT(0.67/28¢,1)B (14)
Thus,

- . 1 —

eNTOTAL = /5 exy (15)

A second way to achieve low EN is to use a device with a
large gate area. Empirically, ey is inversely proportional to
the square of the gate area (EN @ 1/AG2), independent of
8f. This large gate area philosophy has been followed in the

© 1979 Siliconix incorporated
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design of the Siliconix 2N4867A FET, and noise perfor-
mance of the device is discussed later in this Application
Note. A major advantage of this type of design is that EN is
significantly lowered and_iN also remains at a low value.

The equivalent open-circuit input noise current,_iN, with the
exception of the shot noise region shown in Figure 2, is due
to thermally-generated reverse current in the gate channel
junction. It is defined as

iN=v2qIGB (16

where g = 1.602 x 1019
coulomb (the magnitude of the electron charge), Ig; is the
measured DC operating gate current in amperes, and B is
bandwidth in Hz. The expression is accurate only when the
measured gate current is the result of bulk device conduc-
tance. It is possible for the measured gate current to be due
to conductance stemming from contamination across the
leads of the semiconductor package.

At higher frequencies, as in the shot noise region shown in
Figure 2, iy can be approximated as being equal to the
Nyquist ther- il noise current generated by a resistor: ()

Ty~ /B
v R

an

where Ry, is the real part of the
gate-to-source input impedance. The breakpoint or corner
frequency f5 in Figure 2 is lot- and device design-oriented
and can vary from S kHz to 50 kHz.

Another form of noise found in junction FETs is known as
“popcorn” or burst noise; the term popcorn noise was origi-
nated in the hearing aid industry because of noise or level
shifts which are present in input stages, and which resemble
the sound of corn popping.

Popcorn noise is a form of random burst input noise cur-
rent which remains at the same amplitude, and which is con-
fined to frequencies of 10 Hz or lower. The suitability of a
FET device is dependent on the amplitude of the burst, its
duration, and its repetition rate. The origins of popcorn
noise are not completely identified, but are believed to be
caused by intermittent contact in aluminum-silicon inter-
faces and by contamination in the oxidation processes.

A test circuit to measure popcorn noise in differential
junction FET amplifiers is shown in Figure 3. In practice,
popcorn noise is evaluated on an engineering basis, and not
on a production-line basis. No correlation between 1/f1
nois¢ at 10 Hz and popcorn noise has yet been found in
junction FETs. However, if the amplitude of the burst is
large and occurs frequently, then 1/fT noise voltage (EN)
is masked and difficult to evaluate at 10 Hz.

1/3 L144 SELECTED |
FOR LOW NOISE |

Xy
PLOTTER

CONSTRUCTION IS
SHIELDED ENCLOSURE
WITH SELF-CONTAINED BATTERIES

Test Circuit to Measure Popcorn Noise
Figure 3

The graph in Figure 4 shows “moderate” burst noise ob-
served in a group of junction FET differential amplifiers
which were measured in the test circuit.

‘ Tp=25°C
- X-Y PLOTTER TIME ’L
—] 30 s e 04,V REFERRED TO INPUT
NOISE I
BURST T |
‘ bk NOISE
- BURST
2 STABLE
DC (AVgg/aT)
DRIFT ONLY =
| f1-NOISE BURSTS |
#3 ' 1 T
e
\ and 1/1 By
| ]

Popcorn Noise in Differential Amplifiers
Figure 4

Operating Point Considerations

Unlike bipolar transistors, where EN and _iN characteristics
vary directly with change in collector current (I), similar
characteristics in junction FETs will vary only slightly as
drain current (Ipy) is varied. This is true so long as the FET
is biased so that the drain-source voltage is greater than the
pinch-off voltage (Vpg > ¥ or Vg otf))-

The EN in junction FETs will be lowest when the devices
are operated at Vgg = 0 (Ip = Ipgg), where transconduc-
tance (ggo) is at its highest value. This will be true only if
device dissipation is maintained very low in relation to the
total dissipation capability of the FET.

YvLNV
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The curves in Figure 5 illustrate changes in EN as the oper-
ating drain current (Ip) is varied. Note that the lowest ey
did not occur at Vgg = 0, because of high power dissipa-
tion and a resultant rise in junction temperature at the
operating point.

Hz}

1F POWER DISSIPATION ——
(AN JUNCTION TEMPERATU!

en — EQUIVALENT SHORT-CIRCUIT INPUT
NOISE VOLTAGE {(aV/s

1K 10K
f — FREQUENCY (Hz)

‘eN Changes vs Ip Variations
Figure 5

The optimum (lowest)TN in depletion-mode junction FETs
should occur at Vgg = 0 (Ip = Ipgg). In practice, very
little change will be seen in iy when the operating point is
changed, provided that the drain-gate voltage is maintained
below the gate current (I;) breakpoint and power dissipa-
tion is kept at a low level. The curves in Figure 6 illustrate
TN characteristics as a function of drain-gate voltage at
points below, on, and above the I; breakpoint voltage.

10-13

Vpg =40V
i

i i i

[ il

2N3822
(NRL GEOMETRY)
1
-

{ZH/MANY) 1NIHEND ISION — Ny

f — FREQUENCY (Hz}

TN Characteristics as Function of Drain-Gate Voltage
Figure 6

In circuit design, particular attention must be paid to drain-
gate voltage (Vpg) to minimize gate current (Ig) under
operating conditions. The critical drain-gate voltage (I
breakpoint voltage) can be anywhere from 8 to 40 V,
depending on device design. 9 Gate operating current (I¢;)
should not be considered equal to gate reverse current
(Iggs) in linear amplifier applications. Igg is only an indi-
cation of reverse-biased junction leakage under non-oper-
ating conditions, The Curves in Figures 7 and 8 show how
1 breakpoint is related to basic device design. Device
designs with a high g¢/C; ratio have low breakpoint volt-
ages, typically at Vg = 10 V, whereas high u devices
(u = 14g * gfg)- have much higher I breakpoints, typically
VpGg=20-30V.

-1 T ——
{NRL GEOMETRY) X
HIGH u TYPE

b

1 “BREAKPOINT"
| AN

IG — GATE CURRENT {nA}

-0.01

0 5 10 15 20 25 30
VpG - DRAIN-GATE VOLTAGE {VOLTS)

Gate Operating Current vs Drain-Gate Voltage
Figure 7

~100

% 2N5011
(NZF GEOMETRY)
HIGH gm/Cigg TYPE:

|G — GATE CURRENTS (nA}

Vpg — DRAIN-GATE VOLTAGE {VOLTS)

Gate Currents vs Drain-Gate Voltage
Figure 8

Characteristics of ey and iy at Low Temperature

Three equations presented earlier ( (7), (16) and (17) )
show that ey and iy are temperature dependent. ey and iy
are proportional to /T, and both will be reduced if the
temperature is lowered. In Equation (16), iy is propor-
tional to v/I; I will halve for each temperature drop of
10 to 11°C. By is also proportional to v/Ry, where Ry =
0.67/g¢s. Thus when gg is increased, which is tygical of
junction FETs operating at low temperature, ey will
also lower.

In Figure 9, gg, has been plotted vs temperature for a sili-

con junction FET, and the low temperature limitation
caused by a dropoff in g, is clearly shown.

8000

2N4416

N

4000 SLOPE 0.5%/°C

2000 l

] 100 200 300

Ip=3mA

ggs — FORWARD TRANSCONDUCTANCE {gmhos)

T — TEMPERATURE [°K)

ofg Vs Temperature
Figure 9
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In connection with the plot of gg; vs temperature, note
that the relationship can vary from approximately 0.2% to
1% per degree C. The gg, slope depends upon the basic de-
sign of the FET, and upon the proximity of the drain cur-
rent operating point to Iz, the zero temperature coeffi-
cient point.

The major application for junction FETs at low tempera-
ture is in charge-sensitive ampliﬁers.(s) For best performance
in this type of application, a high g¢/Cig, ratio is required.
Recommended Siliconix FET types for such applica-
tions are the 2N4416 (NH geometry) and the U311
(NZA geometry).

Test Measurements

By definition, ey and Ty are referred to the input of the
device under test. To measure €y, the test circuit shown in
Figure 10 will prove useful.

+Vpp
O

LOW NOISE
AMP

OSCILLATOR MWV
r ;. TUNABLE
| ' FILTER
I : VOSC 10903 VIN
L _I TRUE RMS
VOLTMETER

1 " MOUNT D.U.T. AND INPUT CIRCUITRY
- IN SHIELDED ENCL.OSURE

Test Circuit to Measure e Y]

Figure 10

The following procedure should be used to make the

eN test:

1. Set tunable filter to required ‘flow and fpipp. Ad-

just oscillator to mean center frequency (fean =
[flow * fhigh] /-

2. Set V,

1ol 102 sy
Compute Vj,; = 10 xl—o—s-- 10 V=10 uV.
. _ Voutl _
3. Measure Vy,;1. Compute overall gain as Ay = <7 -
in
Vout1
10uvV”

4. Set Switch 1 to position(@and measure Vg9,

Compute V5, the equivalent short-circuit input
noise voltage (eN), using A, from Step 3. V

V,
2’;2— e in volts over bandwidth £y, to f;en.

osc 10 100 mV with Switch 1 in position@

An alternate method of performing the above test is to use
a Quan-Tech Transistor Noise Analyzer consisting of a
Model 2173 Control Unit and a Model 2181 Filter. The
analyzer has provision for measuring ey and determining
NF with various values of R in FET and bipolar devices
with selectable test conditions, The measuring system has a
constant gain of 10,000. The analyzer records output noise
at selected frequencies between 10 Hz and 100 kHz in the
device under test, with the scale shown as the actual output
divided by 10,000. This is then the output noise referred to
the input, The equivalent bandwidth for testing is 1 Hz.

There are certain instances where the test circuit or the
Transistor Noise Analyzer are not adequate to measure ey
at certain frequencies over certain bandwidths in the 1/fT
region. The rms noise over a bandwidth from fj,y to fhigh,
where there is a 1/f™ characteristic over the entire range,
can be computed as

fw) 1/ 2n

low

fknown *1In ( (18)

EN = [EN known| «

Figure 11 represents this equation graphically. For example,
ey known =70 x 10° V/v/Hz at 10 Hz. How much noise is
in the band from 4.5 to 5.5 Hz? The noise has a l/f charac-
teristic over the entire range. Thus

_ ] 1/2

en = I7Ox10‘9]‘ [10-1n<2~§)] Volts  (19)
or

eN = 99.16 x 109 V/\/Hz @ 4.975 Hz, (20)
4.975 Hz is the mean center frequency where ., =

(flow” fhlgh)

KNOWN

fhigh

Computing rms Noise Over a Bandwidth
Figure 11
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Ty measurements are difficult to implement at best. At fre-
quencies below f; in Figure 2, iy is assumed to have a con-
stant level or “white” noise characteristic which may be
correlated to gate current, I5. From Equation (16) I is
established as the measured bulk gate current. Because
measured gate current (L) is the result of all conductances
at the gate, the resultant gate current and the computed iy
due to bulk material can be assumed to be this value or less.

The total equivalent input noise of the FET can be approxi-
mated by(6)

Eniz =ET2 +EN2 +—i-N2 : RG2 @n

where ep? is the thermal noise of
the generator resistance R and Eniz is the total noise
referred to the input. This approximation assumes that the
equivalent noise voltage and the current generators vary
independently. Equation (21) implies that iy2 can be cal-
culated if en?, e2 and total noise ep;2 are known. The
difficulty here is that in MOS or junction FETs, the Rg
must be very large to detect the anticipated small value of
IN. However, when Rg is very large eq2 is much greater
than N2 * Rg2. For example, over a 1 Hz bandwidth at
25°C, if Rg is equal to 100 MS2, then

ep? = 4KTRg =4 x 1.38 x 108 x 2.95x 102 x 108 =

1.63 x 1012 v/\/Hz. 2
Anticipated iy is
in ~ 10715 Amperes/y/Hz (23)
and
N2 = 1030 Amperes/y/Hz. 24
Thus
N2 Rg2=1030- 1016 = 10714 V/\/Hz. 25)

Therefore, in2 * Rg2 is much less than e2, which renders
this method of ﬁnd'mgTN impractical for most common
MOS FETs or junction FETs.

An improved method of measuring _iN2 is to substitute a
low-loss mica capacitor for resistor R¢;. The mica capacitor
by definition does not have equivalent thermal noise voltage,
and thus Equation (21) becomes

eniZ =en? +iN2 " Xc2 (26)

(where X = capacitive reactance)

or

N=Xp @7)

When a 10 pF mica capacitor was used in the evaluation
circuit (up to a frequency of 100 Hz) a correlation of from
80 to 90% was obtained when compared to_iN2 computed
from measured gate current readings.

At frequencies above 100 Hz direct computation of _iN via
the capacitor method becomes unwieldy because of the
rapid decrease in capacitor reactance at these frequencies.

In calculating—i—N at higher frequencies, an alternate method
is to measure (Rp) the real part of the gate-source impe-
dance of the FET.() When R, is measured at various fre-
quencies, the equivalent short-circuit input noise current
(in) can be computed as a function of frequency (See
Equation (17) ). A convenient instrument to measure Ry, is
the Hewlett-Packard Type 250A Rx meter or equivalent.
The Type 250A Rx meter can measure Rp accurately up to
200K ohms. As is shown in Figure 12, this establishes the
low frequency limit of 20 MHz for_iN computed via direct
measurement of Ry, for the Siliconix FET Type 2N4117A.
For frequencies between 100 Hz and 20 MHz, iN must be
extrapolated, as is shown in Figures 12 and 13. For FET
types with lower Rp (such as the Siliconix 2N4393)—iN can
be computed down to 2 MHz, and hence extrapolated iy
between 100 Hz and 100 kHz is more accurate.

@ 1000K 3RgTT7A B 10°12
] (NT GEOMETRY) H <l
it 3
Qe T f
w Vps =10V
Q
H Ves=0 5
B 100K Era=2sc 1013 %
@ = = a
g el = Sativ ]
y i 1 e 2
& ' 3
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g H 2
w B
g : 3
f N T i
s D
& extraroLaTeDjcaLcuLATEOY| | 4
0.1 1 10 100 1K
o

f — FREQUENCY (MHz)

Low Frequency Limit for CalculntodTN

Figure 12
10713
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(NT GEOMETRY| i 10 - Ipss 5
T Ta=25°C f
I S
= 10714 &
N n
E g
2
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g
-15 2
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Figure 13
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"The following are representative _e;N, —iN curves for Siliconix J-FET products. Of particular importance is the geometry

which by its design governs the basic noise characteristics of product types derived from it.
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CONCLUSION

Contemporary junction FETs have noise voltages (EN) equal
to those found in low-noise bipolar transistors. Each type
of device has a different operating mechanism: the FET is
voltage-actuated, while the bipolar transistor is current-
actuat_gd. Hence, FETs have an inherently lower noise cur-
rent (i) and are preferred over bipolar devices in most
audio-frequency applications where low-noise performance
is a design requirement.

When bias points are properly selected, as described in this
Application Note, the excellent low-noise characteristics of
high gg¢ junction FETs can be realized.

The curves shown in Figure 14 are representative of EN and

—iN performance of Siliconix junction FETs, Of particular

importance in these curves is the process geometry by which
the basic design of the FET governs the noise characteris-
tics of product types derived from it. Readers are invited
to refer to the Siliconix FET catalog for full geometry per-
formance data, and for specific part numbers stemming
from the generic process geometries.

In the measurement section of this Application Note, it
was shown that direct ey measurements can readily be
made. iy can be guaranteed at frequencies below 100 Hz by
measuring the DC operating gate current (I). When Ig; is

known, —iN can be extrapolated from frequencies below
100 Hz to predict noise performance at frequencies to
100 kHz.
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APPLICATION NOTE

FETs for Video Amplifiers

INTRODUCTION

The field-effect transistor lends itself well to video amplifier
applications. Gain bandwidth products in excess of 250 MHz
may be easily achieved using simple one or two transistor
circuits, DC input resistances in the tens of megohms range
may also be easily achieved while input capacitances may be
significantly reduced to less than 1 pF by well known circuit
techniques. Video amplifiers have applications in communi-
cations and pulse amplifying circuits and normally operate
up to 100 MHz.

Behavior of FET Input Resistance

A prime FET parameter, inpﬁt impedance, has a large effect
in determining the frequency response of a FET video am-
plifier. It is not a simple RC network but one in which the
real and imaginary parts are a function of frequency.

The voltage generator source resistance R, and the FET
input impedance Z;, form a frequency sensitive attenua-
tion network. The larger the Rg, the worse will be the fre-
quency response, and vice versa. Examining this in greater
detail, consider the input equivalent circuit of a FET con-
nected in the common source configuration,

where

Rgg and Rgg = bulk series gate resistance
Cgs and Cgq = bulk series gate capacitance

Gogs = output conductance

v Oy

Figure 1

For this analysis the gate source leakage resistance has been
ignored due to its high value. Redrawing the input equivalent
circuit as a simple parallel RC combination results in

o
Gy :E By =z
o
Figure 2
where
G1 =Re [Yjyl
_wz[TICI (1 +w2T22)+T2C2 ¢! +w2T12)] )
1 - (2T T9)2 + w2 (T12 + Ty2)
and
B =Im|(Yjy!
_w[C) (1+w?Ty) +C (1 + 2T )] .
1-(w2TT9)2 + w2 (T12+ T,2)
where
Ty = ngRgd
Tg =CgsRys (&)

The input resistance varies inversely with the square of the
frequency (see Figures 3 and 4) while the input reactance is
inversely proportional to the frequency (see Figure 3).
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In common-source circuits, 1/G{ will typically fail to <2K
ohms at 100 MHz while C; remains substantially constant at
least up to 1000 MHz. Figures 3 and 4 below exhibit these
relationships.

100

| =T
; 10
o
E biss
s - » Figure 5
g 1 / gur
2 ——
2 7
— o A e The 3-dB frequency w3 is given by:
"7 .
100 300 600 1000 _
FREQUENCY (MHz) w3= CtRp ™
Figure 3
1
20 100 = ——— 8
. 7x 10712 x 560 ®
E; \ 80 E. +BV
) s w3=255x106 ©)]
2z \ g
Y - 60 J 1000 fx =30M
£5 w0 N g 3 =39MHz (10).
SE N a0 g 4300
;g N\, & o | w2nse1i12) The low frequency voltage gain for this configuration is
Tz= 5 N L a 2 & 100K n:E 3; 914 given by:
& I =
i o ‘—_I:‘ R
01 10 100 V = gfs D —_— (11)
FREQUENCY (MHz) I'+gpRg
{A) (B) _
Figure 4 Ay = 4.9 (12)
To maintain Jow input capacitance, and thus a high input where

impedance over a wide frequency range, feedback may be
applied to most circuits. Such techniques are explored in
“FET and Bipolar Cascade” section (page 5). The effect of
R, on the frequency response is shown in Figures 6, 9, 11,
13 where various amplifier configurations are investigated.

Circuits to Consider

Five video amplifier circuits are considered. They are:

Common-Source Configuration
Shunt-Peaked Common-Source Configuration
Source Follower

Cascode Amplifier

FET and Bipolar Cascade

Common-Source Circuit!

The circuit of Figure 5 features high input impedance and
high voltage gain. The drain resistor is set at 560 ohms to
maintain good bandwidth which, with 50-ohm generator
impedance, is determined primarily by the drain load com-
ponents. These are:

Rp =560 (4)

CT = ng + CD + CS (5
Cgd = 2.0 pF, Cp the VTVM probe, 2.0 pF, and Cg is
circuit stray capacitance of 3 pF.

Cr=2+2+3=7pF 6)

gfs = 15 mmho when Iy = 12 mA, the quiescent current
Rp=560Q (13)
Rg=47Q (19)

Measured Performance

Figure 6 shows the frequency response of the circuit. The
low-frequency gain was measured at 4.5 and the 3-dB band-
width at 44 MHz giving a gain bandwidth product of
197 MHz. This compares with a calculated gain bandwidth
of 191 MHz.

10— Ry= lez\ 15\ g =505 |

@

b | R L il

w

@

£ . H

& |

£, ! L]
2 \ |

L1 |l

o 1 i) 100 1000

FREQUENCY {MHz)

Figure 6
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Effect of Increasing Generator Impedance

If the generator resistance Ry is increased to 1K ohm, the
input time constant of the FET is increased. The bandwidth
of the amplifier is now determined primarily by the input
time constant which consists of generator impedance
(Rg = 1K ohm) shunted by C;;, ( see Figure 7).

Cod
(_
L
Cas
Rg ' 3
S i
Figure 7
where
_{, . 8sRD gfsRg
Cin = (1 I+ grRs ) Coa* (l T T ggRg ) Ces TS
=(5.9x3.5) + (0.6 x 10) + 3. (15)
Cijp =30pF (16)
where
ng= 3.5pF an
Cgs = 10pF (18)
The corresponding 3-dB frequency is given by:
: (
Wrm 19
CinRg )
30x10°12x103 30
f3 =5.3MHz (21)

which agrees closely with the measured bandwidth as shown
in Figure 6.

Shunt-Peaked Common-Source Circuit

| The frequency response of the resistance-loaded common-
source circuit may be significantly extended by shunt peak-
ing at the gate and/or drain. Consider first the gate circuit.
Here an inductor may be connected in shunt with the gate
and set to such a value that it forms a tuned circuit with the
FET input capacitance. The frequency of resonance is
determined by:

1
fo=———— (22)
2n+/LCiy
where
Cin = Ciss * Cstray * CMiller (23)

The response of an input signal of frequency f,, will then be
boosted to an extent depending on the loaded Q of the
tuned circuit; the loaded Q in turn is dependent on the
unloaded Q of inductor 1, Ry and the FET input resistance.

Next consider shunt peaking in the drain circuit. In Figure
8 the inductor L is set to such a value that a low Q tuned
circuit is formed; the resonating capacitance C is the parallel
combination of Cgq plus stray and load capacitances. For a
flat response, the LC circuit is tuned to the 3-dB frequency
of the resistance loaded circuit of Figure 5. (See Appendix.)

+15V

The required value of L is:

Rp2C
== and for the circuit in Figure 8. 29)
=078 uH (2%
where
Rp =560 (26)
C =Cpd + Cgtray * CvTVM PROBE (27
C =12+13+25=5pF (28)

Due to the low circuit Q (about 5), the value of L is
not critical.

The 3-dB bandwidth shown in Figure 9 now extends to
67 MHz giving a gain bandwidth product of:

67 x 4.2 =281 MHz (29)

SOURCE L J l
= 20}REsISTOR |
2 BYPasSED Pg =504
z SOURCE Rg= 1K 0N} |
g "®|resiston N
w UNBYPASSED 1
g 12 PN; .
3 Rg= 1K 0 ‘
4 8 -+ 1] T
. Rg =500
.‘ .
L]
01 1 10 100 1000

FREQUENCY (MHz)

Figure 9
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When Rg is bypassed by a 0.1 capacitor, the low frequency
voltage gain is given simply by:

Ay =¢iRp (30)
=15x 10-3x 560 (31
=8.4(18.5 dB) (32)

The gain bandwidth product tends to remain constant
whether Rg is bypassed or not and this effect is shown in
Figure 9.

Source-Follower Circuit2

A J300 is used in the FET source-follower circuit, Figure
10, because of its low input capacitance and high g which
remains high at the frequency range of interest. A source
follower exhibits a high input impedance and low output
impedance. The real part of the output impedance is the
reciprocal of ggg which is independent of frequency up -to
about 600 MHz. The input capacitance isCgq + Cy5 (1 - Ay)
which, in this case, is approximately 1.5 pF maximum. The
input capacitance is also independent of frequency and
independent of load when the load is larger than the output
resistance R,

+12Vv

J300

__.__Y—o

]
>
b Rg g oF

1L

-12v

Figure 10

The frequency response is dependent mainly on the gener-
ator internal impedance. For example, when Ry is increased
to 1K ohm the bandwidth falls to 80 MHz. In this particular
circuit, the low-frequency voltage gain is 0.94,

The input resistance is proportional to 1 /£2 as explained in
the section, “Behavior of Input Resistance,” and at some
high frequency will go negative, particularly if the source
resistor is large. For example, with the circuit in Figure 10,
the input resistance is high at 10 MHz but in the negative
resistance region at 100 MHz. However, when Rg is 1000
ohms, the input resistance is real at this frequency.

The voltage gain of a source follower is given by:

g R
Ay= fsiS

= 33
1+ggRg (33)

Thus Ay is almost independent of Rg when Rg is large.
Using typical values for the J300 (or % 2N5912) in Figure
10, the drain current is 3 mA, gg¢ is 5 mmho and Rg 4700
ohms,

Ay =0.96

which is near the measured value of 0.94. Measured perfor-
mance is shown in Figure 11. The output resistance of this
source follower is given by:

1

R0=g—fs‘=m3— =200

(34)

and in this circuit, R, was measured at 165 ohms. The
source follower is a useful versatile circuit which may be
used as an impedance converter, level shifter, buffer stage,
or as an input circuit to an op amp or feedback amplifier.

T ¥

c H

L L
g " 1 Ry =50
= Rg = 1K
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a
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g 3 i
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5 et ]
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6 W37 L
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FREQUENCY {MHz}

Figure 11

Cascode Circuit

The cascode circuit has applications as a buffer amplifier for
use with high stability oscillators or in low level power am-
plifiers2 mainly due to its low reverse transfer character-
istics. The advantages and considerations of this configura-
tion, Figure 12, are similar to those listed for the common-
source circuit. An extra advantage exists in the cascode
circuit, namely the low input capacitance:

(3%)
(36)

Cin=Cgs t (1-Ay)Cqg
Cin =Cjss + Cgq

+15V

P
0Ke &
<

BOONTON
81 CVTVM

uz2s7 OR 2N5912
puaL DUAL .

]

S o
. <:47Kn 4:1B°n::u.1 .

M

I

-3
A

Figure 12

where Ay is the voltage gain from Q; gate to Q; drain
which is essentially unity. C;;, for the U257 dual FET is
5 pF and Cagisl pF, therefore

Cin =5+ 1 =6 pF, excluding strays of 4 pF

Thus Miller effect is minimized and a good gain bandwidth
product is achieved.

© 1979 Siliconix incorporated
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Figure 13 shows cascode frequency response. The voltage
gain at Jow frequency is 15 dB (x 5.6) and the bandwidth is
24.5 MHz with a generator impedance of 50 ohms. Gain
bandwidth product is 137 MHz.

; T
24

o I
a SOURCE
=2 RESISTOR
2 6 |— BvPASSE| T
S Rg =505
w2 Rg= 1K [N I
g t
2 , Ag= 500 N
S 8 soumce
RESISTOR N N
‘ ~Ur8|vlprﬂs|ﬂo— T \ \
1 10

100
FREQUENCY (MHz)

Figure 13

FET and Bipolar Cascade

The FET and bipolar transistor combination of Figure 14
makes a good video amplifier because the FET input provides
the voltage gain thus obtaining a superior gain bandwidth
product. The feedback capacitor a-c couples the emitter to
the drain. The a-c voltage at the gate is nearly equal to that
at the source. This source voltage is d-c coupled to the base.

+12V

>
<
3 Ka 680gq

4300
o= 001
T BOONTON
MPs % 91C VIVM

6643

Ko

<
pLETE 3 2200
< <

2703 0.0t

= -12v

Figure 14

This produces an a-c voltage at the emitter whose amplitude
is almost equal to that at the base. Thus at the FET,
Vg = Vg 2= vq and all three signals are in phase. In this way
Miller effect capacitance is largely eliminated,

The frequency response of this circuit is controlled by the
output time constant if f; of the transistor is much greater
than the amplifier bandwidth. In the circuit shown the a-c
load is 2.5 pF.

CONCLUSION

The input resistance of a FET is inversely proportional to
the frequency squared, while the input capacitance remains
constant to at least 1000 MHz.

Several video amplifier configurations are considered. The
common-source circuit is considered first: in the example,
the low frequency gain is 4.5 and the 30-dB bandwidth
44 MHz (gain bandwidth 197 MHz). By shunt peaking in the
drain circuit, gain bandwidth is increased to 260 MHz. The
simple source-follower circuit gives a gain near unity with
GBW almost 300 MHz and an output resistance of I/gfs. The
cascode circuit features a low input capacitance and GBW
of 137 MHz. The circuit featuring the best gain bandwidth
is the FET and bipolar combination. A gain of 11 dB and
bandwidth of 90 MHz is achieved.

N
:
T —]

H

g

12—
"
°
e

VOLTAGE GAIN (dB)

A 1 10 100
FREQUENCY (MHz)

Figure 156
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APPENDIX

Selection of Video Amplifier Designs with
Performance Summary

Note. All output voltages measured with Boonton 91C VTVM.

Common Source Stage

H5V

> F
) Iz'gp

R, R Rg R c.. BW GBW
Device 9 S $ "D Gain dB n
Q Bypassed & pF  MHz MHz
2N4393 50 47560 4.5 13.0 44 197
50  x 47560 7.5 17.5 40 300
1K 47560 45 13.0 50 22
1K x 47560 7.5 17.5 35 26
J300 50 911K 38 11.6 11.0 275 103
% 50  x 911K 63 160 145 300 189
2NS912 4 911K 38 11.6 11.0 95 36
K x 911K 63 160 145 65 41
2N4416 50 120 1.5K 39 11.8 115 25 98
50 x 12015K 62 158 13 19 118
1K 120 15K 39 11.8 115 8 31
1K x 12015K 62 158 13 7 a4
Cascode Common-Source Circuit .
+15V
2.5 pF
;2209:[
C’\E 3:‘.7!((1 E;an
= =
R a R L [ GBW
Ry s w 4g Cin BW CBW g Gain B in  BW
Bypassed pF  MHz MHz Q M pF MHz MHz
50 2.7 85 9 27 13 50 0 35 11 2 20 70
50 x 56 15 115 27 151 1K 0 35 1 2 11 385
1K 27 85 9 95 73 50 8 35 M 2 37 130
1K x 56 15 115 90 51 1K 15 35 M 2 17 60
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2N4393

+15V

Shunt-Peaked Common-Source Stage

J300
(1:2N5911/12)

+15V

R R BW GBW
9 S  Gain dB
Q Bypassed MHz MHz
R R BW GBW
9 S  Gain dB
50 42 125 66 277 2 Bypassed MHz MHz
50 x 75 175 54 405
TiK 42 125 60 25 50 39 118 &7 262
1K x 75 175 35 26 50 x 63 160 67 421
2N4416
+15V
R L R BW GBW
] S  Gain dB i
2 uH  Bypassed MHz MH2
50 4 39 118 45 175
50 4 x 62 158 40 248
50 5 x 62 158 45 279
Common-Drain Common-Emitter Stage
+15V +16V
E:Kn
4300
MPS
R' 6643
2,5pF
Sao0n RE:[
1800
R Re c., BW GBW
9  Bypassed Gain dB n
Q {0.1 1F) pF  MHz MHz
Ry . ¢, BW GBW
50 3 95 20 3 117 Q Gain dB T MHz MHz
50 x 25 28 20 21 525
LLS 3 95 20 13 39 50 56 15 1.0 32 179
1K x 25 28 2.0 11 275 1K 5.6 156 1.0 15 84
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Source-Follower Circuit

+15V

Ry

Cin R, BW GBW
Q Gain Stray pF Total pF

£ MHz MMz

50 0.92 2.2 2.7 165 350 326
1K 0,92 2.2 2.7 165 85 50

N ote. Ro = output resistance of the source follower.

+15V

Hg 1800
) T
‘: 25pF
Smon
- -5V =
Dual R Offset (Max) BW GBW
9 Gain
FET £ (Input to Output) mV MHz MH2z
U257 50 100 098 70 69
INB912, 100 098 15 147
U232 50 10 098 85 83
1K 10 098 13 127

Derivation of Input Admittance Terms

where
Ry=Rys C1=Cgs (1) 3™ F23
_ _ Yin
Ry=Rgg C2=Cgqa (9 = ok
s =jw i
Yin - SCI + SC2 (3)
RiCys+1 RyCys+ 1

| -wCICy (R +RY +5(C1 +C)
(1- w2R1R2C1C2) +s(CyR1 + CoRp)

G

Derivation of Shunt Peaking Formula

The equivalent circuit of the drain load is shown in the Fig-
ure below. The total impedance seen by the drain is given by:

1
7= RL2 + szz 2 )
(1 - w2L0)2 + 02 2Ry 2

TO DRAIN

The response below shows the “normal” 3-dB frequency
without peaking -- f{. It is now required to raise the response
at f by 3 dB to achieve a maximally flat response. There-
fore, under these conditions the total impedance seen by
the drain at f; must equal the impedance seen by the drain
atf,. Alsoat {1, Xc =Ry .. Substituting for Xc in Equation 5:

s -
I I N
2 \
fo f
FREQUENCY
R 2 RL2+w2L2 ©)
A
(&
Ry 2~ 2wLRp + w?L2+ Ry 2= R 2+ w212 )
Rp 2= 2wLRL ®
Ry 2wl ©)
R
=L (10)
4r fy
and »
1 . RLZC
fi = gmg el an
7 Ry C 2
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INTRODUCTION

When high-performance, high-frequency junction field-effect
transistors (JFETS) are used in the design of active balanced
mixers, the resulting FET mixer circuit demonstrates clearly
superior characteristics when compared to its popular passive
counterpart employing hot-carrier diodes. Comparison of
several types of mixers is made in Table I. The advantages
and disadvantages of semiconductor devices currently used
in various mixer circuits are shown in Table I1.

Why an Active Mixer?

Active mixing suggests high-level mixing capability. High
level mixing in turn infers that active mixers outperform
passive mixer circuits in terms of wide dynamic range and
large-signal handling capability. Additionally, the active mix-
er offers improved conversion efficiency over the passive
_mixer, permitting relaxation of the IF amplifier gain require-
ments and even possible elimination of the customary RF
amplifier front end.

APPLICATION NOTE

FETs in
Balanced Mixers

Ed Oxner

Initial evaluation of the active FET mixer will imply a dis-
advantage because of local oscillator drive requirements;
bipolar devices in low-level mixers require very little drive
power. However, in high-level mixing this disadvantage is
overcome in that drive requirements at such mixing levels
are generally the same, no matter whether bipolar or FET
devices are used.

Why FETs for Balanced Mixers?

The performance priorities of modern communication sys-
tems have stringent requirements for wide dynamic range,
suppression of intermodulation products, and the effects of
cross-modulation. All of the foregoing parameters must be
considered before noise figure and gain are taken into
account,

Since FETs have inherent transfer characteristics approxi-
mating a square-law response, their third-order intermodula-
tion distortion products are generally much smaller than

Table | Table Il
MIXER TYPE DEVICE ADVANTAGES DISADVANTAGES
i . Single Double . . X
Characteristic Single-Ended Balanced Balanced B.po.?r ng No"se Figure High 1M
Tr High Gain Easy Overload
Bandwidth Severai Decade Decade Low D.C. Power Subject to Burnout
decades K . . . R
possible Diode L?w Noise Figure High L.O. Drive
High Power Handling Interface to |.F.
Relative IM 1.0 0.5 0.25 High Burn-out Level Conversion Loss
Density JFET Low Noise Figure Optimum Conversion Gain not’
Interport Little 10-20 dB >30d8 Conversion Gain possible at Optimum Square *
|solation Excellent IM products Law Response Level
Square Law Characteristic High L.O. Power
Relative 0dB +3dB +6dB 5’.“::';"' ov""l‘_’ad |
L.O. Power igh Burn-out Leve
Dual-Gate Low IM Distortion High Noise Figure
MOS FET | AGC Poor Burnout Level
Square Law Characteristic Unstable
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those of bipolar transistors. Harmonic distortion and cross-
modulation effects are third-order-dependent, and thus are
greatly reduced when FETs are used in active balanced
mixers.

A secondary advantage derives from available conversion
gain, so that the FET mixer becomes simultaneously equiv-
alent to both a demodulator and a preamplifier.

First Order Balanced Mixer Theory

Essential details of balanced mixer operation, including sig-
nal conversion and local oscillator noise rejection, are best
illustrated by signal flow vector diagrams (Figure 1).

FETA

FETg

{1 F

& e s
7~ T
1
IR 1, \J  seNaL
A %o &, CONVERSION
elo
—_ —— .
T — -— '
¢
B to elo 8o
{ \I g %
N Ay, "~
[N o e
’ = b / T
1) N {1
A ~F \ - noise
:Io eto ejo  REJEGTION
2
t1 al, !
8 el d I el
e ) L
\ /\ (\ / J l\' /\
| e i‘en
" ! I'fen
| | Iy
! |
| | [
1

Signal and Noise Vectors
Figure 1

Energy conversion into the intermediate frequency (IF) pass-
band is the major concern in mixer operation. In the follow-
ing analysis, both the signal and noise vectors are shown
progressing (rotating) at the IF rate (wjs;); the resulting
wave occurs through vector addition.

The analysis of local oscillator noise rejection (Figure 1)
assumes, for simplicity of explanation, that noise is coherent.
Thus at some point in time (t;) the noise component (e)
is “in phase” with the local oscillator vector (e}) and FET
“A” (the rectifying element) is ON; the JFET mixer acts as
a switch, with the local oscillator acting as the switch drive
signal. One-half cycle later, at time t,, the signal flow is
reversed for both the local oscillator vector and the noise
component, FET “A” is OFF and FET “B” is ON. Moving

ahead an additional one-half of the IF cycle, FET “A” is
again ON, but the noise component has advanced 180°
(w;gy) through the coupling structure, and is now “out of
phase”. The process continually repeats itself.

The end result of this averaging (detection) is the cancella-
tion of the noise which originated in the local oscillator,
providing that the mixer balance is precise.(l)

The analysis of the conversion of the signal to the IF pass-
band is similar, but the signal is injected into the coupling
structure at the equipotential tap. Thus at time t5, the signal
vector (e5) is ““out of phase” with the local oscillator vector,
ejo- The resulting envelope develops a cyclic progression at
the IF rate, since the signal is “demodulated” by the mixing
action of the FETs.

A schematic of a prorotype balanced mixer is shown in
Figure 2. Design criteria, in order of priority, include the
following:

(1) Intermodulation and Cross-Modulation
(2) Conversion Gain

(3) Noise Figure

(4) Selecting the Proper FET

(5) Local Oscillator Injection

(6) Designing the Input Transformer

(7) Designing the IF Network

Intermodulation and Cross-Modulation

A basic aim in mixer design is to avoid the effects of inter-
modulation product distortion and crossmodulation. Part
of the problem may be resoived by using a balanced mixer
circuit.

The active transfer function of the FET is represented by a
voltage-controiled current source. For both crossmodula-
tion and intermodulation, the amount of distortion is pro-
portional to the amplitude of the gate-source voltage. Since
input power is proportional to input voltage, and inversely
proportional to input impedance, the best FET IM and
cross-modulation performance is obtained in the common-
gate configuration where the impedance is lowest.(2)

When JFETs are used as active mixer elements, it is impor-
tant that the devices be operated in their square-law region.
Operation in the FET square-law region will occur with the .
device in the depletion mode. Considerable distortion will |
result if the FET is operated in the enhancement mode
(positive, for an N-channel FET); by analogy, the problems
encountered are similar to those which arise when positive |
drive is placed on the grid of a vacuum tube.

Square-law region operation emphasizes the importance of
establishing proper drive levels for both quiescent bias and
the local oscillator. The maximum conversion transconduc-
tance, g, is achieved at about 80% of the FET gate cutoff
voltage, VGS(off), and amounts to about 25% of the forward
transconductance, g¢g, of the FET when used as an amplifier.
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Prototype Active Balanced Mixer
Figure 2

Since conversion gain (or loss) must be considered, it is
common to equate voltage gain Ay, as:

Ay =gcRL ()]
where g, is the conversion transconductance and Ry is the
FET drain load.

An attempt to achieve maximum conversion gain by indis-
criminately increasing the drain load resistance will adversely
affect any design priority concerning distortion — particular-
ly intermodulation product distortion.

Distortion takes different forms in mixers. Most obvious is
that distortion which will occur if the FET is driven into
the enhancement mode, as noted earlier. A more pernicious
form is drain load distortion. And finally, there is the so-
called “varactor effect.”

The most frequent cause of poor mixer performance stems
from signal overloading in the drain circuit. Excessive drain
load impedance degrades the intermodulation characteristics
and produces unwanted crossmodulation signals.(3) A char-
acteristic of the FET balanced mixer is that the correct
drain load impedance is inversely proportional to the value
of the conversion transconductance. Figure 3 shows the
improvement in IM characteristics obtained in the prototype
mixer with the drain load impedance reduced to 1700 Q
from 5000 . Specifically, the dynamic load line must be
plotted so that the signal peaks of the instantaneous peak-to-
peak output voltage are not permitted to enter into the non-
saturated (“triode”) region of the FET. Suitable and unsuit-
able drain load lines are shown in Figure 4. Load impedance
selection is quantified in Equations 18 through 20.

Distortion from the ‘“‘varactor effect” is of secondary impor-
tance, and arises from an excessive peak voltage signal
swing, where the changing drain-to-source voltage can cause
a change in parasitic capacitance, Cpg, and give rise to har-
monics.{#*) A FET tends to be voltage-dependent when the
drain voltage falls appreciably below 6 volts. If the source
voltage (from the power supply) is also low and the drain

load impedance is high, then distortion will develop. How-
ever, if proper steps are taken to prevent drain load distor-
tion, the varactor effect will also be inhibited.
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Conversion Gain
In a FET, forward transconductance is defined as(®)
dlp
= 2
Bfs = GV o (@)

and conversion transconductance is defined as(6)

dID(wi) 3
8™ Ty ©)
gs(wr)
where wi = the intermediate frequency and wr = the signal
frequency.

The effects of time-varying local oscillator voltage, V5, and
the much smaller signal voltage, V{, must be considered:

Vgg = Vi cos wit+V;cos wot (©)]

For square law operation(7)

V2+VGs < Vgs(off) ®)
Drain current is approximately defined by ®
Vgs ]2
Ip=Ipsg |1 -5——— (6)
VGs(off)
or
o 50 VGs(off) T o
D 2 VGS(off)
or
. Bfso 2
Ip~ ZVGS(Off) [VGS(Off) - VSS] ®
then(m)
D~ o (complex Taylor expansion) ©®
2VGS(off)
which can be reduced to
8fso
I ~———— Vj Vycos(wy - wolt (10)
D(1F) 2VGS(off) 1V2 1 2
and the conversion transductance is
8fso
o= —— \V2 11

Equation 11 suggests that g_ increases without limit as V,
increases without limit. However, to avoid operation of the
FET in the “triode” region, the peak-to-peak swing of V,
should not exceed VGS(Off)'

Thus
2V, peak < vGS(Off) (12)
or
V
vy peak < —25of0) (13)

Figure 5 shows plots of normalized conversion trans-
conductance, g./g¢s versus normalized quiescent bias, Vgg/
VGs(off)» for different oscillator injections.

28
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Normalized g¢/9f vs. VGs/VGs(off)
(from “FET RF Mixer Design Technique”, S.P. Kwok,
WESCON Convention Record (1970) 8/1, p.2.)
Figure 5

Noise Figure

Like the common-gate FET amplifier, the common-gate FET
balanced mixer is sensitive to generator resistance, Rg.(l 1)
A change of a decade in Ry can produce a noise figure varia-
tion of as much as 3 dB.

In the design of the prototype FET active balanced mixer,
the generator resistance of the FETs is established by the
hybrid coupling transformer. Two important criteria for the
FETs in the circuit are high forward transconductance, and
a value of power-match source admittance, gjys, which close-
ly matches the output admittance of the coupling trans-
former. In the common-gate configuration, match points for
optimum power gain and noise do not occur at the same
value of generator resistance (Figure 6). Optimum noise
match can only be achieved at the sacrifice of bandwidth.

3d8 POWER GAIN NOISE

POWER GAIN AND NOISE MATCH (dB)

GENERATOR RESISTANCE (02)

Power Gain and Noise Matching
Figure 6
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How to Select the Proper FET

Conversion efficiency is determined by conversion trans-
conductance, g, which in turn is directly related to such
FET parameters are zero-bias saturation current, Ingg, and
the gate cutoff voltage, VGS(off):

IDpss
=22y, 14
b Voston? ' 2 a9

Efso
150 15
2VGSs(off) (15)

Equation 15 appears to indicate that FETs with high Ipgg
are to be preferred. However, Ipgg and VGS(off) are related,
and Figures 7A and 7B show that devices from a family
selected for high I gg do not provide high conversion trans-
conductance, but actually produce a lower value of g .

13
E /
g
g . Y i
1 d
1 |
j
1 i
3 5 10 20 40
Ipss (mA}
a.
5
4
o 3
g 5 \\
o &
“le 2
z \\
1
3 5 10 20 0 40
Ipsgs (mA)
b.

Relationship of Ipgs and Vgg(off)
Figure 7

Best mixer performance is achieved with “matched pairs”
of JFETs. Basic considerations in selecting FETs for this
application are gate cutoff voltage, VGS(off)’ for good con-
version transconductance, and zero-bias saturation current,
Ipgs, for dynamic range. A match to 10% is generally ade-
quate. Among currently available devices, the Siliconix
U310 and the dual U431 offer excellent performance in
both categories; common-gate forward transconductance is
20,000 pmhos max at Vpg = 10 V, Ip = 10 mA, and
f=1kHz.

There is, of course, the possibility that FET cost is a major
consideration in evaluating the active balanced mixer ap-
proach — the familiar price/performance tradeoff. If this is
the case, there are a number of other Siliconix FETs which
will provide suitable alternatives to the U310. Remember,

however, that conversion transconductance, g., can never
be more than 25% of forward transconductance. Thus as
tradeoff considerations begin, the first sacrifice to be made
will be the degree of achievable conversion gain. Intermod-
ulation performance will follow with the third tradeoff being
available noise figure. Table III lists a number of possible
alternatives to the U310,

Table I
Typical DEVICE TYPE
Characteristic usio* 2N6912 | 2N4416* | 2n3823
m 14K 6K 5K 3.5K
|Q§§ 40 mA 15 mA 10mA 10 mA
*Similar devices are also available in plastic packages:
U310 {J310)

2N5397 (K300-18)
2N4416 (2N6486, K304-18)

Local Oscillator Injection

Low IM distortion products and noise figure, plus best
conversion gain, will be achieved if the voltage swing of the
local oscillator across the gate-to-source junction is held to
the values presented in Figure 5. V g is expressed in terms
of peak-to-peak voltage, while Vgg(ofr) is a d.c. voltage.

Local oscillator injection can be made either through a brute-
force drive into the JFET source through the hybrid input
transformer, or through a direct-coupled circuit to the JFET
gates where less drive will be required for the desired voltage
swing, Two circuits to obtain direct gate coupling are sug-
gested in Figure 8.

GATES TIED IN PARALLEL
L2 RESONANTES WITH Cgy

2pF 0—)

GATES DRIVEN PUSH-PULL
SOURCES TIED TOGETHER

b.

Alternate Forms of L.O. Injection
Figure 8

6-33

© 1979 Siliconix incorporated

I-TLNY

XIUOD



AN72-1

iconix

The source-injection method is used in the design of the
present mixer to maintain the inherent stability of a com-
mon-gate circuit. A minor disadvantage with-the direct-
drive method is that the required gate-to-source voltage
swing requires considerable local oscillator input power.
For source injection through the transformer. best mixer
performance is obtained with a local oscillator drive level of
+12 to +17 dBm across a 50-ohm load.

Conversely, direct coupling to the FET gates occurs at a
higher. impedance level and less local oscillator drive power
is required. The functional tradeoff resulting when the gates
are tied together is that shunt susceptance requires some
form of conjugate matching, and thus brings about an un-
desirable reduction of instantaneous mixer bandwidth.

Designing the Input Transformer

Five criteria are important to the design of the hybrid input
coupling transformer for best mixer performance. The impe-
dance transformer must

(1) Consist of four single-ended terminals, for the local
oscillator, the input signal and FETs A and B

(2) Offer a match between either input to a symmetri-
cal balanced load

(3) Provide as much isolation as possible between the
signal and local oscillator ports (Figure 9)

(4) Maintain a differential phase of 180° across the
symmetrical balanced loads

(5) Introduce the least possible amount of loss

Hybrid Input Coupling Transformer
Figure 10

Rq

/1
Ri

Rz

E10-— [—O¢2

N,
[~

4-Port Hybrid with Phase and isolation
Figure 9

A transformer using ferrite cores and meeting these five
requirements is derived from elementary transmission-line
theory (Figure 10). Transmission line transformers have a
low-frequency cutoff determined by the falloff of primary
reactance as frequency is decreased. This reactance is deter-
mined by the series inductance of the transmission line con-
ductors. On the other hand, high-frequency performance is
enhanced by minimizing the physical length of the trans-
mission line. Minimizing overall line length while maintain-
ing suitable reactance can be accomplished by using a
high-permeability core material such as a ferrite.(12) The
transformer constructed for the balanced FET mixer closely
resembles the balanced 4-port unsymmetrical 180° hybrid
device described by Ruthroff.(13)

© 1979 Siliconix incorporated
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Although Ruthroff does not discuss the method of deter-
mining the winding length of bifilar wire, a solution is offered
by Pitzalis.(14) The Pitzalis definitions for wire length are
as follows (Figure 11):

7200n

max 1ength=r-— (inches) (16)
upper
length ORL nches) (7
min length = ————————— (inches
T aE M/ko) flower )
where Ry = the load impedance, ufu, = the relative

permeability of the ferrite at the lower frequency, and n =
a fractional wavelength determined by the amount of allow-
able phase error.

Selection of the ferrite core material is determined mainly
by performance requirements. A prime consideration for
wideband performance is the temperature coefficient of the
ferrite, which must have a low loss tangent over the required
temperature range, i.e., high Q.

In addition, an important design factor involves the relative
permeability of the core, since inductance of a conductor is
proportional to the permeability of the surrounding me-
dium.(15) A high permeability material placed close to the
transmission line conductors acts upon the external fringe
field present, appreciably magnifying the inductance and
providing a lower cutoff frequency. Power transferred
from input to output is coupled directly through the di-
electric medium separating the transmission line condcutors;
thus a relatively small cross-section of ferrite material can
operate in an unsaturated state at impressively high power
levels. For the FET balanced mixer, ferrite core material
with a permeability of 40 provides satisfactory operation
from 50 to 250 MHz. Figure 11 also demonstrates that a
lower transmission line impedance, Z,, is to be preferred
over a higher Z,. Both 50-ohm and 100-ochm transmission
lines are required for the mixer transformer; twisted pairs
will provide satisfactory results. A characteristic impedance
of 45 Q is obtained from 3 turns-per-inch of "Belden
No. 24 AWG enamel wire, while 3! turns-per-inch of No.
24 (7X32) Belden plastic covered wire provide Z, =100
ohms. Each core is wound with 2 inches of the proper
twisted pair, with min/max lengths calculated from Pitzalis’
data (Formulae 16, 17).

As with all broadband transformers, the coil has an inherent
parasitic inductance which must be capacitor-compensated
(C,, Cy4, Figure 2).(16) A trim capacitor is required at the
two input terminals, and is adjusted only once to optimize
the differential phase shift across the symmetrical balanced
FETs. Phase match of the hybrid structure may be tracked
to within +2 degrees (about 180°) to 250 MHz. Effective
resistance transformation is useful from 50 to 550 MHz
(Figure 12) — but phase track beyond 250 MHz may show
too much deterioration.

AAA

24 =22, OPTIMUM

25 =2, OPTIMUM

1
2, 32, OPTIMUM

—40
1 1 | 1 | 1 ! 1 1
02 06 10 14 18
LENGTH OF WIRE A (n)
b.
Toroid Coil Winding Data
« Figure 11
Designing the IF Network

The IF network performs two important functions in the
FET balanced mixer circuit. It provides for optimum match
between the FETs and the IF amplifier, and it effectively
bypasses the circuit RF components (signal and local
oscillator).

In network design, it is essential that the RF and local oscil-
lator signals be sufficiently isolated from the intermediate
frequency signal to maintain rejection levels of at least
20 dB. If this isolation is not maintained, conversion gain
and noise figure are degraded.

The simplest technique for design of the IF network is to
use the well-known pi (7) match structure from each FET
drain to a common balanced output transformer net-
work.(17)- This pi match technique is especially suitable for
a narrow-band intermediate frequency output, serving three
useful functions. First, it serves to achieve the proper drain
load match between the FETs and the IF structure. Second,
it provides the very necessary isolation of the intermediate
frequency signal. And third, it serves as a simple filter to
provide a monotonic decrease in impedance as frequency
departs from the IF center frequency, fo.(ls’ 19) This third
function, shown in Figure 13, prevents the drain load impe-
dance from skyrocketing out of control and giving rise to
distortion products.

Selection of the dynamic drain impedance value in the IF
network is a critical point in design of the structure. Inter-
modulation product distortion and crossmodulation will be

© 1979 Siliconix incorporated
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both affected by the instantaneous peak-to-peak output
voltage of the FETs, if the value of the dynamic drain impe-
dance allows these signal peaks to enter either the pinch-off
voltage or breakdown voltage regions of the transistors.(20)
If the impedance is too high, the dynamic range of the mixer
will be severely limited; if the impedance is too low, useful
conversion gain will be sacrificed.

A first-order approximation to establish the proper load .
impedance may be obtained when

Vpp-2V,
Ry = DD~ 2 VGS(off)

i (18)
where
v, 2
ig =1 jQ— 19)
d DSS[ VGS(Oﬁ)] (
and
Vgs = Vgs * Vy sinwyt 20)

3 2

For the U310 FET, the optimum drain load impedance is
established at slightly less than 2000 ohms, with sufficient
local oscillator drive and gate bias determined from the con-
version transconductance curve in Figure S.

The output IF coupling structure is an 800-ohm CT to 50-
ohm trifilar-wound transformer (Relcom BT-9 or equivalent).
The pi (7) match into this transformer provided a dynamic
drain load impedance of 1700 ohms on each FET; excellent

!

DISTORTION REGION

/\ UNCONTROLLABLE

7T

t4]

MONOTONIC

2iiess

Pi {7) Match Filter Function
Figure 13
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IM performance was obtained. Value of operating Q was
established at 10 as the best compromise to insure that the
tolerance of the pi match components would permit the IF
output to peak within the allowable bandwidth at the asso-
ciated IF amplifier. A Q of more than 10 would result in a
greatly restricted bandwidth, while a Q of less than 10 would
result in excessively high capacitance, excessively low induc-
tance, and unsatisfactory filter performance.

Mixer Performance

Tests of the operational prototype FET balanced mixer
demonstrated that the active mixer has several characteris-
tics superior to those of passive mixer counterparts. These
comparisons are made in Table IV (measurements of all
three mixers were made under laboratory conditions).

Insertion loss measurements on the IF network amounted to
3 dB in the center of the passband, while insertion loss on
the hybrid assembly measured 1.2 dB. The network exhibited
a Q of 10. Gain and noise figures were measured over the
full 50-250 MHz bandwidth, with a single-sideband noise
figure ranging from 7.2 dB at 50 MHz to 8.6 dB at 250
MHz. Conversion gain was a flat +2.5 dB.

Two-tone third-order intermodulation is expressed in terms
of the intercept point.(21) With two signals 300 kHz apart,
the balanced mixer suppressed third-order products -89 dB
with both signals at —-10 dBm, representing an intercept
point of +32 dBm.

Table IV

50-250 MHz Mixer Performance Comparison

Characteristic JFET Schottky Bipoiar
Intermodulation Intercept Point | +32 dBm |+28 dBm | +12 dBmt
Dynamic Range 100d8B 100d8 80 dBt
Desensitization Level +8.5dBm| +3dBm | +1 dBmt
(the level for an unwanted
signal when the desired signal
first experiences compression)

Conversion Gain +2.5 dB* -6d8 +18 dB
Single-sideband Noise Figure @ 7.2dB 6.5 dB 6.0dB
50 MHz

TEstimated *Conservative minimum

Figure 14 shows a comparison of third-order IM products
emanating from both the JFET balanced mixer and a typi-
cal low-level double-balanced diode mixer, under similar
operating conditions. Noise figure and intercept point are
shown at various bias and local oscillator drive levels in
Figure 15.

The performance of the active mixer is clearly superior to
that of the diode mixers, contributing overall system gain
in areas critical to telecommunications practice, and reducing
associated amplifier requirements.

Comparison of 3rd Order IM Products
Figure 14
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MEASURED PERFORMANCE SOURCE — INJECTED MIXER

L.O. POWER +17 dBm AND +22 dBm
DRAIN LOAD IMPEDANCE 170052, 50000

INTERCEPT
POINT

12 - \

$.5.8. NOISE FIGURE — dB

Noise Figure and intercept Point Performance

Figure 15

CONCLUSION

The reason for using the three-core bifilar transformer
(Figure 11A) in this tutorial article stemmed from the rela-
tive analytical simplicity of such a design. An alternative
transformer is the single-core trifilar-wound design. The
definitions for wire lengths (Equations 16 and 17) are
equally applicable to trifilar as they are for bifilar.
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Siliconix

Voltage-Controlled Resistors

INTRODUCTION

The Nature of VCRs

A voltage-controlled resistor (VCR) may be defined as a
three-terminal variable resistor where the resistance value
between two of the terminals is controlled by a voltage
potential applied to the third.

A junction field-effect transistor (JFET) may be defined as
a field-controlled majority carrier device where the conduc-
tance in the channel between the source and the drain is
modulated by a transverse electric field. The field is con-
trolled by a combination of gate-source bias voltage, Vg,
and the net drain-source voltage, Vpg.

Under certain operating conditions, the resistance of the
drain-source channel is a function of the gate-source voltage
alone and the JFET will behave as an almost pure ohmic
resistor.{1) Maximum drain-source cusrent, {pgg, and mini-
mum resistance, Ipg(op), Will exist when the gate-source
voltage is equal to zero volts (Vg =0). If the gate voltage is
increased (negatively for N-Channel JFETs and positively
for P-Channel) the resistance will also increase. When the
drain current is reduced to a point where the FET is no
longer conductive, the maximum resistance is reached. The
voltage at this point is referred to as the pinchoff or cutoff
voltage and is symbolized by Vs = Vgs(off)- Thus the
device functions as a voltage-controlled resistor.

APPLICATION NOTE

FETs As

Figure 1 details typical operating characteristics of an N-
Channel JFET. Most amplification or switching operations
of FETs occur in the constant-current (saturated) region,
shown as Region II. A close inspection of Region I (the un-
saturated or pre-pinchoff area) reveals that the effective
slope indicative of conductance across the channel from
drain to source is different for each value of gate-source bias
voltage.(z) The slope is relatively constant over a range of
applied drain voltages, so long as the gate voltage is also
constant and the drain voltage is low.

VDs = Vgs - VGsmm——// LOCUS CURVE

/

REGION | REGION I} -
. {
NON-SATURATION Vgs =0
REGION //I p Ipss
_ / SATURATION
2 /1 REGION
E
=] / i
= Vs <0
Z $
/ i
7 |
t
/i !
+
i Vgs —» Vasiot)
Ve
Vpg V!

Typical N-Channel JFET Operating Characteristics
Figure 1
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Resistance Properties of FETs

The unique resistance-controlling properties of FETs can be
deduced from Figure 2, which is an expanded-scale plot of
the encircled area in the lower left-hand corner of Figure 1.
The output characteristics all pass through the origin, near
which they become almost straight lines so that the incre-
mental value of channe] resistance, r4g, is essentially the same
as that of d.c. resistance, rpyg, and is a function of VGS'(3)

Figure 2 shows extension of the operating characteristics
into the third quadrant for a typical N-Channel JFET. While
such devices are normally operated with a positive drain-
source voltage, small negative values of Vps are possible.
This is because the gate-channel PN junction must be slightly
forward-biased before any significant amount of gate current
flows. The slope of the V g bias line is equal to Alp/AVpg =
1/1pg. This value is controlled by the amount of voltage
applied to the gate. Minimum rpg, usually expressed as
IDS(on)> OCCUrS at Vgs = 0 and is dictated by the geometry
of the FET. A device with a channel of small cross-sectional
area will exhibit a high rpg(opyand a low Ipgg. Thus a FET
with High Iygg should be chosen where design requirements
indicate the need for a low rpg(op).

Vgs =0

N-Channet JFET Output Characteristic Enlarged Around VDS =0
Figure 2

Figure 3 extends the ryq characteristics of a FET to a com-
parison with the performance of 4 fixed resistors. Note the
pronounced similarity between the two types of devices.

Vas = 0

25V

a0v

[
Vps - Vol

N-chsonel FET

Comparison of FET and Resistor Characteristics
Figure 3

Typical rpg curves for several Siliconix N-channel JFETs
are plotted in Figure 4.(4) The graphs are useful in estimating
rpg values at any given value of V;q. All quantities given in
Figure 4 are for typical units, so some variation should be
expected for the full range of production devices. It is there-
for deisrable to convert Figure 4 to a normalized plot. This
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i
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N
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i
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w
3

Y4
5 V4 y,
g 1
: )4 /
=3
9 10k ,IJ 7
z = 7 .
E y A v 4
« V4 y 4
5 7“ 7 7 7
- 4 7 J
2 74 /]
4
g
H
3
3
[*)
z
I
3

\
I

Vps 501V —

100
0 -1 -2 -3 -4 -5 -6

Vs - GATE-SOURCE VOLTAGE (V)

Incremental Drain-Source Resistance for Typical N-Channel FETs
Figure 4

has been done in Figure 5. The resistance is normalized to
its specific value at Vgg = 0 V. The dynamic range of rppg
is shown as greater than 100: 1, although for best control of
rpg a range of 10:1 is normally used.

Siliconix offers a family of FETs specifically intended for
use as voltage-controlled resistors. The devices are available
in both N-Channel and P-Channel configurations (Figures 6A
and 6B) and have rpg(op) values ranging from 20 Q to
4,000 2 (Figure 7).

Four Frxed Rusittors
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Applications for VCRs

The FET is ideal for use as a voltage-controlled resistor in
applications requiring high reliability, minimum component
size, and circuit simplicity. The FET VCR will conveniently
replace numerous elements of conventional resistance con-
trol systems, such as servomotors, potentiometers, idler pul-
leys, and associated linkage, FET power consumption is
minimal, packages are very small, and cost comparisons with
conventional control schemes are most favorable,

A simple application of a FET VCR is shown in Figure 8,
the circuit for a voltage divider attenuator.(5)

o au

i
i
.

R

&

Circuit Arrangement for Both an N and P Channel FET

{a} N-channel FET (b} P-channel FET

Figure 6
R
[ 0 AAs O
Vin Vout
VCR
Vas
‘I
O~ Q

Simple Attenuator Circuit
Figure 8

The output voltage is

Vin DS
R+ DS

YoUT = M

It is assumed that the output voltage is not so large as to
push the VCR out of the linear resistance region, and that
the rpg is not shunted by the load.

The lowest value which vy can assume is

Vin IDS(on)

VOUT(min) = ¢))]

R+ IDg(on)

6-41
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The highest value is
YOUT(max) = Yin 3
since rpg can be extremeley large.

A’ number of other FET VCR applications are shown in
Figures 9-16.

it
"

Ry
v
IN O—AAA-

" 741 b—Ovoyr

AAA

VCR

W
A
\—o
w

Vas

Voitage-Tuned Filter Octave Range with Lowest Frequency at JFET
V@Gs(off) and Tuned by R2. Upper Frequency is Controlied by Rq

Figure 9

Electronic Gain Control
Figure 10

Cc ded VCR At
Figure 11

OVee

AAA,
V
p—AAA

Vour

Vin 0—

AAA

VWA

(o T O
Wide Dynamic Range AGC Circuit. No Gain through FET with

Distortion Proportional to Input Signal Level
Figure 12

ViND i¢ O Voyr

“Vas

+
O~ 0

VCR Phase Advance Circuit
Figure 13

MU —OVour

VCR

.u—-—»—T .

VCR Phase Retard Circuit
Figure 14

-ENT
VOLTAGE

P-Channel VCR Photomultiplier Load. Required Low Photomulti-
plier Anode Current {Usually < 1 uA) Implies that VCR will Always
Perform in Linear Region Near Origin
Figure 15

VIDEQ
INPUT

VIDEO
( H ouTPUT

Voltage Controlled Variable Gain Amplifier. The Tee Attenuator
Provides for Optimum Dynamic Linear Range Attenuation
Figure 16
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Signal Distortion: Causes

Figure 17A repeats the FET output characteristic curves of
Figure 2, to show that the bias lines bend down as Vg
increases in a positive direction toward the pinch-off voltage
of the FET. The bending of the bias lines results in a change
in rpg, and hence the distortion encountered in VCR circuits;
note that the distortion occurs in both the first and third
quadrants. Distortion results because the channel depletion
layer increases as Vg reduces the drain current, so that a
pinch-off condition is reached when Vg = Vg ~ Vgg(off)-
Figure 17B shows how the current has an opposite effect

Vos =0
3
<
¥ 2
I
o A5V
1
25V
30v
5 10
Vps — Volts

N-Channel JFET Output Characteristic Enlarged Around Vpg =0
Figure 17A

O~ AN 7o)
[}
DIODE
CATHODE
WHEN SIGNAL
SWINGS NEGATIVE
DIODE
v, ANODE
N 6 Vour
Vas
.
T s
o, -0
Figure 17B

in the third quadrant, rising negatively with an increasingly
negative Vyg. This is due to the forward conduction of the
gate-to-channel junction when the drain signal exceeds the
negative gate bias voltage.

Reducing Signal Distortion

The majority of VCR applications require that signal dis-
tortion be kept to a minimum. Also, numerous applications
require large signal handling capability. A simple feedback
technique may be used to reduce distortion while permitting
large signal handling capability; a small amount of drain
signal is coupled to the gate through a resistor divider net-
work, as shown in Figure 18.

VCR LINEARIZATION
Ry
O AMA- —O0

RS
2.4
> VCR
o 1 (- Vour
- YWy >t
VGG N\

1
=

Ry = Rg > 10 {rpg//Rigeq//R1)

Figure 18

The application of a part of the positive drain signal to the
gate causes the channel dépletion layer to decrease, with a
corresponding increase in drain current. Increasing the drain
current for a given drain voltage tends to linearize the Vg
bias curves. On the negative half-cycle, a small negative volt-
age is coupled to the gate to reduce the amount of drain-
gate forward bias. This in turn reduces the drain current and
linearizes the bias lines. Now the channel resistance is depen-
dent on the DC. gate control voltage and not on the drain
signal, unless the Vyg =V gg - Vgg(off) locus is approached.
Resistors Ry and Rj in Figure 18 couple the drain signal to
the gate; the resistor values are equal, so that symmetrical
voltage-current characteristics are produced in both quad-
rants. The resistors must be sufficiently large to provide
minimum loading to the circuit:

Ry =R3>10 [R lirgg (max) [|Ry ] 4)

Typically, 470K £ resistors will work well for most applica-
tions. Ry is selected so that the ratio of rpg(n) IIRL to
[(rDS(on) [IRy) + Ry] gives the desired output voltage, or:

o 'DS(on) HRL .
o =¢ (rDS(On)IIRL)+R1 )

The feedback technique used in Figure 18 requires that the
gate control voltage, V3, be twice as large as Vg in Fig-
ure 17B for the same rpg value. Use of a floating supply
between the resistor junction and the FET gate will over-
come this problem. The circuit is shown in Figure 19, and
allows the gate control voltage to be the same value as that
voltage used without a feedback circuit, while preserving the
advantages to be gained through the feedback technique.

Appendix A to this Application Note is an analytical approx-
imation of VCR FET distortion characteristics, both calcu-
lated and measured.

© 1979 Siliconix incorporated
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Ry
—MA- O
3
23
<
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Vin >.___N Vour
> A
(%3
o~ O
Figure 19

Experimental Results

Figures 20 through 23 show low voltage output character-
istic curves for a typical Siliconix N-Channel voltage-con-
trolled resistor, VCR7N. Bias conditions are shown both
with and without feedback. Figure 20 shows a two-volt
peak-to-peak signal on the Vg = 0 V bias curve, with the
VCR operating in the first and third quadrants, The VCR is
operated without feedback.

ID (IJA)

-1.0 -0.4 0 04 1.0
Vpg (V)

VCR7N with No Feedback
Figure 20

200 |

100 M

,D (uA)
o

1.0 04 o 04 1.0

Vps (V)

VCR7N with No Feedback
Figure 22

The forward-biased gate-drain PN junction may be seen at
approximately -0.6 V, and bending of the bias curve is
apparent in the third quadrant. The photo also demonstrates
the comparison between a fixed resistor (the linear line
superimposed on the bias curve) and the distortion apparent
in the VCR without feedback compensation; the VCR signal
is unusable with the indicated amount of distortion.

In Figure 21, the same VCR7N FET is shown operating with
the addition of the feedback resistors. Distortion has been
reduced to less than 0.5%, and the characteristics of the VCR
are now closely comparable to those of a fixed resistor.

In Figures 22 and 23, the same VCR FET characteristics are
shown, with Vg adjusted for higher rg. No feedback net-
work is employed in Figure 22, and measured distortion is
greater than 8%. In Figure 23, the feedback resistors have
been added and distortion has been reduced to less than
0.5%.

200

100 @

Ip WA}
[=]

-100

Vps V)

VCR7N with Feedback
Figure 21

lD (#A)

04 04
Vps V)

VCR7N with Feedback
Figure 23
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Some degree of non-linearity will be experienced in both
the first and third quadrants as Vg approaches the FET
cut-off voltage. For this reason, it is important that the
feedback resistors be of equal value so that the non-lineari-
ties likewise will be equal in both quadrants. Figure 24
shows a curve of distortion vs Ry/R3, in both quadrants.

2 \ 164 §
~N
3 N\ e
a \ SOV
H 144 oR 0
g \Y AR
2 STEY -
oV -
! 124 Lyl
z N &5 -
<]
£ - Vgs=0
S 1.0
@
8
1 L | 1 i
02 04 06 08 10 15 2.0 25
Ry/Ry

Distortion vs Ro/R3
Figure 24

Distortion resulting from changes in temperature are also
minimized by the feedback resistor technique. rpg will
change with temperature in an inverse manner to the behav-
ior of FET drain current. Table I presents the result of VCR
laboratory performance tests of distortion vs temperature.
The VCR7N again was employed. Signal level was 2 V peak-
to-peak.

Table |
Temperature Without Feedback With Feedback
] DS = rDS{on} | rDS = 10*DS(on) { *DS = 'DS(on) | DS = 10 7DS{on}
+126 >13% >6% <0.5% <0.5%
+ 25 >10% >5% <0.5% <0.5%
- 56 3.9% 3.2% <0.5% <0.5%

This Application Note has presented a brief description of
the use of junction field-effect transistors as voltage-con-
trolled resistors, including details of operation, characteris-
tics, limitations, and applications. The VCR is capable of
operation as a symmetrical resistor with no DC bias voltage
in the signal loop, an ideal characteristic for many appli-
cations.

Where large signal-handling capability and minimum distor-
tion are system requirements, the feedback neutralization
technique for VCRs is an important tool in achieving either
or both ends. ;

1t has also been shown that FETs with high pinch-off voltage
require larger drain-to-source voltages to produce drain cur-
rent saturation, Therefore, FETs with high Vgg(off) Will
have a larger dynamic range in terms of applied signal am-
plitude, while maintaining a linear resistance. It is advanta-
geous to select FETs with high Vgg(off) (compatible with
the desired rpg value) if large signal levels are to be
encountered.

APPENDIX A — From proceedings of the IEEE, Oc-
tober, 1968, pp. 1718-1719.

Abstract — An analytical approximation of FET char-
acteristics for positive and negative voltages is present-
ed. The distortion in an application as a controlled
attenuator is calculated, and a method of reducing
distortion by a factor of more than 50 is described.

Controlied resistors are used in oscillators, controlled am-
plifiers, and attenuators.(_6’7) The possible control range is
much larger for field-effect transistors (FET) than for other
elements with comparable time constants (e.g., diodes). The
signal-to-noise ratio is considerably improved.

'p
V)
. @ ; Vgs=©
DS o =
/v
2 78] (M) wevasim
/ =t o = 2
Z 12 Vgstoty
3/4 Vgsiott)
e !
P Ve Vos
° /
(]
/ (2
1
4 L7
/|
7 T
LSS )
v JE 1 E ST
X /(g,\/‘l/g:l lo
5
& g
&
Comparison B ' Math ical Appr of FET Charac-

acteristics (Solid Lines) and Measured Curves (Broken Lines) for
a Typical N-Channel JFET
Figure 25

Figure 25 shows idealized and real FET characteristics. In
region A (above pinch-off) Ip is independent of VDS:(S)

2
_Ves
Vp

Region B, where Vg <(Vgg ~ Vp), is the so-called triode
region. (In the following discussion all the signs (+, =) will
be valid for N-Channel FETs.) The characteristics can be

Ip =Ipss ( M
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approximated by a quadratic function, of which the maxi-
mum and a second point (the origin) are known, The approxi-
mation is

2 2
=1 M 1 VGs - Vps
D~ 'DSS -—V—l;_ - '—_T

=2IDSS v (V v _V_Ds) 2
g2 Vps (Vos-Ve-—

This is the same function that can be found by a simple
analysis based on semiconduct:r theory. The less negative
of the two voltages across the junction (V g, Vg p) controls
the channel conductance. Under the condition that the FET
is symmetrical (drain and source interchangeable), the fol-
lowing consideration is true. If Vgp were the controlling
voltage and Vpg < 0, Ip < 0, then the characteristics
would be the same as in the first quadrant:

_2pss Vps

“ip= A Vap-Vp+ —— 3)
D vZp DS(GD P 2>

Since the controlling voltage for both regions (B and E) is
\%
GS»

VGD =VGs - Vps )

Substituting (4) into (3), we get (2); the same approxima-
tion can be used in B and E. The limits of region E where
(2) is valid are Vgp = 0 and Vg = Vp. The characteristics
in region D can be found from (1) with the same consider-
ation:

_VGS‘VDS) 2 )

Ip=-Ipss (1 Ve

The mathematical approximation is compared with the
measured characteristic in Figure 25. In the regions C and F
the junction is forward biased. The characteristics are depen-
dent on the internal resistance of the gate voltage source
since gate current flows.

The FET as a controlled resistor works in region B and E.
The higher the resistance, the more non-linear are the char-
acteristics. For most applications this is undesirable. Based
on the simple approximation (2), the relation between distor-
tion, control range, and maximum to minimum attenuation
will be described for a simple voltage divider [Figure 26(a)].
Most applications can be based on this simple example. The
conductance in any point of region B or E is

Ip _ ZIpsg VGs
Gps=vo ™" v M-vy
Vps Vp Vp
Ipss gDSSVDS
- === Vps=gpst — (6)

where gpg is the differential conductance at the origin;
when Vg = 0, then gpg = gpgg. The attenuation for the
circuit of Figure 26(a) is

Vo 1
V—_l 1+ RgDS
@)
1+ RgDS -1
Repss Vi
=| +

2RgDS Vl
2 RO onahon A A
..VP <l +Rgpg + Np G+ RBDS)

Vi V2
Vas
O— 0
(]
Ry
V1 O~AANA-9 OV,
<R,
R
3
¢ }%{A ~Ovy
O —0

b}

(a) Controlled JFET Attenuator. (b} Controlled Attenuator with
*Feedback’ Making Characteristics Linear and Symmetrical
Figure 26

To reduce (7) to a more tractable form, the following in-
equality is introduced:
V1 Rgpss

T <<1
2Vp [1+ Rgpsl

so that (7) can now be approximated by the expansion

) ®)

Only the second harmonic will be considered for the distor-
tion since the third is much smaller. For small distortion
(d << 1 and RgDSS >> 1),

Voo __ RepsVy
2 Ttgpsk 2Vp {1 + Regpg) 2

__ ViRepss ©)
4|Vpl 1+ Rgpgl?
If V5 is held constant,
VaReps V2

- ~ 10
4|Vpl [1+Rgpg]  4IVp-Vgsl (10)
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Figure 27

Figure 27 shows a comparison of measured and calculated
distortion. If Vg approaches Vp, the above restrictions are
violated; the expression for the distortion can no longer be
applied. If Vg <0, Vg =0, then the FET works in region
F; the distortion will be higher than predicted. From (10)
we get for a prescribed maximum distortion a maximum
amplitude as a function of Vz4:

Vomax = 4dmax IVp - Vsl an

For .a given dmax. anfi Vomax the ratio of minimum to
maximum attenuation is.

Amin _ _ 1+ Repss <, Hmax VPl
Amax 1+ Repgs Vomax Vomax  (12)
> ddpax VPl

valid only for m > 1. Note that the maximum distortion is
reached only for minimum attenuation. Examples:

dmax = 10 percent Vo, =0.001 Vp m =400
dpax = 1percent Voo, . =001l Vp m= 4

Although these relations are only first-order approximations,
they give a good estimate of FET attenuator characteristics.
The maximum amplitude is proportional to Vp. FETs with
high Vp are desirable for attenuator applications. Unfortun-
ately, the majority of commercially available FETs are made
with low Vp for use in amplifiers.

There are several means of reducing distortion. By connect-
ing two identical FETs in antiparallel or antiseries, non-
linearities can be cancelled out to a certain extent. A better
linearization is possible by using one FET with “feedback”.
It has been shown above that the characteristics would be
symmetrical if Vgp were the control voltage in the third
quadrant. By adding 0.5 Vg to the control voltage, the two
voltage Vg and Vi interchange when Vpg changes sign:

Vgs =VH + 0.5 Vpg

13
Vgp=VH-0.5Vpg
then (13) used in (2) gives
2lpgs
Ip=—F5—V Vy -V 14
D=2, ps (V- Vp) (14)

The resulting characteristic is linear and symmetrical in B
and E. The improvement in distortion performance can be
seen in Figure 27. A distortion of 12 percent for V, = 0.1
Vp at Vg = 0.8 Vp is reduced through linearization to 0.1
percent. Figure 26(b) shows a possible circuit. The frequency
range of the controlled signal must be much higher than that
of the controlling signal Vi to keep the direct interference of
Vy on V) small. R3 is set for minimum distortion. If V,
and Vyy are in the same frequency range, a high impedance
amplifier must be used. V5 is at the input; the output is
connected to the FET gate. The amplification is approxi-
mately 0.5 (adjustable). The control voltage is introduced
through a second input so that no direct interference with
V5 occurs.
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The FET Constant Current Source

INTRODUCTION

The combination of low associated operating voltage and
high output impedance make the FET attractive as a con-
stant current source. An adjustable current source may be
built with a FET, a variable resistor and a small battery,
Figure 1. For good thermal stability, the FET should be
biased near the zero T.C. point.l

4

<
<P
<

-

—

Field-Effect Transistor Current Source
Figure 1

Rs

Whenever the FET is operated in the saturated region, its
output conductance is very low. This occurs whenever the
drain-source voltage Vpg is significantly greater than the
cut-off voltage Vgg(off)- The FET may be biased to operate
as a constant current source at any current below its satura-
tion current Ipgg.

For a given device where Ipgg and Vizg(oft) are known, the
approximate Vg required for a given Ip is

ip t/k
v [(2)"]

where k can vary from 1.7 to 2.0, depending upon device
geometry. The series resistor Rg required between source
and gate is

VGs
Rs=1p @

A change in supply voltage, or change in load impedance,
will change I by only a small factor because of the low out-
put conductance gqg.

Alp = AVDgeoss 3

DESIGN IDEA

The value of g, is an important consideration in the accu-
racy of a constant current source. As g,q; may range from
less than 1 umho to more than 50 umho according to the
FET type, the dynamic impedance can be greater than
1 megohm to less than 20K. This corresponds to a current
stability range of 1 uA to 50 uA per volt. The value of g
depends also on the operating point, being highest at Ipgg
and at low Vyg. Output conductance g, decreases approx-
imately linearly with Iy, becoming less as the FET is biased
toward cut-off. The relationship is

Ip _ Boss @
IDsS  8bss
where
Zoss = B0ss ®
when
VGS =0 )

So as Vgg >Vgs(off)s Boss>2ero. For best regulation, Ip
must be considerably less than Ipgg.

It is possible to achieve much lower gog per unit Ip by
cascading two FETs as shown in Figure 2.

Cascade FET Current Source
Figure 2
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Now, ID is regulated by Ql and VDSI = _VGS2' The d-¢
value of I, is controlled by Rg and Q,. However, Q; and
Q, both affect current stability. The circuit output conduc-
tance is derived as follows:

Figure 2 is redrawn in Figure 3 for the condition Vg = 0.

>} - io
Q, Vgi291s2 ‘2

ot
S vz |
D Som2 > +
Yo
] 4 -
S

tom1 & Vs1 = ~Vgs2
ﬁ- = io/Sosst

{a) 0}
Figure 3
.. _ . Bfs2
(I gs2ots2 = Vds2e0ss2 T lo 5~
I =13+ vge28fs2 = Vds2Boss2 — Zoss! Q)
Vds28 2,
io= ds280s5280ss1 ®)

Bossl ¥ 8fs2

o

Vo= Vds1 * Vas2 = Va2 * g ®)
Yo = Vds) Boss1 T Boss2 * Bfs2 10)
© s Bossl t 8fs2
¢ _Jo _ BosslBoss2 an
O Vo Bossl * Boss2 t 8fs2
If 8051 = Boss?2 (12)
gm0 13
0 24 gd/Eogs
When
Rg # 0 as in Figure 2 (14
_ goss2 (15
0=
280ss * 8fs * Rs (8fs? + BossBfs * Boss>)
goss2 16)

s (1+ Rgegy)

In either case (Rg = 0 or Rg # 0), the circuit output con-
ductance is considerably less than the g, of a single FET.

In designing any cascaded FET current source, both FETs

must be operated with adequate drain-gate voltage Vpg.
That is,

VpG > VGS(oft): preferably Vpg > 2 VGS(Off) a7

If Vo <2 VGs(off)s the gogs Will be significantly increased,
and circuit g, will deteriorate. For example: A 2N4340 has
typical g, = 4 umho at Vg = -20 V and Vg = 0. At
VDS = _VGS(Off) =7 V, 8oss ~ 100 umho.

The best FETs for current sources are those having long
gates and consequently very low g, The Siliconix 2N4869
exhibits typical gog = 1 pmho at Vpg = 20 V. A single
2N4869 in the circuit of Figure 4 will yield a current source
adjustable from 5 gA to 1 mA with internal impedance
greater than 2 megohms.

Rg = IMQ, 2W

Adjustable Current Source
Figure 4

The cascade circuit of Figure 5 provides a current adjustable
from 2 pA to 1 mA with internal resistance greater than
10 megohms.

Q; = 2N4340
Q, =2N4341
Rg = IMQ, 2W
—0
Cascade FET Current Source

Figure 5
For each circuit discussed, g,¢q is represented by the fol-
lowing equations:

D ]
Rs
. . Boss
80 = Boss 8o~ 77 Rsgrs
D
D i
D
D
© s B0 ™ g (1 + Rgggy)
REFERENCES

(1) “Biasing FETs for Zero DC Drift,” Evans, L.,
Electrotechnology, August 1964.
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DESIGN IDEA

Wideband UHF Amplifier with
High-Performance FETs

INTRODUCTION

A new freedom in UHF amplifier design is possible with
high-performance *“Super FETs” such as the Siliconix U310
Junction FET. Typical advantages include a closely-matched
75 ohm input for extremely low return loss in cable systems,
and high spurious response rejection with the 3rd order IM
intercept measured at +29 dB.(1)

Additionally, the high common-gate forward transconduc-
tance of the U310 (20,000 umho maximum) makes it possi-
ble to design an amplifier with wide bandwidth and good
gain, since the figure of merit (g,,,/C) of the FET is 2.35 x
109 typical — higher than any other known UHF Junction
FET.

Ed Oxner

The amplifier circuit in Figure 1 is designed for 225 MHz
center frequency, 1 dB bandwidth of 50 MHz, low input
VSWR in a 75-ohm system, and 24 dB gain. Three stages of
U310 FETs are used, in a straight forward design.

Typical parameters are taken from the U310 data sheet:

Forward Transconductance 14 mmhos
Input Admittance at 225 MHz Bigs 13 mmbhos
bigs 4 mmhos
Output Admittance at 225 MHz gy 0.27 mmhos
bogs 2.6 mmhos

Cy Co 751

o o
N ' i @ ouT
1 1r[ 2
= L L2 ts Ls Ls Ly =
>3 Cs cs |t )| cs Il ca
rS = > =
RFC, RFC,
Vp =20V
€1,C4,C7,Co =68 pF Li.lg Ly  =120nHy
2. Cs =500 pF Lz, Ly Lg  =222nky
C3.G5,.Cg = 1000 pF RFC(,RFC; =2.2nHy
Q1,05.Q2 = Siliconix U310 Ry, Ry =510

Figure 1
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Input match is simplified because the FET input (real) impe-
dance is nearly 77 ohms. A coupling capacitor is used in the
amplifier, rather than a tuned circuit, and thus the values
may be determined:

R; £ /77
g =X = -
Rg RS—I—XS—75 ﬁ—1—11.85§2

Cs = ox ~ 68 9F
RR, 7577
=SSP~
Xp=x "~ =T11gs =48Q
Cp=1.47 pF

CT=4.4pF(CT=Cp+ Cigs)

Ly =—— =120 nHy

Figure 2 shows that the measured input VSWR in the 75-
ohm system indicated an available bandwidth considerably
greater than that required for the amplifier design criteria.

200 MHz

400 MHz

Three cascaded synchronous single-tuned stages are used to
achieve the desired gain, and thus stage bandwidth and Q
are determined:(2) V

W_W_l\/(.E_O)z -1
f "QV\E

where:

Bandwidth of 3 Stages(3)_ /7173 _
Bandwidth of 1 Stage 2 !

and

Eq

(F)= 1.122(1 dB)

giving
B/W (1 dB) = 98 MHz

Q=115

Blanchard Chart (Inverted Circle impedance Chart})
Figure 2
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With a FET output impedance of 3700 ohms shunted by
approximately 2.5 pF (with 0.5 pF allowed for stray capaci-
tance), the total parallel resistance necessary to obtain the
desired bandwidth is:

Q = wCR«t

_ 1.15
1.415 x 109 x 2.5 x 10-12

R =330Q

The tank circuit impedance appearing in shunt with the FET,
is therefore calculated to be about 365 ohms. From this, the
inductance is:

with a turns ratio of 2.3:1 to match to 75 ohms. Since each
stage is designed for 75 ohm input and output, three cas-
caded stages complete the amplifier design.

200 MHz 225 MHz

Bl s b lerdn LhiL didas

Figure 3

The computed voltage gain per stage is approximately
8fs Rt/n or 2.22 (7 dB). Measured gain for all three stages is
24 dB. The U310 FET in the final stage operates at Ipgg,
and thus accounts for the higher measured gain. The gain/
bandwidth response of the amplifier is shown in Figure 3.

The 3rd order spurious intercept point is plotted graphically
in Figure 4.(4) The importance of a high intercept point
becomes apparent in a crowded high-level area of the spec-
trum where signal purity is of utmost priority.

REFERENCES

(1) “Don’t Guess the Spurious Level,” ELECTRONIC
DESIGN, February 1, 1967, pp. 70-73.

(2) REFERENCE DATA FOR RADIO ENGINEERS,
4th ed., p. 242, ITT Corp., New York, N.Y.

(3) Valley and Wallman, VACUUM TUBE AMPLI-
FIERS,MIT Rad. Lab. Series, Vol. 18, pp. 172-173.

(4) Op. cit., “Don’t Guess the Spurious Level.”

250 MHz

+
B/W (1dB) = 50 MHz INTERCEPT POINT
1o = 225 MHz
+20}+ G =244B Wi
Va8 e
COMF 1,
E o
[
£ / /
3. 2
[-4
: iy
; -40
-60 o 3rd ORDER
INTERMODULATION
PRODUCT

~60 -40 -20 0 +20
POWER IN (dBm)

Figure 4 ~
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DESIGN IDEA

High-Performance FETs
In Low-Noise VHF Oscillators

Ed Oxner

Most communications receivers are limited in their dynamic range because of saturation in the early stages of RF ampli-
fiers or mixers. However, some receiver designs are available which overcome this limitation by using parametric amplifiers and
converters to achieve spectacular increases in dynamic range. There still remain certain limitations in dynamic range which
cannot be remedied by parametric devices. In these cases, the problem lies in the heterodyning of noise sidebands which ap-
pear on the receiver local oscillator, entering the passband through strong interfering signals.

Common Types of Noise

Although noise is often difficult to characterize because of its random or nondeterministic nature, it is possible to differen-
tiate various forms of noise through an understanding of the Gaussian distribution of noise about an RF carrier. Briefly stated,
the three major forms of noise are (1) low-frequency noise (1/f); (2) thermal noise (4kTRB); and “shot” noise (in). Further,
these types of noise can be identified from their relationship to the main RF carrier. For example, low-frequency noise pre-
dominates very close to the carrier, and falls to insignificant levels when it is displaced more than' 250 Hz from the carrier.
Low-frequency noise is associated with surface contamination and other irregularities, such as gate current leakage.

Thermal noise plays the predominant role in the region from the 1/f decay point to approximately 20 kHz from the carrier,
and is commonly associated with equivalent resistance where the rms value of noise voltage of the Thevenin generator becomes
the classic (4kTBR)*. Noise appearing beyond the 20 kHz is known as Shot noise, and is directly attributable to noise current.
Because of the typically uniform distribution of shot noise it is also referred to as “white noise.”

Origins of Oscillator AM Noise

Although an oscillator tends to produce a wave that is nearly sinusoidal, there are other fluctuations present. When the energy
in the frequency domain close to the carrier is observed on a spectrum analyzer, noise appears as a modulation phenomenon.
This observation would be greatly enhanced if the noise contribution was coherent and consisted of discrete sideband fre-
quencies. Without a doubt, the major component of AM noise is the contribution of low-frequency noise (1/f). Both thermal
and shot noise are relatively insignificant segments of AM noise when compared to 1/f. A graph of AM noise vs frequency
removed is shown in Figure 1.

-100
! [ Sl fe = 760 MHz
'r FUNDAMENTAL AND HARMONICS OF B/W = 10 Hz
10 ,\," 1 60 Hz FINE FREQUENCY

s |
120

; |
R
: NonMAquD NOISE | ' :

AR

' th HH um

150 oo SRS SETEE AR IS B EEE ISR el RS IR e T f
80Hz S00Hz 1kHz 2ka 3kHz 4 kHz
FREQUENCY (kHZ}

AM NOISE (DSB) BELOW CARRIER (dBc)

AM Noise vs Frequency Removed from the Carrier
Figure 1
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Design of a VHF Oscillator

The important design considerations for best oscillator performance include using a FET with high forward transconductance,
maintaining the gate at ground potential, and keeping a high unloaded tank Q. The high transconductance is necessary to
reduce the effective noise resistance. The grounded gate reduces the noise voltage contributions to those of the gate leakage
current and the series gate resistance. The high tank circuit Q serves as an effective filter for the sideband noise energy.

The oscillator design is somewhat extraordinary for a circuit employing a FET. The FET chosen was the Siliconix U310, which
has a forward transconductance value higher than 18 mmho at zero bias (VGS = 0). The oscillator basically consists of two co-
axial resonators, one for the FET source and the other for the drain. Oscillation is established by capacity coupling between
the two resonators; output coupling is derived from the magne'tic coupling which exists at the open ends of the resonators.
Optimum resonator Q is achieved by designing the coaxial resonators for a characteristic impedance of 75 ohms. The oscilla~
tor circuit is shown in Figure 2, and construction details are shown in Figure 3.

c3
~ 1pF (SEE TEXT)
[yl
At
50 1
QuTPUT
Q1 !
Siliconix U310
D [22)
| Il
1 I
It 131
1 1!
= RFC
Ccy ‘& Ry 1.5uHy
100 pF S1200
S (c2
1000 pF
= = *Vp
Oscillator Circuit ) Oscillator Construction Details
Figure 2 Figure 3

The technique to establish the proper resonator length for the desired frequency is somewhat tricky, and requires a first-order
approximation of the anticipated capacitive fringing which derives from both the FET and the feedback network. A short cir-
cuited coaxial transmission line is theoretically resonant at a quarter-wave length of the resonating frequency, except for the
effects of fringe field capacitance. At resonance

XL = XC (1)

If the fringe capacitance is known, X can be calculated as

1
Xe= go \ @

From this, the resonator length can be determined as
Xc = tan 2 3)

In making these calculations, a Smith chart is invaluable, as is shown in the following illustration:

Frequency of oscillation = 760 MHz
FET bjgs (from data sheet) = 16 mmho
Capacitance from bjgg Cgs = 3.4 pF
Allow for stray capacitance and
the feedback network Cs =1.5pF

4.9 pF
Thus X¢ = j 0.57 (normalized to 75 £2)

Locate 0.57 on the Smith chart. The wavelength toward the load = 0.081 A. Since a wavelength at 760 MHz is 39.5 cm., then
the resonator cavity length is simply

39.5 x 0.081 = 3,20 cm (1.26 inches) @)

© 1979 Siliconix incorporated
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In the completed FET coaxial oscillator circuit, the output coupling loop consists of a single turn made fast to the cavity by
the BNC flange and the FET itself. Although the feedback network appears somewhat crude, it can be replaced by a small

trimmer capacitor for similar operation.

Conclusions

Measured performance of the oscillator is shown in Table IA; AM noise measuremeiits in a 10 Hz bandwidth are shown in Ta-

ble IB.

TABLE IB
TABLE IA AM Noise Measurement
Oscillator Measured Performance @ 25°C Frequency Displaced From Carrier dBc
VDpD(V) +10 +15 420 425 50 Hz -130
Ip (mA) 15 16.2 18.2 21 500 Hz ~-139
Poyt (dBm) +6.6 +15.2 +183 +20 1 kHz -143.5
Frequency (MHz) 725 7427 75477 1762.9 5 kHz -146

The Reike diagram shown in Figure 4 makes possible the accurate prediction of expected power output and operating fre-
quency with the oscillator feeding directly into a mismatched load. Expansion of the Reike diagram to show frequency vs
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability.

/
,/ 5 MHz B \
oo +19d8m \} s0

+19 dBm )]
N Y

)i

(/\ +16dBm | )

I r 0_‘2 c4 5 K 5.0

Kio - 760 MHz It
S ceasEs

V

Reike Diagram
Figure 4
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TECHNICAL ARTICLE

INTRODUCTION

Engineers often design FET amplifiers that are unnecessarily
sensitive to device characteristics because they may not be
familiar with proper biasing methods.

One way to obtain consistent circuit performance in spite of
wide device variations is to use a combination of constant-
voltage and self biasing. The combined circuit configuration
turns out to be the same as that generally used with bipolar
transistors, but its operation and design are quite different.

Three Basic Circuits

Let’s examine three basic common-source circuits that can
be used to establish a FET’s operating point (Q-point) and
then see how two of them can be combined to provide
greatly improved performance. The three basic biasing
schemes are:

® Constant-voltage bias, which is most useful for 1f and
video amplifiers employing small dc drain resistors.

® Constant-current bias, which is best suited to low-
drift dc amplifier applications such as source followers
and source-coupled differential pairs.

® Self bias (also called source bias or automatic bias),
which is a somewhat universal scheme, particularly
valuable for ac amplifiers.

The Q-point established by the intersection of the load line
and the Vgg = -0.4 V output characteristic of Figure 1
provides a convenient starting point for the circuit compari-
son, The load line shows that a drain supply voltage, Vpp,
of 30V and a drain resistance, Ry, of 39K £ are being used.

The quiescent drain-to-source voltage, Vpgq, is 15 V,
allowing large signal excursions at the drain. Maximum input
signal variations of *0.2 V will produce output voltage
swings of +7.0 V — a voltage gain of 35.

Reprinted From ELECTRONIC DESIGN, May 24, 1970, June 7, 1970.

FET Biasing

James Sherwin

12+
. Vgs=0
081 02v
7 Ko=mx
o ] -04v
04
] 06V
1 -08V
T T T T 1 L) J )
10 20 30 40
Vps (VOLTS}

Figure 1. A large dynamic range is provided by the operating point
at Vpsa = 15 V, Ipa = 0.39 mA and Vgsq = —0.4 V. The output
characteristics are for a typical 2N4339.

The constant-voltage bias circuit (Figure 2) is analyzed by
superimposing a line for Vo= constant on the transfer
characteristic of the FET.

*Vpp  wvpg=15vl

Rp N
ouTPUT 12

oy -

R -

G CONSTANT

~ Vgg LOAD B

Vee LINE [-o.B

(v} Q)

n
_V E o

vosim |

I T T T
~1.6 -1.2 -08

Vgs (VOLTS) K
|

Figure 2. Constant-voltage bias is maintained by the VGg supply as
shown on this typical 2N4339 transfer curve. |nput signal eg moves
the load line horizontally.
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The transfer characteristic is a plot of I, vs Vigg for constant
Vps. Since the curve doesn’t change much with changes in
Vps, it is quite useful in establishing operating bias points.
In fact, it is probably more useful than the output character-
istics because its curvature clearly warns of the distortion to
be expected with large input signals. Furthermore, when a
bias load line is superimposed, allowable signal excursions
become evident and input voltage, gate-source signal voltage,
and output signal current calculations :may be made
graphically.

The heavy vertical line at Vgg = ~0.4 V establishes the Q-
point of Figure 1. No voltage is dropped across resistor Rg;
because the gate current is essentially zero. R serves main-
ly to isolate the input signal from the Vg supply.

Excursions of the input signal, eg, combine in series with
Vs so that they add algebraically to the fixed value of
-0.4 V, The effect of signal variation is to instantaneously
shift the bias line horizontally without changing its slope.
The shifting biasline then develops the output signal current
as shown in Figure 2.

The constant-current bias approach (Figure 3) for establish-
ing the Q-point of Figure 1 requires a 0.39-mA current
source. For an ideal constant-current generator, input signal
excursions merely shift the bias line horizontally and pro-
duce no resultant gate-source voltage excursion. This bias
technique is therefore limited to source followers, source-
coupled differential amplifiers, and to ac amplifiers where
the source terminal is bypassed to ground at the sig-
nal frequency.

Wop vps~15vl
Rp B
o ouTPUT 12
) N
R ‘
G L] Eo.s _
N = AC LOAD LINE C :;_
L R A —— 2
sigNaL Z\ 04
Y . v g [
oC LOAD LINE/
T Te
-1.8 -2 -08 -04
Vgs (VOLTS) 0 =20.1VPK
SIGNAL

Figure 3. Constant-current bias fixes the output voitage for any Rp.
Hence, input signals cannot affect the output unless the current
source is bypassed.

If an ac ground is provided by a bypass capacitor across the
current source, a vertical ac bias line will be established.
Input signal variations will then translate the ac bias line
horizontally, and signal development will proceed as with
constant-voltage biasing (Figure 3).

Should the bypass capacitor not provide a sufficiently low
reactance at the signal frequency, the ac bias line will not be
vertical, It will still intersect the transfer curve at the Q-
point but with a slope equal to —+(1/X¢) =-wC (Figure 4).

T

Vpsg =15V

T
-
N

AC LODAD LINE
SLOPE—wC

T r<TTTh
-1.6 12 -08 04 0
Vgs (VOLTS}  VGs |
‘ i

Figure 4. Partial bypassing of the current source {Figure 3) lowers
the circuit gain by tilting the ac load line from the vertical. The
capacitor drop subtracts from eq.

rrrirrrrirTld

o

This will lower the gain of the amplifier because of signal
degeneration at the source. The input signal, eg, is reduced
by the drop across the capacitor:

Vgs = eg - Vg = eg ~ igX¢ o

It is clear from Figure 4 that the input signal only shifts the
operating point by an amount equal to Vgs, the effective
input signal. As the signal frequency is decreased, the slope
of the ac bias line decreases, causing the effective input sig-

nal to approach zero.

Self Bias Needs No Extra Supply

The self-bias circuit (Figure 5) establishes the Q-point by
applying the voltage dropped across the source resistor, Rg,
to the gate. Since no voltage is dropped across Rg when
Ip = 0, the self-bias load line passes through the origin. Its
slope is given by -1/Rg. Therefore, the desired Q-point is
established by setting —]/RS = IDQJ'JVGSQ'

Vps=15v |
+Vpp os
Rp k1.2
ouTPUT -
g
Rg  }Rs Cos -
g
= SELF.81AS DC - 3
LOAD LINE 3
g los
P S 3 F
AN N
N K
T T Yo
-1 -12 -08

. 04 | (
Vgs (VOLTS) ﬁa’l

Figure 5. The self-bias load line passes through the origin with a
slope -1/Rg. Bypassing Rg will steepen the slope and increase the
gain of the circuit.

Signal development is the same as in the case of the partially
bypassed constant-current scheme except that the load line
is a dc bias line. Signal degeneration is described by Equa-
tion 1 with X replaced by Rg. The ac gain of the circuit
can be increased by shunting Rg with a bypass capacitor, as
in the constant-current case. The ac load line then passes
through the Q-point with a slope - (1/Zg) = («wC + 1/Rg).
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- The circuit is biased automatically at the desired Q-point,
requires no extra power supply and provides a degree of cur-
rent stabilization not possible with constant-voltage biasing.

A fourth biasing method, combining the advantages of con-
stant-current biasing and self biasing, is obtained by combin-
ing the constant-voltage circuit with the self-bias circuit
(Figure 6). A principal advantage of this configuration is
that an approximation may be made to constant-current
bias without any additional power supply. The bias load line
may be drawn through the selected Q-point and given any
desired slope by properly choosing V. (The bias line inter-
cepts the Vg axis at Vgg.) The larger Vg is made, the
larger Rg will be and the better will be the approximation
to constant-current biasing.

+Vpp *Vbp
Rp
ouTPUT
%
Rg Rs
+ag -
a b c
Vps=15V
E 12
o8
L. g
]
As « gy - 2
|- 0.4
T T 7 I T T T ) T T T T T T 1
-16 -1.2 -0.8 -04 o +0.4 +0.8 +1.2 +1.6
Vgs (VOLTS) VGG

Figure 6. All three combination-bias circuits are equivalent. They
add constant-voltage biasing to the self-bias circuit to establish a
reasonably flat load line without sacrificing dynamic range.

All three circuits in Figure 6 are equivalent. Circuit 6(a)
requires an extra power supply. The need for an additional
supply is avoided in 6(b) by deriving Vi from the drain
supply. Ry and R are simply a voltage divider. To maintain
the high input impedance of the FET, Ry and R must
both be very large.

Very large resistors cannot always be found in the exact ratio
needed to derive the desired Vg¢; in every circuit applica-
tion, Circuit 6(c) overcomes this problem by placing a large
Rg between the center point of the divider and the gate.
This allows Ry and Ry to be small, without lowering the
input impedance.

One point of caution worth remembering is that as Vg is
increased, Vg increases, and Vpg décreases. Therefore with
low Vpp, there may be a significant decrease in the allow-
able output voltage swing,

Biasing for Device Variations

The value of the combination-bias technique becomes ap-
parent when one considers the normal production spread of
device characteristics. The problem is illustrated in Figure 7

1p (mA)

0 ] 20 30 4 50
Vps (VOLTS)

NG
T

—06V ]|

T T T T T T T

v 2 ' 30 4 @ 80
Vps (VOLTS)

Vgs =0

-0.2v

-04V

Figure 7. The wide variations in device performance shown by this
pair of output characteristics make clear the disadvantages of con-
stant-voltage biasing.

where two limiting sets of output characteristics, represent-
ing the actual min-max spread of the Siliconix 2N4339, are
presented. Limiting characteristics like these are not nor-
mally available. Even if they were, however, they’d be of
little help in establishing operating points suitable for all
devices with output characteristics lying between the two
extremes. The problem is much more easily approached by
using the set of limiting transfer characteristics of Figure 8.
(See next page.) ’

Attempting to establish suitable constant-voltage bias condi-
tions for a production spread of devices is practical only for
circuits with very small values of dc drain resistance — for
example, circuits with inductive loads., As the constant-
voltage bias plot of Figure 8 reveals, constant gate bias causes
a significant difference in operating Ipq for the extreme
limit devices. At Vg = —0.4 V, the range of Ipq is 0.13 to
0.69 mA, and Vpgq for a given Ry will vary greatly for
most tesistance-loaded circuits. For the example of Figure 1,
with Rp = 39K Q and Vpp =30V, VDSO varies from near
saturation (5 V) to 25 V.

An apparently excellent method of biasing is the constant-
current method of Figure 3. Biasing in this manner fixes the
operating drain current for all devices and sets Vpsq- to
Vpp - IpgRy for any device in the production spread.
Vgs automatically finds a value to set the appropriate
IDQ = constant for all devices. For the constant-current
bias plot of Figure 8, with IDQ = 0.39 mA, Vgg would
range from ~0.11 to ~0.67 V,
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vps=15v

-~ o
F g
- :
|04
| I F B N N AN 0
-16 -12 -0.8 ~0.4 0
vgs (VOLTS) VGG=04V
16
Vps =15V
EI.Z
& Fos
+ -2
- 3
ey———-. 2
0.4
QA P
[}

T VT T T T T
-16 -1.2 -0.8 -0.4 ¢
Vgs (VOLTS)

Figure 8. The advantages of combination biasing, when one is working with a spread of device characteristics, are made obvious by plotting
the load lines for the various types of biasing on a pair of limiting transfer curves.

Output characteristics are not needed as long -as IDQ is
chosen to be below the minimum Ipgg. With Rp = 39K Q
and Vpp =30V, Vpgq is 14.8 V for all devices.

The disadvantages of the constant-current method are that
it allows no signal to be developed unless the current source
is bypassed and, as we shall see, it lacks the flexibility to
provide constant gain despite variations in the forward
transconductance, gg,, of the devices.

The self-bias scheme is a reasonable choice for single-ended
dc amplifiers and for ac amplifiers. In unbypassed or dc cir-
cuits, some compromise must be made between the gain
loss due to current feedback degeneration and the advantage
of current stabilization achieved with high Rg.

An appropriate choice of Ipg limits can be made by using
the pair of limiting transfer curves. For example, for Rg =
1K £, the load line shown on the self-bias curve of Figure
8 is established. The maximum I is 0.52 mA, and the min-
imum Ip, is 0.24 mA. The operating range of Vpgq may be
calculated for any value of Vpp and Rp. Clearly, for
Rp = 39K Q, the maximum-limit device (device B) would
operate with Vpgq = 9.8 V and the minimum-limit device
(device A) would operate with Vg = 20.6 V. This results
in fairly satisfactory operation for all devices. However, such
a variation in IDQ imposes severe limitations on the cir-
cuit design.

A better approach is illustrated by the combination-bias
curve of Figure 8 with Vg = 1.2 V. The range of Ipq for

15
Vos= 16V |-
- 1.2
b os _
L s
-1
o8 awap 2
04
I -
I'E
L L L 0
-1.6 ~1.2 -0.8 ~0.4
Vgs (VOLTS)
15
Vos-15V
’— 1.2
L
|-os _
o2
)
Z
Rg = 6K
s EOA
a8
QA \
T T 1 T I, 1 T U
-1.6 -1.2 -0.8 T -0.4 +(;I.4 +0.8 +1.2 +1.6
vgs VOLTS)

this bias condition is 0.25 mA to 0.32 mA. A similar mini-
mum difference in Iy could be achieved with Rg=6K Q
and Vg5 =0, (a self-bias condition) but the operating points
would be pushed toward the toe of the transfer characteris-
tics and allowable signal input would be reduced.

The upper load line allows Vs = t1.8V (limited by Ingga),
while the lower line allows a Vs of only 0.7 V (limited by
VGS(off)A)- (The subscript letters A and B refer to the min-
imum and maximum devices, respectively.) The combination
circuit allows almost ideal operation over the full production
spread of devices. Even with Ry = 62K €, the VDSQ would
range only between 10 and 1S V.

For this circuit, Rpy should be chosen to allow the largest
output signal swing for Ipg midway between the two
extremes of 0.25 and 0.32 mA; namely 0.285 mA. Setting
the voltage drop across Rp at one-half of (Vpp -
2VGs(offityp) Of 14 V, vields Rp = (14 V/0.285 mA) =
49K 2.

It is helpful, in any design, to know the effect of tempera-
ture variations on the transfer curves and transconductance
characteristics. Ideally, minimum and maximum transfer
characteristics would be plotted at three temperatures:
above, below, and at room temperature. Then the design
would take all types of variation into account.
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Minimize the Gain Variations

Leaving Rg unbypassed helps reduce gain variations from
device to device by providing degenerative current feedback.
However, this method for minimizing gain variations is only
effective when a substantial amount of gain is sacrificed.

A better approach is to use the combination-bias technique
with the bias point selected from the transfer and transcon-
ductance curves (Figure 9).

Vps=15V |

T
(vw) Qy

QB
7
T T 1 |]
-1.6 -1.2 -08 | -0.4

Vgs (VOLTS) |
I YTV T

T

Figure 9. Gain variations are minimized when the load line is de-
signed to intersect the pair of limiting transfer curves (top) at points
of equal g¢; (bottom).

As Figure 9 shows, it is possible to find an Rg and a V3
that will set Ing, and Ipqp to values so that gegy will be
the same for both devices. The ggs of all intermediate
devices will be approximately equal to the limiting values.
Thus, a constant, or nearly constant, stage gain is obtained
even with a bypas. capacitor.

The design procedure is as follows:

Step 1. Select a desired Iy 4 below Ingga. A good
value, allowing for temperature variations, is
60% of Ipgg A- This will allow for decreasing
Ipgg due to temperature variation and for

reasonable signal excursions in load current.

Step 2. Enter the transfer curves at Ipga =
0.6 Ingga (0.3 mA) to find VGSQA' This

VGsQa = 0.2 V for the 2N4339.

Drop vertically at VGsQA to the minimum
limit transconductance curve to find gggoA-
The value as read from the plot is approxi-
mately 1000 gmho.

Step 3.

Step 4. Travel across the gy plot to the maximum
curve to find Vggop at the same value of

gfs- This is Vggop =-0.7 V.

Step 5. Travel vertically up to the maximum limit
transfer curve to find Ipgp at VGsog- This
Step 6. Construct an Rg bias line through points

Q4 and Qp on the transfer curves. The slope
of the line is 1/Rg, and the intercept with the
Vs axis is the required V.

As Figure 9 demonstrates, it may be somewhat inconvenient
to perform Step 6 graphically. An algebraic solution can then
be employed instead. The source resistance is given by

Rg =(VGsqa - VGsop/(Ipgs - Ipga) )]
and the bias voltage is
VoG =RsIpgB * VGsoB (3)

Care should be taken to maintain the proper algebraic signs
in Equations 2 and 3. (For n-channel FETs, Vg is negative
and I is positive. For p-channel units, the signs are reversed.)

If the transconductance curves of Figure 9 are not available,
gfs can be determined by simply measuring the slope of the
transfer curve at the desired operating point. Just place a
straight-edge. tangent to the curve at the Q-point and note
the points at which it intercepts the Ip and Vg axes. The
slope and gg are given by:

slope = gfs = II)(intercept)/ - VGS(intercept) )
In designing a constant-gain circuit, simply set the straight-
edge tangent to the transfer curve of device A at point Qp
and slide it, without changing its slope, until it is tangent to
the curve of device B. The tangency point is Qp.

Designing Without Output Curves

Although the transfer characteristic has been seen to be
extremely valuable in designing a bias circuit, it cannot be
used to graphically establish VDSQ- However, if a set of out-
put curves is not available, VDSQ can be determined or
selected from the transfer curve by using the follow-
ing procedure:

Step 1. Establish Rg and limiting values of IDQ’

Visq and gggq from the transfer curve.

Step 2. Establish Vpp as available, but in no case
greater than BVggg nor less than several
times VG g(off). There are special cases where
Vpp will be below this limit, but in no case
should instantaneous vyg be allowed to fall
below 2°x VGs(off) if minimum distortion is
to be achieved.

Step 3. Set VDSQ approximately midway between
Vpp and 2 x Vgg(off): lower if large output

signals will not be handled.

Step 4. Select Ry to give the appropriate Vpsq- The

formula is:

Rp= [(VD.D - VDSQ)_/O-S Ipga + IDQB] -Rg 5

© 1979 Siliconix incorporated

6-63

(A1 VA J

)
2



TA70-2

iconix

In the example of Figure 8, this procedure would have
yielded VDSQ=(30-3)/2 =13.5V and Rp = (30 - 13.5)/0.5
(0.52+0.24) mA ~ IK Q=42,5K 2,

Step 5, Check to ensure that with this Rp, device B
is not in a saturated condition — VDQB =

Vob - IpBg Rp > 2VGs(ofn) * Rs Ippg:
Decrease Ry, if this condition is not met.
An alternate method, that selects Ry to provide a specified

voltage gain, follows Steps 1 and 2 above and then proceeds
as follows:

Step 3. Determine required stage gain, A, and set
‘ Rp = Ay/etsq-
Step 4. Calculate VDSQ to ensure that the criteria

of Step 2 are not violated:

VpsqQ = Vpp - (Rp *+ Rg) Ipg ©

Step 5. If necessary, change IDQ, Vpp» Ay and/or
Ryp to obtain an optimum compromise. m®

FET SOURCE-FOLLOWER CIRCUITS

Too little knowledge of biasing methods for FET amplifiers
sometimes keeps engineers from making maximum use of
FETs in circuit designs. The common-drain amplifier, or
source follower, is a particularly valuable configuration; its
high input impedance and low output impedance make it
very useful for impedance transformations between FETs
and bipolar transistors,

+Vpp +Vpp
Rg Rg Rg Rg
- = = -Vss
a b
Voo +Vop
4 gt o o T
—Y
Sh. 2 $re 3k
> > R >
<6 :, s <
-0
3 3
<
i: Ry %; Ry
= l -Vss
f [

Figure 10. Virtuslly every practical source-follower configuration is represented in this collection of ten circuits. The configurations in the
top row do not employ gate feedback; the corresponding ones in the bottom row do.

]
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By considering 10 circuits, which represent virutally every
source-follower configuration, the designer can obtain con-
sistent circuit performance despite wide device variations,

There are two basic connections for source followers: with
and without gate feedback. Each connection comes in
several variations (Figure 10). Circuits 10(a) through 10(e)
have no gate feedback; their input impedances, therefore, are
equal to Rg. Circuits 10(f) through 10(k) employ feedback
to their gates to increase the input impedance above Rg.

Before getting into the details of bias-circuit design, note
several general observations that can be made about the
circuits of Figure 10:

® Circpits a, d and f can accept only positive and small
negative signals, because these circuits have their
source resistors connected to ground. The other cir-
cuits can handle large positive and negative signals
limited only by the available supply voltages and

device breakdown voltage.

Circuits ¢, d, e, h, j, and k employ current sources to
improve drain-current (Ip) stability and increase gain.
Circuits d, e and k employ FETs as current sources.
In circuit d, Q; must have a lower cut-off voltage,
VGs(off) 214 a lower zero gate-voltage drain current,
IDSS’ than Ql'

Circuits e, g, h and k employ a source resistor, Rg,
which may be selected to set the quiescent output
voltage equal to zero.

Circuits ¢ and k use matched FETs. Rg is selected to
set Ip near the specified low-drift operating current.
The input-output offset is zero.

h i
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Biasing Without Feedback is Simple

The no-feedback circuits of Figure 10 (circuits 10(a) through
10(e) use simple biasing techniques (see the earlier article).
Circuit 10(a) is a self-bias configuration; the voltage drop
across Rg biases the gate (which draws essentially zero cur-
rent) through resistor Rg. Since no gate-to-source voltage,
Vgs, can be developed when Ipy = 0, the self-bias load line
passes through the origin (Figure 11). For the 2N4339 FET,
whose limiting transfer characteristics are used throughout
this article, the quiescent drain current is seen to lie between
about 0.25 and 0.55 mA when a 1K £ source resistor is
used. The quiescent output voltage lies between +0.25 and
+0.55 V.

15
Vpg =15V |
1.2
-
Rg = 1K e
T o
[ %
-2
0.4
T r T T o
-1.6 -1.2 -08 04
Vs (VOLTS)

Figure 11. Self biasing (Figure 10a) uses the voltage dropped across
the source resistor, Rg to bias the gate. The load line passes through
the origin and has a slope of —1/Rs.

Circuit 10(b) is another example of source-resistor biasing
with a —Vgg supply added. The advantage over circuit 10(a)
is that the signal voltage can swing negative to approxi-
mately -Vgg. Two bias lines are shown in Figure 12, one for
Vgg = -15 V and the other Vgg =-1.6 V. For the first case,
the quiescent output voltage lies between +0.18 and +0.74 V.,
For the second, it lies between +0.3 and +0.82 V.

Vpg=16V

TT
e
»
o G
{vw) Si

04 Rg=50K Vgg=-15V

- l-  Rg =10
I ; -—_"&
1 |

T 1 L) ] 1 I{ |l T ] 1 T 1
-16 -1.2 -0.8

T
0.4 +0.4 +0.8 +1.2 +1.6
Vgs {VOLTS)

Figure 12. Adding a Vgg supply to the self-bias circuit {Figure 10b}
allows it to handle large negative signals. The (oad line's intercept
with the Vgg-axis is at Vgg = ~Vgg. Bias lines are shown for
Vgg =-15 Vand Vgg =~1.6 V.

The bias load line for circuit 10(c) is just a horizontal line
(Ip = constant). The quiescent output voltage is between
+0.15 and 0.7 V for I = 0.3 mA.

Circuit 10(d) is similar to 10(c) except that the Vg = 0 out-
put characteristic of FET Q is used as a current source. As
seen in Figure 13, Q5 does not supply constant current when
its Vpg gets very small. This technique should therefore be
used only to bias FETs whose Vgg(off) i significantly high-
er than the equivalent Vgg(ofr) Of the current-source
FET diode.

15
Vpg=15V

.2

0.8

tyw) G}

220-uA FET DIODE

TTT1T1TrvrqrrinTTid

T T T 1 T T T o
-1.6 -1.2 -0.8 -0.4

Vgg (VOLTS)

Figure 13. FET Qo doesn’t behave like an ideal current source when
its Vpg gets very small {Figure 10d). Therefore, Q1 should have a
significantly larger Vgs(off) than Q2 does.

A pair of matched FETs is'used in the circuit of Figure 10(e),
one as a source follower and the other as a current source.
The operating drain current (I ) is set by Rgy, as indicated
by the load line of Figure 14. The drain current may be any-
where from 0.20 to 0.42 mA, as shown by the limiting
transfer characteristic intercepts; however, Vggy = Vgs2
because the FETs are matched.

vps=15v |
1.2
|- 08
g
Rg2 = 15K )
52 C 3
|-0.4
™t 1T 1T T 1 0
-1.6 -1.2 -0.8 -0.4
VGs (VOLTS)

Figure 14. This load line is set by Rg2 and Q2 which acts as a cur-
rent source (Figure 10e). If its components are properly matched,
the circuit will have zero or near-zero offset.

Since ID] = ID2 and VGSI = VGS2’ choosing RSI = Rs2
will ensure that the voltage from point A to B equals the
voltage point from point C to D (Figure 10(e) ). This source
follower, therefore, exhibits zero or near-zero offset. If the
FETs are temperature-matched at the operating Ip, the
source follower will exhibit zero or near-zero tempera-
ture drift.

Biasing With Feedback Increases Zin

Each of the feedback-type source followers (Figure 10(f)
through 10(k) ) is biased by a method similar to that used
with the nonfeedback circuit above it. However, in each
case, R is returned to a point in the source circuit that
provides almost unity feedback to the lower end of Rg. If
Rg is chosen so that R is returned to zero dc volts (except
in circuit 10(f), then the input/output offset is zero. Ry is
usually much larger than Rg.

© 1979 Siliconix incorporated
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Circuit 10(f) is useful principally for ac-coupled circuits. Rg
is usually much less than R to provide near-unity feedback.
The bias load line is set by Rg (Figure 15). The output load
line, however is determined by the sum of Rg + Ry. The
feedback voltage Vg, measured at the junction of Rg and
R}, is determined by the intercept of the Rg + Ry load line
with the Vgg axis. The quiescent output voltage is

VrB - Vas:
15

=12

Rg = 1K - 0.8
Y
-
= Rg+ Ry«
o 1= 10K

T i T T T T T 1 T T T T T T 1
-1.6 -1.2 -0.8 -0.4 +0.4 +0.8 +1.2 +1.6
Vs (VOLTS)

Figure 15. The bias load line is set by Rg but the output load line is
determined by Rg + R1 when gate feedback is employed (Figure
10f}. The feedback V¢ is determined by the intercept of the
Rg + R1 load line and the Vgg axis.

In the circuit of Figure 10(g), Rg can be trimmed to provide
zero offset. As the curves show (Figure 16), Rg will be
between 670 ohms and 2.5K Q. Rg is much less than R;.
The source load line intercepts the Vgg axis at Vgg =
—VGG =~15V.

Vps=15V
1.2
os S
% [ 2
-
A @
25 %
~ 04 Rg+Ry=50K Vgg=-15V
1T 1 T 1 11
-6 -12 -08 -04 o +0.4 +0.8 +1.2 +1.6
Vg (VOLTS)

Figure 16. Rg can be trimmed to provide zero offset at some point
between 670 ohms and 2.5K { {Figure 10g). The source load line
intercepts the Vgg axis at Vgg = Vgg = -15 V. Note that this load
line is not perfectly flat. It has a slope of -~1/50K, because the cur-
rent source is not perfect; it has a finite impedance.

Circuit 10(h) is almost the same as 10(g); the difference is
that resistor Ry is replaced by a current source. Since an ideal
current source has infinite impedance, the bias curve of

circuit 1(h) differs from that of Figure 10(g) (Figure 16) in
that the load line is perfectly flat. In Figure 16 the load line
is almost, but not quite, flat; it has a slope of ~1/50k.

Circuit 10() is similar to 10(h) except that the output is
taken from the top of Rg to reduce the output impedance.
Rg must be trimmed if the circuit is to work at all properly.

In Figure 17, the constant-current load line represents a
0.3-mA current source, and the effect of a 1K £2 source
resistor is shown. The offset voltage is seen to lie between
0.2 and 0.75 V. The intercept of the Rg load line and the
VGs axis sets the voltage at the junction of Rg and the cur-
rent source (Vgg). For Rg = 1K Q, Vg will be between
-0.1 V and +0.45 V. Since Vp appears at the gate, it must
be zero if the dc input impedance of the circuit is to
be preserved.

Vps=15V |

(v O

Vgs (VOLTS)

Figure 17. If Rg is not trimmed so that the load line passes through
the origin, a voltage will appear at the gate causing a reduction in dc
input impedance. The incremental input impedance will not
be affected.

This can be done by trimming Rg, as shown dashed in Fig-
ure 17. The biasing then becomes the same as for cir-

cuit 10(h).

Biasing for circuit 10(k) is identical to that for circuit 10(e)
(Figure 14) except that feedback is added to raise the input
impedance.mm
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INTRODUCTION

For analog switches, Vertical MOS (VMOS) transistors give
you a nearly ideal combination of characteristics—without
the tradeoffs required by the more conventional com-
ponents. These devices are now available from two Ameri-
can suppliers: Siliconix and its licensee, Semtech.

Unlike the commonly used N-channel JFETs, VMOS chips
that handle more than a few hundred milliamps are also
small enough for economical production. Smaller chips
lead to lower inherent capacitances. Moreover, the basic
VMOS structure provides lower ON resistance.

Some analog switches use relays, bipolar transistors and
even triacs. Although electromechanical relays offer the
lowest ON resistance initially, their ON resistance will
vary with current and degrade with use. Also, relays suffer
from mechanical limitations.

Bipolar transistors require base-drive current that causes
offset in the switched analog signal. Triacs are only suitable
for switching raw power; for analog switching, they intro-
duce too much offset and non-linearity although they
easily handle high power.

VMOS Offers High Performance

VMOS devices aren’t limited by any of these disadvantages.
They can switch 10 W, linearly, over a wide dynamic range.
In addition, VMOS input impedance is very high, and only
input voltage (no current) turns the transistors OFF or ON.

APPLICATION NOTE

Don’t Trade Off Analog Switch Specs.
VMOS-A Solution to High Speed,
High Current, Low Resistance

Analog Switches

Walt Heinzer

And since the drain-to-source channel is purely resistive
while ON, you get low distortion.

VMOS transistors in analog switches offer several more
advantages, including

® 1.8 Q ON resistance, which results in low insertion loss
in low-impedance systems

® 2.0 A DC current capability—paralleling three VMOS
devices increases this capability to 6.0 A and unlike
other devices, paralleled VMOS do not require power-
wasting ballast resistors

® 3 A peak current, which makes VMOS super for driving
capacitive lines and quickly charging and discharging
capacitors in high speed A/D converters, sample and
hold circuits, and integrators

e 60 dB isolation at 10 MHz and 500 nA DC leakage in the
OFF state

e Enhancement-mode operation with a 0.8 to 20 V
threshold, which gives VMOS direct compatibility with
CMOS and TTL. And the logic gates aren’t loaded by the
VMOS.

® Linear ON resistance, which results in low total harmonic
and intermodulation distortion

What’s more, all these capabilities come.in a TO-202AA
package.

Reprinted with permission from ELECTRONIC DESIGN, ©@Hayden Publishing Co., Inc., 1977.
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Examine the ouiput characteristics of a low resistance
VMOS device like the Siliconix VN46AF. A look at the
transfer characteristic in Figure 1A reveals that varying the
gate-to-source voltage from O to +10 V switches the
VN46AF from OFF to ON-with a 3  ON resistance.
From the curve you can see that the device turns OFF
well before zero volts, which eases interfacing with logic.

In the VN46AF schematic in Figure 1B, note that the body
and source are internally connected. Figure 1C and 1D,
respectively, show simplified models of the VN46AF’s OFF
and ON states. Diode D1 is the body-to-drain PN junction.
When the VN46AF is OFF, its drain current vs drain-to-
source voltage characteristics (Figure 1E) is essentially the
curve for Dy. )

The breakdown for Dy is 40 V, and the diode exhibits
forward conduction for drain-to-source potential as low as
--0.6 V. This diode therefore constrains the analog voltage,
which a simple switch (one VMOS transistor) can handle,
to between —0.6 and +40 V.

When the VN46AF is ON, a 2 § resistance is in parallel
with Dj. Maximum continuous current in either direction
is 2.0 A, even though the diode is forward-biased for
currents over 0.5 A.

One VMOS Device Makes an Analog Gate

VMOS characteristics are put to good use in the analog
switch of Figure 1F. In the ON state, the gate of the
VN46AF is positive with respect to the source. In the
OFF state, the gate-to-source voltage is zero. The 2.0 A
capability and the 3 § ON resistance of the VMOS
transistor can be fully exploited in this circuit. The input
signal, however, is restricted to positive voltages and must
always be greater than the output voltage. Otherwise, OFF
isolation is impaired.

Both ON and OFF switching takes 200 ns; charge feed-
through during the ON-to-OFF transition is 80 pC with
a 50 § load. Charge transfer is, of course, especially impor-
tant in sample and hold systems. For example, 80 pC into
0.01 uF causes an offset of 8 mV.

2
100
3 Vps=0.1V
w
>
2
2
2 \ D {BODY-DRAIN
ul BODY DIODE)
z s o s
w 10 Dy ZENER GATE
g PROTECTION orrstate Y D2
g X DIODE
8 N
e N s
g Schematic Symbol of VN46AF Equivalent OFF Condition (Vgs = 0)
I Figure 18 Figure 1C
£ 1 10 100
Vs — GATE TOSOURCE VOLTAGE (VOLTS)
Figure 1A
05
RonN<29 IMax = 20 A
D4 Q ON
H VN4BAF
£ 0.6V <V)<10V
z
o s g o OFF
2Q a =
CHANNEL .
RESISTANCE 2 z JARV4
5 HIGH QUTPUT = SWITCH ON
G /,
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(Vgs=10V)
08 04 0 08 08 "  irecti . '
Figure 1D A Simple Unidirectional VMOS Analog Switch {v; > vq)

Figure 1F

DRAIN-SOURCE VOLTAGE (VOLTS)

Small Signal Characteristics of VN46AF
Figure 1E

The VNAGAF switches from OFF to ON with a 3 Q drain-to-source resistance, when its gate-to-source potential swings from 0 to +10 V.
The device turns OFF at about 1 V{A). Some VMOS transistors (B) carry an on-board zener diode that pratects the gate-to-source junction.
A VMOS transi is 8q to two diodes in the OFF state (C), when the gate-to-source voltage is less than the threshold value. The
equivalent diode, D1 is shunted by 3 2 when the VMOS device is ON (D), with the gate-to-source potential at +10 V. The small signal drain-
to-source voltage vs current characteristic (E) is essentially determined by the body-to-drain diode. The input is restricted to positive voltages
in the single-VMOS analog gate (F).

Figure 1
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In Series, They Switch Both Polarities

To increase the switch’s dynamic range, connect two
VNB88AF’s in series (Figure 2A). In the ON state, both
halves of the DG300 analog switch are open, so the gates
of both VN88AF’s are pulled to +15 V through the 10K
resistor. The ON resistance of this analog switch is twice as
high as the drain-to-source resistance of a single VN88AF.
The maximum current that this two-transistor switch can
handle is the same as that for a single-transistor switch
(2.0 A).

The switch is turned OFF by shorting the gates to the
negative supply, thereby reducing the gate-to-source voltage
to less than the threshold of 0.8 V. The second section of
the DG300 adds 30 dB OFF isolation by shunting the
signal-leakage path (through both sources) to the negative

VNBBAF

10K Q

1BV o——I—W\-—

supply. OFF-isolation curves (Figure 2B) show that the
DG300 raises the circuit’s isolation and that decreasing the
load resistance increases isolation.

Since the two transistors are back-to-back, one body-to-
drain diode is always reverse-biased. This eliminates the
OFF-state problem caused by forward-biasing the diode.

Since the bidirectional switch’s gate drive is referenced to
a fixed supply, its ON resistance varies with the input
analog voltage (Figure 2C). This variation introduces
distortion when you’re driving low-impedance loads such as
speakers or transmission lines. For constant ON resistance,
use the circuit in Figure 3A.

VNBBAF

LOAD

DIGITAL CONTROL l
INPUT TTL OR CMOS

T2

4

117

l

-15V

A General Purpose Bidirectional Analog Switch
Figure 2A

100

80 1

60

1+

> i v o 4 ¢

40

OFF ISOLATION (dB}

20

Cp = 10pF <
V|'=30Vpp

100 1k 10k 100k ™

FREQUENCY (Hz)

OFF lIsolation vs Frequency
Figure 2B

ON resistance is doubled in the two-VMOS switch (A), but inputs of both polarities are handled without losing isolation. The DG300 analog
gate (B) raises the circuit’s isolation by 30 dB. Decreasing load resistance also improves isolation. With the gate drive referenced to a fixed
irably with the input, and generates distortion, esp

voltage (C), the ON r
and transmission lines.

varies

Figure 2

Vg=+15V

| | | consTanTON .
RESISTANCE SWITCH i
(FIGURE 3A) -

I
= GENERAL PURPOSE SWITCH ,
|
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i e berdiraai

4

~
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-16 -12 -8 -4 0 a 8 12 6
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Small Signal ON Resistance vs Analog Input Voltage
Figure 2C

ially with low imped: loads like speakers
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Bootstrapping Adds Linearity

In the ON state, a bootstrap voltage that tracks the input
drives the gates of the VN88AF’s. This bootstrapping keeps
the VMOS’s gate-to-source voltage constant and independent
of the input signal. So, changes in the input-signal level do
not modulate the ON resistance of the switch.

The buffer circuit reduces the computed total harmonic
distortion from 1.5%10 0.005%, for 8 Vrms at 1 kHz into
50 §2 (Figure 3B). The popular 10  DG186 JFET analog
switch generates a higher total harmonic distortion of
about 2%.

The two buffer circuits shown in Figures 3C and 3D isolate
the input signal and employ a zener diode to provide a
fixed gate-to-source voltage. The general-purpose buffer of

~0V V<10V

VNBSAF

VNBBAF vy

r LOAD

vIl-—

;ti' VNE6AF

-O -1V

Low Distortion Constant ON Resistance Switch
Figure 3A

Vout =V +10V)

IN914

Vin © ELmaw T

General Purpose Buffer
Figure 3C

CN: 15V
0 VCONTROL ¢F

Figure 3C has a flat frequency response of up to 300 kHz
and accepts inputs ranging between *15 V. The buffer of
Figure 3D, VN66AK source follower, has its frequency -
response extended to 50 MHz and, when operated from
+30 V supplies, increases the signal range to * 30 V.

The VN66AK and VN8SAF do not have on-board zener
diodes like the VN66AF transistor. At the expense of
the diode protection, the VN66AK and VN88AF gain
lower capacitance from gate-tosource and reduced DC
“see through” from driver to signal path. Bootstrapping
the switch’s gate circuits with a buffer permits the switch
to operate with low distortion even as the signal amplitude
comes close to the positive supply voltage.

Evg= :1sv
5 ERp =500 t
11 KHz i

1

T T T T
GENERAL PURPOSE VMOS
== ANALOG SWITCH CIRCUIT
{FIGURE 2A)
L 1

1 R I —

F: 0V

Z
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'OTAL HARMONIC DISTORTION (%)

BUFFERED VMOS ANALOG
SWITCH CIRCUIT (FIGURE 3A}
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Distortion Improvement Using
the Buffered Analog Switch
Figure 3B
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0.1uF 1N961

ING14
)10 ma

O
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High Speed Buffer
Figure 3D

Bootstrapping the gate and input cuts distortion by holding the ON resistance constant {(A}. The buffered bootstrap circuit {A) distorts less

than either a JFET or a b

pped VMOS analog

itch (B). A general-purpose buffer {C) using the LM310 op amp is suitable for

low speed switches, but when you need a fast analog switch, use the VN66AK buffer (D). In addition to speed, this buffer gives you increased

isolation.

Figure 3
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VMOS Devices Parallel Without Padding

Paralleling devices lowers the total ON resistance. For
example, three paralleled legs, each with two VN46AF’s in
series, make a 1 Q switch (Figure 4A). Because VMOS
devices are immune to current hogging, no ballast or
balance resistors are needed. Negative tempcos, a VMOS
feature, cause these devices to draw less current as they
heat up. As a result, excess current is automatically shared
by paralleled VMOS devices.

Paralleling three VN46AF’s not only decreases ON resis-
tance, but also increases the current capability to 6.0 A

6 X VN4BAF Ron=18

i

z
H
—_ <
~10V <V|<+10V oj E+_r_°_| z
g
$ o8
vi ] [ LoAD 2 <
5 o -
ol 3 Lt
N I £ .
= = ~08 GENERAL PURPOSE SWITCH
© l | ° 5 CIRCUIT (FIGURE 2A)
— w S T N
7] I 4 |
3 d T T 111
10K Q2 © _2.4 |/ONE OHM SWITCH CIRCUIT (FIGURE 4A)
15V O—AAN S T S T S I |
L—J -i6 -08 Q 0.8 16
VNGBAF -8 v, ON: —15V
1 CONTROL o v VOLTAGE ACROSS SWITCH [VOLTS)
Large Signal Transfer Characteristics
Figure 4B
—e—OQ -15V
Ultra Low Resistance Switch {1 Ohm)
Figure 4A
No ballast or bal resi are ded when VMOS devices are paralleled (A) b i i ize them from current

hogging. Paralleling extends the linear range from 0.3 to 1.2A (B) as it decreases the ON rosnstance of the analog switch to 1 £ and increases

its current-handling capability to 4.5 A.

Figure 4
Ronmax) = 6.6 52
VN8BAK VN9BAK

4BV <V|<+5V

50V
ANALOG SWITCH

ON: —45V V¢
OFF: —36V

90 V Peak to

You pay for 90 V breakdown in the VN9BAK with
3.0 2 ON resistance, which allows swings of :40 V.
The zener diode limits the gate to-source potentials

to30V.

Dq
v N9T72
! 3ov) I LOAD
= CR110 _L

and extends the linear range of the large signal transfer
characteristic from 0.3 to 1.2 A (Figure 4B).

The voltage range of the basic analog switch can also be
increased. Simply use a higher breakdown VMOS unit
(Figure 5). The VN98AK'’s have a 90 V breakdown, which.
allows up to *40 V of voltage swing capability. However,
these higher voltage devices do carry a penalty—the ON
resistance is higher: 3.5 & vs 3.0  for the VN46AF. Zener
diode D1 limits the gate-to-source potential to 30 V, and
thereby prevents a possible gate-oxide rupture. Diode
CR110 limits the current from the 50 V gate-bias supply.

vs=115v_|r% 1 }

N
=

IMAX = 4.5 AMPS
-

|
+— LINEAR TRANSFER
=~ pecion . =4 L

o

[

2N6661

L]

——O0-45V

Peak Analog Switch

Figure 5
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For the Ultimate in Switching Speed

The high power RF switch shown in Figure 6A performs intercept point with 1 dB of gain compression at 25 dBm
very well up to 50 MHz—with turn-ON and turn-OFF times input power.
of 50 ns. At 10 MHz, isolation is 60 dB with a 20 V

pk-pk input signal. Insertion loss is only 1 dB with a 50 2 Turn-ON time of the switch (Figure 6D) is determined by

load (Figure 6B). The gain vs input power curve in Figure the passive pull-up resistor combined with the capacitance
6C shows that the RF analog switch using VN66AK’s at the gates of the VN66AK’s. The negative turn-OFF
can put 1 W into a 50 £ load at 14 MHz. The two-tone, transient is caused by charge-coupling to the output

third order, intermodulation product curves show a 42 dB through the output capacitance of the VN66AK.

CONSTRUCTED ON COPPER GROUND PLANE

P VNBEAK VNGBAK _ _ _ _ . .
ST Iy N1
L b i l
(50 2) = 400 I = 500 :
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20v AAA ERMINATION
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= 0.014F # JL—' l
I = = 1
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PLANE = T “
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v - 0V SWITCH OFF
CONTROL (&
INPOT —— 210V SWITCH ON
RF Analog Switch
Figure 6A
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Figure 6B Figure 6C
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Switching Response of RF Switch into 50 Ohm Load
Figure 6D

The VNG6BAK switches high power at RF (A). At 10 MHz, a 20 V pk-pk signal is attenuated by 60 dB and the insertion loss is only 1 dB into
50 2 and 10 pF (B). Third-order intermodulation distortion is given by the 42 dB intercept point, and 1 dB gain compression occurs at
25 dBm input for 14 MHz (C). The negative turn-OFF transi (D} is d by charg ling to the put through the output capaci-
tance of the VNGGAK.
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APPLICATION NOTE
Driving VMOS Power FETs

INTRODUCTION

Using VMOS Power FETs you can achieve performance
never before possible—if you drive them properly. This
article describes circuits and suggests design methods to
be used in order to obtain the performance from VMOS
that you need.

When designing with VMOS there are some facts that
must be kept in mind in order to get optimum resuits
with every circuit. The first fact is that VMOS is a very
high frequency device. The cut-off frequency for all VMOS
FETs is several hundred megahertz. Most power designers
are not used to designing with extremely high frequency
devices because with bipolars the frequency response
decreases as the power increases. The very high frequency
response of VMOS is the basis for many of its advantages
but it must be kept in mind while designing. With improper
circuit design VMOS can oscillate. This oscillation can
be eliminated, though, by exercising two simple pre-
cautions, First, minimize lead and trace lengths whenever
possible, especially leads associated with the gate of the
FET. If it is not possible to have short Jeads to the gate
place a ferrite bead on the gate lead or a small resistor in
series with the gate. The ferrite bead or the resistor must be
very close-to the gate. Second, because of the extremely
high input impedance of VMOS (in excess of 1012 Q)
drive circuits may be designed which are very high im-
pedance. Under these conditions it is possible for the
gate node to get enough positive feedback from the gate-
to-drain capacitance or just from stray fields in the circuit
to cause oscillation. This must be kept in mind in the
design of the circuit.

+25V

Vout

ﬁVNﬂ)AF

500 £2

A Typical VMOS Switching Circuit
Figure 1

Dave Hoffman
January 1979

When driving VMOS it must be kept in mind that the
dynamic input impedance is very different than the static
input impedance. The input of a VMOS device is capa-
citive. The DC input impedance is very high but the AC
input impedance varies with frequency. Because of this
effect, the rise and fall times of VMOS are dependent on
the output impedance of the circuit driving it. The first
approximation of the rise or fall time is simply

trorty=22 + ROUT * Ciss M

where RQUT is the output impedance of the drive circuit.
This equation is valid only if the drain load resistance
is much larger than RoyT. Knowing this fact, along with
the fact that there is no storage or delay time with VMOS,
it is very easy to calculate the rise and fall times and set
them to any desired value. For example, if you wanted to
calculate the 10% to 90% rise or fall time for the circuit
shown in Figure 1 using Equation 1 the rise time is equal to:

ty = (2.2) (500) (50 x 10~12) = 55 nsec

The dynamic input characteristics of VMOS are covered
very thoroughly in Siliconix’ application note AN79-3.1

A last thing to remember when you are driving VMOS is
the input protection zener diode. When putting a positive
voltage on the gate with respect to the source, the max-
imum voltage rating of the zener diode should not be
exceeded. It is more important, however, that you do
not forward bias the zener diode by putting a negative
voltage on the gate while the VMOS is operating in a
circuit. The reason for this is most easily explained by
referring to Figure 2. As can be seen in the figure, the
zener diode is actually the base-emitter junction of a
bipolar transistor. If a negative voltage greater than 0.6 V
is placed on the gate, the base-emitter junction of the
bipolar will be forward biased which will turn on the
bipolar transistor. When the bipolar is turned on, cur-
rent will flow from the drain through the bipolar and
out the gate. This operating condition is very likely to
be destructive. If negative voltages must be placed on the
gate it is recommended that you use a VMOS part that
does not have an input zener diode. Non-zenered equiva-
lents are available for most of Siliconix’ zenered devices.
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A Parasitic NPN Transi in Zener Pr i MOSFETS
Figure 2

Of all operating modes the common-source configuration is
the simplest to drive. Because of the high input impedance
of VMOS it can be driven directly from many logic families.
When driving from a CMOS gate as shown in Figure 3,
rise and fall times of about 60 nsec can be expected due
to the limited source and sink currents available from the
CMOS gate.2 If faster rise and fall times are required
there are several ways to obtain them. One easy way is
if there are extra gates in the package that is driving the
VMOS simply put the extra gates in parallel with the
gate already being used. The additional current available
will cut down the rise and fall times. If no extra gates
are available an emitter-follower buffer can be used as
shown in Figure 4. With this circuit the current available
to the VMOS will be the output current of the CMOS
multiplied by the beta of the bipolars. Because the bipolars
are operating as emitter-followers there will still be no
storage time to worry about and the frequency limit
will be determined by either the CMOS gate or the fr
of the bipolars, whichever comes first.

+10V vt

Driving VMOS with a CMOS Gate
Figure 3

+5

v vt
‘b

>

10K @

—| VN4BAF

Pulling Up a TTL Output Will Increase
the Sink Current of the VMOS
Figure 5

VMOS can also be driven directly from TTL gates. Because
the output voltage of TTL is limited, the output current of
the VMOS will be limited to some value less than its max-
imum rated current. The output current that can be ex-
pected can be determined from the transfer characteristic
of the device being used. For example, if a TTL gate is
driving VN46AF the minimum output current of the
VMOS will be approximately 250 mA. This value was
obtained by using the minimum output voltage of the TTL
gate (3.2 V) for a high level output and referring to the
transfer characteristic for the VNAZ which is the VMOS
geometry used in the VN46AF. If more than 250 mA
is required the output of a standard VMOS gate can be
pulled up to.the 5 V rail as shown in Figure 5. With a full
S V on the gate the VN46AF will typically sink 600 mA.

For very high speeds a capacitive driver such as the MH0026
can be used as shown in Figure 6. With this drive config-
uration typical rise and fall times are less than 10 nsec.

When operated in the common-drain mode VMOS is
somewhat more difficult to drive than when in the com-
mon-source mode. Because of VMOS’ high input imped-
ance, though, it is considerably easier to drive common-
drain than a bipolar would be when operated common
collector. Common-drain circuits can be used when the
load needs to be connected to ground, when an active
pull-up and pull-down is required (totem pole circuit),
or in bridge type circuits. For the purpose of this dis-
cussion all examples will be shown with totem pole circuits.

+ov +10V vt

AL
Vin
€D4o11

An Emitter-Follower Circuit Will Decrease VMOS
Rise and Fall Times

Figured
v
L—%RL

+15V

VN6G6AF
1/2 MHO0026

Using an MOS Clock Driver to Drive VMOS
Figure 6
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The difficulty with common-drain circuits occurs because
as the voltage across the load increases the enhancement
voltage of the common-drain device decreases. Referring
to Figure 7, as the voltage across Ry, approaches V7 the
enhancement voltage for the upper VN66AF decreases.
If Vi is not greater than V) then the voltage across
R1 can never reach V7. For this reason whenever a com--
mon-drain circuit is used it is always necessary to have or
to generate a voltage that is greater than the voltage which
is desired to be impressed across the load. The amount
the voltage has to be above the desired drain voltage is
dependent upon the current the VMOS must source and
can be determined from the transfer characteristic of the
VMOS being used. If no supply voltage is available other
than the one the load is to be pulled up to, one can be
generated. This can be done very easily because of the
very low drive current requirements of the VMOS.

Vi

VNEBAF

VN10KM

Ry

J |
';EjJL.:

VN66A

VMOS in Totem-Pole Configuration
Figure 7

One way of generating the required gate voltage is the
bootstrap circuit shown in Figure 8. In the circuit, when
Q1 and Q3 are on, Cy is charged to the supply rail through
Dji. When Q) and Q3 are turned off, the gate voltage on
Q) goes to the supply rail. As the source of Q) begins
to pull RL, up, the voltage across Cy will be maintained,
therefore, the gate-to-source voltage of Q) will be main-
tained. The size of C1 should be large enough so that when
it charges the gate capacitance of*Q2 a minimum voltage
equal to the required enhancement voltage of Q2 will be

vt

L3
[
I
Cq
Rq
[
9*®

o——|;<_101

= bl
——|Fj_3

A

Wy

VMOS Bootstrap Circuit
Figure 8

maintained across it. A good rule of thumb is to make
C1 equal to ten times the Cjgg of the FET. Figure 9 shows
the same bootstrap circuit with some added components
to improve the rise and fall times. In the circuit Q) acts
as an emitter-follower to increase the peak gate current
to Q3. Dy will be forward biased when Q1 turns on and
serves as a low impedance path to discharge the gate of Q3.

by

Bootstrap Circuit with Emitter-Follower
for Improved Rise Times
Figure 9

+16V +80V
Q.
;ja

Inductive Kickback Drive Circuit
Figure 10

3

Another method to drive a common-drain VMOS FET
is shown in Figure 10. Rather than charging a capacitor
and then feeding a signal back from the output as was
done in the bootstrap circuit, this circuit stores the required
charge in an inductor. When Qj is turned off a flyback
voltage is generated across the inductor. This voltage is
used to maintain an enhancement voltage equal to the
voltage of zener diode D) across the VMOS FET. Once
the Q) has been fully turned on and the voltage on RL
is at the rail a negligible amount of energy is required
to keep Q2 on. Q2 will remain on until Qj is turned on,
or until the leakage currents of Qi and D7 discharge
the gate capacitance of Q7.
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Another method that can be used to drive a common-
drain VMOS is transformer drive. A transformer drive
circuit is shown in Figure 11. In this circuit the transformer
is used in the flyback mode when turning on the upper
FET. Ry and R3 are used to suppress ringing and Ry

+15V +60 V

:

Q4

Transformer Drive Circuit for VMOS
Figure 11

and Ry are used to assist with turn-off of the FETs. When
driving with a transformer, care must be taken to design the
transformer so that the secondary inductance in con-
junction with the input capacitance of the FET does not
create ringing of oscillation problems.

SUMMARY

The very high input impedances of VMOS Power FETs
greatly simplify the drive requirements as compared to
bipolars. The input drive requirements for both common-
source and common-drain configurations were discussed
in ‘detail. With common-source circuits the requirement
that needs to be kept in mind is the rise and fall time
required. With common-drain circuits a method of main-
taining an adequate enhancement voltage must be consid-
ered in addition to required rise and fall time requirements.

REFERENCES
1. A. Evans, D. Hoffman, ‘“Dynamic Input Characteristics
of a VMOS Power Switch” AN79-3.

2. D. Hoffman, L. Schaeffer, “VMOS — A Breakthrough
in Power MOSFET Technology” AN76-3.
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glossary of terms and abbreviations

1. Upper case letters indicate DC voltages and currents.

2. Lower case letters indicate AC voltages and currents,

3. Subscripts can refer to the terminals used in the measurements, i.e., VG = Gate Voltage; or simply help define the sym-

bol, i.e., tf = Fall Time, ty = Rise Time.

4. Triple subscripts are used for terminal references only. The first subscript is the object terminal. The second subscript is
the common terminal. The third gives the condition of the remaining terminal(s). S = Short, 0 = open and X = neither
open nor short (refer to the test conditions). Example: BVGgg = Breakdown Voltage from gate to source with the drain

shorted to the source.

bgg = Common-Gate Forward Susceptance Crss
bgg = Common-Source Forward Susceptance

Csb
big, = Common-Gate Input Susceptance

Csd
bigs = Common-Source Input Susceptance

Csgo
bogs = Common-Gate Qutput Susceptance

D
bogs = Common~Source Output Susceptance

eN
b,.g = Common-Gate Reverse Susceptance
byg = Common-Source Reverse Susceptance fm
BVpgo = Drain-Gate Breakdown Voltage G
BVpss = Drain-Source Breakdown Voltage 9fg
BVspx = Drain-Source Breakdown Voltage Ofs
BVG1G2 = Gate-Gate Breakdown Voltage

9so
BVG1ss = Gate 1 to Source Breakdown Voltage

9fs1/9fs2
BVgass = Gate 2 to Source Breakdown Voltage
BVGBS = Gate-Body Breakdown Voltage 9ig
BVGss = Gate-Source Breakdown Voltage 9is
BVsgps = Source-Drain Breakdown Voltage 909
BVsGgo = Source-Gate Breakdown Voltage Gos
Cdb = Drain-Body Capacitance 9oss
C = Drain-Gate Capacitance

dgo apact 90s1-80s2
Cgb = Gate-Body Capacitance G
(4]

Cgd = Gate-Drain Capacitance Gps
Cgs = Gate- Source Capacitance ID(off)
Ciss = Common-Source In;;ut Capacitance 1D(on)
Coss = Common-Source Output Capacitance 1pGoO

I : 1

Siliconix

= Common-Source Reverse Transfer Capaci-
tance

= Source-Body Capacitance
= Source-Drain Capacitance
= Source-Gate Capacitance
= Drain

= Equivalent Short Circuit Input Noise Volt-
age

= Figure of Merit
= Gate
= Common-Gate Forward Transconductance

= Common-Source Forward Transconduc-
tance

= Common-Source Forward Transconduc-
tance @ Vg =0

= Common-Source Forward Transconduc-
tance Ratio

= Common-Gate Input Conductance
= Common-Source Input Conductance
= Common-Gate Output Conductance

= Common-Source Output Conductance

= Common Source Output Conductance @
Vgs=0

= Differential Output Conductance

= Common-Gate Power Gain

= Common-Source Power Gain

= Drainr Cutoff Current

= Drain ON Current

= Drain~-Gate Leakage
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glossary of terms and abbreviations (cont’d)

= Saturation Drain Current

lpss1/1pss2 = Saturation Drain Current Ratio

Ir
{c]

1G1G2

g1-1G2l

lgBS
1G{f)
1Gss
lgiss
lg2ss
IG1SSR

1G2sSR

ill

Ip

NF

Pp

Pov
'ds(on)
'DS(on)
Re (Y¢g)

Re (Ygs)

Re (Y.g)
Re (Yijs)

Re (Ygs)
Re (Yrg)

Re (Yys)
rGS

S

td
td(off)

= Forward Current

= Gate Operating Current

= Gate to Gate Leakage Current

= Differential Gate Operating Currents

= Gate to Body Leakage Current

= Gate Forward Current

= Gate Reverse Current

= Gate 1 to Source Leakage Current

= Gate 2 to Source Leakage Current

= Gate 1 to Source Reverse Leakage Current
= Gate 2 to Source Reverse Leakage Current
= Equivalent Open-Circuit Noise Current

= Pinch-Off Current

= Noise Figure

= Continuous Power Dissipation

= Peak Operating Voltage

= Drain-Source ON Resistance

= Static Drain-Source ON Resistance

= Common-Gate Forward Transconductance

= Common-Source Forward Transconduc-
tance

= Common-Gate Input Conductance
= Common-Gate Output Conductance

= Common-Source Output Conductance

= Common-Gate Reverse Transconductance

= Common-Source Reverse Transconduc-
tance

= Common-Source Input Resistance

= Source

= Delay Time
= Turn-Off Delay Time

td(on)

tr

Tstg

VB

VBB

Vb
VpDp
Vps(on)
Vg
VGG

vas

IVgs1-VGgs2! = Differential Gate-Source Voltage

AVgs

A|Vgs1 'Vgs2|

AT
Vasif)
VGSs(th)

VGs(off)
VG1S(off)

Vg2s(off)

Vs

Vss

Zk

05-A
84-c

= Turn-On Delay Time
= Fall Time

= Junction Temperature
= Turn-Off Time

= Turn-On Time

= Lead Temperature

= Rise Time

= Storage Temperature
= Body Voltage

= Body Supply Voltage
= Drain Voltage

= Drain Supply Voltage
= Drain-Source ON Voltage
= Gate Voltage

= Gate Supply Voltage

= Gate-Source Voltage

= Differential Gate-Source Voltage

= Differential Gate-Source Voltage Change
with Temperature :

= Gate-Source Forward Voltage

= Gate Threshold Voltage

= Gate Source Cutoff Voltage

= Gate 1 to Source Cutoff Voltage
= Gate 2 to Source Cutoff Voltage
= Source Voltage

= Source Supply Voltage

= Dynamic Impedance

= Knee AC Impedance

= Current Temperature Coefficient

= Junction to Ambient Thermal Resistance

= Junction to Case Thermal Resistance

6-80
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mechanical data

0335
0.305

851
(7.75)

0.370
0.335

9.40)
(8.51)

0.240
(6.60)
(6.10)

T
|| Lssean

0.019 (0.483) nya

la—0.260 1500

{38.10}
MIN

0.016 {0.406)
.229)
TO5
0210 0.500
- e
0.170 (12.70)
0195 {4.32}
0178
{4.95]
14.52) [=—0.030
(.762)
Tl—-——— MAX
| e————
0.230
0.209 e 0.100
(5.84} 12.54)
(5.31)
1
T- La LEADS

0.019 (0.483) pia
0.016 (0.406)

TO-18
(3 PIN}

0,150
—] 2150 . g500
0;;5 (12704
(2.81) MIN
039 1 1292
0.178
4.95/ - 0.030
(4.52) (.762]
——— mAx
T—
0230 | —
0.209 - _———— 0.100
(5.84) (2.54)
(5.31)

ALL DIMENSIONS IN INCHES.
(ALL DIMENSIONS IN MILLIMETERS.)

T0-52

BOTTOM VIEW

0.335
0.315

—

1'2 LEADS

0.019 (0.483) pia

0.016 (0.406/
BOTTOM VIEW
TO-18
{2 PIN)
260 __ 1. 0500
0.240 (12.70)
((g.%g’z MIN BASE 1S SOLID KOVAR

BOTTOM VIEW

lLZJ.g | e—0.500
0.17 (12.70)
5. MIN
0.195) {4.32) BOTTOM VIEW
. (ALTERNATE)
[—0.030 0.048
. 0.050
10.762) (1.27) 0.028
MAX (1.220)
0.717]
== 0.100 k\
(2.54) /7\
S——
— 0.046

BOTTOM VIEW

s
<S8
=1
L& Bjn

BOTTOM VIEW

TO-39

[ 6 LEADS

0018 (483)
0.016 (.406) .

BOTTOM VIEW

TO-71
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iconix

mechanical data (cont'd)

0210 4500 —— D183 i 0500
0.170 - o (12.70)
(5.33) (12.70) 0335 (.70} VN
0195 | (4.32) MIN 0.305 14.19)
0178 851 —
0.040
(4.95, 775, . :
(4 521, -‘ r——o,oso (7761 (1.02)
(.762) | MAX
Tl————- - MAX T g T
———— ———
0.230 0,370
st ——————,0.100 0.335 0.200
—
(%84 (252) (940) (5 08)
15.31) (o
4 LEADS —
E7 LEADS

0.019 (.483)
0016 (4067 D'A

DIA

BOTTOM VIEW

0.019 (483
0.016 (406
BOTTOM VIEW
TO-72 TO-78
le—0185 _ 1. 0500
0.165 (12.70¢
0.180 0.045 0.33 (4.20) MIN
™ 0200 ‘——-”-307% ) 0.055 0.305 (4.19)
(4.57) f {1.14) (8.51 —t |e—0.0s0
o MIN (1.40) (7.75) ' st
l l | MAX
_
185 0095
(4.70) e 010" ———
TYP (241 T 0.370
1267 0.335 0.200
(9.40) (5.08)
(8.51)
3LEADS TO FIT INTO T —
¢ Insensitive To Light 0.022 ST0 °
o Insulated Case 70.55¢) D'A HOLE T
8 LEADS

ALL DIMENSIONS IN INCHES.
{ALL DIMENSIONS IN MILLIMETERS.)

TO-92

0.040 (7.02) ——J

0125 (3.18) | — 0019 (483 A
0.165 (4.19/ INSULATOR 0.016 (.406)
BOTTOM VIEW MAX
BOTTOM VIEW
TO-99
0.015
i0.381 MAX—"1
SIDE VIEW

0.180 ——— 0.400 0.085

0.200 710.16) 0.105

14.57) MIN

(5.08)

——————
1.85
{4.70} ———
TYP
[-3 LEADS TO FIT INTO 0105
e Insensitive To Light 0022 1 HOLE {2.03)
o Insulated Case (0.556) 2.67)
0.125 (3.718}

ALL DIMENSIONS IN INCHES. 0.165 (4.19)
(ALL DIMENSIONS IN MILLIMETERS.) BOTTOM VIEW

TO-92 LEAD FORM
(—18)
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. Sales Offlce;

Eastern

Sillconix incorporated

40t Broad Hollow Rd., Rt 110
Expwy Plaza, Suite L120
Melville, L. 1., NY 11747
(516)604.8474

Twx: 510.224-8508

Slliconix incorporated
395 Totten Pond Rd.
Waltham, MA 02154
817)890-7180

Twx: 710-324-1783

Sales Offices

Central

Sliiconix Incorporated
1040 §. Muwaukes, Suite 117

Wheeling, IL 60080
{312)541-0131
Twx: 910-678-2778

Slliconix incorporated
4615 W. Streetaboro Rd:

Richtield, OH 44288
(218)659-9305
Twx: 810-427-2978

g

Siliconix

Northwestern

Silicorix incorporated

2201 Laurstwood Rd.

Santa Clara, CA 95054
988-8000

(408)
Twx: 910-338-0227

Southwestern

Siiiconix Incorporated
1525 E. 17th St,, Sulte L
Santa Ana, CA 92701
(714)547-4474

Twx: 810-595-2643

Sales Representatives

ALABAMA, Huntsville (35803)
Rep. Inc.

11527 8, Memorial Pkwy.
(205)881.927¢

Twx: 810-726-2102

ARIZONA, Phoenix (85034)
Quatra Incorporated

2430 South 20th Streat
(802)252-5885

Twx: 910-951.1369

CALIFORNIA, Cupertino (95014)
Costar Incorporated

10080 North Woife Rd., Suite SW3-175
(408)446-9339

Twx: 910-338-0206

CALIFORNIA, Irvine (92714}
Celtec Company

18009 Sky Park Cr, Suite B
(714)557-5021

Twx: 910-505-2512

CALIFORNIA, San Diego (92111}
Celtec Company

7867 Convoy Ct., Suite 312
(714)279.7961

Twx: 910-335-1512

CALIFORNIA, Sherman Oaks (91403)
Celtec Company

16335 Morrison Street

Suite 215

(213)783-0620

Twx: 910-495-2008

COLORADO, Littiston (80122)
Quatra Incorporated

2275 E. Arapahoe Road, Suite 217
(303)795-3187

Twx: 810-935.0874

CONNECTICUT, Ridgefield (06877)
Phoenix Sales Company

389 Main Street

(203)438.9844

Twx: 710-467-0662

FLORIDA, Ft. Laudsrdale (33318)
Perrott Associates

P. O, Box 15067

(305)792-2211

Twx: 510-955-9831

FLORIDA, Largo (33540)
Perrott Associates

511 Rosery Rd. NE
(813)585-3327

Twx: 810-866-0028

FLORIDA, Orlando (32807)
Perrott Associates

1607 Forsyth Road
(305)275-1132

Twx: 810-850-0103

GEORGIA, Tucker (30084)
Rep. Inc.

1844 Cooledge Road
(404)938-4358

ILLINOIS, Northtield {80093}
Electron Marketing Corp.

500 Cantral Ave.

(312)a41-7477

Twk: 910-992-0686

INDIANA, Carmel (46032)
Rich Electronic Marketing
599 Indusirial Dr.
(317)844-8462

Twx: 810-260-2631

INDIANA, Fort Wayné (46804)
Rich Electronic Marketing

3448 W, Taylor St.

{219)432.5553

Twx: 810-332:1404

KANSAS, Shawnee Mission (66212)
BC Electronics

£ 0. Box 12485

(913)888-6680

Twx: 910-749-6414

KANSAS, Wichita (67207
BC Elecironics

6405 £. Keliogg, Suite 14
(316)684-0051

MARYLAND, Baitimore (21227}
Coulbourn DeGreit, Inc.

5205 East Diive

(301)247-4646

Twk: 710-236-9011

MASSACHUSETTS, Reading (01867)
Kanan Associates

100 Main Strest

(617)944.8484

Twx: 710-393-6552

MICHIGAN, Bloomtield Hills (48013)
Enco Marketing inc.
st Long Lake Road
{313)642.0203
Twx: 810-232.1669

MINNESOTA, Minnieapolis (55435)
KELCOM

5200 West 73rd Street

(612)835.0242

Twx: §10-576-2740

MISSOURI, Hazetwood (63042)
BC Electronics

300 Brookes Dr., Suite 206
(314)721.1255

Twx: 810-762-0600

NEW YORK, Syracuse (13208)
T? Electronics

4054 New Court Ave.
(315)483.8592

Twx: 710-541.0554

NEW YORK, Victor (14564)
T Electronics

2 £ Main St.

(716)924-9101

Twx: 510-254-8542

NORTH CAROLINA, Cary (27511)
Montgomery Markating

P.0.8. 520, 1212 Lane Dr.
(919)467-6319

Twax: 510-920-0834

OHIO, Dayton (45414)
L.yons Corporation

4812 Frederick, Suite 101
613)278.0714

OHIO0, Highland Heights (44143)
Lyons Corporation

6151 Wilson Mitl Rd., Suite 101
(216)461.8288

PENNSYLVANIA, Erdenhsim (19118)
GCM Associates

1014 Bethlehem Place

(215)233-4600

Twx: 510-861-9170

TENNESSEE, Jefferson City (37760)
Rap. Inc.

P.O.8. 287

(615)475-4105

Twx: 810.570-4203

TEXAS, Houston (77022)
Semicanductor Sales Associates
4101 N Freeway, Suite 202
(713)661.0681

TEXAS, Richardson (75080)
Semiconduclor Sales Aasaciates
P.O. Box 2618

(21412216181

VIRGINIA, Charlotiesvilis (22901)
Coulbourn DeGreil. Inc.

1618 inglewood Dr.

{8041977-0031

Twx: 710-2368-8011

WASHINGTON, Seattie (98107)
Biair Hirsh Co.

4013 Leary Way NW

(20617833423

WISCONSIN, Milwaukes (53220)
JM Saies

6522 W. Forest Home Ave.
{414)546-0040

Twx: 910-576.2778

Canade
ONTARIO, Etobicoke (MSC 1E7)
RFQ. Ltd,

383 The Wast Mall, Suite 209
(416)626-1445
Twx: 610-482-2540

QUEBEC, (H9G 2H8)
RF.Q. Ld.
P.0. Box 213, Dollard Des Ormeaux

{514)694-5724
Tix: 05621762

U.S. Chip
Distributor

FLORIDA, ORLANOO (32007)
Chip Supply In¢.

1607 Forsyth Roed

(305) 275-3810

Tix: 810850-0103

XIUOD
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Sales Offices

Siliconix

International Sales Offices

European Sales Offices

FRANCE
Siliconix S AR.L.

70-72 Avenue du Genera! de Gavlle

Echat

84022 Creteil Cadex
Tei: 377.12.51

Tix: Silconx 230389F

WEST GERMANY
Siticonix GmbH
Posttach 1340
Johannesstrasse 27
D-7024 Filderstadi-1
Tel: (0711702066
Tix: 7255 553

UNITED KINGDOM

Siliconix Ltd.
Brook House
Nortnbrook Sireet
Newbury, Berks
RG13 1AH

Tet: {0635)64846
Tix: 849357

Siliconix .td.

Morriston, Swansea

United Kingdom SAG 6NE

Tei: {0792) 74681
Tix: 48197

European Distributors/Representatives

AUSTRIA

Ing. Ernst Steiner
A1130 Wien
Geylinggasse 16
Tel: 2221822674
Tix: 135026

BELGIUM

Ritro Electronics BV

172 Piantin en Moretusles
8-2000 Antwerpen-B

Tel: 031-353272

Tix: 33637

DENMARK

Ditz Schweitzer AS,
Vallensbaekve) 41
DK-2600 Glostrup
Tel: (01)45-30-44

Tix: 33257

FINLAND

Qy Findip AB
Teollisuustie 7. PO B 34
SF 02700 Kaumiainen
Tet: 90-502255

Tix: 123128

FRANCE

Almex
48 Rue de U Aubepine
92160 Antony

Tel: 666-21-12

Tix: 250067

Alrodis

40 Rue Villon
69008 Lyon
Tei: (78} 695952
Tix: 330174

Aquitaine Composanis

30 Rue Denfert Rochereau
33400 Talence

Tel: (56) 80 24 70

A. Baltzinger

18:26 Route du General de Gaulle
67300 Schiltigheim

Tel: (88} 331852

Tie 870952F

Ouesl Composants
S rue Lesage

3500 Rennes

Tel: (99) 360058
Tix: 730004

Sanelec Electronique

7 Rue de la Couture

Z 1, de la Pilaterie
598700 Marcq-en-Baroeuil
Tel: (20) 98-92-13

Tix: 160 143F

Scale

80 Rue d'Arceuil

Z silic 137

Rungis, 94523 Cedex
Tel: 687-2313

Tix: 204 6745

GERMANY

Ditronic GmbH
IM Asemwald 48
7000 Stutigart 70
Tel: (0711) 724844
Tix: 07-255638

Ing. Biiro K.H. Oreyer
Flensburger Strasse 3
2380 Schieswig

Tel: (04621) 23121

Tix: 02:21334

EBV Elektronik GmbH
Gabriel-Max Strasse 72
8000 Munchen S0

Te): (089) 644055

Tix: 05-24535

EBV Elektronik GmbH
Alexanderstrasse 42
7000 Stuttgart 1

Tel: (0711) 247481

Tix: 07-22271

EBV Elektronik GmbH
Ostrasse 129

4000 Dusseidort

Tei: (0211) BAE46T
Tix: 08-587267

EBV Elektranik GmbH

In der Meineworth 9A

3006 Burgwedel 1/Hannaver
Tel: (05139) 4670

Tix: 09-22694

EBY Elektronik GmbH
Myliusstrasss 54
6000 Frankfurt 1

Tel: 0611/7204 16/7
Tix: 0413590

v-electronic

Klaus Vespermann Kg
Bachstrasse 30a

6380 Bad Homburg V.D.H
Tel: (06172) 230615

Tix. 0415864

Utratronik GmoH
Munchner Strasse 6
8031 Oberaling-Seeteld
Tel: (08152) 7774

Tix. 05-27832

Unitromic Schivter GmbH u. Co. KG

Manskesirasse 29
3180 Lertne

Tel: (05132) 51001
Tix: 08-22084

GREECE

General Electronics, L.td.
208 Thevon St

Nikaia, Piragus 77

Tel: 361-8145

Tix: 212949 GELT GR

g

Far East Sales Offices

HONG KONG

Siliconix (H. K.) Ltd.

5/6/7th Floors

Liven House

§1-63 King Yip Street, Kwun Tong
Kowloon, Hong Kong

Tel: 3-427 151

Tix: 74449 SILX HX

JAPAN

Siliconix DISC Japan Branch
101 Daigo Tanaka Bldg.

4-4 fidabashi, 3-Chome
Chiyada-Ku, Tokyo, Japan 102
Tel: 03-262-4777

Tix: 423411

HOLLAND

Datron BV

PO Box 75

1243ZH S-Graveland-NL
Tel. 035-60834

Tix: 4 3943

Futro Electronics BY
Gelreweg 22

Postbox 123

3770 AC Barneveld-NL
Tel: 03420.5041

Tix: 40553

ITALY

Adelsy

Via Domenichino 12
20149 Milanao

Tel: (02) 4985051
Tix: 33 2423

Dott. Ing. Giuseppe DeMico
Via Manzoni 31

20121 Milano

Tel: 653131

Tix: (02) 312035

NORWAY

A S Kieli Bakke

Postbox 143

2010 Strommen, Nygaton 48
Tel {02} 7118 72.71 53 50
Tix: 18407

SPAIN

ATAIO

Enrique Larreta 10Y12
Madrid 16

Tel: 733.05.62 or 733.37.00
Tix: 27249

SWEDEN

Komponentbolaget NAXAB
Box 4115

$:17104 Solna

Tel: 08.985140

Tix: 17912 KOMP

Other International Distributors/Representatives

ARGENTINA

Corte & Cia, SRL
San Juan 1301
Buenos Aires

Tel: 27-0101

Tix: 012.1992

EMSE Electronica S.A
Div. Semiconductores
Ayacucho No. 311
1025 Buenos Aires
Tel: 40-2071

AUSTRALIA

STC Cannon Components PTY. LTD.
248 Wickham Road - P.O. Box 62
Moarabbin, Victoria 3189, Australia
Tel: Melbourne 95-1566

3 lbourne AA 30877
Cable: CANNONLEC - MELBOURNE

BRAZIL

Cosele LTDA

Rua da Consolacao,
867.Cj 22

01310 Sao Paulo

Tel: 257-3535 or 258-4325
Tix: 1130869-CSEL-BR

INDIA

Zenith Electronics

541 Panchratna

Mama Parmanand Marg
Bombay 400004

Tet: 384214

Tix: 011-3152

1SRAEL

Talviton Electronics, Lid.
9 Biltmore St.

Tel Aviv

Tel: 44.45.72

Tix: Vitko 33400

JAPAN

Teijin Advanced Products Corp.
1-1 Uchisawai-cho, 2-Chrome
Chiyoda-Ku, Tokyo, 100

Tel: (03) 506-4670

Tix: J-23548

KOREA

Yeonil & Co. Ltd.
KPO Box 1112
Seoul

Tel: 65-0461

Tix: K24123

MEXICO

Maxal

Tlacoquemecatt No. 139-40t
Mexico 12, DF.

Tel: 575-78-88, y 575-79-24
Tix: MEXEL 0177 3197

NEW ZEALAND

Electronic Component Services
Div. of Airspares NZ Ltd.

P.O. B. 1048, Palmerston North
Tel: 77-407

Tix: NZ3766

SOUTH AFRICA
Electrolink (Pty) Ltd.
P.O. Box 1020
Capatown

Tol: 457656/7
Tix: §7-7320

TAIWAN

Don Business Corp.

No. 265 Chang Chung Rd.
Taipei
Tel: 571-2011

le; "DONBC™ TAIPE}
5641 DONBC

TAIWAN

Siliconix (Taiwan) Ltd.

Nantze Export Processing Zons
Kaohsiung

Tel: 362010, 362019

Tix: 765 712 35

SWITZERLAND

Konteon Electronic AG
Bernerstrasse Sud 169
8048 Zurich

Tel: 01:62-82.82

Tix: 58836

UNITED KINGDOM

Dage Eurosem Lid
Haywood House
High Street
Pinner
MIDDLESEX

Tel: 01-868.0028
Tix: 24506

Linburg Electronics Ltd
Hillend Industria! Estate
Dunfermiine
SCOTLAND

Tel. (0383) 823222

Tix: 727438

Macro-Marketing Lta
396 Bath Road
Stough. Berk

Tel: (06286) 4422
Tix. 847945

Semiconducior Specialists (UK) Ltd
Premier House, Fairfield Road
Yiewstey. West Drayton
MIDDLESEX

Tel: (08954) 45522

Tix: 21958

Woolley Components Ld

Tudor Road, Broadheath Ind. Est
Altrincham, CHESHIRE WA 145RZ
Tel: (061941) 1911
Tix: 669735

YUGOSLAVIA

Belram S.A.

83 Avenue des Mimosas
1150 Brussels, Belgium
Tel: 734.33.32 734.26.19
Tix: 21790

VENEZUELA

I1BARS & Cia, S.A.

Centro Ciudad Commercisl Tamanaco
Nivel C2, Local 53-C-03
Chuao-Caracas

Apartado 88493

a8 106

920053
Ix; 21795 Teletipos a/c IBARS
Cables: IBARS-CARACAS




