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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 

2N4391 N JFET 2N4391 

Case (2) Recommended replacement offered by Siliconix is not identical 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 com
plete comparison. Send for your new November, 1982 Small Signal FET Design Catalog. 

Type and classification abbreviations are described as follows: 

BF (JFET Plastic) 
CR (Current Limited) 
CRR (Current Limiter) 
o (Dual) 

ENH (Enhancement-Mode Normally-Off) 
JPAO (Plastic Pico Ampere Diode) 
JR (Plastic High Voltage Diode) 
N (N-Channel) 

ON (Dual N-Channel Metal Can) 
OPAO (Dual Pi co Ampere Diode) 
FN (N-Channel Metal Can) 

P (P-Channel) 
PAD (Pi co Ampere Diode) _ 
SO (N-Channel Enhancement-Mode DMOS) 
MOSPOWER 
M (N-Channel Enhancement-Mode MOS-FET) 

Siliconix 1-1 



FET Cross Reference 

Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classillcation Replacement Part Number Classification Replacement Part Number Classllipation Replacement 

iN5283 CL N JFET CR022 2N3088 N JFET 2N4339 2N3954A D N JFET 2N3954A 
iN5284 CL N JFET CR024 2N3088A N JFET 2N4339 2N3955 D N JFET 2N3955 
iN5285 CL N JFET CR027 2N3089 N JFET 2N4339 2N3955A D N JFET 2N3955A 
1 N5286 CL N JFET CR030 2N3089A N JFET 2N4339 2N3956 D N JFET 2N3956 
1 N5287 CL N JFET CR033 2N3ii3 P JFET 2N3329 2N3957 D N JFET 2N3957 

1 N5288 CL N JFET CR039 2N3277 P JFET 2N2608 2N3958 D N JFET 2N3958 
1 N5289 CL N JFET CR043 2N3278 P JFET 2N2608 2N3966 N JFET 2N3966 
iN5290 CL N JFET CR047 2N3328 P JFET 2N3438 2N3967 N JFET 2N422i 
1 N529i CL N JFET CR056 2N3329 P JFET 2N3329 2N3967A N JFET 2N422i 
1 N5292 CL N JFET CR062 2N3330 P JFET 2N3330 2N3968 N JFET 2N4339 

iN5293 CL N JFET CR068 2N333i P JFET 2N2609 2N3968A N JFET 2N4339 
iN5294 CL N JFET CR075 2N3332 P JFET 2N2609 2N3969 N JFET 2N4339 
1 N5295 CL N JFET CR082 2N3365 N JFET 2N4340 2N3969A N JFET 2N3686 
iN5296 CL N JFET CR09i 2N3366 N JFET 2N4338 2N3970 N JFET 2N3970 
iN5297 CL N JFET CRi00 2N3367 N JFET 2N4338 2N397i N JFET 2N397i 

iN5298 CL N JFET CRii0 2N3368 N JFET 2N4341 2N3972 N JFET 2N3972 
1 N5299 CL N JFET CRi20 2N3369 N JFET 2N4340 2N3993 P JFET 2N3386 
iN5300 CL N JFET CRi30 2N3370 N JFET 2N4339 2N3993A P JFET 2N3386 
iN530i CL N JFET CRi40 2N3376 P JFET 2N3329 2N3994 P JFET 2N3382 
iN5302 CL N JFET CR150 2N3378 P JFET 2N3330 2N3994A P JFET 2N3382 

1 N5303 CL N JFET CRi60 2N3380 P JFET 2N333i 2N4084 D N JFET 2N4084 
1 N5304 CL N JFET CRi80 2N3382 P JFET 2N3382 2N4085 D N JFET 2N4085 
1 N5305 CL N JFET CR200 2N3384 P JFET 2N3384 2N4091 N JFET 2N409i 
iN5306 CL N JFET CR220 2N3386 P JFET 2N3386 2N4091A N JFET 2N4091 
iN5307 CL N JFET CR240 2N3436 N JFET 2N434i 2N4092 N JFET 2N4092 

iN5308 CL N JFET CR270 2N3437 N JFET 2N434i 2N4092A N JFET 2N4092 
1 N5309 CL N JFET CR300 2N3438 N JFET 2N434i 2N4093 N JFET 2N4093 
iN53i0 CL N JFET CR330 2N3452 N JFET 2N4340 2N4093A N JFET 2N4093 
iN53ii CL N JFET CR360 2N3453 N JFET 2N4338 2N4i17 N 'JFET 2N4ii7 
iN53i2 CL N JFET CR390 2N3454 N JFET 2N4338 2N4ii7A N JFET 2N4i17A 

iN53i3 CL N JFET CR430 2N3455 N JFET 2N4340 2N4i18 N JFET 2N4ii8 
iN53i4 CL N JFET CR470 2N3456 N JFET 2N4338 2N4ii8A N JFET 2N4ii8A 
2N2386 P JFET 2N2609 2N3457 N JFET 2N4338 2N4ii9 N JFET 2N4ii9 
2N2386A P JFET 2N2609 2N3458 N JFET 2N434i 2N4ii9A N JFET 2N4ii9A 
2N2497 P JFET 2N3329 2N3459 N JFET 2N434i 2N4i20 PMOS ENH 3Ni63 

2N2498 P JFET 2N3330 2N3460 N JFET 2N4340 2N4i39 N JFET 2N3822 
2N2499 P JFET 2N333i 2N3574 P JFET 2N3329 2N4220 N JFET 2N4220 
2N2500 P JFET 2N3332 2N3575 P JFET 2N3329 2N4220A N JFET 2N4220A 
-2N2609 P JFET iN2609 2N3578 P JFET 2N2608 2N422i N JFET 2N422i 

2N3608 PMOS ENH 3Ni63 2N4221A N JFET 2N422iA 

2N2609JAN P JFET 2N2609JAN 2N3684 N JFET 2N4339 2N4222 N JFET 2N4222 
2N2841 P JFET 2N3329 2N3685 N JFET 2N4339 2N4222A N JFET 2N4222A 
2N2842 P JFET 2N3329 2N3686 N JFET 2N4340 2N4223 N JFET 2N4223 
2N2843 P JFET 2N3329 2N3687 N JFET 2N2609 2N4224 N JFET 2N4224 
2N2844 P JFET 2N2608 2N38i9 N JFET 2N38i9 2N4267 PMOS ENH 3N163 

2N3066 N JFET 2N4340 2N3820 P JFET J270 2N4302 N JFET PN4302-i8 
2N3067 N JFET 2N4338 2N382i N JFET 2N3821 2N4303 N JFET PN4303-i8 
2N3068 N JFET 2N4338 2N3822 N JFET 2N3822 2N4304 N JFET PN4304-18 
2N3069 N JFET 2N434i 2N3823 N JFET 2N3823 2N4338 N JFET 2N4338 
2N3070 N JFET 2N4339 2N3824 N JFET 2N3824 2N4339 N JFET 2N4339 

2N307i N JFET 2N4338 2N3909 P JFET 2N2608 2N4340 N JFET 2N4340 

2N3084 N JFET 2N4341 2N3909A P JFET 2N3909 2N434i N JFET 2N434i 

2N3085 N JFET 2N4341 2N392i D N JFET 2N392i 2N4352 PMOS ENH 3Ni63 

2N3086 N JFET 2N434i 2N3922 D N JFET 2N3922 2N438i P JFET 2N2609 

2N3087 N JFET 2N434i 2N3954 D N JFET 2N3954 2N4382 P JFET 2N51i5 

1-2 Siliconix 



FET Cross Reference (Cont'd) 

Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement Pari Number Classification Replacement 

2N4391 N JFET 2N4391 2N5047 o N JFET 2N5047 2N5517 ON JFET 2N5517 
2N4392 N JFET 2N4392 2N5103 N JFET 2N4416 2N5518 o N JFET 2N5518 
2N4393 N JFET 2N4393 2N5104 N JFET 2N4416 2N5519 o N JFET 2N5519 
2N4416 N JFET 2N4416 2N5105 N JFET 2N4416 2N5520 o N JFET 2N5520 
2N4416A N JFET 2N4416A 2N5114 P JFET 2N5114 2N5521 o N JFET 2N5521 

2N4445 N JFET 2N5432 2N5115 P JFET 2N5115 2N5522 o N JFET 2N5522 
2N4446 N JFET 2N5433 2N5116 P JFET 2N5116 2N5523 o N JFET 2N5523 
2N4447 N JFET 2N5432 2N5158 N JFET 2N5434 2N5524 o N JFET 2N5524 
2N4448 N JFET 2N5433 2N5159 N JFET 2N5433 2N5545 o N JFET 2N5545 
2N4856 N JFET 2N4856 2N5196 o N JFET 2N5196 2N5546 ON JFET 2N5546 

2N4856A N JFET 2N4856A 2N5197 o N JFET 2N5197 2N5547 o N JFET 2N5547 
2N4856JAN N JFET 2N4856JAN 2N5198 o N JFET 2N5198 2N5549 N JFET 2N4392 
2N4856JANTX N JFET 2N4856JANTX 2N5199 o N JFET 2N5199 2N5561 o N JFET U401 
2N4856JANTXV N JFET 2N4856JANTXV 2N5245 N JFET PN4416 2N5562 o N JFET U402 
2N4857 N JFET 2N4857 2N5246 N JFET J305-18 2N5563 o N JFET U404 

2N5564 o N JFET 2N5564 
2N4857A N JFET 2N4857A 2N5247 N JFE J304-18 
2N4857JAN .N JFET 2N4857JAN 2N5248 N JFET 2N5486 2N5565 o N JFET 2N5565 
2N4857JANTX N JFET 2N4857 JANTX 2N5257 N JFET 2N5457 2N5566 o N JFET 2N5566 
2N4857 JANTXV N JFET 2N4857 JANTXV 2N5258 N JFET 2N5458 2N5592 N JFET 2N3822 
2N4858 N JFET 2N4858 2N5259 N JFET 2N5459 2N5593 N JFET 2N3822 

2N5594 N JFET 2N3822 
2N4858A N JFET 2N4858A 2N5265 P JFET 2N2608 
2N4858JAN N JFET 2N4858JAN 2N5266 P JFET 2N2608 2N5638 N JFET 2N5638 
2N4858JANTX N JFET 2N4858JANTX 2N5267 P JFET 2N2608 2N5639 N JFET 2N5639 
2N4858JANTXV N JFET 2N4858JANTXV 2N5268 P JFET 2N2608 2N5640 N JFET 2N5640 
2N4859 N JFET 2N4859 2N5269 P JFET 2N3331 2N5647 N JFET 2N4117A 

2N5648 N JFET 2N4117A 
2N4859A N JFET 2N4859A 2N5270 P JFET 2N3331 
2N4859JAN N JFET 2N4859JAN 2N5358 N JFET 2N4340 2N5649 N JFET 2N4117A 
2N4859JANTX N JFET 2N4859JANTX 2N5359 N JFET 2N4340 2N5797 P JFET 2N2608 
2N4859JANTXV N JFET 2N4859JANTXV 2N5360 N JFET 2N4339 2N5798 P JFET 2N2608 
2N4860 N JFET 2N4860 2N5361 N JFET 2N4339 2N5799 P JFET 2N2608 

2N5800 P JFET 2N2608 
2N4860A N JFET 2N4860A 2N5362 N JFET 2N4339 -2N4860JAN N JFET 2N4860JAN 2N5363 N JFET 2N4222A 2N5801 N JFET 2N4393 
2N4860JANTX N JFET 2N4860JANTX 2N5364 N JFET 2N4224 2N5802 N JFET 2N4393 
2N4860JANTXV N JFET 2N4860JANTXV 2N5391 N JFET 2N4867A 2N5803 N JFET 2N4392 
2N4861 N JFET 2N4861 2N5392 N JFET 2N4868A 2N5902 o N JFET 2N5902 

2N5903 o N JFET 2N5903 
2N4861A N JFET 2N4861A 2N5393 N JFET 2N4869A 
2N4861JAN N JFET 2N4861JAN 2N5394 N JFET 2N4869A 2N5904 o N JFET 2N5904 

2N4861JANTX N JFET 2N4861JANTX 2N5395 N JFET 2N4869A 2N5905 o N JFET 2N5905 

2N4861JANTXV N JFET 2N4861JANTXV 2N5396 N JFET 2N4869A 2N5906 o N JFET 2N5906 
2N4867 N JFET 2N4867 2N5397 N JFET U310 2N5907 o N JFET 2N5907 

2N5908 o N JFET 2N5908 
2N4867A N JFET 2N4867A 2N5398 N JFET U312 2N5909 o N JFET 2N5909 
2N4868 N JFET 2N4868 2N5432 N JFET 2N5432 2N5911 o N JFET 2N5911 
2N4868A N JFET 2N4868A 2N5433 N JFET 2N5433 2N5912 ON JFET 2N5912 
2N4869 N JFET 2N4869 2N5434 N JFET 2N5434 2N5949 N JFET PN4416 
2N4869A N JFET 2N4869A 2N5452 o N JFET 2N5452 2N5950 N JFET PN4416 

2N4977 N JFET 2N5432 2N5453 o N JFET 2N5453 2N5951 N JFET PN4416 
2N4978 N JFET 2N5433 2N5454 o N JFET 2N5454 2N5952 N JFET J305 
2N4979 N JFET 2N5434 2N5457 N JFET 2N5457 2N5953 N JFET J305 
2N5018 P JFET 2N5018 2N5458 N JFET 2N5458 2N6451 N JFET 2N4393 
2N5019 P JFET 2N5019 2N5459 N JFET 2N5459 2N6452 N JFET 2N4393 

2N5020 P JFET 2N3329 2N5484 N JFET 2N5484 2N6453 N JFET 2N4393 
2N5021 P JFET 2N2608 2N5485 N JFET 2N5485 2N6454 N JFET 2N4393 
2N5033 P JFET 2N2608 2N5486 N JFET 2N5486 2N6483 o N JFET U401 
2N5045 o N JFET 2N5045 2N5515 o N JFET 2N5515 2N6484 ON JFET U402 
2N5046 o N JFET 2N5046 2N5516 ON JFET 2N5516 2N6585 o N JFET U404 
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2N6568 N JFET U290 232S D N JFET 2N3955 A5T3824 N JFET J302-18 
2N6656 V MOS N ENH 2N6656 233S D N JFET 2N3956 A192 N JFET 2N4416 
2N6657 V MOS N ENH 2N6657 234S o N JFET 2N3957 A0830 D N JFET U421 
2N6658 V MOS N ENH 2N6658 235S D N JFET 2N3958 A0831 o N JFET U421 
2N6659 V MOS N ENH 2N6659 241U N JFET 2N4869 AD832 ON JFET U422 

2N6660 V MOS N ENH 2N6660 250U N JFET 2N4091 A0833 D N JFET U426 
2N6661 V MOS N ENH 2N6661 251U N JFET 2N4392 AD833A D N JFET U423 
3N145 PMOS ENH 3N163 703U N JFET 2N4220 AD835 o N JFET 2N3921 
3N146 PMOS ENH 3N163 704U N JFET 2N4220 AD836 D N JFET 2N3921 
3N155 PMOS ENH 3N163 705U N JFET 2N4224 A0837 D N JFET 2N3922 

3N155A PMOS ENH 3N163 707U N JFET 2N4860 A0838 D N JFET 2N4085 
3N156 PMOS ENH 3N163 714U N JFET 2N3822 A0839 o N JFET 2N4085 
3N156A PMOS ENH 3N163 734U N JFET 2N4416 AD840 D N JFET 2N5196 
3N157 PMOS ENH 3N163 734EU N JFET PN4416 A0841 o N JFET 2N5197 
3N157A PMOS ENH 3N163 751 U N JFET 2N4340 AD842 o N JFET 2N5199 

3N158 PMOS ENH 3N163 752U N JFET 2N4340 AD3954 o N JFET 2N3954 
3N158A PMOS ENH 3N163 753U N JFET 2N4341 AD3954A o N JFET 2N3954A 
3N163 PMOS ENH 3N163 754U N JFET 2N4340 AD3955 o N JFET 2N3955 
3N164 PMOS ENH 3N164 755U N JFET 2N4341 AD3956 o N JFET 2N3956 
3N174 PMOS ENH 3N163 756U N JFET 2N4340 AD3957 o N JFET 2N3957 

14T N JFET 2N3819 1277A N JFET 2N3822 A03958 o N JFET 2N3958 
142T N JFET PN4392 1278A N JFET 2N3821 BC264 N JFET PN4304 
158T N JFET PN4302 1279A N JFET 2N3821 BC264A N JFET PN4302 
159T N JFET PN4416 1280A N JFET 2N4224 BC264B N JFET PN4304 
100S N JFET PN4304 1281A N JFET 2N3822 BC264C N JFET PN4304 

100U N JFET 2N3684 1282A N JFET 2N4341 BC264D N JFET PN4416 
102M N JFET 2N5486 1283A N JFET 2N4340 BF244A/B/C' N JFET 'Conlact factory 
102S N JFET 2N4302 1284A N JFET 2N4222 BF245A/B/C' o N JFET 'Contact factory 
103M N JFET 2N5457 1285A N JFET 2N3821 BFR45 D N JFET 2N4416 
103S N JFET 2N5459 1286A N JFET 2N4220 BFS21 N JFET 2N5199 

104M N JFET 2N5458 1325A N JFET 2N4222 BFS21A o N JFET 2N5199 

105M N JFET 2N5459 1714A N JFET 2N4340 BFS67 N JFET 2N3821 

105U N JFET 2N4222 2000M N JFET 2N3823 BFS67P N JFET 2N4303 

106M N JFET 2N5485 2001M N JFET 2N3823 BFS68 N JFET 2N3823 

107M N JFET 2N5486 2078A o N JFET 2N3955 BFS68P N JFET PN4416 

110U N JFET 2N4339 2079A o N JFET 2N3955 BFS70 N JFET 2N3821 

115U N JFET 2080A o N JFET 2N5546 BFS71 N JFET 2N3822 

120U N JFET 2N4340 2081A o N JFET 2N5546 BFS72 N JFET 2N3823 

125U N JFET 2N4339 2093M N JFET 2N3687 BFS73 N JFET 2N3821 

130U N JFET 2N4341 2094M N JFET 2N3686 BFS74 N JFET 2N4856 

135U N JFET 2N4339 2095M N JFET 2N3686 BFS75 N JFET 2N4857 
155U N JFET 2N4416 2098A o NJFET 2N5545 BFS76 N JFET 2N4858 
182S N JFET 2N4391 2099A D N JFET 2N5546 BFS77 N JFET 2N4859 
183S N JFET 2N3823 2130U o N JFET 2N5452 BFS78 N JFET 2N4860 
1975 N JFET 2N4338 2132U o N JFET 2N3955 BFS79 N JFET 2N4861 

1985 N JFET 2N4340 2134U o N JFET 2N3956 BFS80 N JFET 2N4416A 
1995 N JFET 2N4341 2136U o N JFET 2N3957 BFW10 N JFET 2N3823 
200S N JFET 2N4392 2138U D N JFET 2N3958 BFW11 N JFET 2N3822 
200U N JFET 2N3824 2139U o N JFET 2N3958 BFW54 N JFET 2N3822 
201S N JFET 2N4391 2147U o N JFET 2N3958 BFW55 N JFET 2N3822 

202S N JFET 2N4392 2148U D N JFET 2N3958 BFW56 N JFET 2N4869 
203S N JFET 2N3821 2149U o N JFET 2N3958 BFW61 N JFET 2N4224 
204S N JFET 2N3821 A5T3821 N JFET J305 
210U N JFET 2N4416 A5T3822 N JFET J305 
231 S o N JFET 2N3954 A5T3823 N JFET PN4416 
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BSV22 N JFET 2N4416 DPAD10 o PAD N JFET DPAD10 E500 CL N JFET J500 
BSV78 N JFET 2N4856A DPAD20 o PAD N JFET DPAD20 E501 CL N JFET J501 
BSV80 N JFET 2N4858A DPAD50 o PAD N JFET DPAD50 E502 CL N JFET J502 
C413N N JFET 2N5434 DPAD100 o PAD N JFET DPAD100 E503 CL N JFET J503 
C673 N JFET 2N4341 DU4339 o N JFET U235 E504 CL N JFET J504 

C674 N JFET 2N4341 DU4340 o N JFET U235 E505 CL N JFET J505 
C680 N JFET 2N4338 El00 N JFET J203-18 E506 CL N JFET J506 
C680A N JFET 2N4338 El0l N JFET J201-18 E507 CL N JFET J507 
C681 N JFET 2N4338 El02 N JFET J202-18 EPAD50 DO N JFET JPAD50 
C681A N JFET 2N4338 El03 N JFET Jl05-18 EPAD100 DO N JFET JPAD100 

C682 N JFET 2N4339 El05 N JFET Jl05-18 EPAD200 DO N JFET JPAD200 
C682A N JFET 2N4339 El06 N JFET Jl06-18 EPAD500 DO N JFET JPAD500 
C683 N JFET 2N4339 El07 N JFET Jl07-18 FE100 N JFET 2N3821 
C683A N JFET 2N4339 El08 N JFET Jl08-18 FE100A N JFET 2N3821 
C684 N JFET 2N4220 El09 N JFET Jl09-18 FE102 N JFET 2N4119 

C684A N JFET 2N4220 Ell0 N JFET Jll0-18 FE102A N JFET 2N4119 
C685 N JFET 2N4220 Elll N JFET Jlll-18 FE104 N JFET 2N4118 
C685A N JFET 2N4220 El12 N JFET Jl12-18 FE104A N JFET 2N4118 
C6690 N JFET 2N4341 El13 N JFET Jl13-18 FE200 N JFET 2N3821 
C6691 N JFET 2N4341 El14 N JFET Jl14 FE202 N JFET 2N3821 

C6692 N JFET 2N4340 E174 P JFET J174-18 FE204 N JFET 2N3821 
CM600 N JFET 2N4092 E175 P JFET J175-18 FE300 N JFET 2N3822 
CM601 N JFET 2N4091 E176 P JFET J176-18 FE302 N JFET 2N3821 
CM602 N JFET 2N4091 El77 P JFET Jl77-18 FE304 N JFET 2N3821 
CM603 N JFET 2N4091 E201 N JFET J201-18 FE0654A N JFET 2N5486 

CM640 N JFET 2N4093 E202 N JFET J202-18 FE0654B N JFET 2N5485 
CM641 N JFET 2N4093 E203 N JFET J203-18 FE3819 N JFET 2N3819 
CM642 N JFET 2N4093 E204 N JFET J204-18 FE5457 N JFET 2N5457 
CM643 N JFET 2N4092 E210 N JFET J210 FE5458 N JFET 2N5458 
CM644 N JFET 2N4092 E211 N JFET J211 FE5459 N JFET 2N5459 -CM645 N JFET 2N4092 E212 N JFET J212 FE5484 N JFET 2N5484 
CM646 N JFET 2N4092 E230 N JFET J230-18 FE5485 N JFET 2N5485 
CM647 N JFET 2N4091 E231 N JFET J231-18 FE5486 N JFET 2N5486 
CM650 N JFET 2N5432 E232 N JFET J232-18 FM3954 o N JFET 2N3954 
CM651 N JFET 2N5433 E270 P JFET J270-18 FM3954A o N JFET 2N3954A 

CM652 N JFET 2N5432 E271 P JFET J271-18 
FM3955 o N JFET 2N3955 CM653 N JFET 2N5433 E300 N JFET J300 

CM697 N JFET 2N5434 E304 N JFET J304 FM3955A o N JFET 2N3955A 

CM800 N JFET 2N5434 E305 N JFET J305 
FM3956 o N JFET 2N3956 

CMX740 N JFET U290 E308 N JFET J308 
FM3957 o N JFET 2N3957 
FM3958 o N JFET 2N3958 

CP640 N JFET U296 E309 N JFET J309 
CP643 N JFET 2N5434 E310 N JFET J310 FN4117 N J FET FN4117 
CP650 N JFET U322 E400 o N JFET U410 FN4117A N J FET FN4117A 
CP651 N JFET U320 E401 o N JFET U411 FN4118 N J FET FN4118 
CP652 N JFET U322 E402 o N JFET U410 FN4118A N J FET FN4118A 
CP653 N JFET U320 FN4119 N J FET FN4119 
CR022 Thru CR470 Referenced Under 1 N Series E410 o N JFET U410 

E411 o N JFET U411 FN4119A N J FET FN4119A 
CRR0240-4300 CL N FET CRR0240-4300 E412 o N JFET U412 FN4392 NJFET FN4392 
DN5564-66 ON JFET DN5564-66 E413 o N JFET U410 FN4393 N J FET FN4393 
DN5567 o N JFET DN5567 E414 o N JFET U411 
DPAD1 o PAD N JFET DPAD1 
DPAD2 o PAD N JFET DPAD2 E415 o N JFET U412 FT0654A N JFET 2N5486 

DPAD5 o PAD N JFET DPAD5 E420 o N JFET U440 FT0654B N JFET 2N5486 
E421 o N JFET U441 FT0654C N JFET 2N4221 
E430 o N JFET U430 FT0654D N JFET 2N4221 
E431 o N JFET U431 FT704 PMOS ENH 3N163 
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GET5457 N JFET 2N5457 Jll0 N JFET Jll0 J502 CL N JFET J502 
GET5458 N JFET 2N5458 Jll0-18 N JFET Jll0-.18 J503 CL N JFET J503 
GET5459 N JFET 2N5459 JIll N JFET JIll J504 CL N JFET J504 
HDIG1030 PMOS ENH 3N153 Jll1-18 N JFET Jlll-18 J505 CL N JFET J505 
ID100 D PAD N JFET DPADI Jl12 N JFET Jl12 J506 CL N JFET J506 

ID10l D PAD N JFET DPAD10 J507 CL N JFET J507 

IMF3954 DN JFET 2N3954 
Jl12-18 N JFET Jl12-18 J508 CL N JFET J508 

IMF3954A D N JFET 2N3954A 
Jl13 N JFET Jl13 J509 CL N JFET J509 

IMF3955 D N JFET 2N3955 
Jl13-18 N JFET Jl13-18 J510 CL N JFET J510 

IMF3955A D N JFET 2N3955A J174 P JFET J174 J511 CL N JFET J511 

J174-18 P JFET J174-18 J552 CL N JFET J552 
IMF3956 D N JFET 2N3956 J553 CL N JFET J553 
IMF3957 D N JFET 2N3957 J175 P JFET J175 J554 CL N JFET J554 
IMF3958 o N JFET 2N3958 J175-18 P JFET J175-18 J555 CL N JFET J555 
iMF6485 D N JFET U405 J176 P JFET J176 J556 CL N JFET J556 
IT100 P JFET 2N5116 J176-18 P JFET J176-18 J557 CL N JFET J557 

IT10l P JFET 2N5114 JIll P JFET Jlll JPAD5 PAD N JFET JPAD5 
IT108 N JFET 2N5486 Jl77-18 P JFET Jl77-18 JPAD10 PAD N JFET JPAD10 
11109 N JFET U310 J201 N JFET JPAD20 PAD N JFET JPAD20 
IT1700 PMOS ENH 3N163 J201-18 N JFET 

JPAD50 PAD N JFET IT1702 P MOSENH 3N163 J202 N JFET JPAD50 
JPAD100 PAD N JFET JPAD100 

ITE500 CL N JFET J500 J202-18 N JFET JPAD200 PAD NJFET JPAD200 

ITE501 CL N JFET J501 J203 N JFET JPAD500 PAD N JFET JPAD500 

ITE502 CL N JFET J502 J203-18 N JFET JR135V CL N JFET JR135V 
ITE503 CL N JFET J503 J204 N JFET J204 JR170V CL N JFET JR170V 
ITE504 CL N JFET J504 J204-18 N JFET J204-18 JR200V CL N JFET JR200V 

JR220V CL N JFET JR220V 
ITE505 CL N JFET J505 J210 N JFET J210 JR240V CL N JFET JR240V 
ITE506 CL N JFET J506 J211 N JFET J211 
ITE507 CL N JFET J507 J212 N JFET J212 J1401 o N JFET U401 
ITE3066 N JFET J202-18 J230 N JFET J230 J1402 D N JFET U402 
ITE3067 N JFET J201-18 J230-18 N JFET J230-18 J1403 D N JFET U403 

J1404 D N JFET U404 
ITE3068 N JFET J201-18 J231 N JFET J231 J1405 D N JFET U405 

ITE4117 N JFET 2N4117 J231-18 N JFET J231-18 J1406 D N JFET U406 

ITE4118 N JFET 2N4118 J232 N JFET J232 
J9100 CL N JFET ITE4119 N JFET 2N4119 J232-18 N JFET J232-18 J9100 

ITE4338 N JFET J201-18 J270 P JFET J270 K210-18 N JFET J210 
K211-18 N JFET J211 

ITE4339 N JFET J201-18 J270-18 P JFET J270-18 K212-18 N JFET J212 

ITE4340 N JFET J202-18 J271 P JFET J271 K300-18 N JFET J210 
ITE4341 N JFET J203-18 J271-18 P JFET J271-18 K304-18 N JFET J304 
ITE4391 N JFET PN4391-18 J300 N JFET J300 K305-18 N JFET J305 
ITE4392 N JFET PN4392-18 J300A/S/C/O N JFET J300A/S/C/D K308-18 N JFET J308 

J304 N JFET J304 K309-18 N JFET J309 
ITE4393 N JFET PN4393-18 
ITE4416 N JFET PN4416 J305 N JFET J305 K310-18 N JFET J310 
ITE4867 N JFET J230-18 J308 N JFET J308 KE3684 N JFET 2N4339 
ITE4868 N JFET J231-18 J309 N JFET J309 KE3685 N JFET 2N4339 
ITE4869 N JFET J232-18 J310 N JFET J310 KE3686 N JFET 2N4340 

J401 o N JFET U401 KE3687 N JFET 2N4341 
Jl05 N JFET Jl05 J402 o N JFET U402 KE3823 N JFET J304-18 
Jl05-18 N JFET Jl05-18 ,1403 o N JFET U403 KE3970 N JFET PN4391-18 
Jl06 N JFET Jl06 J404 D N JFET U404 KE3971 N JFET PN4392-18 
Jl06-18 N JFET Jl06-18 J405 D N JFET U405 KE3972 N JFET PN4393-18 
Jl07 N JFET Jl07 J406 D N JFET U406 KE4091 N JFET PN4391-18 

Jl07-18 N JFET Jl07-18 J410 o N JFET U410 KE4092 N JFET PN4392-18 
Jl08 N JFET Jl08 J411 o N JFET U411 KE4093 N JFET PN4393-18 
Jl08-18 N JFET Jl08-18 J412 D N JFET U412 KE4220 N JFET 2N5457 

Jl09 N JFET Jl09 J500 CL N JFET J500 KE4221 N JFET 2N5457 

Jl09-18 N JFET ,Jl09-18 J501 CL N JFET J501 KE4222 N JFET 2N5459 
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KE4223 N JFET J304-18 MMT3823 N JFET 2N3823 NF5653 N JFET 2N5653 
KE4224 N JFET J304-18 MPF102 N JFET MPF102 NF5654 N JFET 2N5654 
KE4391 N JFET PN4391-18 MPF103 N JFET 2N5457 PAD1 PAD N JFET PAD1 
KE4392 N JFET PN4392-18 MPF104 N JFET 2N5458 PAD2 PAD N JFET PAD2 
KE4393 N JFET PN4393-18 MPF105 N JFET 2N5459 PAD5 PAD N JFET PAD5 

KE4416 N JFET PN4416 MPF106 N JFET 2N.5485 PAD10 PAD N JFET PAD10 
KE4856 N JFET PN4391-18 MPF107 N JFET 2N5486 PAD20 PAD N JFET PAD20 
KE4857 N JFET PN4392-18 MPF108 N JFET MPF108 PAD50 PAD N JFET PAD50 
KE4858 N JFET PN4393-18 MPF109 N JFET MPF109 PAD100 PAD N JFET PAD100 
KE4859 N JFET PN4391-18 MPF111 N JFET MPF111 P1086 P JFET P1086 

KE4860 N JFET PN4392-18 MPF112 N JFET MPF112 P1086-18 P JFET P1086-18 
KE4861 N JFET PN4393-18 MPF256 N JFET J309 P1087 P JFET P1087 
KE5103 N JFET J305 MPF820 N JFET U310 P1087-18 P JFET P1087-18 
KE5104 N JFET J304 MPF970 P JFET J174 PN4091 N JFET PN4091 
KE5105 N JFET J305 MPF971 P JFET J176 PN4092 N JFET PN4092 

KK4416-18 N JFET PN4416 MPF4391 N JFET PN4391-18 PN4093 N JFET PN4093 
LDF603 N JFET 2N4221A MPF4392 N JFET PN4392-18 PN4117 N JFET PN4117 
LDF604 N JFET 2N4221A MPF4393 N JFET PN4393-18 PN4117A N JFET PN4117A 
LDF605 N JFET 2N4221A NF500 N JFET 2N4416 PN4118 N JFET PN4118 
M163 PMOS ENH 3N163 NF501 N JFET 2N4416 PN4118A N JFET PN4118A 

M164 PMOS ENH 3N164 NF506 N JFET 2N4416 PN4119 N JFET PN4119 
MEM520 PMOS ENH 3N164 NF510 N JFET 2N4393 PN4119A N JFET PN4119A 
MEM520C PMOS ENH 3N164 NF511 N JFET 2N4393 PN4120 N JFET PN4120 
MEM561 PMOS ENH 3N163 NF520 N JFET 2N4339 PN4120A N JFET PN4120A 
MEM561C PMOS ENH 3N163 NF521 N JFET 2N4339 

PN4302 N JFET PN4302 
MEM806 PMOS ENH 3N163 NF522 N JFET 2N4339 PN4302-18 N JFET PN4302-18 
MEM806A PMOS ENH 3N163 NF523 N JFET 2N4340 PN4303 N JFET PN4303 
MFE823 PMOS ENH MFE823 NF530 N JFET 2N4341 PN4303-18 N JFET PN4303-18 
MFE2000 N JFET 2N4416 NF531 N JFET 2N4339 
MFE2001 N JFET 2N4416 NF532 N JFET 2N4341 PN4304 N JFET PN4304 

MFE2004 N JFET 2N4093 
PN4304-18 N JFET PN4304-18 

NF533 N JFET 2N4339 PN4391 N JFET PN4391 
MFE2005 N JFET 2N4092 NF580 N JFET 2N5432 PN4391-18 N JFET PN4391-18 
MFE2006 N JFET 2N4091 NF581 N JFET 2N5432 PN4392 N JFET PN4392 
MFE2007 N JFET 2N4860 NF582 N JFET 2N5433 

-
MFE2008 N JFET 2N4859 NF583 N JFET 2N5434 

PN4392-18 N JFET PN4392-18 

MFE2009 N JFET 2N4859 NF584 N JFET 2N5433 PN4393 N JFET PN4393 

MFE2010 N JFET 2N5434 NF585 N JFET 2N4859 PN4393-18 N JFET PN4393-18 

MFE2011 N JFET 2N5433 NF4302 N JFET PN4302 PN4416 N JFET PN4416 

MFE2012 N JFET 2N5432 NF4303 N JFET PN4303 PN5163 N JFET PN5163 

MFE2093 N JFET 2N4341 NF4304 N JFET PN4304 PF510 P JFET 2N5018 
PF511 P JFET 2N5014 

MFE2094 N JFET 2N4340 NF4445 N JFET 2N5432 SD210DE NOMOS ENH S02100E MFE2095 N JFET 2N4339 NF4446 N JFET 2N5433 
S0211 DE NOMOS ENH S0211 DE MFE4007 P JFET 2N2609 NF4447 N JFET 2N5432 

MFE4008 P JFET 2N2609 NF4448 N JFET 2N5433 
S0212DE NOMOS ENH SD2120E 

MFE4009 P JFET 2N3329 NF5163 N JFET PN5163 
SD213DE NOMOS ENH S02130E 
SD214DE NOMOS ENH S02140E 

MFE4010 P JFET 2N3330 NF5457 N JFET 2N5457 
MFE4011 P JFET 2N3330 NF5458 N JFET 2N5458 SD215DE D N JFET SD215DE 

MFE4012 P JFET 2N3331 NF5459 N JFET 2N5459 SU2078 o N JFET U425 
MK10 N JFET 2N4416 NF5484 N JFET 2N5484 SU2079 o N JFET U425 
MMF1 D N JFET 2N3921 NF5485 N JFET 2N5485 SU2098 D N JFET 2N5197 

MMF2 D N JFET 2N3921 NF5486 N JFET 2N5486 SU2098A o N JFET 2N5197 
MMF3 D N JFET 2N3921 NF5555 N JFET 2N5555 SU20988 D N JFET 2N5196 
MMF4 D N JFET 2N3921 NF5638 N JFET 2N5638 SU2099 D N JFET 2N5197 
MMF5 D N JFET 2N3921 NF5639 N JFET 2N5639 SU2099A D N JFET 2N5197 
MMF6 D N JFET 2N3921 NF5640 N JFET 2N5640 SU2365 o N JFET U401 
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FEY Cross Reference (Cont'd) 

Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 

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

5U2365A o N JFET U401 TN4341 N JFET 2N4341 U290 N JFET U290 
5U2366 o N JFET U402 TP5114 P JFET 2N5114 U291 N JFET U291 
5U2366A o N JFET U402 TP5115 P JFET 2N5115 U295 N JFET U295 
5U2367 o N JFET U403 TP5116 P JFET 2N5116 U296 N JFET U296 
5U2367A o N JFET U403 Ull0 P JFET 2N2609 U300 P JFET 2N5114 

5U2368 o N JFET U404 Ul12 P JFET 2N2609 U301 P JFET 2N5115 

5U2368A o N JFET U404 U133 P JFET 2N2609 U304 P JFET U304 

5U2369 o N JFET U405 U146 P JFET 2N2609 U305 P JFET U305 

5U2369A o N JFET U405 U147 P JFET 2N2609 U306 P JFET U306 

5U2410 o N JFET U424 U148 P JFET 2N2609 U308 N JFET U308 

5U2411 o N JFET U425 U149 P JFET 2N2609 U309 N JFET U309 
5U2412 o N JFET U426 U168 P JFET 2N2609 U310 N JFET U310 
TD5902 D N JFET 2N5902 U182 N JFET 2N4857 U311 N JFET U311 
TD5902 D N JFET 2N5902 U183 N JFET 2N3824 U320 N JFET U290 
T05902A D N JFET 2N5902 U197 N JFET 2N4339 

U321 N JFET U291 
T05903 o N JFET 2N5903 U198 N JFET 2N4340 U322 N JFET U290 
TD5903A o N JFET 2N5903 U199 N JFET 2N4341 U401 D N JFET U401 
TD5904 D N JFET 2N5904 U200 N JFET 2N3970 U402 o N JFET U402 
TD5904A D N JFET 2N5904 U201 N JFET 2N3971 U403 o N JFET U403 
T05905 D N JFET 2N5905 U202 N JFET 2N3972 

U404 o N JFET U404 
T05905A o N JFET 2N5905 U221 N JFET 2N4391 U405 o N JFET U405 
TD5906 D N JFET 2N5906 U222 N JFET 2N4391 U406 D N JFET U406 
TD5906A o N JFET 2N5906 U231 D N JFET U231 U410 o N JFET U410 
TD5907 D N JFET 2N5907 U232 o N JFET U232 U411 o N JFET U411 
T05907A o N JFET 2N5907 U233 D N JFET U233 

U412 D N JFET U412 
TD5908 ON JFET 2N5908 U234 o N JFET U234 U421 o N JFET U421 
TD5908A D N JFET 2N5908 U235 o N JFET U235 U422 ON JFET U422 
TD5909 D N JFET 2N5909 U240 N JFET 2N5432 U423 o N JFET U423 
T05909A o N JFET 2N5909 U241 N JFET 2N5433 U424 o N JFET U424 
TD5911 o N JFET 2N5911 U242 N JFET 2N5432 

U243 N JFET 2N5433 
U425 o N JFET U425 

TD5911A D N JFET 2N5911 U426 o N JFET U426 
T05912 D N JFET 2N5912 U248 D N JFET 2N5902 U427 D N JFET U427 
T05912A D N JFET 2N5912 U248A D N JFET 2N5906 U428 D N JFET U428 
TI514 N JFET 2N4340 U249 o N JFET 2N5903 U430 o N JFET U430 
TI525 o N JFET U401 U249A o N JFET 2N5907 

Tl526 o N JFET U402 U250 ON JFET 2N5904 U431 o N JFET U431 

TI527 o N JFET U404 U250A o N JFET 2N5908 U440 o N JFET U440 

Tl541 N JFET 2N4859 U251 o N JFET 2N5905 U441 o N JFET U441 

TI558 N JFET J305-18 U251A o N JFET 2N5909 U443 ON JFET U443 

TI559 ON JFET U1837 U254 N JFET 2N4859 U444 D N JFET U444 

TI573 N JFET PN4391-18 U255 N JFET 2N4860 U508 N JFET CR030 
TI574 N JFET PN4392-18 U256 N JFET 2N4861 Ull77 N JFET 2N4220A 
Tl575 N JFET PN4393-18 U257 o N JFET U257 Ul178 N JFET 2N3821 
Tl588 N JFET 2N5486 U273 N JFET 2N4118A Ul179 N JFET 2N3821 
TIX541 N JFET 2N4859 U273A N JFET 2N4118A 

U274 N JFET 2N4119A 
Ul180 N JFET 2N4221 A 

TIX542 N JFET PN4393-18 Ul181 N JFET 2N4220A 
TN4117 N JFET PN4117 U274A N JFET 2N4119A Ul182 N JFET 2N3821 
TN4117A N JFET PN4117A U275 N JFET 2N4119A U1277 N JFET 2N4339 
TN4118 N JFET PN4118 U275A N JFET 2N4119A U1278 N JFET 2N4339 
TN4118A N JFET PN4118A U280 o N JFET U231 

TN4119 N JFET PN4119 U281 o N JFET U231 U1279 N JFET 2N4340 

TN4119A N JFET PN4119A U282 o N JFET U232 U1280 N JFET 2N4339 

TN4338 N JFET 2N4338 U283 o N JFET U232 U1281 N JFET 2N3822 

TN4339 N JFET 2N4339 U284 o N JFET U233 U1282 N JFET 2N4341 

TN4340 N JFET 2N4340 U285 o N JFET U234 U1283 N JFET 2N4340 
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FEY Cross Reference (Cont'd) 

Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement Part Number Classification Replacement 

U1284 N JFET 2N4341 UC41 P JFET 2N2609 UC751 N JFET 2N4340 
U1285 N JFET 2N4220 UC100 N JFET 2N4339 UC752 N JFET 2N4340 
U1288 N JFET 2N4341 UC110 N JFET 2N4339 UC753 N JFET 2N4341 
U1287 N JFET 2N4092 UC115 N JFET 2N4340 UC754 N JFET 2N4340 
U1321 N JFET 2N3966 UC120 N JFET 2N4339 UC755 N JFET 2N4341 

U1322 N JFET 2N4221A UC130 N JFET 2N4341 UC756 N JFET 2N4340 

U1323 N JFET 2N4221A UC155 N JFET 2N4416 UC805 P JFET 2N3331 

U1324 N JFET 2N4220A UC200 N JFET 2N3824 UC807 N JFET 2N4860 

U1325 N JFET 2N4222 UC201 N JFET 2N3824 UC814 P JFET 2N3331 

UI420 N JFET 2N3821 UC210 N JFET 2N4416 UC851 P JFET 2N2608 

U1421 N JFET 2N3822 UC220 N JFET 2N3822 UC853 P JFET 2N2608 

U1422 N JFET 2N3822 UC240 N JFET 2N4869 UC854 P JFET 2N2608 

U1714 N JFET 2N4340 UC241 N JFET 2N4869 UC855 P JFET 2N2609 

U1837E N JFET PN4416 UC250 N JFET 2N4091 UC1700 PMOS ENH 3NI63 
UC251 N JFET 2N4392 UC1764 PMOS ENH 3N163 

U1897 N JFET U1897 UC2130 o N JFET 2N5452 
U1897-18 N JFET U1897-18 UC300 P JFET 2N2609 UC2132 o N JFET 2N3955 
U1897E N JFET U1897-18 UC310 P JFET 2N2609 UC2134 o N JFET 2N3956 
U1898 N JFET U1898 UC320 P JFET 2N2609 UC2136 o N JFET 2N3957 
U1898-18 N JFET U1898-18 UC330 P JFET 2N2609 UC2138 o N JFET 2N3958 

UC340 P JFET 2N2609 
U1898E N JFET U1898-18 UC2139 o N JFET 2N3958 
U1899 N JFET U1899 UC400 P JFET 2N3331 UC2147 o N JFET 2N3958 
U1899-18 N JFET U1899-18 UC401 P JFET 2N5116 UC2148 o N JFET 2N3958 
U1899E N JFT U 1899-18 UC410 P JFET 2N3330 UC2149 o N JFET 2N3958 

UC420 P JFET 2N3329 VCR2N N JFET VCR2N 
U1994E N JFET PN4416 UC450 P JFET 2N5114 
U2047E N JFET PN4416 VCR3P P JFET VCR3P 
U3000 N JFET 2N4341 UC451 P JFET 2N5116 VCR4N N JFET VCR4N 
U3001 N JFET 2N4339 UC588 N JFET PN4416 VCR5P P JFET VCR5P 
U3002 N JFET 2N4338 UC703 N JFET 2N4220 VCR6P P JFET 2N5116 

UC704 N JFET 2N4220 VCR7N N JFET VCR7N 
U3010 N JFET 2N4341 UC705 N JFET 2N4224 

U3011 N JFET 2N4340 VCRIIN N JFET VCRIIN -U3012 N JFET 2N4338 UC707 N JFET 2N4860 WK5457 N JFET 2N5457 
UC20 N JFET 2N4341 UC714 N "JFET 2N3822 WK5458 N JFET 2N5458 
UC40 P JFET 2N2609 UC714E N JFET J203-18 WK5459 N JFET 2N5459 

UC734 N JFET 2N4416 
UC734E N JFET PN4416 
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FEY Product Information 
Siliconix products are divided into three basic categories: 

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

Mechanical Specials 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. 

High Reliability Specials Siliconix has a number of standard High-Reliability screening options that can be ordered 
as standard products. These options include MI L-STD-750B. High-Rei process option de-
tails 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 screen-
ing processes do not meet individual customer requirements, Siliconix can provide special 
additional inspections 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 SPECIAL 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 

SF European Transjstor Standard 
CR 51 Standard N-Channel Current Regulator 
eRR 51 Standard N-Channel Current Regulator 
OM 5i Special DM05 FET 
ON 5i Dual N-Channel JFET 
FN SI N-Channel JFET 
DPAD 51 Standard Dual JFET Diode 
J SI Standard TO-92 Cased FET Soeclal TO-92 Cased FET 
JR 51 Standard Current Limiter 

Diode TO-92 Cased FET 
JPAD SI Standard JFET Diode 
PAD 51 Standard JFET Diode 
PN Si Standard TO-92 Cased FET 
SO 51 Standard DM05 FET 
U 51 Standard FET 
VCR 51 Standard N- and P-Channel 

Voltage Controlled Resistors 
2N JEDEC-Registered Device 
3N JEDEC Registered Device 

Suffix 

-05 Std TO-92 Pkg. Lead Formed to TO-5 Pin Circle 
-18 Std TO-92 Pkg. with Center Lead Formed Toward ~Iat in 1'0-1 S 15m Circle 

-TRF Tape and Reel available on TO-92 FETs. 

PROCESS OPTION 750B-MIL-STD 750 .. -2 Contact Factory 

'" -2A Contact Factory 

HO Siliconix 



FEY Process Option Flow Chart 
Military Process Industrial Process 

Metal Can Metal Can Standard Standard 
(Opllon -2) (Opllon -2A) (Hermellc Package) (Plasllc Package) 

Praseal Inspecllon Preseal Inlpecllon Preseal In.pecllon Preoeal Inopectlon 
Method 2072 SlIIconlx Visual #5201 SlIIconlx Visual #5201 SlIIconlx Vllual #5201 

I I 
Stabillzalion Bake Stabilization Bake Stabilization 
Method 1031 Method 1031 Method 1031 
24 hour @ 200°C 24 hour @ 200°C 24 hour @ 150°C 

I I .L LTPD=2O 

Temperatura Cycle Temperatura Cycle r,.;;-pe;;..:;cYCle - - -, 
Method 1051. Condition C Method 1051. Condition C Method 1051, Condition C I 5 Cyclee -65° C to +200° C 5 Cycle. -65° C to +200° C 5 Cyclee -65° C to +200° C 
@ TemperalUre Extremee, @ Temperatura Extrame .. @ Temperature Extremes, I 20 Cyclee, 10 Min. 20 Cyclel, 10 Min. 20 Cyclee, 10 Min. 

I I I 
Constant Acceleration Constant Accoleratlon I 
Method 2006 Method 2006 I Yl Axis 30,000 G Yl Axis 30,000 G 

I I I 
Fine Leek Fine Leak Fino Leak 

I 
Method 1071, Condillon H or G Mothod 1071, Condition H or G' Method 1071, Condilion H or G I 
Maximum Leak Aate, 5 x 10-8 Maximum Leek Aate, 5 x 10-8 Maximum Leek Aate, 5 x 10-8 I 

I I I 
Gross Loak Gross Leak Gross Leak I 
Method 1071, Condition C Method 1071, Condition C l!ethod 1071, Condition C ...I 

I I --l--- l1li 
Electrical Test Electrical Test Electrlcat Test Electrical Test 
to Static Parameters to Stalic Parameters to Static Paramoters to Static Parameters 
@ 25°C @ 25°C ,@ 25°C @ 2SoC 

I I 
HTAB Burn·ln HTAB Burn-In 
Method 1039, Condition A Method 1039, Condition A 
168 hour @ lS00C 168 hour @ 150°C 

I I 
Electrical Test Electrical Test 
to Static Parameters to Stalic Parameters 
@2SoC @ 25°C 

I I Quality Conformance 
25° C Static L TPD=S Quality Conformance Quality Conformance Quality Conformance 
-Sso C Stallc L TPD=S 25°C Static AQL .65% 25°C Stalic AQL .65% 2SoC Static AQL .65% 150· C Static L TPD=S 
2S·C 1 KHz Dynamic LTPD=10 External Visual L TPD = 10 External Visual LTPD = 10 Extemal Visual LTPD = 10 
External Visual L TPD=S On Selecled Parameters: On Salecled Parameters: On Selacted Parameters: 
On Selecled Parameters: Per QAP 1030 Per QAP 1030 Per QAP 1030 
Per QAP 1030 

NOTES: ~~~C~~~i~iVi~~~t t~~~~~~OdS are MIL-STD750 unless specified otherwise 
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Additional Product Options for 
European Customers 

CECCSOOOO 

CECC 50 ooo.is a European system of continuous product assessment intended to produce electronic components of 
assessed quality to specifications and procedures which conform to internationally recognized standards. Components 
produced under the system are accepted by all participating countries without further testing being necessary. 

At this time, member countries of the CECC are Belgium, Denmark, Germany, France, Ireland, Italy, the Netherlands, 
Norway, Sweden, Switzerland and the United Kingdom. 

Under this assessment scheme, devices are manufactured on an approved line to nationally approved specifications 
written in accordance with CECC rules. The manufacturer must comply with defined standards relating to organization, 
facilities and quality control procedures. 

Specific device types are individually qualified against a fixed detail specification which has been approved by the British 
Standards Institute acting as the national supervising agency on behalf of CECC. 

The CECC 50 000 scheme is administered in the UK by the 851, and UK generated specifications are prefixed with the 
letters BS. 

A number of popular standard device types are now qualified and the following detail speCifications are available: 

Type Number 

2 N397011 12 
2N4091 12/3 
2N4391/2/3 
2N4856/7/8 
2N4859/60/61 
2N4856A/7 A/8A 
2N4859A/60A/61A 
2N3821/2 
2N3824 
2N4220/1/2 
2N4220/1A/2A 

BS Specification 

BS CECC 50012·001 
BS CECC 50012·002 
BS CECC 50012·004 
BS CECC 50012·005 
BS CECC 50012·005 
BS CECC 50012-006 
BS CECC 50012·006 
BS CECC 50012·007 
BS CECC 50012·008 
BS CECC 50012·009 
BS CECC 50012·009 

Each of the approved types is now available with additional screening options, including high temperature reverse bias 
burn·in, of either 48,72 or 168 hours duration. Screening details are appended to the detail specification and conform to 
appendix VI of the European Standard CECC 50 0000 ISSUE 3. 

Product is released with a BS CECC certificate of conformity and will have been submitted to: 
1. Group A sample inspection (lot by lot) 

quality assessment tests, assuring product conforms to electrical specification. 

2. Group B sample inspection (lot by lot) 
reliability tests, including package related tests and 168 hours electrical endurance, to identify potential early 
failures. 

3. Group C sample inspection (periodic-3 monthly) 
long term reliability tests including 1000 hours of high temperature storage and electrical endurance. 

Data from the inspection tests is available to the customer in the form of CTRs (certified test records). 

Manufacturing of BS CECC product is carried out at the Siliconix UK facility located in Morriston, Swansea SA6 6NE, 
South Wales 

In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high·reliability 
screening options on standard products. These include Mil·750B and custom screening options. 

JAN, JANTX or JANTXV processing for certain JEDEC·registered FETs can also be supplied. 

For additional information, enquiries may be directed to the nearest field sales office. 
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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. Screening includes 100% DC electrical probe and 100"10 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 backed. Gold backing is approximately 1,500 angstroms thick. 

• Die metallization is deposited aluminum approximately 12,000 angstroms thick. 

• Standard thickness 0.008 ± 0.002 in inches. 

Die Screening Criteria 

• Probe Test Capability - Siliconix performs three classes of electrical tests. The first category is a group of tests 
that may be performed on a 100 percent basis in wafer form. Examples are pinch-off voltage VGS(off) and 
breakdown voltage BV GSS' 

A second group consists of tests such as very low leakage IGSS where 100 percent testing is impractical, but 
sample testing may be performed. Generally, test time is the factor that renders these tests impractical on a 100 
percent basis. 

Finally, there are those tests that cannot be performed unless a sample group of units are assembled for evaluation. 
CapaCitance and differential voltage drift are two examples (On request only). 

The adjacent table summarizes our wafer probe test capability and serves as a guide line to your design needs. 
Actual testing condition and procedure may vary. For specific parameters and test conditions, refer to the 
appropriate data sheet. 

100% Wafer Sample Wafer Sample Test In 
Sort Capability Sort Capability Package Form 

TEST PARAMETER Condition Range Limit Range Limit Range Limit Range 

Condo Min. MI •. Min. Max. Min. Max. Min. Max. 

IGSS, IGSO, lOGO VGS O.OW 200V 100pA 10,.A O.5pA O.5pA 

IOSX, ISOX, lOSS, ISOS 
VGS O.01V 

100V 100pA 100mA 
VDS O.01V 

IG 
ID 10.A 100mA 

100pA 10"A VDG O.OW 100V 

VGS(th), Vp, VGS 
ID 1000A lOOmA 

O.OW 100V VDS O.01V 100V 

BVGSS, BVGOO, BVGSO IG 100pA 10"A O.01V 200V 

BVOSX, BVSOX ID 100pA 1DOmA O.W 100V 

VOS (on) ID 10pA 100mA 1mV 10V 

rOs (on) ID 10p.A lOOmA 1 ohm 10M ohm 

g •• VGS O.OW 
100V 10 p,mho 100 mmho (constant VGS) VDS O.OW 

g •• ID 10JAA l00mA 
10 pmho 100 mmho (conltant 10) VDS O.OW 100V 

VGS 0 30V 3nv 300 nv 
iii (constant VGS) VDS 0 100V 7HZ 7HZ 

Freq 10 Hz 100 KHz 

ID bA 30 rnA 3nv 300 nv 
iii (constant IO) VDS OV 100V 7HZ 7Hz""" 

Freq 10 Hz 100 KHz 

I VGS1 - VGS21 
VDG O.01V 100V O.lmV 100mV 20mV ID 1"A 10mA 

Capacitance high 
VDs OV 100V 
VGs OV 100V 

Frequency 
ID OA 100mA O.1pF 1000pF 

g •• 1/gl.2 
IOSS1110SS2 
90111-901• 2 TESTS PERFORMED AFTER SAMPLE IS ASSEMBLED FOR EVALUATION 
CMRR, 
A IVg.1-VGS2!/H 

QC Inspection . ·0.65 1.5 1.5 
AOL AOL AOL 

to all in die form not after Customer Assembly 

• Visual Criteria - Die are supplied with 100% visual sort to the criteria of MIL-STD-750 method 2072. 
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Die Process Information (Cont'd) 

Assembly 

• Chips supplied in waffle packs normally do not require 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 ch ip 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 eu'tectic occurs at temperatures between 38SoC and 42SoC. ' 

• Bonding of wires from chip pa'ds 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 MIL·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 L TPD 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 ca'rrier 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, 

• Standard carrier 20 x 20 (400 die) 

Chip and Wafer Processing 
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PC Board Layout and Construction for 
Low Leakage Applications 

In order to realize 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. 

It is important to start with quality PC boards which have 
high resistivity and low susceptance to moisture. Boards of 
Teflon® or polycarbonate composition exhibit these at
tributes and are preferred. Glass-epoxy boards are less de
sirable because they will absorb moisture, and if used must 
be protected 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 
small leakage currents from occurring. These currents can 
significantly degrade device performance in low leakage 
applications. If 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. 

Teflon® is a regjstered trademark of DuPont. 

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 ultrasonic 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 improperly cleaned boards), solder fluxes, 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 
results 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. 

Silicanix 1-15 

-





Silicanix 





p-channel JFETs H 
Siliconix 

designed for Performance Curves PC PD 
• • • See Section 4 

• General Purpose Amplifiers BENEFITS 

• JAN Approved Version Available 

TQ-18 
Sea Section 6 

*ABSOlUTE MAXIMUM RATINGS (25°C) 

Gate-Drain and Gate-Source Voltage (Note 3) ......... 30 V 

.~: Gate Current, Forward Biased (Note 1) ............ 50 rnA 
Total Device Dissipation (Derate 2 rnWrC) ....... 300 rnW 

D }c \ Stora'Qe Temperature Range .......... '.' .. -65 to +200°C 

*E l ECTR ICAl CHARACTE R ISTICS (25°C unless otherwise noted) 

2N2609 
Characteristic Unit Test Conditions 

Min Ma. 

1 Gate Reverse Current 30 nA VGS=30V. VOS=OV - IGSS INote 2) 30 VGS=5V. VOS=O.TA= 150'C 2 IJ.A 
-8 

Gate-Source Breakdown 3 T BVGSS 30 V IG=1IJ.A• V OS=OV 
A Voltage 

-T 
Gate-Source Cutoff 

4 I VGSloff) 1 4 V VOS=-5V.IO= 1 IJ.A 
_C Voltage 

5 lOSS 
Saturation Drain 
Current 

-2 -10 mA VOS=-5V.VGS=OV 

Common-Source 
6 0 gls Forward 2500 ,umho VOS = -5 V. VGS = 0 V 1 = 1 kHz 

y Transconductance 
-N 

Common-Source Input 
7 A Ciss 30 pF VOS=-5V. VGS= 1 V 1 = 140 kHz 
_M Capacitance 

I 
B C NF Noise Figure 3 dB VOS = -5 V. VGS = O. RG = 1M n 1 = 1 kHz 

~ JEDEC Registered Data 
PD 

NOTES: 
1. Not JEDEC Registered 
2. IGSS is JEOEC Registered at VGS ~ 5 V 
3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
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n-channel JFET 
---,---

H 
Siliconix ------

for designed • • • Performance Curves NH NRL 
See SecHon 4 

• General Purpose Amplifiers BENEFITS 
• low Cost • Analog Switching • Specified at 100 MHz 
• Automatic Insertion Package 

*ABSOlUTE MAXIMUM RATINGS (25°C) 

Drain-Gate Voltage ............................ 25 V Plastic 

Drain-Source Voltage .......................... 25 V TO·92 
See Section 6 

Reverse Gate-Source Voltage ................. -25 V 
Gate Current •••• 0'0 •••••••••••••••••••••••••• 10 mA 
Continuous Device Dissipation 

"~~r 
at (or Below) 25°C Free Air Temperature "0 (Note 1) ................................. 200 mW G, D 

Storage Temperature Range ........ -55°C to +150°C 
s D 

Lead Temperature 
G 

0 

(1/16" from Case for 10 seconds) ........... 260° C Bottom View s 

*ElECTRICAl CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 BVGSS Gate-Source Breakdown Voltage -25 V IG ~ -1 JJ.A. VDS ~ 0 

12 S 
-2 nA - T IGSS Gate Reverse Current VGS~-15V,VDS~0 

3 A -2 JJ.A TA~100°C ,- T 4 IDSS Saturation Drain Current 2 20 mA VDS ~ 15 V, VGS ~ 0 (Note 2) - I 
~C VGS Gate-5ource Voltage -{l.5 -7.5 V VDS~15V,ID~200JJ.A 

6 VGS(off) Gate-5ource Cutoff Voltage -8 V VDS ~ 15 V, ID ~ 2 nA 

7 IYfs l 
Common-Source Forward 

2000 6500 JJ.mho 
Transfer Admittance - 0 

VDS ~ 15 V, VGS ~ 0 (Note 2) f ~ 1 kHz 
Common Source Output 

8 V IYosl Admittance 
50 p.mho 

- N 
9 A Ciss 

Common Source Input 
8 pF 

M 
Capacitance - VDS~15V,VGS~0 f ~ 1 MHz 

10 
I 

Crss 
Common Source Reverse 

4 pF 
C Transfer Capacitance -

11 IYfs l 
Common Source Forward 

1600 JJ.mho V DS ~ 15 V, V GS ~ 0 f~ 100MHz 
Transfer Admittance 

• JEDEC registered data NH 

NOTES: NRL 

1. Derate linearly to 125°C (free air temperature at a rate of 2 mWI"CI. 
2. Pulse tested pulse width ~ 100 ms, duty cycle <; 10%. 
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H n-channel JFETs Siliconix 

designed for . . Performance Curves NRL 

• Small-Signal Amplifiers 
• Oscillators 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage (Note 1) 

Gate Current 
Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) 

Storage Temperature Range 

Lead Temperature 
(1/16" from case for 1Q seconds) 

• 

-50 V 

10 mA 

300mW 

-65 to +200° C 

See Section 4 

BENEFITS 

• Operates from High Supply 
Voltages 

BVGSS > 50 V 

TO-72 
See Section 6 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N3821 2N3822 2N3823 
Characteristic Unit Test Conditions 

Min Mox Min Mox Min Max 

1 -0.1 -0.1 -0.5 nA 

2" IGSS Gate Reverse Current VGS = -30V,VOS"'0 
-0.1 -0 .. 1 -0.5 "A 

-;- S 
BVGSS Gate·Source Breakdown Voltage -50 -50 -30 IG = -1 pA. VOS "0 - T 

4 A VGS(offl Gate·Source Cutoff Voltage -4 -6 -8 VOS=15V. 10 =0.5 nA 
- T V 

I -0.5 -2 VOS= 15V, 10'" 50pA 
5 C VGS Gate·Source Voltage 

-1 -4 VOS"15V, 10'" 200pA 

-1.0 -75 VDS" 15 V,ID" 400.A 

lOSS Saturation Drain Current (Note 3) 0.5 2.5 10 20 mA VOS= 15V,VGS=O 

Common·Source Forward 1500 4500 30g0 6500 3,500 6,500 gf; Tran,>conduc!ance (Note 3) -
IYfsl 

Common-Source Forward 1500 3000 3,200 ,umho Transadmlttance 

-- Common-Source Output 
9 0 go, Conductance (Note 3) 

10 20 35 VOS=15V,VGS=D 

- y 
N Common-Source Input 

10 A CISS Capacitance 

- M pF 

11 Crs5 
Common-Source Reverse Transfer 
Capacitance -

12 NF Noise Figure dB 
Vas'" 15V, VGS=O. 

Rgen '" 1 meg, BW "" 5 Hz 
~ 

13 'n 
Equivalent Short· Circuit Input 

NOise Voltage 
200 

nV 
200 200 

v!'i' Vas'" 15 V, VGS '" 0, BW=5Hz 

* 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 mWf.C. 

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

Siliconix 

I 
I 150°C 

f = 1 kHz 

t'" 100 MHz 

f'" 1 kHz 

f'" 1 MHz 

f '" 10 Hz 

NRL 
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n-channel JFET 
--~~-

Hi 
Siliconix 

designed for Performance Curves NRL -

• • • See Section 4 

• High Speed Commutators BENEFITS 

• Choppers • Low I nsertion Loss 
rds{on) < 250 n 

• High Off-Isolation 
10{off) < 0.1 nA 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

2 TO-72 
Gate-Drain or Gate-Source Voltage (Note 1) -50V See Section 6 

Gate Current 10mA rr Total Device Dissipation at (or below) 25°C 
Free-Air Temperature (Note 2) . 300 mW 

°4: ~ Storage Temperature Range -65 to +200° C 

Lead Temperature 
G ~ 

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

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

..!... -0.1 nA 
S IGSS Gate Reverse Current VGS=-30V,VOS=0 

2 T -0.1 /lA 150·C 

- A 
3 T BVGSS Gate-Source Breakdown Voltage -50 V IG = -, /lA, VOS = a 

.....,.. I 
C 0.1 nA 

4 10(off) Drain Cutoff Current VOS = 15 V, VGS = -8 V 
0.1 /lA 150·C 

5 0 'ds(on) Drain-Source ON Resistance 250 n VGS = a V, 10 = a f = 1 kHz 

- y 
N 

6 A Ciss Common-Source Input Capacitance 6 pF VOS=15V,VGS=0 

1- M f= 1 MHz 
I 

7 C Crss Common-Source Reverse Transfer Capacitance 3 pF VGS = -8 V. VOS = a 

* JEOEC registered data. NRL 

NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 17SoC free-air temperature at rate of 2 mwtC. 
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dual n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NNR 
See Section 4 

~ 

~ -
• DiHerential Amplifiers BENEFITS 

• Minimum System Error and Calibra~ 

~ 
:J 
~ 

tion 

5 mV Offset Maximum (2N3921) ~ 

• Simplifies Amplifier Design 

Low Output Conductance I 
T0-71 

Sa. Section 6 z 

~~ *ABSOLUTE MAXIMUM RATINGS (25°C) G, _ G2 

Gate-Drain or Gate-Source Voltage ..••••••••••.•. -50 V 5, 52 

Gate Current •••••.••••••••••••••••••••••••• 50mA 

~ 

i 
CO 
VI 

Total Device Dissipation .. 
° D, 

!~, 
(Derate 1.7 mW;oC to 200°C) ••••••.•••••••• 300mW • 0 

01036 0 G2 

Storage Temperature Range ••.•...••••.•• -65 to +200°C 
2 7 ° , D, ° s, 

Bottom View Ii 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit T.st Conditions 

1 -1 nA 

""2 IGSS Gate Reverse Current VGS= -30 V. VOS =0 
100·C -1 /LA -=-

10=1/LA,IS=0 2- S BVOGO Drain-Gate Breakdown Voltage 50 
4 T VGS(offl Gate·Source Cutoff Voltage -3 V VOS-l0V,10=lnA 

5" A 
T VGS Gate-Source Voltage -0.2 -2.7 VOS -10 V,IO -100jlA 

""6 I -250 pA 
VOG=10V,10-700/LA I .' -'- C IG Gate Operating Current 

2. -25 nA 100 C 
8 lOSS Saturation Drain Current (Note 1) 1 10 mA VOS = 10 V. VGS = 0 

I --9 9f5 Common-Source Forward Transconductance (Note 1) 1500 7500 jlmho 
100 go. Common-Source Output Conductance 35 
1i""v Ciss Common-Source Input Capacitance 18 

VOS=10V,VGS=oQ f = 1 kHz 

i2~ 
pF 

Crss Common-Source Reverse Transfer Capacitance 6 
13M 9f. Common-Source Forward Transconductance 1500 

VOG = 10V.10 = 700jlA f= 1 kHz 14"1 ILmho 
90. Common-Source Output Conductance 20 _C 

f= 1 kHz. 15 NF Spot Noise Figure 2 dB VOS = 10 V, VGS 0 
RG=l meg 

2N3921 2N3922 2N4084 2N4085 
Characteristic Unit Tost ConditioM 

Min Max Min Max Min Max Min Max 
16 IVGS1-VGS2 1' Differential Gate-Source Voltage 5 5 15 15 mV - M dlvGS1-VGS2 1 Gate-Source Differential Voltage O·C TA= 17 A 

dT 
Change with Temperature 10 25 10 25 jlVfC VOG = 10V, 

TB = l00·C T (Note 2) 10 = 700jlA - C 
18 H 9f.l Transconductance Ratio 0.95 1.0 0.95 1.0 0.95 1.0 0.95 1.0 f = 1 kH~ - -

9f.2 (Note 3) 

* JEDEC registered data. NNR 
NOTES: 
1. Pulse test duration = 2 ms. 
2. Mea.ured at end points; T A and TB. 
3. Assumes smaller value in numerator. 

Siliconix 2-5 



matched dual H 
Silicanix 

n-channel JFETs Performance Curves NQP 
See Section 4 

designed for BENEFITS • • • • High Accuracy & Stability 

Low and Medium Frequency 
Offset Less Than 5 mV (2N3954,54A) 

• Drift Less Than 5 IlV fc (2N3954A) 

Differential Amplifiers • Wide Dynamic Range 
IG Specified @ VDS = 20 V 

• High Input • Low Capacitance 

Impedance Amplifiers Ciss<4pF 

TO-71 

ABSOLUTE MAXIMUM RATINGS (25°C) 
See Section 6 

Any Case-To-Lead Voltage __________________ . __ ±100 V 

-5~ Gate-Drain or Gate-Source Voltage __ .. _ .. ____ ... _ -50 V G, G2 
Gate-To-Gate Voltage __ . __ ....... _ .. ______ . __ ±100 V 
Gate Current ..... _ .. __ . ___ .... __ .. _ • _ . _ .... 50mA s, S2 

Total Device Dissipation 85°C (Each Side) ........ 250mW 
Case Temperature (Both Sides) ....... 500mW '2 

'P n 
Power Derating (Each Side) .......... _ .... 2.86 mWfC 0, 30 0 506 °2 

(Both Sides) ........... __ .. 4_3 mWfC D, 20,0 07 G2 

Storage Temperature Range ...•......... -65 to+ 2000 C ., 
Lead Temperature (1/16" from case for 10 seconds) ••. 300°C Bottom View 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N3954 2N3954A 2N3955 2N3955A 
Characteristic Unit Test Conditions 

Min Max Min Max Min Ma. Min Max 

1 
IGSS GJte Reverse Current 

-100 -100 -100 -100 pA VGS = -30 V, 
2" -SOO -500. -500 -500 nA VOS=O TA-125C - Gate-Source Breakdown VOS =0. 3 BVGSS -50 -50 -50 -50 Voltage IG =-II'A -

4 ~ VGS(off) 
Gate-Source Cutoff -1.0 -4.5 -1.0 -4.5 -1.0 -4.5 -1.0 -4.5 VOS=20V, 

- Voltage 
V 

10 = 1 nA 

5 ~ VGS(f) 
Gate-Source Forward 2.0 2.0 2.0 2.0 VOS =0, 
Voltaae 1r.=lmA 

IS I -4.2 -4.2 -4.2 -4.2 10 = 50l'A 
1"7 C VGS Gate-Source Voltage 

-ll.5 -4.0 -0.5 -4.0 -ll.5 -4.0 -1l~5 -4.0 VOS=20V 
In = 200 I'A 

IS 
IG Gate Operating Current 

-50 -50 -50 -50 pA VOS-20V, 
I"i' -250 -250 -250 -250 nA 10 = 200l'A TA-125C 
1--'- Saturation Drai n VOS - 2llV; 10 lOSS Current 0.5 5.0 0.5 5.0 0.5 5.0 0.5 5.0 rnA 

VGS=O 

I.g. 
Common-Source Forward 1000 3000 1000 3000 1000 3000 1000 3000 - kHz 

l..li 
1If. Transconductance 1000 1000 1000 1000 f= 200 MHz 

0 Common-Source Output 
~mho 

13 35 35 35 35 VOS=20V, f= 1 kHz 
I-

V !Io. Conductance VGS=O 
N Common-Source Input 

14 A Ciss Capacitance 4.0 4.0 4.0 4.0 
1- .M Common-Source Reverse 

15 I Crss Transfer Capacitance 1.2 1.2 1.2 1.2 pF f= 1 MHz 
1--':" C VOG = 10V, 16 Cdgo Drain-Gate Capacitance 1.5 1.5 1.5 1.5 IS= 0 
1-

Common Source Spot VOS 20 V, 
17 NF Noise Figure 0.5 0.5 0.5 0.5 dB VGS =0, f=100Hz 

RG= 10 M!1 

18 IIG1- IG21 
Differential Gate 10 10 10 10 nA VOS~20V, T= 125°C 
Current 10 = 200l'A, 

1- M Saturation Drain Current VOS-20V 19 A IOSS1/10SS2 Ratio (Note 1) 0.95 1.0 0.95 1.0 0.95 1.0 0.95 1.0 - V;;;;=O 
I- T Differential Gate-Source 

20 C IVGS1-VGS21 Voltage 5.0 5.0 10.0 5.0 
1- H mV 

I~ I Gate-Source Differential 0.8 0.4 2.0 1.2 VOS=20V, T = 25°C to -55°C 
N aIVGS1-VGS21 Voltage Change with 

22 Temperature 1.0 0.5 2.5 1.5 10=200I'A T=25 Cto 125 C 
1- G 

23 lIf.l /!1fs2 
Transconduc~nce Rati0l 

0.97 1.0 0.97 1.0 0.97 1.0 0.95 1.0 - f= 1 kHz (Note 1) I 

* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. 

NQP 
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matched dual H 
Siliconix 

n-channel JFETs Performance Curves NQP 
See Section 4 

designed for • • • BENEFITS 

• Wide Dynamic Range 

• Low and Medium Frequency I G Specified @ V OS = 20 V 

Differential Amplifiers • Low Capacitance 
Ciss<4pF 

• High Input Impedance Amplifiers 
TO·71 

*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 

Any Lead-To-Case Voltage .................... ±100 V 

~~ Gate·Drain or Gate·Source Voltage ............... -50 V 
G, G2 Gate·To·Gate Voltage ........................ ±100 V 

Gate Current ............................... 50mA 
5, 52 

Total Device Dissipation 85°C (Each Side) ........ 250mW 
Case Temperature (Both Sides) ....... 500mW '2 

Power Derating (Each Side) ................ 2.86 mWrC Gl 30 0' D2 
06 

G4 D 

(Both Sides) ................ 4.3 mWrC '0 07 G2 

Storage Temperature Range .............. -65 to +250°C D, ,0 

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

Bottom View " 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N3956 2N3957 2N3958 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 -100 -100 -100 pA I 1- IGSS Gate Reverse Current VGS = -30 V. VOS = 0 
TA - 150'C 1....2.. -500 -500 -500 nA 

Gate-Source Breakdown 
3 BVGSS Voltage 

-50 -50 -50 VOS=OV.IG=-lp.A 
1- 5 

VGS(ofll Gate-Source Cutoff Voltage -1.0 -4.5 -1.0 -4.5 -1.0 -4.5 VOS = 20 V, 10 = 1 nA I~T 
5 A VGS(fl Gate-Source Forward Voltage 2.0 2.0 2.0 V VOS = 0 V, IG = 1 rnA 

1ST -4.2 -4.2 -4.2 VOS = 20 V, 10 = 50p.A 
I-I VGS Gate-Source Voltage 

7 C -0.5 -4.0 -0.5 -4.0 -0.5 -4.0 VOS = 20 V. 10 = 200p.A 
IS -50 -50 -50 pA . I 
1- IG Gate Operating Current VOS = 20 V, 10 = 200p.A , 

9 -250 -250 -250 nA TA= 125 C 
110 IDSS Saturation Drain Current 0.5 5.0 0.5 5.0 0.5 5.0 mA VO'S - 20 V, VGS ='0 

11 
IYI,I 

Common-Source Forward 1000 3000 1000 3000 1000 3000 1 = 1 kHz 
112 Transconductance 1000 1000 1000 1 = 200 MHz 
1- J,tmho -13 90' 

Common-Source Output 35 35 35 1 = 1 kHz 0 Conductance 
I-v VOS = 20 V. VGS = 0 

14 N Ciss 
Common-Source Input 4.0 4.0 4.0 

I_A 
Capacitance 

1= 1 MHz M Common-Source Reverse pF 15 I Crss Transfer Capacitance 1.2 1.2 1.2 

I16 C 
Cdgo Drain-Gate Capacitance 1.5 1.5 1.5 VOG = lOV,.IS = 0 

1-
17 NF 

Common-Source Spot 
0.5 0.5 0.5 dB VOS = 20 V. VGS =OV, 1 = 100 Hz Noise Figure RG=10Mf2 

18 IIG1-IG2 1 
Differential Gate Reverse 10 10 10 nA VOS = 20 V. 10 = 200p.A T = 125'C 
Current 

I- M Saturation Drain Current 
19 A IOSSl/ IDSS2 Ratio (Note 1) 0.95 1.0 0.90 1.0 0.85 1.0 - VOS=20V, VGS=O 

I-T 
Differential Gate-Source 20 C IVGS1-VGS2 1 15 20 25 

H Voltage 
121"1 Gate-Source Voltage 4.0 6.0 8.0 mV T = 25'C to _55°C 
I_N .c.IVGS1-VGS2 1 Differential Change With 

VOS; 20V.10 = 200p.A 
22 G Temperature 5.0 7.5 10.0 T = 25°C to 125°C 

123" gl,,/9I,2 Transconductance Ratio 0.95 1.0 0.90 1.0 0.85 1.0 I; 1 kHz 
(Note 11 

... JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. NQP 
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n·channel JFETs H 
Siliconix 

designed for Performance Curves NCA 
• • • See SectIon 4 

• Analog Switches BENEFITS 

Choppers • Low Insertion Loss • rOS(on) < 30 n (2N3970) 

• Amplifiers • Good Off-Isolation 
10(off) < 250 pA 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 Q See Section 6 

Reverse Gate-Drain or Gate-Source Voltage ......... -40 V 
Gate Current .................... , ........... 50 mA 
Total Device Dissipation at 25°C ~ase Temperature 

(Note 1) .................................. 1.BW 

,~: 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) 

2N3970 2N3971 2N3972 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 BVGSS Gate Reverse Breakdown Voltage -40 -40 -40 V IG = -1 /lA, VOS = 0 -
" 2 250 250 250 pA 

:2 lOGO Drain Reverse CUrrent VOG =20V, IS=O 
IS0°C 500 500 500 nA 

4 250 250 250 pA 
---, 

S 10(oH) Drain Cutoff Current VOS = 20 V, VGS = -12Y 
150°C 2- ,500 500 500 nA 

T 
6 A VGS(off) Gate-Source Cutoff Voltage -4 -10 -2 -5 -0.5 -3 V VO$=20V,10= 1 nA - T Saturation Drain Current 
7 I lOSS (Pulsewidth 300/ls, duty cycle'; 3%) 50 150 25 75 5 30 mA VOS= 20 V, VGS = 0 

- C 

~ 2 10 = 5 mA 

9 VOS(on) Drain-Source ON Voltage 1.5 V VGS=O 10=10mA 

10 1 10=20mA 

11 'OS(on) Static Drain-Source ON Resistance 30 60 100' n VGS=O, 10 = 1 mA 

12 'ds(on) Drain-Source ON Resistance 30 60 100 n VGS=O,IO=O f = 1 kHz - 0 
13 Y Ciss Common-Source Input Capacitance 25 25 25 VOS = 20V, VGS = 0 - N Common-Source Reverse Transfer 

pF f = 1 MHz 
14 Crss Capacitance 6 6 6 VOS = 0, VGS = -12 V 

td(on) , Turn-On Delay Time 10 15 40 
VOO = 10V, VGS(on) =0 

. .2.:. s 10(on) RL IfGS(off) 
16 w t, Rise Time 10 15 40 ns 2N3970 20mA 450n -10V 

17 toff Turn-Off Time 30 60 100 2N3971 10mA 850n - 5 V 
2N3972 5mA 1.6Kn - 3·V 

V DD 

* JEDEC registered data. ~DD-VDSlONI NC", 
IO(ON~ INPUT PULSE SAMPLING SCOPE 

NOTE: VIN s VOUT RISE TIME 0.25 nS RISE TIME 0.4 m . 

1. Oerate Iinea,ly at the ,ate of 10 mWfC. 
RG FALL TIME 0.75 ns INPUT RESISTANCE 10M , 

",,"son",," PULSE WIDTH 200 ns INPUT CAPACITANCE 1.5 pF 
PULSE RATE 550pps 

Siliconix 



n-channel JFETs H 
Siliconix 

designed for Performance Curves NCA 

• • • See Section 4 

BENEFITS 

• Analog Switches • Low Insertion Loss 

Commutators 
High Accuracy in Test Systems • rOS(on) < 30 n (2N4091) 

Choppers • High Off-Isolation • IO(off) < 200 pA 

• Integrator Reset Switch • High Speed 
trise < 10 ns (2N4091) 

• Short Sample and Hold Aperture Time 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
Crss < 5 pF 

Reverse G1te-Drain or Gate-Source Voltage ......... -40 V TO·18 

Gate Currdnt ............................... 10mA See'Section 6 

Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mW;oC) ......................... 1.8W 

Storage Temperature Range .............. -55 to +200°C 

o~: Lead Temperature 
( 1/16" from case for 60 seconds). ............. 300°C 

G,C ~ 
0 

, 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4091 2N4092 2N4093 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 BVGSS Gate-Source Breakdown Voltage -40 -40 -40 V IG~-lI'A,VDS~O -
2 200 200 200 pA - IDGO Drain Reverse Current VGS~-20V, IS~O 

.2 400 400 400 nA 150°C 

4 200 pA - VGS;- 6V 
150°C 5 400 nA -

6 200 pA 
- ID(oft! Drain Cutoff Current VDS ~ 20 V VGS~- 8V 

150°C ..2. S 400 nA 
T 

8 A 200 pA - VGS~-12V 
9 T 400 nA 150°C - I 

10 C VGS(oft! Gate-Source Cutoff Voltage -5 -10 -2 -7 -1 -5 V VDS; 20 V, ID; 1 nA 
-

Saturation Drain Current 
11 IDSS (Note 1! 

30 15 8 mA VDS;20V,VGS;0 
1-

12 0.2 ID; 2.5 mA 
1"13 VDS(on! Drain-Source ON Voltage 0.2 V VGS;O liD ;4 mA 

14 0.2 IID;6.6mA -
15 'DS(on! Static Drain-Source ON Resistance 30 50 80 n VGS;O.ID;lmA 

16 'd,(on! Q'rain-Source ON Resistance 30 50 80 n VGS;O,ID;O f ~ 1 kHz 
- D 17 

Y Ciss Common-Source Input Capacitance 16 16 16 VDS;20V,VGS;0 
- pF f ~ 1 MHz 
18 N Crss 

Common-Source Reverse Transfer 
5 5 5 VDS; O. VGS ; -20 V Capacitance 

19 td(on! Turn-ON Delay Time 15 15 20 
VDD; 3 V, VGS(on) ; 0 

-s ID(on) VGS(off) RL 
20 W t, Rise Time 10 20 40 ns 2N4091 6.6mA -12 V 425n -

2N4092 4 -8 700 21 toff Turn-OFF Time 40 60 80 
2N4093 2.5 -6 1120 

* JEDEC registered data. VDO NCA 
INPUT PULSE SAMPLING SCOPE 

NOTE: 

~ 
RISE TIME < 1 os RISE TIME 0.4 ns 

1. Pulsewidth =0 300 /lS, duty cycle ~ 3%. D VOUT FALL TIME <.1 ns INPUT RESISTANCE 10 M 

VIN S PULSE WIDTH 1 /,-$ INPUT CAPACITANCE 1.7 pF 
PULSE DUTY CYCLE:;;:; 10% 
PULSE GENERATOR IMPEDANCE son 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NT '. 
• • • See Section 4 

• Ultra-High Input BENEFITS 

Impedance Amplifiers • Low Power 

Electrometers 
lOSS < 90 p.A (2N41171 

• Minimum Circuit Loading 

pH Meters IGSS < 1 pA (2N4117A Series) 

Smoke Detectors 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO-72 
See Section 6 

Gate-Drain or Gate-Source Voltage (Note 11 ........ -40 V 
Gate-Current ............................... 50mA 
Total Device Dissipation 

'4: ~ (Derate 2 mW;oC to 175°C) .. , ............. 300mW 
Storage Temperature Range .............. -65 to +175°C 
Lead Temperature G I 

( 1/16" from case for 1 0 seconds) .............. 255°C 0 s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4117 2N4118 2N4119 

Characteristic 2N4117A 2N4118A 2N4119A ·Unit Test Conditions 

Min Max Min Max Min Max 

1 Gate Reverse Current -10 -10 -10 pA - IGSS 2N4117 Series Only VGS = -20 V, VOS = 0 
150·C 2 -25 -25 -25 nA 

3" S 
Gate Reverse Curr"ent -1 T -1 -1 pA 

4" A IGSS 2N4117A Series Only -2.5 -2.5 -2.5 nA 
VGS = -20 V, VOS = 0 

150·C - T 
5 I BVGSS Gate-Source B(eakdown Voltage -40 -40 -40 IG = -1 p.A, VOS =0 

'6 c V 
VGS(off) Gate-Source Cutoff Voltage -0,6 -1.8 -1 -3 -2 -6 Vos=10V,lo=lnA - Saturation Drain Current I 

7 lOSS (Note 2) 
0.03 0.09 0.08 0.24 0.20 0.60 mA VOS=10V,VGS=0 

8 Qfs 
Common-Source Forward 70 210 80 250 100 330 0 Transconductance. (Note 2) 

- Y p.mho f = 1 kHz 

9 N gos 
Common-Source Output 3 5 10 

A Conductance 
I-- M Common-Source Input 

VOS = 10V, VGS = 0 

10 I Ciss Capacitance 
3 3 3 

t-- C pF f = r MHz 

11 erss 
Common-Soutce Reverse Transfer 1.5 1.5 1.5 
Capacitance 

• JEOEC registered data. 
NT 

NOTES: 
1. Due to symmetrical geometry. 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.) 
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n-channel JFETs 
-----------

H 
Siliconix 

designed for • • • Performance Curves NRL 
See Section 4 

• Small-Signal Amplifiers BENEFITS 

• VHF Amplifiers • High Gain 

• Low Receiver Noise Figure 

• Oscillators 

• Mixers 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
TO·72 

Gate-Drain or Gate-Source Voltage (Note 1) ........ -30 V 
See Section 6 

Gate Current ............................... 10 rnA 
Drain Current .............................. 15 rnA 
Total Device Dissipation at (or below) 25°C 

~ 
Free-Air Temperature (Note 2) .............. 300mW 

'4: Storage Temperature Range .............. -65 to +200°C 
Lead Temperature 

~ (1/16" from case for 1 0 seconds) .............. 30QoC 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4220. 2N4221. 2N4222. 

Characteristic 2N4220A 2N4221A 2N4222A Units TeSt Conditions 

Min Max Min Max Min Max 

1 -0.1 -0.1 -0.1 nA 
1"2 IGSS Gate Reverse Current VGS=-15V,VDS=0 

150·C -0.1 -0.1 -0.1 /lA 
I- S 3 T BVGSS Gate-Source Breakdown Voltage -30 -30 -30 IG = -10 /lA, VOS = 0 
14" A 

V 
VGS(offl Gate·Source Cutoff Voltage -4 -6 -8 VOS= 15V,IO=0.1 nA 

I- T 
I -0.5 -2.5 -1 -5 -2 -6 V 

5 e VGS Gate-Source Voltage VOS=15V,IO=( I 
(501 (501 (2001 (2001 (5001 (5001 (/lAI 

1-
Saturation Drain Current 

6 lOSS (Note 31 0.5 3 2 6 5 15 rnA VDS=15V,VGS=0 

7 91, 
1-

Common-Source Forward 
1000 Transconductance (Note 3) 4000 2000 5000 2500 6000 1=1 kHz 

8 IYI,I 
Common-Source Forward 750 750 750 .umho 1= 100 MHz 

0 Transadmittance 
I- V 

Common-Source Output 
9 N 90' Conductance (Note 3) 10 20 40 VOS =15 V, VGS = 0 1= 1 kHz 

1- A 
M Common-Source Input 10 I Ciss Capacitance 6 6 6 

I- e pF 1=1 MHz 

11 Crss 
Common-Source Reverse Transfer 2 2 2 Capacitance 

1-
12 NF 

Noise Figure, Only 2N4220A, 
2.5 2.5 2.5 dB 

VOS=15V,VGS=0 1= 100 Hz 
2N4221 A, 2N4222A Rgen = 1 meg 

* JEDEC registered data. NRL 

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

2. Derate linearly to 17SoC free-air temperature at rate of 2 mwtC. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 
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H n-channel JFETs 
designed for. • • 

Siliconix 

Perform~nce. '~rves N~L, .. 
See Section 4- _. . . 

• VHF Amplifiers BENEFITS 

• Low Noise , , 

• Mixers NF = 3 dB Typical @200 MHz 
• Easy Tuning 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage (Note 1) ........ -30 V 
Gate Current. . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 10 mA 
Drain Current ....•......................... 20 mA 
Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) .............. 300 mW 
Storage Temperature Range ...........•.. '-65 to +200°C 
Lead Temperllture 

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

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4223 2N4224 
Characteristic 

Min Max Min Max 

Crss < 2 pF 

TO-72 
See Section 6 

Unit 

G ! 
i 

Test Condition. 

1 -0.25 -0.5 nA 
2 IGSS Gate Reverse Current �-----t-_-o:.-.2-5-l--'--t---.:..o . .:..5-+-!l:.-A:.-. -I VGS = -20 V, Vos = 0 

- 150°C 

3 S BVGSS Gate·Source Breakdown Voltage -30 -~O V IG = -10 !lA, VOS = 0 
- TI---~~------------------~~;--_~0~.1~----78-l--~~~.1~1---~~~--V~-r~--~~~~-------------I 

4 A VGS{off) Gate-Source Cutoff Voltage (0.25) (0 
T (0.25) .5) (0.5) (nA) - I 1--------------....,..--t--_-:-1.70-+--77-:.0-1-----71.-:0~--77-:.5-+-V~-f VOS = 15 V,IO = ( ) 

5 C VGS Gate·Source Voltage (0 .. 3) (0.3) (0.2) (0.2) (mA) 

-
6 lOSS Saturation Drain Current (Note 31' 3 18 2 20 mA VOS=15V,VGS=0 

Common-Source Forward 7 

-
8 

3000 !lmho Transconductance (NOte 3) 
O~------C-o-m-m-o-n.-so-u-rc-e-·ln-p-u-t------~-----+----~~--~~--+----~ 
V Ciss Capacitance (Output Shorted) 6 6 VOS = 15 V, VGS = 0 

2000. 7000 7500 gfs 

- Nr-------~~--~~-------=----_I_--~;-----_I_....,..--_r----~ pF 
Common-Sou"rce Reverse 
Transfer Capacitance 9 Crss 

10 

-
11 
.-

Common-Source Forward 
T ransadmittance 

Common-Source Input 
Conductance (Output Shorted) 

Common-Source Output 

2 2 

2700 1700 

800 800 

200 200 12 F goss Conductance (Input Shorted) 
13 ~I---G-ps--~Sm~al.:..IS.:..ig.:..n.:..a.:..IP.:..o.:..w~e.:..rG.:..a.:..in.:...:..~--+--1-0~---t---;---;----4 
'- a dB ~-__:=,...",-"""',.....---i 

14 NF Noise Figure 5 VOS = 15 V, VGS'; 0, 
Rgen .=·1 K 

• JEOEC 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 mWfC. 
3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 
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n-channel JFETs H 
Siliconix 

designed for • • • 
Performance CUrves NPA 
See SectIon 4 . 

• Small-Signal Amplifiers BENEFITS 

• Low Noise 

• Choppers N F < 1 dB at 1 kHz 

• Operation from Low Power Supply 

Voltage-Controlled Resistors 
Voltages 

• VGS(off) < 1 V (2N4338) 

• Simple Biasing Oesign with Tightly 
Specified Parameter Tolerances 

3:1 lOSS. Vp. gfs Ranges 

• High Off-Isolation as a Switch 
*ABSOLUTE MAXIMUM RATINGS (25°C) 10(off) < 50 pA 

Gate-OraiA or Gate-Source Voltage (Note 1) ........ -50 V 
TO-1S Q Gate Current ............................... 50mA See Section 6 

Total Device Dissipation (Note 2) .............. 300mW 
Storage Temperature Range .............. -65 to +200°C -
Maximum Operating Temperature ...........•... 175°C 
Lead Temperature 

"4: (1/16" from case for 10 seconds) ............... 300°C 

[ 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 

2N4338 2N4339 2N4340 2N4341 
Characteristic Unit Tast Conditions 

Min Max Min Max Min Max Min Max 

1 -0.1 -0.1 -0.1 -0.1 nA - IGSS Gate Reverse Current VGS = -30 V, VOS = 0 
2 -0.1 -0.1 -0.1 -0.1 p.A 150°C -
3 S BVGSS 

Gate-Source Breakdown 
-50 -50 -50 -50 IG=-Ip.A, VOS=O Voltage _T V 

A Gate-Source Cutoff 
4 T VGS(offi Voltage 

-0.3 -1 -0.6 -1.8 -, -3 ~2 -6 VOS= 15V,IO=0.1 p.A 
-I 

C Drain Cutoff Current 
0.05 0.05 0.05 0.07 nA VOS=15V 

5 10(0f!) 
(-51 (-51 (-51 (-101 (VI VGS= ( I --

Saturation Drain Current 6 lOSS (Note 31 
0.2 0.6 0.5 1.5 1.2 3.6 3 9 mA VOS= 15V, VGS=O 

7 
Common-Source Forward 

600 1800 800 2400 1300 3000 2000 4000 !Its Transconductance (Note 3) - Common-Source Output 
Jlmho VOS =15 V, VGS~ 0 

8 90S Conductance 
5 15 30 60 f= 1 kHz 

-0 
Drain-Source ON 

9 Y 'ds(onl Resistance 
2500 1700 1500 800 ohm VOS=O,VGS=O 

-~ Common-Source Input 
10 A Ciss CapaCitance 

7 7 7 7 
_M pF VOS = 15 V, VGS = 0 f= 1 MHz 

I Common-Source Reverse 
11 C Crss Transfer Capacitance 

3 3 3 3 

-
12 NF Noise Figure 1 1 1 1 dB 

VOS = 15 V, VGS = 0 

Rgen = 1 meg, BW = 200 Hz f = 1 kHz 

* JEOEC registered data NPA 

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 mwtC. 
3. These parameters are measured during a 2 msec interval 125 msec (lOSS) and 625 msec (gfs) after d-c power is applied. 

(Not a JEOEC condition. I 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NCA 
• • • See SectIon 4 i 

BENEFITS 

Analog Switches • Low Insertion Loss, High Accuracy in • Test Systems rOS(on) < 30 n 

• Commutators (2N4391) 
• No Offset or Error.Voltages.,Generated 

• Choppers by Closed Switch 
Purely Resistive 

• Integrator Reset Switch High Isolation Resistance from 
Driver 

• High Off-Isolation 10(off) < 100 pA 
*ABSOLUTE MAXIMUM RATINGS (25°C) • High Speed tON < 20 ns 

Reverse Gate-Drain or Gate-Source Voltage ......... -40 V TO-1S Q.. Gate Curre~t ................................ 50 rnA See Section 6 

Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mW;oC) .......................... 1.1;1 W 

Storage Temperature Range .............. -65 to +200°C 
Lead Temperature 

.~: (1/16'; from case for 60 seconds) ............... 3000 e 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) D S 

2N4391 2N4392 2N4393 
Characteristic Unit Tlst Conditions 

Min Max Min Max Min Max 

1 -100 -100 -100 pA 

"2 IGSS Gate Reverse Current VGS=-20V.VOS=0 
1150·C --200 -200 -200 nA 

3" BVGSS Gate--50urce Breakdown Voltage -40 -40 -40 V IG = -1 p.A, VOS = 0 

'4" 100 pA 

'5' 200 nA 
VGS=-5V 

150·C 
!~ 100 pA 
1·-::-

S 10(off) Drain Cutoff Current 
200 

VOS=20V VGS=-7V 
7 nA 150 C 

8" T 100 pA 
,~ A VGS=-12V 

T 200 nA 150·C 
: --'- I 10 VGS(t) Gate-Source Forward Voltage 1 1 1 IG=1 mA,VOS=O 

'11 
C V 

VGS(off) Gate-Source Cutoff Voltage -4 -10 -2 -5 -0.5 -3 VOS=20V,10=1 nA 
1-

Saturation Drain Current 
12 lOSS (Note 1) 50 150 25 75 5 30 mA VOS=20V,VGS=0 

113 0.4 110=3mA 
':14 VOS(on) Drain Source ON-Voltage 0.4 V VGS=O 110=6mA 
'15 0.4 110 = 12 rnA 

'Ts rOSlon Static Drain-5ource ON Resistance 30 60 100 n VGS=O, 10 = 1 mA 

17 rds(on) Drain-Source· ON Resistance 30 60 100 n VGS-O, 10=0 t= 1 kHz 

'Ts' 0 Ciss Common-Source Input Capacitance 14 14 14 VOS = 20 V, VGS = 0 
I~ y 3.S I VGS=- 5V t= 1 MHz 
120 N Common-Source Reverse Transfer pF 

Crss Capacita'rice 3.5 VOS=O IVGS=-7V 
!21 3.5 I VGS = -12 V 

~ td(on) Turn-ON Delay Time 15 15 15 VOO = 10 V, VGS(on) = 0 

23 S' tr RiRTime 5 5 5 10(on) VGS(off) RL 
~ W 'd(ott) • Turn-OFF Delav Time 20 35 50 ns 2N4391 12mA -12V 

2s Fall Time 15 20 30 
2N4392 6 -7 

tf 2N4393 3 -5 

VOD 
NCA 

* JEDEC registered data. 
61n 1000pF 

VOUT 
NOTE: 

1000pF 0 RL '" (~J -51 11 
1. Pulse test required, pulse width = ·300 p.., duty cycle .. 3%. PULSE 0--1 Olon) 

I: ~~f:"" l' s 1 INPUT PULSE 
SAMPLING SCOPE 

sc6:,~ 51 n 51n ~~LEL ~M':E ~ 00~5 n~ RISE TIME 0.4 m 
INPUT RESISTANCE 50 n 

.... .... .... PULSE DUTY CYCLE 1% 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NH 
See Sedion 4 

• VHF Amplifiers BENEFITS 

• Mixers • Low Noise 
NF = 3 dB Typical at 400 MHz 

• Wide Band 
High 9fs/Ciss Ratio 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO·72 
See Section 6 

Gate-Drain or Gate-Source Voltage, 2N4416 ........ -30 V 
Gate-Drain or Gate-Source Voltage, 2N4416A ...... -35 V 
Gate Current ............................... 10mA 

~ 
Total Device Dissipation (Derate 1.7 mWrC) ..... 300mW 

.~: Storage Temperature Range .............. -65 to +200°C 
Lead Temperature 

G 

(1/16" from case for 60 seconds) .............. 300°C 0 s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -0.1 nA 
i- IGSS Gate Reverse Current VGS = -20 V, VDS = 0 V 

150°C 2 -0.1 IJ.A 
-s 

T -3~ 2N4416 
3 A BVGSS Gate-Source Breakdown Voltage V IG = -lIJ.A, VDS = 0 V 

_T -35 2N4416A 

I -6 2N4416 
4 C VGS(offl Gate-Source Cutoff Voltage V VDS= 15V,ID= 1 nA 

-2.5 -6 2N4416A -
5 IDSS Saturation Drain Current (Note 1) 5 15 mA 

6 D 9f, Common-Source Forward TransconduCtance 4500 7500 IJ.mho 

~y 
f = 1 kHz 

90 , Common-Source Output Conductance 50 IJ.mho 
-N VDS=15V,VGS=OV 

8 A Grss Common-Source Reverse Transfer C~pacitance 0.8 pF 
-M -

9 I Ciss Common-Source Input Capacitance 4 f = 1 MHz 
-c 

10 Coss Common-Source Output Capacitance 2 
pF 

Characteristic 100 MHz 400 MHz Unit Test Conditions 
Min Max Min Max 

11 H 9iss Common-Source I nput Conductance 100 1000 IJ.mho 

1'21 
biss Common-Source Input Susceptance 2500 10,000 Ilmho 

-~ Common-Source Output 
13 goss 75 100 p.mho 

F Conductance VDS=15V,VGS=OV 
-R 

14 E boss 
Common-Source Output 

1000 4000 p.mho 
_0 Susceptance 

U Common-Source Forward 
15 E 9f, Transconductance 4000 JImho 

I-N 
16 C Gp, Common-Source Power Gain 18 10 dB VDS= 15V,ID=5mA 
-y 

17 NF Noise Figure 2 4 dB VDS= 15V,ID =5mA, RG = lKn 

l!-JEDEC Registered data NH 

NOTES: 

1. Pulse test duration == 300 J..ls. 
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n-channel JFETs H 
Silic:onix ------

for designed Performance Curves NCA 
• • • See Section 4 '. 

• Analog Switches BENEFITS 

• Commutators • Low Insertion Loss and High Accuracy 
in Test Systems 

• Choppers rDS(on) < 25 n (2N4856, 59) 

• High Off-Isolation 

• Integrator Reset Switch 10(off) < 250 pA 

• High Speed 
tON < 9 ns 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Reverse Gate-Drain or Gate-Source Voltage, 
2N4856-58 ................................ -40 V 

TO-18 Q Reverse Gate-Drain or Gate-Source Voltage, See Section 6 
2N4859-61 ............................................................ -30 V 

Gate Current ............................... 50 rnA 
Total Device Dissipation at 25°C Case Temperature 

(Derate 10 mW;oC) .................................................. 1.8W 

o~: Storage Temperature Range .............. -65 to +200°C 
Lead Temperature 

(1/16" from case for 1 0 seconds) ..........•... 300°C 
o s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4856 2N4857 2N4858 

I 
Characteristic 2N4859 2N4860 2N4861 Unit Test Conditions 

Min Max Min Max Min M .. 

1 Gate-Source Breakdown 2N4856-58 ~O ~O ~O L; 8VGSS Voltage V IG =-1 ~A. Vos =0 
2N4859-61 -30 -30 -30 

"3 250 -250 -250 pA VGS' -20 V, 
f-- 2N4856-58 

~ -500 -500 -500 nA Vos =0 150°C 
IGSS Gate Reverse Current 

5 S .. -250 -250 -250 pA VGS =~15 V, 
'--- T 2N4859·61 
! 6 A -500 _500 -500 nA VDS'O 150°C 

r---;-T 250 250 250 pA VDS"5V, f-- I IDlol!) Drain Cutoff Current 
8 C 500 500 500 nA VGS'-10V 15Q°C 

r---g 
VGSloff) Gate-Source Cutoff Voltage ~ -10 -2 -6 -D.8 ~ V VOS = 15 V,IO '", 0.5 nA 

r--
IDSS Saturation Drain Current (Note 1) 50 20 100 8 80 rnA I,~ VDS-15V,VGS-O 

0.75 0.50 0.50 V i 11 VOS(on) Drain-Source ON Voltage 
(20) (10) (5) ImA) VGS'O,ID'I ) 

I: 12 rds(on) Drain-Source ON Resistance 25 40 60 n VGS=O, 
f = l kHz 

Ip D 
10 =0 

V Ciss Common-Source Input Capacitance 18 18 18 
N Common-Source Reverse Transfer pF VOS =:0, 

f = 1 MHz 
14 Crss Capacitance 8 8 8 VGS'-10V 

6 6 10 n, 
15 S td(on) Turn-ON Delay Time (20) (10) (5) ImA) 

W HOI I~I HI [VI 
]'-- I 

3 4 VOO=10V, 
T 10 n, {464 n, 2N4856, 59 

16 C t, Rise Time (20) (10) (5) ImA) VGS(on) = 0, 
R L' 953 n, 2N4857, 60 

1-7 HOI [-61 HI [VI 10(on) = ( ), 
1910 n, 2N4858, 61 

VGSloff)' [ I 
25 50 100 ns 

17 ~ toff Turn-OF F Time (20) 1101 (5) (mAl 
HOI [-6) I~I [V) 

Voo NCA 
*JEOEC registered data. VOO-VOS(ON) 

0 
Rl=~ INPUT PULSE SAMPLING SCOPE 

NOTE: V,N VOUT RISE TIME 0.25 ns RISE TIME 0.75 ns 
1. Pulse test required, pulsewidth = 100 /-IS, duty cycle':;;; 10%. RG S FALL TIME 0.75 ns INPUT RESISTANCE 1·M 

50n PULSE WIDTH 100 ns INPUT CAPACITANCe; 2.5 pF 
~ ~ PULSE DUTY CYCLE < 10% 
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n-channel JFETs H 
Silicanix 

designed for • • • 
Performance Curves NCA 
See Secflon 4 . 

• Analog Switches BENEFITS 

• Commutators • Low Insertion Loss and High Accuracy 
in Test Systems 

• Choppers rOS(on) < 25 n (2N4856A, 59A) 

• High Off-Isolation 

• Integrator Reset Switch 10(off) < 250 pA 

• Short Sample and Hold Aperture Time 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
Crss <4 pF 

• High Speed 
Reverse Gate-Drain or Gate-Source Voltage, tON <8 ns 

2N4856A-58A ............................ -40 V 
Reverse Gate-Drain or Gate-Source Voltage, TO-18 

2N4859A'61A. ........................... -30 V See Section 6 

Gate Current .............................. 50mA 
Total Device Dissipation at 25°C Case Temperature 

(Derate 10 mWrC) ........................ 1.8W 
Storage Temperature Range ............ -65 to +200°C 

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

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4856A 2N4857A 2N4858A 
Characteristic 2N4859A 2N4860A 2N4861 A Unit Test Conditions 

Min Max ,Min Max Min Max 

1 Gate-Source Breakdown 2N4856A·58A -40 --40 --40 

'2" S.vGSS Voltage 
V IG = -1 "A. VDS = 0 

2N4859A-61A -30 -30 -30 

--;- -250 -250 -250 pA VGS = -20 V. 

~ 
2N4856A·58A 

-600 -600 -600 nA VDS =0 150°C 

---s S 
IGSS Gate Reverse Current 

-250 -250 -250 pA VGS = -15 V. -T 2N4859A-61A 
6 A -500 -600 -500 nA VOS =0 150°C 

~T 250 250 250 pA VDS = 15 V. -I 'D(oll' Drain Cutoff Current 
8 C 500 500 500 nA VGS=-10V 150°C 

---g VGS(olll Gate-Source Cutoff Voltage --4 -10 -2 -6 -0.8 --4 V VOS=15V,IO=O.5nA 

----;0 IDSS Saturation Drain Current (Note 1) 50 20 100 8 80 mA VDS=15V.VGS·=0 --
11 VOSlon) Drain-Source ON Voltage 

0.75 0.50 0.50 V 
VGS=O.'D=( I 

(201 (101 (51 (mAl 

12 fds(on) Drain-Source ON Resistance 25 40 60 n VGS O. f = 1 kHz 

---;3 D 
'D = 0 

V Ciss Common-Source I nput Capacitance 10 10 10 - N Common-Source Reverse Transfer pF VDS = O. 
f = 1 MHz 

14 Crss Capacitance 4 3.5 3.5 VGS=-10V 

5 6 8 ns 
15 S td(onl Turn-ON Oelav Time (201 (101 (51 (mAl 

W HOI [-61 [-41 [VI 
-I 

3 4 
VDD = 10 V. 

T 8 ns 
VGS(on) = 0, t 464 n. 2N4856A. 59A 

16 C t, Rise Time (201 (101 (51 (mAl RL = 953 n. 2N4857A. SOA . 
H HOI [-61 1--41 [VI 10(onl = ( I. 1910 n. 2N4858A. 61A -, VGS(offl = [ I 

17 ~ 
20 40 80 ns 

toff Turn-OFF Time (201 (l01 (51 (rnA) 

HOI [-61 [--41 [VI 

NCA 
* JEDEC registered data. VOD 

NOTE: ~.~.~~' o l IO{ON) INPUT PULSE SAMPLING SCOPE 
1. Pulse test required, pulsewidth = 100 jJ.S, duty cycle':;;;; 10%. 

VIN VOUT RISE TIME 0.25 ns RISE TIME 0.75 ns 
RG S FALL TIME 0.75"5 INPUT RESISTANCE 1 M 
5O!l PULSE WIDTH 100 ns INPUT CAPACITANCE 2.6 pF 

PULSE DUTY CYCLE < 10% 
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n-channel JFETs , H 
; 

Siliconix 

designed for Performance CUrves .NPA 
• • • See SecHon 4 . , 

• Audio and Sub-Audio BENEFITS 

Amplifiers • Ultra Low Noise 
en = 8 nV/VHz Typical at 10 Hz 
en = 2 n V fv'Hz Typical at 1 kHz 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-72 

Sae Section 6 

Gate-Drain or Gate-Souce Voltage (Note 1) ... -40 V 
Gate Current or Drain Current ............... 50 mA 
Total Device Dissipation 

~ 
(Derate·1.? mW/°C) ...................... 300 mW 

.~: Storage Temperature Range ........ -65°C to +200°C 
Lead Temperature 

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

. *ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4867 2N4868 2N4869 

Characteristic 2N4867A 2N4868A 2N4869A Unit Test Conditions 

Min Max Min Max Min Max 

1 -0.25 -0.25 -0.25 nA I - IGSS Gate -Reverse Current VGS ~ -30 V, VDS ~ 0 
2 S -0.25 -0.25 -0.25 jlA I 150°.c - T 

2- A BVGSS Gate-Source Breakdown Voltage -40 -40 -40 IG ~.-1 jlA,VDS ~ 0 
T V 

4 VGS(off) Gate-Source .cutoff Voltage -0.7 -2 -1 -3 -1.8 -5 VDS ~ 20 V, ID ~ 1 jlA - I 

5 
C 

IDSS 
Saturation Drain Current 

0.4 1.2 1 3 2.5 7.5 rnA VDS~20V,VGS~0 
(Note 2) 

6 
Common-Source Forward 

: 700 2000 1000 3000 1300 4000 gfs Transconductance (Note 2) - jlrnho f~ 1 kHz 

7 gos 
Common~Source Output 

1.5 4 10 Conductance - VDS ~ 20 V, VGS ~ 0 

8 Crss 
Common-Source Reverse Transfer 

5 5 5 
D ·Capacitance - y pF f ~ 1 MHz 

9 N Ciss 
Common--Source Input 

25 25 25 
, 

Capacitance - A 

~ M 20 20 20 2N4867 Series 
I f~·10 Hz 

11 C Sh~rt Circuit Equivalent Input 10 10 10 nV VDS~ 10V, 2N4867 A Series - en 
12 Noise Voltage 10 10 10 vHZ VGS ~O 2N4867 Series - f~ 1 kHz 
13 5 5 5 2N4867 A Series 
-

VDS~10V,VGS~0 
. 

14 NF Spot Noise Figure 1 1 1 dB 
Rgen ~ 

20 K, 2N4867 Series f~ 1 kHz 
5 K, 2N4867 A Series 

* JEDEC registered data. NPA 
NOTES: 
1. Oue 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 H 
Siliconix 

designed for Performance Curves PSA • • • See Section 4 

• Analog Switches BENEFITS 

• Low I nsertion Loss 

• Commutators rOS(on) < 75 n (2N5018) 

• No Offset or Error Voltages Generated 

• Choppers by Closed Switch 
Purely Resistive 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Reverse Gate-Drain or Gate-Source Voltage 
TO-18 0 See Section 6 

(Note 1) 30V 
Gate Current .50 inA 
Total Device Dissipation, Free-Air 

(Derate 3 mWrC) 500mW 

.~: Storage Temperature Range -65 to +200°C 
Lead Temperature 

(1/16" from case for 60 seconds) 300°C G,C S 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
2N5018 2N501~ 

Unit Test Conditions 
Min Max Min Max 

1 BVGSS Gate-Source Breakdown Voltage 30 30 V IG~1I'A.VOS~0 
-

IGSS 2 Gate Reverse Current 2 2 VGS ~ 15 V. VOS ~ 0 - nA 
3 -10 -10 VOS ~-15 V. VGS ~ 12 V (2N5018) 

- 1010ff) Drain Cutoff Current 
4 -10 -10 I'A VGS ~ 7 V (2N5019) 150"C - s 
~ T lOGO Drain Reverse Current 

-2 -2 nA 
VOG~-15V.IS~0 

6 A 3 3 I'A 150'C - T 7 I VGS(off) Gate-Source Cutoff Voltage 10 5 V VOS~-15V.10~-1I'A 
-

8 C lOSS Saturation Drain Current -10 -5 mA VOS ~-20 V. VGS ~ 0 
-

9 VOS(on) Drain-Source ON Voltage --{l.5 --{l.5 V 
VGS ~ O. 10 ~ -5 mA (2N5018). 
10 ~-3 mA (2N5019) 

10 
Static Drain-Source ON 

75 150 .n 10~-1 mA.VGS~O rOS(on) Resistance 

1i' rdilon) Drain-Source ON Resistance 75 150 .n 10~0.VGS~0 f ~ 1 kHz 
-
12 0 Ciss 

Common-Source Input 
45 45 VOS ~-15 V. VGS ~ 0 y Capacitance - N pF f ~ 1 MHz 

13 erss 
Common-Source Reverse 

10 10 
VOS ~ O. VGS ~ 12 V (2N5018). 

Transfer Capacitance VGS ~ 7 V (2N5019) 

14 S Id(on) Turn-ON Delay Time 15 15 
VOO ~ -6 V. VGSlon) ~ 0 115 w 

I tr Rise Time 20 75 VGSloff) 10(on) RL 
116 ns 

T td(off) Turn-OFF Delay Time 15 25 2N5018 12 V -6mA 910.n 
1- c 

17 H If Fall Time 50 100 2N5019 7V -3mA 1.8K .n 

lJ PSA 

* JEDEC registered data. 
D.' ~~ RG 

NOTE: VIN 7.5K 
5,1,·2K -= INPUT PULSE SAMPLING SCOPE 

1. Due to symmetrical geometry these units may be operated with 
RISE TIME < 1 ns RISE TIME 0.4 ns source and drain leads interchanged. ~ +-sAMPLING FALL TIME < 1 ns INPUT RESISTANCE 10 Mil 

51 !l SCOPE 51!l PULSE WIDTH 100 ns INPUT CAPACITANCE 1.5 pF 
~ ~ REPETITION RATE' MHz 
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monolithic dual 'g 
Siliconix 

n-channel JFETs 
designed for Performance Curves NQP 

• • • See Section 4 

• High Gain DiHerent;ial BENEFITS 

Amplifiers • Minimum System Error and 
Calibration 

5 mV Offset Maximum (2N5045) 

• Low Drift 
5 mV Drift Maximum (2N5045) 

TO-?1 
Sea Section 6. 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

~~ Gate-Drain or Gate-Source Voltage .. _______ . __ ... -50 V G, G2 

Forward Gate Current __ . _ ... ____ . ____ . _ . _ . _ .. 30mA 
Total Dissipation (25°C Free Air Temp.) .. __ . ___ 400 mW 

5, 52 

Power Derating (to 175°C). _____ .. ___ . _ .. __ 2.67 mWrC 82 
D2 

Storage Temperature Range. _ ............ -65 to +200° C ,00 

G~ 
3 6 G2 

Lead Temperature 
G, O 2 70 

0 1 

( 1/ 16" from case for 10 seconds) 300°C 
D, 0 ., 10, ............. 81-

Bottom View 
0, 0, S1 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N5045 2N5046 2N5047 
1 

Characteristic (Note 1) Unit Test Conditions 
Min Max Min Max Min Max 

,...!. -1 -1 -1 "A VGS = -50 V, VOS = 0 V 
S 

IGSS Gate Reverse Current -0.25 -0.25 -0.25 -f T 
A 

nA VGS=-30V,VOS=OV I T=15O·C -250' -250 -250 

""4 T 
Gate..source Cutoff Voltage I VGS(off) -0.5 -4.5 -0.5 -4.5 -0.5 -4.5 V VOS= 15V.lo=0.5nA - C 5 lOSS Drain Saturation Current 0.5 8.0 0.5 8.0 0.5 8.0 mA 

6 9fs 
Common-Source Forward 1.5 6.0 1.5 6.0 1.5 6.0 f= 1 kHz Transconductance - mmho 

7 IVfsl 
Common-5ource Forward 1.5 1.5 1.5 f= 100 MHz 
Admittance 

~ 

0 Common-Source Output 
8 y 90s Conductance 

25 25 25 Ilmho f= 1 kHz 
-N VOS=15V,VGS=.OV 

9 A 
Ciss 

Common-Source Input 8.0 8.0 8.0 
M Capacitance - I pF f= 1 MHz 

10 C Cns 
Common-Source Reverse 4.0 4.0 4.0 Transfer Capacitance -

11 NF Spot Noise Figure 5.0 5.0 dB f= 10 Hz, RG=1 MU 
-

Equivalent Short-Circuit nV 
12 lin Input Noise Voltage 200 200 v'ifz f= 10 Hz 

13 IIG551-IG552 1 Differential Gate Current 10 10 10 nA VGS = -15 V, VOS = 0 V TA = l00·C 

14 10551/10552 Drain Current Ratio (Note 2) 0.95 1.0 0.9 1.0 0.8 1.0 - ilGs= av, vps,=lifv, 
ITs M 

Differential Gate-Source 5 10 15 10=50"A 
j-'- A IVGS1-VGS2 1 VOS = 15V 

16 T Voltaga 5 10 15 mV 10 = 200 "A 
1- C 

5 . TB = -25·C 17 H Gate-Source Voltage 
10 15 VOS = 15 V, 10 = 200 "A, 

ITa I aIVGS1-VGS21 
bifferential Drift (Note 3) 5 10 15 TA=25·C T8 =,I00·C 

119 ~ 9fsl/9fs2 Transconductance Ratio 0.96 1.0 0.9 1.0 0.8 ".0 -
(Note 2) 

1,20 19os1-90'21 Diff. Output Conductance 
VOS = 15 V, 10 = 200 "A f= 1 kHz 

1.0 2.0 3.0 #mho 

, * JEDEC registered data. 

NOTES: 
1. Ind.ividual FET ch~!acteristics. The terminals of the FET n,ot under test are open-circuited for these measurements., 

NQP 

2. Assumes smaller value in numerator. 
3, Measured at end points, T A and TB. 
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p-channel JFETs H 
Siliconix 

designed for " Performance Curves. PSA 
• • • See Section 4 

; 

• Analog Switches BENEFITS 

• Simplifies Series-Shunt Switching when • Commutators Combined with 2N4393, its N-Channel 
Comp.lement 

• Choppers • Low Insertion Loss in Switching 
Systems rOS(on) < 75 .n (2N5114) 

Integrator Reset Switch • Short Sample and Hold Aperture Time • Crss <7 pF 

• High Off-Isolation I o (off) < 500 pA 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Reverse Gate-Drain or Gate-Source Voltage TO-l8 Q (Note 1) 30V See Section 6 

Gate Current .50mA 

1[\, Total Device Dissipation, Free-Air 
(Derate 3 mWrC) 500mW 

.~: 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) 

2N5114 2N5115 2N5116 
Characteristic Unit Tast Conditions 

Min Max Min Max Min Max 

I~ 
BVGSS Gate-Source Breakdown Voltage 30 30 30 V IG' 1 /lA, VOS' 0 

500 500 500 pA 
IGSS Gate Reverse Current VGS'20V, VOS'O 

150·C 1.0 1.0 1.0 /lA 
1-

VOS' 15V, VGS'12V (2N5114) 
4 -500 -500 -500 pA 

IS S 1010ff) Drain Cutoff Current VGS' 7 V (2N5115), 
150·C T -1.0 -1.0 -1.0 /lA VGS' 5 V (2N5116) 

1.- A 
I~ T VGS(off) Gate-Source Cutoff Voltage 5 10 3 6 1 4 V VOS' -15 V, 10' -1 nA 

I VGS' 0, VOS - -lS V (2N5114) 
7 c lOSS Saturation Drain Current (Note 2) -30 -90 -15 -60 -5 -25 rnA VOS' -15 V (2N5115, 2N5116). 

1-
r..!!. VGS(f) Forward Gate-Source Voltage -1 -1 -1 IG'-lrnA,Vos'O 

V VGS' 0,10' -15 mA (2N5114) 
9 VOS(on) Drain-Source ON Voltage -1.3 -0.8 -0.6 10' -7 rnA (2N5115), 10' -3 rnA (2N5116) 

1- -
10 rOSlon) Static Drain-Source ON Resistance 75 100 150 n VGS' 0,10' -1 rnA 

,22. 'ds(on) Drain-Source ON Resistance 75 100 150 n VGS - 0.10'0 if' 1 kHz 
0 

r-ll V Ciss Common-Source Input Capacitance 25 25 25 VOS' -15, VGS'O If'l MHz 
N Common-Source Reverse Transfer pF VOS - 0, VGS - 12 V (2N5114) 

13 Crss Capacitance 7 7 7 
VGS' 7 V (2N5115), VGS' 5 V(2N5116} 

2N5114 2N5115 2N5116 
,S 

li' W 
td(on) Turn-ON Delay1Time 6 10 12 VOO -10 V -6V -6V 

Rise Time 10 20 30 VGS(off) 12 V 7V 5;V 
~~ tr 

ns RL 580n 743n 1800n 
.~ C 

td(off) Turn-OFF Delay Time 6 8 10 

17 H tf Fall Time 15 30 50 VGS(on) 0 0 0 

10(on) -15 rnA -7 rnA -3 rnA 

"~ 
PSA 

* JEDEC registered data. 

NOTES: 
0.1 p.F Ra 

VIN -u- 7.SK 
1. Due to symmetrical geometry these units may be operated with 5'1',2K , INPUT PULSE SAMPLING SCOPE 

source and drain leads interchanged. RISE TIME < 1 ns RISE TIME 0.4 ns 

2. Pulse Test PW 300 llS, duty cycle ~ 3%. ' 'SAMPLING FALL TIME < 1 ns INPUT RESISTANCE 10 Mn 6", SCOPE 6' !l PULSE WIDTH 100 ns INPUT CAPACITANCE 1.5 pF , , REPETITION RATE 1 MHz 
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monolithic dual H 
Siliconix 

n-channel JFETs Performance Curves NQP 
See Section 4 . 

designed for • • • BENEFITS 

• Minimum SystElm Error and Calibration 

• DiHerenticd . Amplifiers 5 mV Maximum Offset (2N5196, 97) 

• Low Drift 

• FEY Input Op Amps 5/lVrC Maximum (2N5196) 

• Simplifies Amplifier Design 
Low Output Conductance 

TO-71 • 
*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 

4~ Gate-Drain or Gate-Source Voltage _ ........•..... -50 V G, G2 

Gate Current ............................... 50mA 
Device Dissipation (Each Side), T A = 85°C " .. 

(Derate. 2.56 mWrC) ..................•... 250mW .. 
Total Device Dissipation, T A = 85°C o o. 

!~ 
6 0 

(Derate 4.3 mW;oC) .....................•. 500mW 
G, 0 3

2 870 G2 

o 1 

Storage Temperature Range .............. -65 to +200°C 0, 0 

G " " Bottom View " " 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Tlst Conditions 

1 -25 pA 

'2 IGSS Gate Reverse Current VGS = -30 V, VOS = 0 
-50 nA 150·C 

3S SVGSS Gate..source Breakdown Voltage -50 IG = -1 ;tA, VOS = 0 
4" T 

VGS(off) Gate-SOurce Cutoff Voltage -0.7 -4 V VOS = 20 V, 10 = 1 nA 
5" 

A 
T VGS ,Gate-50urce Voltage -0.2 -3.8 

-'- I 
6 C IG Gate Operating Current 

-15 pA VOG = 20V,I0 = 200;tA 

-15 nA 125·e 

l' lOSS Saturation Drain Current 0.7 7 mA VOS=20V,VGS=0 

~ 9fs common-Source Forward Transconductance 1000 4000 VOS - 20 V, VGS = 0 

9 9fs Common-Source Forward Transconductance 700 1600 VOG=20V, 10 = 2oo;tA 

100 
;<mho 1= 1 kHz 

90S Common-Source Output Condu~nce 50 VOS=20V,VGS=0 
lTv 90S Common-Source Output Conductance 4 VOG = 20V,I0 = 2oo;tA 
"i2N Ciss Common-5ource Input Capacitance 6 

13~ erss Common-Source Reverse Transfer Capacitance 2 
pF 1= 1 MHz 

-I 
VOS - 20 V, VGS = 0 1-100 Hz, 

14 C NF Spot Noise Figure 0.5 dS 
RG=10MU -

nV 
15 1'n Equivalent Short-Circuit Input Noise V~J~.9!'. 20 v'FiZ I-1kHz 

2N6196 2N5197 2N5198 2N5199 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max Min Max 

16 IIG1-IG2 1 " Differential Gate Current 5 5 5 5 nA 
VOG =20V, 125·e 
10 = 2oo;tA -

17 10SS1 Saturation Drain Current Ratio 0.95 1 0.95 1 0.95 1 0.95 1 - VOS=20V,VGS=OV li5SS2 (Note 1) 
1- M 

IS A 9fsl Transconductance Ratio 
0.97 1 0.97 1 0.95 1 0.95 1 1= 1 kHz 

T - (Note 1) 
-

9152 -

:~ 
c 
H IVGS1-VGS21 Differential Gate-50urce Voltage 5 5 10 15 mV 
I VOG = 20V, TA = 25·e 

20 N Gate-Source Differential Voltage' 5 10 20 40 
G aIVGS1-VGS21 

;tvfe 
10 = 2oo;tA TS = 125·C 

1-
aT 

Change with Temperature 
TA= -55·e 

21 (Note 2) 5 10 20 40 

I-
TS = 25·e 

22 iuos,-Uos21 Differential Output Conductance , 1 1 1 ,u.mho 1= 1 kHz 

* JEDEC registered data. NQP 

NOTES: 
1. Assumes smaller value in numerator. 2. Measured at end points, T A and Ta· 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NIP • • • See Section 4 

• Low ON Resistance BENEFITS 

Analog Switches • Low Insertion Loss 
rOS(on) < 5 n (2N5432) 

• Commutators • Small Error in Measurement Systems 

• Choppers 
VOS(on) < 50 mV (2N5432) 

• High Off-Isolation 

• Integrator Reset Capacitors 'O(off) < 200 pA 

• High Speed 

• Low Noise Audio Amplifiers td(on) < 4 ns 

• Low Noise Audio-Frequency Ampli-
fication 

*ABSOLUTE MAXIMUM RATINGS (25°C) en < 2 nVIyIFii at 1 kHz Typical 

, Reverse Gate-Drain or Gate-Source Voltage ......... -25 V 
Gate Current ............................... 100 mA TO-52 

Drain Current .............................. 400 mA See Section 6 

Total Device Dissipation at 25°C 
Free-Air Temperature (Note 1) ............... 300 mW 

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

"~: 
Lead Temperature 

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

0 s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N5432 2N5433 2N5434 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 -200 -200 -200 pA - IGSS Gate Reverse Current VGS = -15 V, VOS = 0 
150°C 2 -200 -200 -200 nA 

3' BVGSS Gate Source Breakdown Voltage -25 -25 -25 V IG =-II1A,VOS=O - 5 4 
T 

200 200 200 pA - 10(of!) Drain Cutoff Current VOS=5V,VGS=-10V 
5 A 200 200 200 nA 150°C 

6" T 
-3 VOS=5V,10=3nA I VGS(off) Gate-Source Cutoff Voltage -4 -10 -9 -1 -4 V -- C Saturation Drain Current 

7 lOSS (Note 2) 150 100 30 rnA VOS = 15 V, VGS = 0 
-

8 'OS(on) Static Drain-Source ON Resistance 2 5 7 10 ohm 

9" VOS(on) Drain-Source ON Voltage 50 70 100 mV 
VGS=O,10=10mA 

10 rds(on) Drain-Source ON Resistance 5 7 10 ohm VGS=O,IO=O f = 1 kHz 
- 0 11 Y Ciss Common-Source Input Capacitance 30 30 30 - pF VOS=O, VGS=-10V f = 1 MHz 
12 

N 
Crss 

Common-Source Reverse Transfer 
15 15 15 

Capacitance 

13 td(on) Turn-ON Delay Time 4 4 4 
VOO = 1.5 V, 

14 145 n (2N5432) 
S t, Rise Time 1 1 1 VGS(on) = 0, - ns RL = 143 n(2N5433) 

15 W td(off) Turn-OFF Delay Time 6 6 6 VGS(off) = -12 V, 
140 n (2N5434) 

16 tf Fall Time 30 30 30 
10(on) = 10 rnA 

* JEDEC registered data. NIP 

NOTES: 

1. Derate linearly at the rate of 2.3 mwtC. VOD 

2. Pulse test required pulsewidth 300 ps, duty cycle ~ 3%. ~"~"~~' DRL=~ INPUT PULSE SAMPLING SCOPE 

VIN VOUT RISE TIME 0.25 ns RISE TIME 0.4 m 
RG S FALL TIME 0.75 ns INPUT RESISTANCE 10 M 

50" PULSE WIDTH 200 ns INPUT CAPACITANCE 1.5 pF 
PULSE RATE 550pps 
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matched dual 
~-.~---

H 
Siliconix 

n-channel JFETs 
designed for Performance Curves NQP 

• • • See Section 4 

• Low and Medium Frequency BENEFITS 

Differential Amplifiers • Minimum System Error and Calibra-
tion 

5 mV Offset Maximum (2N5452) 

*ABSOLUTE MAXIMUM RATINGS (25°C) • Simplifies Amplifier Design 

Any Lead-To-Case Voltage. H •••••••••••••••••• ±100 V 
Output Conductance Less that 

Gate-Drain or Gate-Source Voltage .............. -50 V 
11lmho 

Gate-To-Gate Voltage ........................ ±100 V 
TO·71 

See Section 6 
Gate Current ............................... 50mA 

~~ 
Total Device Dissipation 85°C (Each Side) ....... 250mW 

Case Temperature (Both Sides) ...... 500mW G, G2 

Power Derating (Each Side) .............. 2.86 mWrC 
(Both Sides) ............... 4.3 mWrC 

8, 82 

Storage Temperature Range -65 to +250°C 
S2 ............. 

D2 

Lead Temperature (1/16" from case for 10 seconds) ... 300°C G, 30 
0' 

0. 

J '0 0 7 G2 D1 ,0 

S, ~, 
Bottom View 

D, 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
2N5452 2N5453 2N5454 

Characteristic Unit Test Conditions 
Min Max Min Max Min Max 

1 -100 -100 -100 pA I 

:3: 
IGSS Gate Reverse Current VGS = -30 V, VOS = 0 V 

ITA = 150°C -200 -200 -200 nA 

3 S 
BVGSS 

Gate-Source Breakdown -50 -50 -50 VOS=OV,IG=-l/.1A 
I~ T Voltage 

A 
4 T VGS(off) 

Gate-Source Cutoff -1 -4,5 -1 -4,5 -1 -4.5 V VOS=20V,10= 1 nA Voltage 
1'5 I 

VGS -4.2 C Gate-Source Voltage -0.2 -0.2 -4.2 -0.2 -4.2 VOS=20V,10=50IlA 
I~ VGS(f) Gate-Source Forward Voltage 2 2 2 VOS=OV,IG = 1 rnA 
I] lOSS Drain Saturation Current 0.5 5.0 0.5 5.0 0.5 B.O rnA VOS=20V,VGS=OV 

~ Common-Source Forward 1000 3000 1000 3000 1000 3000 f = 1 kHz 
9fs Transconductance 9 1000 1000 1000 VOS = 20 V, VGS = 0 V f= 100MHz 

1~ Common-Source Output 3.0 3.0 3.0 
,umho 

1~ gos Conductance 1.0 1.0 1.0 VOS = 20 V, 10 = 200 IlA 
f = 1 kHz 

:..;.. 0 
12 V Ciss 

Common-Source Input 4.0 4.0 4.0 
I- N Capacitance 

VOS=20V,VGS=OV 
13 A Crss 

Common-Source Reverse 1.2 1.2 1.2 
pF f= 1 MHz 

M Transfer Capacitance 
1;4" I Cdgo Drain-Gate Capacitance 1.5 1.5 1.5 VOG=10V,IS=OV 
1_ C 

15 en 
Equivalent Short Circuit 20 20 20 

nV 
VOS = 20 V, VGS = OV f = 1 kHz 

Input Noise Voltage IiHz ,-
VOS = 20 V, VGS = Q V, 

16 NF 
Common-Source Spot 0.5 0.5 0.5 dB f=100Hz Noise Figure RG= 10Mn 

17 IOSSI/IOSS2 
Drain Saturation Current Ratio 

0.95 1.0 0.95 1.0 0.95 1.0 VOS=20V,VGS=OV (Note 1) 
-

1-
18 M IVGS1-VGS2 1 Differential Gate-Source 

5.0 10.0 15.0 

I;g 
A Voltage 

T Gate-Source Voltage 0.4 0.8 2.0 rnV T = 25°C to -55°C' 
1- c aIVGS1-VGS2 1 Differential Change With 

I~ H Temperature 0.5 1.0 2.5 VOS = 20 V, 10 = 200 IlA T = 25°C to +125°C 
I Tran'sconductance Ratio 

21 N 9fsl/9ts2 0.97 1.0 0.97 1.0 0.95 1.0 -
1- G (Note 1) 

f = 1 kHz 

22 . Igos l-gos2 1 Differential Output 0.25 0.25 0.25 pmhos 
Conductance 

* JED EC' registered data NOTE: NQP 
1. Assumes smaller value in numerator. 

2-24 Siliconix 



n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NRL, NPA 
See Section 4 

• General Purpose Amplifiers BENEFITS 

Switches • Low Cost • • Automated Insertion Package 

Plastic 

* ABSOLUTE MAXIMUM RATINGS (25°C) 
TO·92 

See Section 6 

Drain-SouJce Voltage ........ ~ ................ 25 V 
Drain-Gate Voltage ........................... 25 V 
Source-Gate Voltage .......................... 25 V 
Total Device Dissipation at 25°C ............. ; . 310mW 

'4: Derate above 25° C 2.82 mWrC TD ................... 
s c 

Operating Junction Temperature ............•... 135°C 
o c G 

Storage Temperature Range .............. -65 to +150°C s 
0 

Bottom View 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
2N5457 2N5458 2N5459 

Unit Test Conditions 
Min Typ Max Min Typ Max Min Typ Max 

--1. S 
-0.Q1 -1.0 -0.Q1 -1.0 -0.D1 -J.O 

VGS=-15V,VOSe:oQ 0 IGSS Gate Reverse Current nA 
2 -200 -200 -200 TA~+100 C 

-T 
Gate-Source Breakdown 

3 A BVGSS -25 -60 -25 -60 -25 -60 IG ~ -10).lA, VOS ~ 0 
Voltage V 

---:;T 
VGSloffl 

Gate-Sou ree Cutoff -0.5 -6.0 -1.0 -7.0 -2.0 -8.0 VOS'" 15V,IO= 10nA 

- I Voltage 

5 C lOSS 
Saturation Drain 1.0 5.0 
Current 

2.0 9.0 4.0 16 mA VOS ~ 15 V, VGS ~ 0 INote 11 

6 
Common-Source For 1,000 5,000 1,500 5,500 2,000 6,000 9fs ward Transconductance 

-0 ,umho f == 1 kHz 
Common-Source Out-7 90S 10 50 15 50 20 50 

-y put Conductance VOS~15V,VGS~0 

8 N 
Ciss 

Common-Source Input 4.5 7.0 4.5 7.0 4.5 7.0 
,_A 

Capacitance f == 1 MHz 
Common'-Sou rce Re- pF 

9 M Crss verse Transfer Capaci- 1.0 3.0 1.0 3.0 1.0 3.0 -
,- I tance 

C VOS-15V, VGS-O 

10 NF Noise Figure 0.04 3.0 0.04 3.0 0.04 3.0 dB RG ~ 1 M~l f'" 1 kHz 
NBW =1 Hz 

* JEDEC registered data 
NRL, NPA 

NOTE: 

1. Pulse test pulsewidth =: 2 ms. 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NH • • • See Section 4 

• VHF/UHF Amplifiers BENEFITS 

• Mixers • Low Cost 

• Completely Specified for 400 MHz 

• Oscillators Operation 

• Low Error Analog Switch 

• Analog Switches Very Little Charge Coupling 

* ABSOLUTE MAXIMUM RATINGS (25°C) 
Crss < 1.0 pF 

Drain-Gate Voltage ............................. 25 V Plastic 

Source Gate Voltage ............................ 25 V TO·92 

Drain Current ............................... 30 mA See Section 6 

Forward Gate Current ......................... 10 mA 
Total Device Dissipation @ 25°C ................ 360 mW 

Derate above 25°C ..................... 3.27 mWrC 
Operating Junction Temperature Range ..... -65 to +135°C 

o~: GD Storage Temperature Range .............. -65 to +150°C s c 

Lead Temperature o C G 
s 

(1/16" from case for 10 seconds) ............... 240°C Bottom View 
0 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise notedl 

Characteristic 2N5484 2N5485 2N5486 Unit Test Conditions 
Min Max Min Max Min Max 

1 -1.0 -1.0 -1.0 
--:- S IGSS Gate Reverse Current nA VGS 0 -20 V, VDS 0 0 

TA 0 +100~C -2T -200 -200 -200 

3 A BVGSS e~~~a~~urce Breakdown -25 -25 -25 IGo-lIlA ,VOSoO 
-T V 

4 I 
V Gate-Source Cutoff -0.3 -3.0 -0.5 -4.0 -2.0 -6.0 VOSo 15V, 10" 10 nA GS(ofl) Voltage 

5"C lOSS Saturation Drain Current 1.0 5.0 4.0 10 8.0 20 rnA VOS 015 V, VGS 0 0 (Note 1) 

6 
Common-Source Forward 

3,000 6,000 3,500 7,000 4,000 8,000 9fs Transconductance 
- f 0 1 kHz 

Common-Source Output 
7 gos Conductance 

50 60 75 

-
8 Common-Source Forward 2,500 f 0100 MHz - Re(Yfs) 
9 Transconductance 3,000 3,500 f 0 400 MHz - Jimhos 

~ R Common-Source .output 75 10 100 MHz 

11 e(yos) Conductance 
100 100 VOS = 15 V, VGS 00 10400 MHz 

12 Common-Source Input 100 10 100MHz 
-0 Re(Yis) 
~V 

Conductance 1,000 1,000 10 400MHz 

Common-Source Input 14 N Ciss Capacitance 5.0 5.0 5.0 
-A 

15 M Crss 
Common-Source Reverse 

1.0 1.0 1.0 pF 1 = 1 MHz 
_I Transfer Capacitance 

16 C Coss 
Common-Source Output 

2.0 2.0 2.0 
Capacitance -

17 2.5 2.5 2.5 VOS 015 V, VGS 0 0, RG 01 MSI 1 = 1 kHz 

18 3.0 VOS-15V, 10-1 rnA, RG-l kS! 

19 NF Noise Figure 1= 100MHz 
2.0 2.0 ,- VOSo 15V, 10=4rnA, RGo 1 kS! 

2!- 4.0 4.0 dB 
f=400MHz 

21 Common-Source Power 16 25 VOS 0 15 V, 10 0 1 mA 
- Gps 10 100MHz 

22 Gain 18 30 18 30 - VOS-15V,1004mA 
23 10 20 10 20 1=400MHz 

... JEDEC registered data NH 
NOTE: 

1 Pulse Test PW 300 J1s, duty cycle ~ 3% 
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H matched dual 
n-channel JFETs 
designed for . . . 

Siliconix 
Performance Curves NQP 
See Section 4 
BENEFITS 

• Ultra-Low Noise 
en = 8 nW/Hz at 10 Hz (Typical) 
en = 2 nV N'Hz at 1 kHz (Typical) 

• Differential Amplifiers • Minimum System Error and Calibration 
5 mV Offset Maximum 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Souce Voltage ............ -40 V 
Gate Current ................................ 50 mA 
Device Dissipation (Each Side), T A = 85°C 

(Derate 2.0 mW/oC ....................... 250 mW 
Total Device Dissipation T A = 85°C 

(Derate 3.0 mW/°C) ...................... 375 mW 
Storage Temperature Range ........ -65°C to +200°C 
Lead Temperature 

(1/16" from case for 30 seconds) ........... 300° C 

CMRR> 100 dB 
TO-71 

• See Section 6 

G,~LG2 
J~ 

82 G, 
0 5 °2 

30 o. 

0, 
20 

,0 
07 G2 

8, 

Bottom View 
Gt~ 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Min M .. Unit Test Conditions , -250 pA - IGSS Gate Reverse Current VGS '" -30 V, VOS =0 

150°C ~ -250 nA 

3 S BVGSS Gate-Source Breakdown Voltage --40 IG - -1 pA, VOS - 0 -. T 
A VGS{off) Gate-Source Cutoff Voltage -0.7 --4 V VDS 20 V, 10 1 nA 

:::I T VGS Gate Source Voltage -0.2 -3,8 
I -100 pA VOG"'20V,ID=200pA 

6 C IG Gate Operating Current 
-100 nA 12SOC 

7" IDSS Saturation Drain Current (Note 1) 0.5 7.5 mA VOS- 20V, VGS - 0 

8 
Common-Source Forward Transconductance 

1000 4000 VOS '" 20 V, VGS '" 0 gf, (Note 1) - Common-Source Forward Transconductance 
9 gf, (Note 1) 500 1000 Ilmho VOG '" 20 V, 10'" 200 jJA f = 1 kHz 

ill 
D 
Y go, Common·Source Output Conductance 10 VOS-20V,VGS-0 

.';- N 
go, Common·Source Output Conductance 1 VOG-20V,10- 2OO IlA 

12~ Ciss Common·Source Input Capacitance 25 
VOS=20V,VGS=0 113 I pF f= 1 MHz 

Crss Common·Source Reverse Transfer Capacitance 5 
I- e 

12N5515-19 30 nV f'" 10 Hz 
14 'n 

Equivalent Short Circuit Input 
2N5520·24 15 ,lH,' VOG '" 20 V, 10 = 200pA 

Noise Voltage 
12N5515-24 10 f 1 kHz 

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 IIG1-IG21 
Differential Gate 

10 '0 10 10 10 nA VOG - 20 V, 125°C 
Current 10=2001lA 

1-
IDSS1 Saturation Drain 

16 -- Current Ratio 0.95 1 0.95 1 0.95 1 0.95 1 0.90 1 - VDS=20V,VGS=0 
IDSS2 (Notes 1 and 2) 

[-
Differential Gate 

17 IVGS1-VGS2 1 Source Voltage 5 5 10 15 15 mV 
[- M 

25°C A TA -
T ll.IVGS1-VGS2 1 Gate-Source Voltage 5 '0 20 40 80 TS '" 125°C 

18 C Differential Drift pV/oC 
TA - _55°C H l>T (Note 3) 5 10 20 40 80 VDG=20V, 

I 10 = 200pA TS = 2SoC 
[- N 

19 G 
Igos1-gos2 1 

OifferentialOutput 
0.' 0.1 0.1 01 0.1 pmho 

Conductance 
I- f = 1 kHz 

20 
9fsl Transconductance 

0.97 1 0.97 1 0.95 1 0.95 1 0.90 1 -- Ratio (Notes 1 and 2) 
1-

9fs2 

Common Mode VDD '" 10 to 20 V, 
21 CMRR Rejection Ratio 100 100 90 dB 

10'" 200llA (Note 4) 

3. Measured at end points, T A and TS. ... JEDEC registered data. 
NOTES: 
1. Pulse test required, pulsewidth = 300 f.l.S, duty cycle < 3%. 
2. Assumes smaller value in numerator. 

4. CMRR = 2010910 (. ll.VOD ), ll.VDD '" 10 V. 
l>IVGS1- VGS21 

Siliconix 

0, 
" 

NQP 
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monolithic dual H 
Siliconix 

n-channel JFETs Performance Curves: NQP 
See Section 4 

designed for • • • BENEFITS 

• High Input Impedance 

• General Purpose 
IG< 50pA 

• Minimum System Error and Calibra-

DiHerential Amplifiers tion 
5 mV Offset Maximum (2N6545) 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 
See Section 6 

Gate-Drain or Gate-Source Voltage ................ -50 V 

~~ 
Gate Current ................................ 30 rnA 
Device Dissipation (Each Sidet T A = 25°C G, G2 

(Derate 1.67 mWI"C) ...................... 250 mW 
Total Device Dissipation, T A = 25°C 

5, 52 

(Derate 2.67 mWI"C) ...................... 400 mW 82 
D2 

l\ Storage Temperature Range .............. -65 to +200°C ,0 ° 
0 3 6 0 G2 

Lead Temperature G, 026 7 

(1/16" from case for 30 seconds) ............... 300°C 
D, 

52 ... aD2 8, 

Bottom View 0, 0, 81 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -100 pA I - 5 IGSS Gate Reverse Current VGS=-30V. VOS=O ITA= 150° 2 -150 nA 
3" T 

BVGSS Gate*Source Breakdown Voltage -50 IG = -1 IlA, VOS = 0 A V 4' T VGS(off) Gate-Source Cutoff Voltage -0.5 -4.5 VOS= 15V,10=0.5nA 
5' I IG Gate Operating Current -50 pA VOG -15 V,IO = 200llA 
6' 

c 
lOSS Saturation Drain Curreht 0,5 8 mA VOS-15V,VGS-0 

7 91, Common-Source Forward Transconductance 1500 6000 Ilmho 1 = 1 kHz 8' 0 90' Common·Source Output Conductance 25 VOS = 15 V, VGS = 0 8' y Ciss Common-Source I nput 'Capacitance 6 pF f= 1 MHz 
10 N Crss Common-Source Reverse Transfer Capacitance 2 - A 
11 M NF Spot Noise Figure 3.5 dB 2N5545 f = 10 Hz, 

I 5 VOG= 15V, 2N5546 RG = 1 Mn - c 180 nV 10=2001lA 2N5545 12 en Equivalent Short Circuit Input Noise Voltage 
v'Hz 

1 = 10 Hz 
200 2N5546 

2N5545 2N5546 2N5547 
Characteristic 

Max 
Unit Test Conditions 

Min Min Max Min Max 
13 ilGl-IG2 1 Differential Gate Current 5 5 5 nA VOG = 15 V,IO = 200llA TA = 125°C -
14 10SSl Saturation Drain Current 0.95 1 0.90 1 0.90 1 VOS = 15 V, VGS = 0 IOSS2 Ratio (Note 1) 

-

- 5 10 15 10=501lA Differential Gate-Source 15 M IVGS1-VGS21 Voltage mV VOG=15V 
A 5 10 15 10=2001lA 

- T TA = 25°C C 10 20 40 
16 H AIVGS1-VGS2 1 Gate-Source Voltage Ilvtc 

TB = 125°C 
I AT Differential Drift (Note 2) TA = _55°C 
N 10 20 40 TB = 25°C - G VOG = 15 V, 10 = 200llA 

91,1 Transconductance Ratio 0.95 0.90 17 (Note 1) 
0.97 1 1 1 -

91,2 f = 1 kHz -
18 190,1-90,21 Differential Output 1 2 3 ,umho Conductance 

* JEDEC registered data. 
NOTES: 

Nap 

1. Assumes smaller value in numerator_ 
2. Measured at end points, T A and TS. 
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matched dual H 
Siliconix 

n-channel JFETs 
designed for Performance CUlVes NCA 

• • • See Section 4 

• Wideband DiHerential BENEFITS 

Amplifiers • High Gain 
7500 tlmho Minimum 9fs 

• Commutators • Specified Matching Characteristics 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 

Gate-Gate Voltage ±80 V See Section 6 .... ' .... ' ...... '.' ............ 

~~ 
Gate-Drain or Gate-Source Voltage ______________ -40 V 
Gate Current ............. _ ..... _ ........... 50mA G, G2 

Device Dissipation (Each Side), T A = 25°C 5, 52 

(Derate 2_2 mW;oC) _ ...................... 325mW 
Total Device Dissipation, T A = 25°C 

S2 

(Derate 3.3 mW;oC) _ ......... _ ............ 650mW G, 0' D2 

l2 -65 to +200°C 
30 os 

Storage Temperature Range ............... '0 0 7 G2 
"2 

Lead Temperature D, ,0 
0, s, 

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

Bottom View 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -100 pA I - IGSS Gate-Reverse Current VGS~-20V,VDS=0 r 150°C 2 
S 

-200 nA 

""3 T BVGSS Gate-Source Breakdown Voltage -40 IG = -lilA, VDS= 0 
4" A VGS(oll) Gate-Source Cutoff Voltage -0.5 -3 V VDS-15V,ID-l nA 
"5 T 

VGS(I) Gate-Source Voltage I 1.0 VOS - 0 V, IG - 2 mA 
"6 C IDSS Saturation Drain Current (Note 1) 5 30 mA VOS=15V,VGS=0 
7 'DS(on) Static Drain Source ON Resistance 100 n ID-l mA, VGS-O 

8 
Common-SolJrce Forward Transconductance 7500 12,500 1 - 1 kHz. 

91s (Note 1) 7000 pmho 1= 100MHz 
g- O 

Y 90S Common-Source Output Conductance 45 1= 1 kHz 
iON Crss Common-Source Reverse Transfer Capacitance 3 

pF VOG=15V,lo=2mA 1 = 1 MHz 11 A 
M Ciss Common-Source Input Capacitance 12 -12 I NF Spot Noise Figure 1.0 dB 1 - 10 Hz, Rg = 1 M 

-C nV 
13 en Equivalent Short Circuit Input Noise Voltage 50 

v'flZ 
1 = 10 Hz 

2N5564 2N5565 2N5566 
Characteristics Unit Test Conditions 

Min Max Min Max Min Max 

IOSSl Saturation Drain Current 
0.95 0.95 0.95 14 

IOSS2 Ratio (Notes 1 and 2) 1 1 1 - VOS=15V,VGS=0 
-M 

A )VGS1-VGS2 1 
Differential Gate-Source 5 10 20 mV 15 T Voltage 

-C 
TA = 25°C 

H L:.IVGS1-VGS2 1 10 25 50 
TB = 125°C 

16 I Gate-Source Voltage IIV/ 
N L>T Differential Drift (Note 3) °c VDS=15V,ID=2mA TA = _55°C 
G 10 25 50 

TB = 25°C 
-

91s1 17 Transconductance Ratio 0.95 1 0.90 1 0.90 1 - 1= 1 kHz - (Notes 1 and 2) 91s2 

* JEDEC registered data. NCA 
NOTES: 
1. Pulse test required. pulse width 300 J,J.S, duty cycle ~ 3%. 
2. Assumes smaller value in numerator. 
3. Measured at ends points, T A and Ta. 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NCA 

• • • See Section 4 

• Analog Switches BENEFITS 

• Commutators • Low Cost 

• Industry Standard Package 

• Choppers • Automatic Insertion Package 

• Fast Switching 
trise < 5 ns (2N5638) 

• Low Insertion Loss 
rDS(on) < 30 n (2N5638) 

*ABSOLUTE MAXIMUM RATINGS (2S0C) • Short Sample and Hold Aperture Time 

Drain-Source Breakdown Voltage ................ 30V 
Crss <4 pF 

Plastic 
Drain'-Gate Breakdown Voltage ................. 30V 

TO·92 
Source-Gate Breakdown Voltage ................. 30V See Section 6 

Forward Gate Current ........................ 10mA 
Total Device Dissipation at TLEAD = 25°C ...... 625mW 

Derate above 25° C ................... 5.68 mWrC 
Operating Junction Temperature Range ..... -65 to +135°C 

.~: GO Storage Temperature Range .............. -65 to +150°C s c 

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

s 
Bottom View D 

*El.ECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
2N5638 2N5639 21!15640 

Unit Test Conditions 
Min Max Min Max Min Max 

1,.1 BVGSS 
Gate-Source Breakdown 
Voltage -30 -30 -30 V IG = -10 !lA, VOS = 0 

1-; 
Gate Reverse Current 

-1.0 -1.0 -1.0 nA 

'3 S IGSS VGS=-15V,VOS=0 
T -1.0 -1.0 -1.0 !lA TA = +1000 C 

.4 A 
Drain Cutoff Current 

1.0 1.0 1.0 nA VOS = 15 V, VGS = -12 V 12N56381 - 1010ff) 

.~ 
T 1.0 1.0 1.0 !lA VGS = ~8 V 12N5639), VGS = -6 V 12N5640) TA=+100 C 
I 

lOSS Saturation Drain Current 50 25 5.0 VOS = 20 V, VGS = 0 INote 1) .! c mA 

7 VOSlon) Drain-5ource ON Voltage 0.5 0.5 0.5 V VGS = 0,10 = 12 mA 12N5638), 

10 = 6 mA (2N5639), 10 = 3 mA 12N5640) .-
Static Drain-8ource ON 

8 rOSlon) Resistance 30 60 100 10=lmA,VGS=0 
n 

9 rdslon) 
Orain-Source ON 30 60 100 VGS=O,IO=O Resistance f = 1 kHz 

-0 
Common-Source Input 

10 y Ciss Capacitance 10 10 10 

-N pF VGS=-12V,VOS=0 f = 1 MHz 

11 erss 
Common-Source Reverse 4.0 4.0 4.0 Transfer Capacitance 

12 !dIan) Turn-On Delay Time 4.0 6.0 8.0 VOO=10V 1010n)=12 mA 12N5638)RL = BOOn 12N563B) 
1-

Rise Time 5.0 8.0 I Olon) = 6, mA 12N5639) R L = 1.6k n 12N5639) l.ll S Ir 10 VGSlon)= 0 nsec 
.14 W Idloff) Turn-OF F Oelay Time 5.0 10 15 VGSloff)= -10 V 1010n)=3 mA 12N5640) RL =3.2k n 12N5640) 

ITs tf Fall Time 10 20 30 

. JEDEC registered data Rl ~ VDD -('DS!on) +SOl Voo NCA 
'0 

I~~· 
0.1",F 

NOTE: INPUT '0% VOS(on) 
!SCOPE AI TO 50 OHM SCOPE B 

1 Pulse lest PW .;;;; 300 fJSec, duty cycle';;;; 3.0% ... -----VGS(offl 
GENERATOR ; ___ 

-II-~k tel/on) 10KS'l 50n 
!~.OO1j.1FI 

teI~ TO 50 OHM SCOPE A OUTPUT tr 'sWi (SCOPE Bl 10% 

SCOPE 
TEKTRONIX 567A 
OR EaUIVALENT 
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matched dual 
----- ~-

H 
Siliconix 

n-channel JFETs Performance Curves NT 
See sedion 4 

designed for • • • BENEFITS 

DiHerential Amplifiers 
... Matching Characteristics Specified 

• • High Input Impedance 
IG = 1 pA Max (2N5906-9) 

• High Input 
Impedance Amplifiers TO-78 

See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 

~~ Gate-to-Gate Voltage ........................ ±80V G, G2 

Gate-Drain or Gate-Source Voltage ______ ......... -40 V 
Gate Current ................................ 10 mA 51 52 

Device Dissipation (Each Side), T A = 25°C 
82 

(Derate 3 mW;oC) 367mW c 02 

,( ... 
........................ 4 OS 

Total Device Dissipation, T A = 25°C G, bO o~ G2 

~, '0 7 

(Derate 4 mW;oC) ........................ 500mW 0, ,0 

Storage Temperature Range .............. -65 to + 200°C 
8, 

Bottom View 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
2N5902-5 2NS906-9 

Characteristic Unit Test Conditions 
Min Ma. Min Ma. 

...!.. -S -2 pA I 
IGSS Gate Reverse Current VGS =- -20 V, VDS = 0 1 125°C ~S -10 -S nA 

~T BVGSS Gate-Source Breakdown Voltage -40 -40 IG - -1 JlA, VOS - 0 
4 A VGS(offl Gate-Source Cutoff Voltage -0~6 -4.5" -0~6 -4.5 V VOS 10V,lo-lnA 

-;:-T 
VGS Gate Source Voltage -4 -4 5 I 

BC -3 -, pA VOG=lDV,IO=30J.lA 

7' IG Gate Operating Current 
12SOC -3 -1 nA 

8 lOSS Saturation Drain Current 30 500 30 500 "A - Common-Source Forward 
9 ", Transconductance 70 250 70 250 

10 
.umho f= 1 kHz 

90' Common-Source Output Conductance 5 5 VOS=10V,VGS=O 

'i'1 Ciss Common-Source Input Capacitance 3 3 - 0 Common-Source Reverse Transfer pF f'" 1 MHz 
12 y Crss Capacitance 1.5 1.5 
_N 

13 ~ Common-Source Forward 50 150 50 150 'I, Transconductance 
'"i41 

pmho VOG'" 10V.10 =30J,LA 
90' Common-Source Output Conductance 1 1 f = 1 kHz _C -

Equivalent Short Circuit Input "V 1S eo Noise Voltage 0~2 0.' ..'Hz - VOS = 10 V, VGS "" 0 f "" 100 Hz, 
16 NF Spot Noise Figure 3 1 dB 

RG = 10 M 

Characteristic 
2N5902.6 2N5903,7 2N5904,8 2N590S.9 

Unit Test Conditions 
Min M .. Min Ma. Min Ma. Min Ma. 

17 2.0 2.0 2.0 2.0 VoG=10V, 2N5902-S 

'iii' IIG1- IG2 1 Differential Gate Current oA 10 = 30llA, 
0.2 0.2 0.2 0.2 TA = 12SOC 2N5906-9 

-
10SSl 

19 Saturation Drain Current Ratio 0.95 1 0.95 1 0.95 1 0.9S 1 - VOS = 10 v. VGS = 0 
_M 'OSS2 (Note 1) 

A 
gfsl 

20 T - Transconductance Ratio 0.97 1 0.97 1 0.95 1 0.95 1 - f = 1 kHz 
C gfs2 (Note 1) 

21H 
_I "'GS1-VGS2 1 Oifferentlal Gate-Source Voltage 5 5 10 15 mV 

VOG'" lOY, TA= 2SoC N 
22 G 

6IVGS1-VGS2 1 
5 10 20 40 

iO=30J,LA TS '" 12SoC Gate-Source Voltage Differential 
p.V/oC - Drift (Note 2) TA - -5SoC 

23 
LlT 

5 10 20 40 
TS = 2SoC 

24 19osl--9os21 Differential Output Conductance 0~2 0.2 0.2 0.2 .umho f - 1 kHz 

.. JEDEC registered data. 
NOTES: NT ,. Assumes smaller value in numerator. 
2. Measured at end pOints. T A and Ta. 
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matched dual H 
Silic::onix 

n-channel· JFETs Performance Curves NZF·D, NNZ 

designed for 
See Section 4 

• • • BENEFITS 

• High Gain through 100 MHz 

• Wideband DiHerential gfs > 5000 /lmho . 

Amplifiers • Matching Characteristics Specified 

TO-78 

ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 

Gate-to-Gate Voltage ........................ ±80V ~.~ Gate-Drain or Gate-Source Voltage ......•..•.... -25 V G, G2 

Gate Current ...•............•........•...•. 50mA 
Device Dissipation (Each Side), (Derate 3 mW;oC) .. 367mW 

8, 52 

Total Device Dissipation,(Derate 4 mW;oC) ....... 500mW 52 
c 405 02 

A 
Storage Temperature Range .............. -65 to +200°C sO Os 

1\ 
0, 0 0 02 

Lead Temperature . '0 7 
0, 10 02 

(1/16" from case for 10 seconds) ............... 300°C 8, 

Bottom View 

*ELECTRICAL CHARACTERISTICS (250 unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -100 pA 
1'2 IGSS Gate Reverse Current VGS ~ -15 V. VOS ~ 0 I TA ~ 15C)"C -250 nA 
13' S BVGSS Gate-Source Brea~do~n Voltage -25 IG ~ -1 /lA. VOS ~ 0 
I~ T VGS(olf) Gate-Source Cutoff Voltage -1 -5 V VOS~ 10V.IO ~ 1 nA 
15 A 

T VGS Gate-Source Voltage -0.3 -4 
I- I -100 pA VOG~10V.lo~5mA 

6 e IG Gate Operating Current 
-100 nA TA = 125°C - Saturation Drain Current 7 lOSS (Note I) 7 40 mA VOS~IOV.VGS~OV 

8 91s Common-Source Forward Transconductance 5000 10.000 I~ 1 kH2 
'9 9ts Common-Source Forward Transconductance. 5000 10..000 1 ~ 100 MH2 
10 Comm'on~Source Output Conductance 

J,.Cmho 
0 90S 100 f= 1 kH2 

11 y 90S Common-Source Output Conductance 150 f~ 100MH2 
12 N 

A Ciss Common-Source Input Capacitance 5 pF VOG~10V.lo~5mA t~ 1 MHz 
13 M Crss Common-Source Reverse Transfer Capacitance 1.2 - I nV 14 C en Equivalent Short Circuit Input Noise Voltage 20 

v1iz 
t ~ 10 kH2 

-
15 NF Spot Noise Figure 1 t ~ 10 kHz dB RG ~ lOOK 

2N5911 2N5912 
Characteristic Unit -, T-est Conditions 

Min Ma~ Min Max 

16 IIG1-IG2 1 Differential Gate Current 20 20 nA VOG~10V.lo~5mA TA = 125°C -
IOSSI Satur~tion Drain Current Ratio 17 0.95 1 0.95 1 - VOS~10V.VGS~0 

M IOSS2 (Notes 1 and 2) 
1- A 18 T IVGS1-VGS2 1 Differential Gate-Source Voltage 10 15 mV 
I- e TA= ·25°C 

19 H AIVGS1-VGS2 1 
20 40 TB ~ 125°C 

I- I Gate~Source Voltage Differential p.vtc 
N AT Orilt (Note 3) 

40 VOG~10V.lo~5mA .. . TA~-55°C 
20. G 20 TB ~ 25°C 
1-

21 91s1 Transconductance Ratio (Note 2) 0.95 1 0.95 1 - I~ 1 kHz -91s2 

* JEDEC registered data. NZF-D, NNZ 
NOTES: 
1. Pulsewidth";; 300 p.s. duty cycle";; 3%. 
2. Assumes smaller value in numerator. 
3. Measured at end points, T A and TB· 
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enhancement-type H 
Siliconix 
-------

p-channel MOSFETs 
Performance Curves MRA designed for. • • See Section 4 

• Ultra-High Input Impedance BENEFITS 

Amplifiers • Rugged MaS Gate Minimizes Handling 
Problems 

Electrometers ± 125 V Transient Capability 

Smoke Detectors • Low Gate-Leakage 

pH Meters 
Typically 0.02 pA 

• High Off-Isolation as a Switch 

• Digital Switching Interfaces IDSS <200 pA 

• Analog Switching 
*ABSOLUTE MAXIMUM RATINGS (25·C) 

Drain-Source or Gate-Source Voltage 3N 163 ...... -40 V TO-72 

Drain-Source or Gate-Source Voltage 3N164 . _ . _ .. -30 V 
See Section 6 

Transient Gate-Source Voltage (Note 1) ......... ±125 V 
Drain Current ............................. -50mA 
Storage Temperature ................. -65 to +200°C 

~ 
Operating Junction Temperature ......... -55 to +150°C JD 
Total Device Dissipation 

(Derate 3.0 mW;oC to 150·C) .............. 375 mW Go-J1.B 
Lead Temperature 1/16" From Case For 10 Seconds .. 265°C D 

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

Characteristic 3N163 3N164 Unit Test Conditions 
Min Max Min Max 

I-.-!. -10 
VGS = -40 V. VOS = 0 

2 -25 TA -125"C 

1----"3 IGSS Gate-Body Leakage Current pA 
-10 

VGS=-30V,VOS=0 I~ -25 TA-125"C 
I~S BVOSS Drain-Source Breakdown Voltage -40 -30 10=-101lA,VGS=0 
~T BVSOS Source-Drain Breakdown Voltage -40 -30 IS = -101lA, VGO - VBO = 0 
-A 

~T VGS Gate Source Voltage -3 -6.5 -2.5 -6.5 V VOS = -15 V, 10 = -0.5 mA 

8 I VGS{th) Gate-Source Threshold Voltage -2 -5 -2 -5 VOS = V GS, 10= -10 IIA 

~C lOSS Drain Cutoff Current -200 -400 VOS--15V,VGS=0 
-----;i) ISOS Source Cutoff Current -400 -800 

pA 
VSO = -20 V, VGO = 0, VOB - 0 -,,- 10(on) ON Drain Current -5 -30 3 -30 mA VOS - -15 V, VGS- -10V 

~ rOSlon) Drain-Source ON Resistance 250 300 n VGS = -20 V, 10 = -1 00 IIA 

13 0 9fs 
Common-Source Forward 2,000 4,000 1,000 4,000 Transconductance IJmho 

VOS = -15 V. f = I kHz -y 
Common-Source Output lo=-10mA 

14 N 90S Conductance 250 .250 

---;-.A 
~M Ciss Common-Source Input Capacitance 2.5 2.5 

Common-Source Reverse Transfer 16 I Crss Capacitance 0.7 0.7 pF VOS=-15V,10=-10mA f= 1 MHz 

--:u- C Coss Common-Source Output Capacitance 3 3 

----;a 'dlon) Turn-ON Delay Time 12 12 VOO--15V 
----;g S 

Ir Rise Time 24 24 ns 10(on) = -10 mA -2(jW 
toft Turn-OFF Time 50 50 RG = RL = 1.5 kn 

*JEDEC registered data VDD MRA 

NOTE: d 1. Transient gate-source voltage JEDEC registered as ±125 V. VOUT 
INPUT PULSE SAMPLING SCOPE 

"G V,. RISE TIME,.;; 2 ns tr.o:;;; O.2ns 
50n PULSE WIDTH? 200 ns CIN "..;;2pF 

RIN? 10Mn 
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n-channel JFETs H 

designed for 
Siliconix 

• • • Performance Curves NH 
See Sedion 4 

VHF/UHF Amplifiers 
~-- ~-

• BENEFITS 

• Oscillators • Wide Band 
High Yfs/Ciss Ratio 

• Mixers • Low Feedback Capacitance 
Crss = 0.85 pF Typical 

• Selected lOSS and VGS Ranges 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain·Gate Voltage ............................. 30 V 
Drain-Source Voltage ........................... 30 V TO-92 

Reverse Gate-Source Voltage ...................... 30 V See Section 6 

Forward Gate Current ......................... 10 mA 
Continuous Device Dissipation • INSULATED CASE 

• INSENsnlVE TO LIGHT 

at (or Below) 25°C Free Air Temperature 
(Note 1) ................................ 200mW 

o~: Storage Temperature Range ............ -55°C to +150°C 
Lead Temperature 

(1/16" from case for 10 seconds) ............... 260°C D G s 

lD G C 

o c 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C) 

Characteristic Min Typ Max Unit Test Conditions 

1 BVGSS Gate-Source Breakdown Voltage -30 V IG ~ -1 I'A, VOS ~ 0 
1-

2 IGSS Gate Reverse Current -5 nA VGS~-20V,VOS~0 

13 lOSS Saturation Drain Current 2 25 rnA VOS~15V,VGS~0 
I- S 

4 T BF244A 2.0 6.5 rnA 
1- Selected into Following 

5 A lOSS BF244B 6.0 15 rnA VOS~15V,VGS~0 
I-T Groups (Note 2) 

6 I BF244C 12 25 rnA 

17 C BF244A -{).4 -2.2 V 
1- Correspondi ng to 

8 VGS BF244B -1.6 -3.8 V VOS ~ 15 V, 10 ~ 200l'A 

19 lOSS groups 
BF244C -3.2 -7.5 V 

1-
10 V GS(off) Gate-Source Cutoff Voltage -{).5 -B V VOS '" 15 V, 10 ~ 10l'A 

11 gts 
Small-Signal Common-Source Forward 

3 5.5 6.5 mmho VOS~15V,VGS~0,t~1 kHz 
Transconductance 

1- 0 

12 Y erss 
Common-Source Reverse 

0.85 pF VOS~20V, VGS~-1 V 
I_N Transfer Capacitance 

13 A 1 25 kD. Lf~100MHZ 
114 M - I nput Resistance VOS~20V'V'GS~-1 V I 
I_I 

9is 10 kD. f ~ 200 MHz 

15 C Ciss Common-Source Input Capacitance 4 pF VOS~20V,VGS~-1 V 

116 Coss Common-Source Output Capacitance 1.6 pF VOS~20V,VGS~-1 V 

NOTE: NH 
1. Derate linearly to 125°C free-air temperature at the rate of 2.5 mWrC. 
2. Pulse test PW .; 300 I'S, duty cycle'; 3%. 
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n-channel JFETs H 
Sillcanix 

designed for • • • 
Performance Curves NH 

• VHF/UHF Amplifiers 

• Oscillators BENEFITS 

• Mixers • Wide Band 
High Yfs/Ciss Ratio 

• Low Feedback Capacitance 
Crss = 0.85 pF Typical 

• Selected lOSS and V GS Ranges 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain-Gate Voltage ............................. 30 V 
Drain-Source Voltage ........................... 30 V TO-92 

Reverse Gate-Source Voltage ...................... 30 V See Section 6 

Forward Gate Current ......................... 10 mA 
Continuous Device Dissipation • INSULATED CASE 

• INSENSITIVE TO LIGHT 

at (or Below) 25°C Free Air Temperature 
(Note 1) ................................ 200 mW 

"~: 
Storage Temperature Range ............ -55°C to +150°C 
Lead Temperature 

(1/16" from case for 10 seconds) ............... 260°C G D 
s 

GD s c 

o c 

ELECTRICAL CHARACTERISTICS (25°C) 
Bottom View 

Characteristic Min Typ Max Unit Test Conditions 

1 8VGSS Gate-Source Breakdown Voltage -30 V IG = -1 I'A, VOS = 0 
1-

2 IGSS Gate Reverse Current -5 nA VGS = -20 V, VDS = 0 

13 lOSS Saturation Drain Current 2 25 rnA VOS=15V,VGS=0 
I- S 

4 T 8F245A 2.0 6.5 rnA 
1-

A 
Selected into Following BF245B 

I~ lOSS 6.0 15 rnA VOS=15V,VGS=0 
T 

Groups INote 2) 
6 BF245C 12 25 rnA 

I- I 

-
7 C BF245A {).4 -2.2 V 

1- Corresponding to 
8 VGS IDSS groups 

BF2458 1.6 "3.8 V VDS = 15 V,IO = 200jolA 

Ig BF245C -3.2 -7.5 V 
1-

10 V GSloff) Gate-Source Cutoll Voltage -{l.5 -8 V VDS = 15 V,ID = 10jolA 

11 gls 
Small·Signal Common-Source Forward 

3 
Transconductance 

5.5 6.5 mmho VOS = 15V, VGS =0,1 = 1 kHz 

1- D 
Y Crss 

Common-Source Reverse 
VDS = 20 V, VGS = 12 

Transfer Capacitance 
0.85 pF 1 V 

N 1-
A I 1= 100MHz 13 1 25 kH 

1- M - I nput Resistance VOS = 20 V, VGS = -1 V I 
14 

I 9is 10 kH 1= 200 MHz 
I-c--

15 C C'SS Common-Source Input CapacItance 4 pF VDS = 20 V, VGS = --1 V 

11"6 Coss Common-Source Output Capacitance 1.6 pF VOS = 20 V, VGS = -1 V 

NOTE: NH 
1. Derate linearly to 125"C free-air temperature at the rate of 2.5 mwtC. 
2. Pulse test PW.:( 300 }.lS, duty cycle .:( 3%. 
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n-channel JFETs " s 
SlllcaftIx 

designed for • • • 
Performance Curves NH 

• UHF Amplifiers 

• Mixers BENEFITS 

• High Gain 

• Oscillators Gpg = 14 dB Typical at 800 MHz 

• Selected lOSS Ranges 

ABSOLUTE MAXIMUM RATINGS 

Drain-Gate Voltage .... , ... , . , . , . , , . , , ...... , ... 30 V TO-92 

Drain-Source Voltage ........... , , .... , ......... 30 V See Section 6 

Reverse Gate-S()urce Voltage ....... , ...... " ...... 30 V 
Forward Gate Current ......................... 50 mA • INSULATED CASE 

• INSENSITIVE TO LIGHT 

Total Device Dissipation @ 25°C ................ 350 mW 
Derate above 25°C ...................... 3.5 mW;oC ,-t{: Storage Temperature Range .............. -65 to +150°C 

Lead Temperature 
(1/16" from case for 10 seconds) ............... 260°C D G 

00 G C 

S C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View 

Characteristic Min Typ Max Unit Tast Conditions 

1 BVOGO Drain-Gate Breakdown Voltage -30 V IG = -1 /JA, VOS = 0 

2" S IGSS Gate·Reverse Current -5 nA VGS=-20V,VOS=0 - T 3 VGS(off) Gate·Source Cutoff Voltage -<1.5 -7.5 V VOS = 15 V, 10 = 10 nA 

4" A 
T lOSS Drain Current at Zero Gat. Voltage (Note 1) 3 12 18 mA - I 5 8F256LA 3 7 mA 

6' C Selected into 
lOSS Following Groups BF256LB 6 13 mA 

-; (Note 1) 
BF256LC 11 18 mA 

B 
Common-Source Forward Transconductance 

4.5 5.5 mmho gfs (Note 1) - VOS=15V,VGS=0 f = 1 kHz 

9 gos 
Common-Source Output 

50 jlmho 
0 Conductance 

10 y 
Ciss Common·Source Input Capacitance 4.5 pF 

I- N f = 1 MHz 
11 A Crss 

Common-Source Reverse Transfer 
1.2 pF 

M Capacitance 
1-

12 I f(Yfs) Cutoff Frequency (Note 2) 1000 MHz 
1- C 

13 Gpg 
Common-Gate Neutralized Insertion 

14 dB VOS = 10 V, RS = 47 n, f = 800 MHz 
Power Gain 

1-
14 NF Noise Figure 7.5 dB VOS = 15 V, RS = 47 n, f = 800 MHz 

NH 

NOTES: 
1. Pulse test PW .;; 300 IlS, duty cycle';; 2%, 
2. Frequency at which the real part of the forward transconductance falls 3 dB relative to the value at 1 kHz. 
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current regulator diodes H 
Siliconix 

designed for Performance Curves 
• • • NKL NKM NKO See Section 4 

• Current Regulation BENEFITS 

• Current Limiting • Simple Two Lead CurrentSource 

• Current Insensitive to Temperature 

• Biasing Changes 
Temperature Coefficient Better 

• Low Voltage References Than 1500 ppmr C On All Devices 

• TO-18 Package for Improved Current 
Control 

• Simplifies Floating Current Sources 
No Power Supplies Required 

ABSOLUTE MAXIMUM RATINGS (25°C) TO-tS (MODIFIED) 
See Section 6 

~ Peak Operating Voltage ..................... 100 V 
Forward Current " .......................... 20 mA 
Reverse Current ............................. 50 mA 

Ei Thermal Resistance fJJC .................. 100°CIW 
Power Dissipation at T C = 25° C ............ 1_25 W 
Operating Junction Temperature ..... -55 to +150°C 

C, CASE 

Storage Temperature ............... -55° to +200°C CATHODE A 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Symbol 'Fl Zd Zk VL POV '1 
Parameter Regulator Current Dynamic Impedance Knee Impedance Limiting Voltage Peak Operating Voltage Temperature Coefficient 

G 

Test Conditions 
VF = 25 V VF = 26 V 

VF'" 6 V 
IF = O.8IFl(Minl IF"',·lIFlIMax) VF = 25 V VF=25V YF=26V E 

(Note 11 (Note 2) (Note 3) {Note 4) --55°C"" TA <0; 25°C O°C <. TA';;; SOQC 2SoC 0;;; T <.125"C 0 
(mAl Mn Mn Volts M 

Units 
Nom Min M" Min Min TyO M" 

Min Volts TYP,ppmfC Typ ppmfC Typ ppmfC 
TyO TyO 

CR022 0.22 0.198 0.242 8.0 16.0 2.3 3.5 1.0 0.40 100 +1350 +1050 +750 
CR024 0.24 0.216 0.264 7.0 14.0 2.0 3.0 1.0 0.45 100 +1200 +900 +600 

, 
CA027 0.27 0.243 0.297 6.0 13.0 1.7 2.8 1.0 0.50 100 +1000 +700 +400 
CR030 0.30 0.270 0.330 5.0 12.0 1.3 2.5 1.0 0.55 100 +800 +500 +200 
CA033 0.33 0.297 0.363 4.0 11.0 1.0 2.2 1.0 0.60 100 +600 +300 -50 N 

0.351 3.0 
K 

CA039 0.39 0.429 9.5 0.8 ISO 1.05 0.70 100 +300 +50 -300 L 
CA043 0.43 0.387 0.473 2.5 8.6 0.7 1.65 1.05 0.78 100 +150 -150 -450 
CA047 0.47 0.423 0.517 2.0 8.0 0.6 1.50 1.10 0.85 100 -50 -300 -600 -CR056 0.56 0.504 0.616 1.5 6.5 0.5 1.25 1.20 OS8 100 -300 -600 -900 
CR062 0.62 0.558 0.682 1.2 6.2 0.4 1.15 1.30 1.10 100 ~500 -800 -1100 

CROS8 0.68 0.612 0.748 1.2 8.5 0.400 1.70 1.15 0.70 100 +850 +400 -50 
CR075 0.75 0.675 0.825 1.15 7.2 0.335 1.50 1.20 0.75 100 +650 +200 -250 
CA082 0.82 0.738 0.902 1.00 6.0 0.290 1.30 1.25 0.80 100 +450 +50 -450 
CR091 0.91 0.819 1.001 0.88 5.2 0.240 1.10 1.29 0.85 100 +300 -150 -600 
CR100 1.00 0.900 1.100 0.80 4.4 0.205 0.95 1.35 0.95 100 +150 -300 -750 N 

K 
CRll0 1.10 0.990 1.210 0.70 3.8 0.180 0.80 1.40 1.05 100 +50 -450 -900 M 
CR120 1.20 1.08 1.32 0.64 3.3 0.155 0.71 1.45 1.15 100 -150 -600 -1050 
CR130 1.30 1.17 1.43 0.58 3.2 0.135 0.60 1.50 1.25 100 -300 -750 -1200 
CA140 1.40 1.26 1.54 0.54 2.5 0.115 0.52 1.55 1.30 100 -400 -850 -1300 
CRl50 1.50 1.35 1.65 0.51 2.2 0.105 0.46 1.60 1.35 100 -500 -950 -1400 

CRt60 1.60 1.44 1.76 0.475 1.00 0.092 0.35 1.65 0.50 100 +650 +350 +50 
CR180 1.80 1.62 1.98 0.420 0.95 0.074 0.30 1.75 0.55 100 +500 +200 -100 
CR200 2.00 1.80 2.20 0.395 0.88 0.061 0.25 1.85 0.60 100 +350 +50 -250 
CR220 2.20 1.98 2.42 0.370 0.80 0.052 0.22 1.95 0.65 100 +200 -100 -350 
CR240 2.40 2.16 2.64 0.345 0.75 0.044 0.20 2.00 0.70 100 +50 -200 -450 N 

CR270 2.70 2.43 2.97 0.320 0.68 0.035 0.18 2.15 0.75 100 -100 -300 -550 K 

CR300 3.00 2.70 3.30 0.300 0.60 0.029 0.14 2.25 0.85 100 -250 -450 -700 0 
CR330 3.30 2.97 3.63 0.280 0.56 0.024 0.13 2.35 0.90 100 -400 -600 -800 
CR360 3.60 3.24 3.96 0.265 0.52 0.020 0.11 2.60 0.95 100 -550 -750 -900 
CR390 3.90 3.51 4.29 0.255 0.48 0.017 0.10 2.60 1.00 100 -700 -850 -1000 

CR430 4.30 3.87 4.73 0.245 0.45 0.014 0.09 2.75 1.10 100 -a50 ~50 -1100 
CR470 4.70 4.23 5.17 0.235 0.40 0.012 0.08 2.90 1.40 100 -1000 -1100 -1200 

NOTES: NKL. NKM. NKO 
1. Pulse test - steady state currents may vary. 
2. Pulse test - steady state impedances may vary. 
3. Min VF required to insure IF > 0.8IF1(min)' 
4. Max VF where IF < 1.1IF1(maxl is guaranteed. 
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current regulator diodes 
designed for . . . 

H\ 
Silicoriix 

• Current Regulation 
• Current Limiting 

• Biasing 
• Low Voltage References 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

Peak Operating Voltage ...................... 100 V 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
i Reverse Current ........................... 50 mA 
Thermal Resistance eJC ..................... 100°C/W 
Power Dissipation atTc = 25°C ................ 1.25 W 
Operating Junction Temperature ........ -55 to +150°C 
Storage Temperature .................. -55 to +200°C 

BENEFITS 

• Simple Two Lead Current Source 
• Current Insensitive to Temperature 

Changes 
Temperature Coefficient Better 
Than O.15%rC On All Devices 

• TO-18 Package for Improved Current 
Control 

• Simplifies Flo<;lting Current Sources 
No Power Supplies Required 

TO-1S (MODIFIED) 
See Section 6 

ANODE 

CATHODE 

Q 

A 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Symbol POV IFl Zd VL 

Parameter Peak Operating Voltage Regulator Current Dynamic Impedance Limiting Voltage 

IF = 1.1Fl(Max) VF= 25V VF= 25V IF ~ O.SIFl (Min) 
Test Conditions 

(Note 1) (Note 2) (Note 3) (Note 4) 

Units Maximum Volts 
(mA) (mU) (V) 

Nom Min Max Min Typ Max Typ 

CRR0240 100 0.240 0.180 0.300 5 13 1.0 0.5 

CRR0360 100 0.360 0.270 0.450 2.5 9.5 1.05 0.7 

CRR0560 100 0.560 0.420 0.700 1.2 6 1.30 1.1 

CRR0800 100 0.800 0.600 1.000 0.8 5.2 1.35 0.85 

CRR1250 100 1.250 0.937 1.560 0.5 2.5 1.60 1.3 

CRR1950 100 1.950 1.460 2.440 0.37 0.8 1.95 0.65 

CRR2900 100 2.900 2.160 3.600 0.28 0.56 2.35 0.9 

CRR4300 100 4.300 3.240 5.400 0.22 0.35 3.00 1.45 

NOTES: CRR0240·560 -NKL 
1. Max VF where IF < 1.1 IFl (max) is guaranteed. CRR0800·1250 - NKM 

2. Pulse test - steady state current may vary. CRR1950·4300 - NKO 

3. Pulse test - steady state impedances may vary. 

4. Min VF required to insure IF > 0.8 IF1 (min). 
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APPLICATIONS 
The current-limiter diode is the electrical dual of the Zener diode. 

Current-Limiter Diode V-I Characteristic 

EQUIVALENT CIRCUIT 

Constant·Current 
Timing Circuits 

, 
Zd 

, 
AS 

Collector or Drain 
Hi-Z Load Resistors 

Parallel Operation 
CR' 

-v +v 1 1 , ~ 
ITOTAL~ICR1+ICR2 

CR2 Zd ,. Zd1 + Zd2 

Series Operation 

(When I, < 12, that is 12 -11<0.21,) 

" 

!-BVeR1 
I 

VOLTS 

SYMBOLS AND DEFINITIONS 

A Anode (Drain) 

'2 

BVCR2 --: 

POIS{CR1} < POAL-lOWED 
BV (FOR SERIES DEVICES) 
"'SV,+ BV2 

C Cathode (Source and Gate Shorted) 

Forward Current (Anode Positive) 

Current at a specified Test Voltage, VF 

POV Peak Operating Voltage 

III Current Temperature Coefficient 
II JC Thermal Resistance Junction to Case 
II JA Thermal Resistance Junction to Ambient 

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

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

Emitter or Source Biasing 

Constant-Current Supply 
or Current-Limiting Element 

~ 
t '---------;0 

Siliconix 

Logic Circuit Pull-Up 
Current Source 
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matched dual H 
Siliconix 

n-channel JFETs 
designed for Performance Curves NCA 

• • • See Section 4 

• Wideband Differential BENEFITS 

Amplifiers • High Gain 
7500 ~mho Minimum 9fs 

• Commutators • Specified Matching Characteristics 

ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 

Gate-Gate Voltage ±80V See Section 6 .......................... 

~~ Gate-Drain or Gate-Source Voltage - - - - - - - - - ..... -40 V 
Gate Current ................................ 50mA G, G2 

Device Dissipation (Each Side), T A = 25°C 5, 52 

(Derate 2.2 mWtC) ....................... 325mW 
Total Device Dissipation, T A = 25°C 

52 

(Derate 3.3 mWtC) ............... " ...... 650mW 0' 02 

l~ -65 to +200°C 
G, ,0 0. 

Storage Temperature Range .............. Zo 0 7 G2 

Lead Temperature 0, ,0 '2 G2 

(1/16" from case for 1 0 seconds) ..... _ ......... 300°C 
5, " 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -100 pA I - IGSS Gate-Reverse Current VGS" -20 V, VOS" 0 I 150°C 2 
S 

-200 nA 

3 T BVGSS Gate-Source Breakdown Voltage -40 IG " -1 pA, VOS" 0 

4 A VGS(off) Gate-Source Cutoff Voltage -0.5 -3 V VOS"15V,10"lnA 

"5 T 
VGS(I) Gate-Source Voltage I 2 VOS" 0 V, IG " 2 mA 

'6 C lOSS Saturation Drain Current (Note 1) 5 50 mA VOS - 15 V, VGS" 0 

'7 rOS(on) Static Drain Source ON Resistance 100 n 10-1 mA,VGS"O 

S 
Common-Source Forward Transconductance 7500 12,500 1 - 1 kHz 

91, (Not. 1) 7000 ,umho 1-100MHz - 0 
9 y 90 s Common-Source Output Conductance 65 I" 1 kHz 

iON Crss Common-Source Reverse Transfer Capacitance 3 VOG"15V,lo"2mA 
T1~ Ciss 

pF I" 1 MHz 
Common-Source Input Capacitance 12 

121 NF Spot Noise Figure 1.0 dB I" 10Hz, R9 " 1 M 
,-C nV 
13 en Equivalent Short Circuit Input Noise Voltage SO 

v'Hz" I" 10 Hz 

ON6564 ON5565 ON5566 
Characteristics Unit Test Conditions 

Min Max Min Max Min Max 

IOSSl Saturation Drain Current 
0.95 1 14 

IOSS2 RatioJ(Notes 1 and 2) 0.95 1 0.95 1 - VDS"15V,VGS"0 

-M 

15 A IVGS1-VGS2 1 
\ Differential Gate-Source 5 10 20 mV 

T Voltage - C TA" 25°C 
H 10 25 50 
I aIVGS1-VGS2 1 Gate-Source Voltage pVI TB " 125°C 

16 
N aT Oiffer.ntial Orilt (Not. 3) °c VOS"15V,lo"2mA 

TA" -5SoC 
G 10 25 SO 

TS" 25°C 
f-

91s1 
17 Transconductance Ratio 0.95 1 0.90 1 0.90 1 - I" 1 kHz - I (Not.s 1 and 2) 91s2 

NOTES: 
NCA 

1. Pulse test required, pulse width 300 p.s, duty cycle ~ 3%. 
2. Assumes smaller value in numerator. 
3. Measured at ends points, T A and Te· 

2-40 Siliconix 



matched dual H 
Siliconix 

n-channel JFETs 
designed for ••• Performance CUrves NCA·D 

See SectIon 4 

• Dual FEY 
BENEFITS 

• High Density 
• Matched Switch Resistance 

• Constant rDS(on) with Signal 

ABSOLU rE MAXIMUM RATINGS (25°C) 
TO-71 

Gate-Gate Voltage ............................. ±80 V 
Sea Section 6 

~~ Gate-Drain or Gate-Source Voltage ............... -40 V 
Gate Current ................................ 50 rnA G, G2 

Device Dissipation (Each Side), T A = 25°C 5, .. 

(Derate 2.2 mW;oC) ........ _ .............. 325 mW 
Total Device Dissipation, T A = 25°C .. 

.(, (Derate 3.3 mW;oC) ....................... 650 mW G, 30 0506 
°2 

Storage Temperature Range ............ -65°C to +200°C 20 07 G2 
D, 10 

Lead Temperature 5, " 

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

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

I-J- IGSS Gate-Reverse Current -100 pA 
VGS=-20V,VDS=0 I 

2 
S -200 nA I 15o"C 

1-
3 T BVGSS Gate-Source Breakdown Voltage -40 IG= 1 /lA, VDS=O 

I~ A 
VGS(off) Gate-Source Cutoff Voltage -0.5 -3 V VDS= 15V,ID= 1 nA 

l----s T 
I VGS(f) Gate-Source Voltage 2.0 VDS=OV,IG=2mA 

I~ C IDSS Saturation Drain Current (Note 1) 5 60 mA VDS=15V,VGS=0 1--., 
rDS(on) Static Drain Source ON Resistance 100 f! ID=lmA,VGS=O 

-
B D Cgd Drain-Gate Capacitance 7 VGS= -10V I l----g y 

Cgs Gate-Source Capacitance 
pF 

I 
f= 1 MHz 

N 
7 VDS= 10V 

10 IDSSl Saturation Drain Current 0.9- 1 - VDS=15V,VGS=0 

M IDSS2 Ratio (Notes 1 and 2) 
I-

II 
A 

IVGS1-V GS21 
Differential Gate-Source 

20 mV 
T Voltage 

I- C 
Transconductance Ratio I 12 H 9fsl 0.9 1 - f = 1 kHz 

9fs2 (Notes 1 and 2) 

NOTES: NCA-O 

1. Pulse test required, pulse width 300 /lS, dutv cvcle" 3%. 

2. Assumes smaller value in numerator. 

3. Measured at end points, T A and TB. 
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dual pico ampere diodes Siliconix 
H 

designed for . . . BENEFITS 

• Clipping Circuits 
• Diode Switching 
• High Impedance Protection 

Circuits 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Forward Gate Current, Each Side. . . . . . . . . . . . . . .. 50 mA 
Total Device Dissipation @ T A = 25°C 

Derate 4.0 mW;oC to 125°C ................. 400 mW 
Storage Temperature Range ............ , -55 to +125°C 
Lead Temperature 

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

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

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

• Matched Capacitances 
• Compact Packaging 

TO-71 (MODIFIED) 
(Pins 2 and 6 Removed) 

See Section 6 

c, 

C2 

A'~A2 
C, 

Bottom View 
(Alternate) 

TO-78 (MODIFIED) 
(DPADl Only) 
See Section 6 

l ~, 
c'''c~A2 
Al~ 

C, 
Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

CHARACTERISTIC MIN TYP MAX UNIT TEST CONDITION 

1 -1 DPADl 
1-

2 -2 DPAD2 

13 -5 DPAD5 
1-

I~S IR Reverse Current -10 pA VR~-20V DPAD10 

5 T -20 DPAD20 
I-A 

6 T -50 DPAD50 
I- I 

7 C -100 DPAD100 
1-

8 -45 -120 DPAD1, 2, 5 
1- BVR Reverse Breakdown Voltage IR ~-1 p.A 

9 -35 V DPAD10, 20, 50,100 
1-

10 VF Forward Voltage Drop 0.8 1.5 IF ~ 1 rnA DPADi, 2, 5, 10, 20, 50, 100 

11 D 0.8 DPAD1,2,5 
I-Y CR Capacitance pF V R ~-5 V,f~ 1 MHz 

12 N 2.0 DPAD10, 20, 50,100 

M 
13 A ICR1-CR21 Differential Capacitance 0.1 0.2 pF V R1 ~VR2~-5V,f~ 1 MHz DPAD1, 2, 5, 10,20,50, 100 

T 

APPLICATION 

Operational Amplifier Protection. Input Differential Voltage limited to 0,8 V 
(typ) by DPADS Dl and D2 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. 
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n-channel JFETs H 
Siliccnix 

designed for Performance Curves NT • • • See section 4 

• Ultra-High Input BENEFITS 

Impedance Amplifiers • Low Power 
lOSS < 0.2 mA (FN4117) 

Electrometers • Minimum Circuit Loading 

pH Meters IGSS < 1 pA (FN4117A Series) 

Smoke Detectors 

*ABSOLUTE MAXIMUM RATINGS (25°C) TO·72 
See Section 6 

Gate·Drain or Gate-Source Voltage (Note 1) ........ -40 V 
Gate-Current .............................. '. 50mA 
Total Device Dissipation 

~ (Derate 2 mWrC to 175°C) ................ 300mW 

'4: Storage Temperature Range .............. -65 to +175°C 
Lead Temperature G ~ 

(1/16" from case for 1 0 seconds) .............. 255°C D s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

FN4117 FN4118 FN4119 

Characteristic FN4117A FN4118A FN4119A Unit Test Conditions 

Min Max Min Max Min Max 

.....!.. Gate Reverse Current -10 -10 -10 pA 

2 
IGSS FN4117 Series Only -25 -25 -25 nA 

VGS = -20 V. VOS = 0 
150·C 

3" S 
-5 -5 -5 pA T Gate Reverse Current 

4" A IGSS FN4117A Series Only -2.5 -2.5 -2.5 nA 
VGS = -20 V, VOS = 0 

150°C - T 
5 I BVGSS Gate-Source Breakdown Voltage -40 -40 -40 IG = -ljlA, VOS = 0 

6' c V 
VGSloll1 Gate-Source Cutoff Voltage -0.6 2.0 -1 -3 -2 -6 VOS= 10V,IO= 1 nA 

-
Saturation Drain Current 

7 lOSS INote 21 
0.03 0.2 0.08 0.4 0.20 1.2 rnA VOS= 10V,VGS=0 

8 Common-Source Forward 70 210 80 250 100 330 0 gls Transconductance (Note 2) 
- Y jlrnho f= 1 kHz 

9 N gos 
Common-Source Output 3 5 10 

A Conductance 
- M 

VOS=10V,VGS=0 
Common-Source Input 

10 I Ciss Capabitance 3 3 3 

-C pF 1= 1 MHz 

11 erss 
Common-Source Reverse Transfer . 1.5 1.5 1.5 Capacitance 

• JEOEC registered data. 
NT 

NOTES: 
1. Due to symmetrical geometry. 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.) 
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n-channel JFETs H 
Siliconix 

designed for • • • 
Performance Curves NCA 
See Section 4 .. 

BENEFITS 

• Analog Switches • Low I nsertion Loss, High Accuracy in 
Test Systems rON 

• Commutators • No Offset or Error Voltages Generated 
by Closed Switch 

• Choppers Purely Resistive 
High Isolation Resistance from 

• Integrator Reset Switch Driver 

• High Off-Isolation 10(off) < 100 pA 

• High Speed tON < 20 ns 
*ABSOLUTE MAXIMUM RATINGS (25°C) 

TO-18 
Reverse Gate-Drain or Gate-Source Voltage ......... -40 V See Section 6 

Gate Current ................................ 50 rnA 
Total Device Dissipation at 25°C Case Temperature 

(Derate 10 mW;oC) .......................... 1.8 W 
Storage Temperature Range .............. -65 to +200°C 

.~: Lead Temperature 
( 1/16" from case for 60 seconds) ............... 300° C 

G,C ~ 
0 s 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

FN4392 FN4393 
Characteristic Unit Test Conditions 

Min Max Min Max 

1 -100 -100 pA I - IGSS Gate Reverse CUrrent VGS" -20 V, VDS" 0 2 -200 -200 nA 150"C -3 BVGSS Gate-Source Breakdown Voltage -40 -40 V IG "-1 MA, VDS" 0 -4 100 pA 
5" 200 nA VDS" 20V 
6" s 100 pA VGS"-5V 150"C 
7" T IDloff) Drain Cutoff Current 200 nA 
-; A .- .• 

T VGSlf) Gate-Source Forward Voltage 1 1 IG" 1 mA, VDS" 0 
9 

, V 
C VGSloff) Gate-Source Cutoff Voltage -2 -5 -0.5 -3 VDS"20V, ID" 1 nA --- Saturation Drain Current 10 IDSS INote 1) 25 '100, 5 60 mA VDS"20V,VGS"0 

"i1: 0.4 TID" 3mA 
12 VDSlon) Drain Source ON Voltage 0.4 V VGS" 0 liD" 6 mA 
-'7' 
-4 IID"12mA 

14 rOS(on) Static Drain-Source ON Resistance 60 100 U VGS -O,IID - 1 mA 
15 rds(on) Drain-Source ON Resistance 60 100 U VGS O,\ID - 0 f'" 1 kHz -
~ D Ciss Common-Source Input Capacitance 16 16 VDS"20V,VGS"0 
1T Y 5 I VGS" - 5 V 
18 N Common-Source Reverse Transfer pF f" 1 MHz 

Crss 5 VDS" 0 I VGS"- 7V 
19 

Capacitance 
fVGS"-12V 

20 td(on) Turn-ON Delay Time 15 15 VDD " 10 V, VGSlon) "0 
'21 s t, Rise Time 5 5 'Dlon) VGSloffl RL 
~ 22 W tdloffl Turn-OFF Delay Time 35 50 ns FN4392 6 -7 1.6KU 
~ 

23 tf Fall Time 20 30 FN4393 3 -5 3.2K 12 

Voo 

51 H 1000pF 
NCA 

t-----oVOUT 

NOTE, 
l000pF 0 Rl=(~)-51n 

1. Pulse test required, pulse width;::: 300 J.l.s, duty cycle ~ 3%. PULSE.......j IDlonl 

'~ 1:K
<I l' 51 INPUT PULSE 

SAMPLING SCOPE 

sc~~~ 51U RISE TIME < 0.5 os RISE TIME 0.4 ns 
5111 FALL TIME < 0.5 ns INPUT RESISTANCE 50 n 

-=- -=- -=- PULSE DUTY CYCLE 1% 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NVA 
See Section 4 

• Analog Switches BENEFITS 

• Very Low Insertion Loss 

• Choppers rDS(on) < 3 n (J105) 

• No Offset or Error Voltages Generated 

• Commutators by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 

TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 

Gate-Drain or Gate-Source Voltage ............... - 25 V 

.~: Gate Current ............................... 50mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWtC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperatu re Range ............... -55 to 150°C 
Lead Temperature Range 

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

0 

GD s 0 

o 0 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Jl05 Jl06 Jl07 
Characteristic 

Typ 
Unit Test Conditions 

Min Max Min Typ Max Min Typ Max 

1 IGSS Gate Reverse Current (Note 1) -3 -3 -3 nA VOS = 0 V, VGS = -15 V 

--;S VGS(off) Gate-Sou,ce Cutoff Voltage -4.5 -10 -2 -6 -0.5 -4.5 VOS=5V, 10= l/lA 
-T V 
2A BVGSS Gate-Source Breakdown Voltage -25 25 -25 VOS=OV,IG=-l/lA 

4 T lOSS Drain Saturation Current (Note 2) 500 200 100 mA VOS=15V,Vcis=OV 

51 I Qiofil Drain Cutoff Current (Note 1) 3 3 3 nA VOS=5V,VGS=-10V 
I-C 

'OSlonl 8 n 6 Drain Source ON Resistance 3 6 VOS';;O.l V, VGS=OV 

...2 CQg.J9f!l Drain Gate OFF Capacitance 35 35 35 

8 Cso(off) Source Gate OFF Capacitance 35 35 35 
VOS = 0 V, VGS = -10 V 

gO Cdg(on) pF f= 1 MHz 
y Drain Gate plus Source Gate 
N + 

ON Capacitance 
160 160 160 VOS = VGS = OV 

::2£ 
A Csg(on) 

M tdlonl Turn On Delay Time 15 15 15 Switching Time Test Conditions 
I Jl05 Jl06 Jl07 

!..!2. C 
t, Rise Time 20 20 20 

ns VOO 1.5 V 1.5 V 1.5 V 
12 td(offl Turn Off Oelay Time 15 15 15 VGS(off) -12 V -7 V -5 V 

'1"3 tf Fall Time 20 20 20 RL 50n 50n 50n 

NOTES: NVA 

1. Approximately doubles for every lOoe increase in TA. 
2. Pulse test duration = 300 /ls; duty cycle';; 3%. 
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n-channel JFETs H 
Silicanix 

designed for • • • Performance Curves NIP 
See Sedion 4 

• Analog Switches BENEFITS 

• Low Cost 

• Choppers • Automated Insertion Package 

• Low Insertion Loss 

• Commutators' rDS(on) < 8 n (J108) 

• No Offset or Error Voltages Generated 

• Low Noise Audio Amplifiers 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

• Fast Switching 
1d(on) + tr = 5 ns Typical 

• Low Noise 
en = 6nV/y'Hz at 10 Hz, Typ (J110) 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Plastic 

Gate-Drain or Gate-Source Voltage ............... -25V TO-92 

Gate Current .............................. 50mA See Section 6 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mWtC) ...................... 360 mW 

Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 

.~: Lead Temperature Range G 
(1/16" from case for 10 seconds) .............. 300°C s 

0 

GO S D 

o D 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

... 
Jl08 Jl09 Jll0 

Characteristic Unit Test Conditions 
Min Typ Max Min Typ Max Min Typ Max 

1 IGSS Gate Reverse Current (Note 1) -3' -3 -3 nA VOS =OV,VGS =-15V 

2'5 VGS(off) Gate-Source Cutoff Voltage -3 -10 -2 -6 -0,5 -4 VOS-5V,ID-l~A 

3'1 V 
BVGSS Gate-Source Breakdown Voltage -25 -25 -25 VDS-OV,IG--l~A 

"4T 
lOSS Drain Saturation Current (Note 2) 80 40 10 rnA VOS -15V,VGS -OV 

5~ IO(off) Drain Cutoff Current (Note 1) 3 3 3 nA VOS -5V,VGS --l0V 

-
6 'OS(on) Drain-Source ON Resistance 8 12 18 !l VOS'; 0.1 V, VGS = OV 

7 Cdg(off) Drain-Gate OFF Capacitance 15 15 15 

'8 Csg(oft) Source-Gate OFF Capacitance 15 15 15 
VOS =OV,VGS =-10V 

-0 pF f== 1 MHz 

9 y 
Cdg(on) Drain-Gate Plus Source- 85 85 85 VOS = VGS = 0 + Gate ON Capacitance 

N Csg(on) 

10 A' 
M~I 'd(on) Turn ON Delay Time 4 4 4 Switching Time Test Conditions 

11 1.:1' Rise Time 1 1 1 
Jl08 Jl09 Jll0 

- C' ' ns VOO 1.5 V 1.5V 1.5V 
12 'd(oft) Turn OFF Delay Time 6 6 6 VGS(off) -12V -7V -5V 1-
13 't Fall Time 30 30 30 RL 150n 150n 150n 

NOTES: NIP 
1. Approximately doubles for every 1rfC increase in TA. 

2. Pulse Test duration 300 ,",S; duty cycle <; 3%. 

2-46 Siliconix 



n-channel FETs 
designed for . . . 
• Analog Switches 

• Choppers 

• Commutators 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage ............... -35V 
Gate Current ............................... 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWtC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperatu re Range ............... -55 to 150°C 
Lead Temperature Range 

(1/16" from case for 1 0 seconds) .............. 300°C 

H 
Siliconix 

Performance Curves NCA 
See Section 4 

BENEFITS 

• Low Cost 
• Automated Insertion Package 
• Low I nsertion Loss 

rOS(on) < 30 n (J111) 
• No Offset or Error Voltages Generated 

by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 

• Fast Switching 
1d(on) + tr = 13 ns Typical 

• Short Sample and Hold Aperture Time 
Cgd(off) < 5 pF 
Cgs(off) < 5 pF 

TO·92 
So. Section 6 

.~: 

Plastic 

G 
S 

GD s C 

D C 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Jlll J112 J113 
Characteristic UNIT Test Condition. 

Min TV. Mox Min Tv. Max Min Tv. Max 

1 IGSS Gate Rev!):Tse Current (Note 1) 

1-; 
S VGS(off) Gate Source Cutoff Voltage 

I- T 
3 A BVGSS Gate Source Breakdown Voltage 

I- T Dram Saturation Current (Note 2) 4 lOSS 
I- I 

-1 -1 -1 nA VOS=OV,VGS=-15V 

-3 -10 -1 -5 -3 VDS=5V,IO = 1 p,A 
V 

35 ~ 35 -35 VDS=OV,IG=-1JJA 

20 5 2 mA VOS=15V,VGS=OV 

5 c 10(off) Drain Cutoff Current (Note 1J 
1-

-1 -1 -1 nA VOS=5V,VGS=-10V 

6 TOS(on) Drain Source ON Resistance 30 50 100 n VOS=O.1 V,VGS=OV 

7 Cdg{off) Drain Gate OFF Capacitance 
I-

I...!.. Csg(off) Source Gate 0 F F Capacitance 
D 

5 5 5 

5 5 5 
VOS=OV,VGS=-10V 

pF f=1 MHz 

y Cd9;onl Drain Gate Plus Source Gate 
9 

N Csg(onJ ON Capacitance 
I-A 
I~M tdlon) Turn On Delay TIme 

11 I t, Rise Time 
I-c 

2B 2B 2B Vos = VGS = 0 

7 7 7 Switching Time Test Conditions 

6 6 6 
J111 Jlt2 Jt13 

ns Voo 10V 10V 10V 

I~ tdloff) Turn Off Delay Time 

13 tf Fall Time 

20 20 20 VGS(off) -12 V -7 V -5V 

15 15 15 RL Boon 1,eoon 3,200 n 

NOTES: NCA 
1. Approximately doubles for every 1 aOc increase in T A. 
2. Pulse Test duration 300 /LS; duty cycle .. 3%. 
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n-channel JFETs H 
Siliconix 

designed for • • • PeIfonnance CUrves NCA 
See SectIon 4 

• Analog Switches BENEFITS 

• Choppers • Low I nsertion Loss 
rOS(on) < 30 n (J11,1A) 

• Commutators • High Off-Isolation 
10(off) < 200 pA 

• No Error or Offset Voltages Generated 
by Closed Switch 

Purely Resistive 
-

ABSOLUTE MAXIMUM RATINGS (25°C) TO-92 

Gate-Drain or Gate-Source Voltage _______________ -40V See Seclion 6 

Gate Current _______________________ ......... 50 mA 

.~: Drain Current .............................. 400 mA 
Total DeviceDissipation • INSULATED CASE 

(25°C Free Air Temperature) ................ 350 mW 
• INSENSITIVE TO LIGHT 

Power Derating (to +125°C) ................. 3.5 mW;oC 
Storage Temperature Range .............. -5g, to +125°C 

l) Operating Temperature Range ............. -55 to +125°C s D 

Lead Temperature o D 

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

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

JlllA J112A J113A 
Characteristic 

Min Max Min Max Min Max 
Unit Test Conditions 

1 IGSS Gate Reverse Current (Note 1) -200 -200 -200 pA VOS =0. VGS =-15 V -
~ VGS(off) 2 Gate-Source Cutoff Voltage -5 -10 ... -2 -7 -1 -5 VOS = 5 V. 10 = 1 jJ.A 

1"3 V 
A BVGSS Gate-Source Breakdown Voltage -40 -40 -40 VOS=O,IG=-IjJ.A 

I-
T lOSS 4 Saturation Orain Current (Note 2) 30 15 8 mA VOS=15V,VGS=0 

I- I 
5 C 10(off) Orain Cutoff Current (Note 1) 200 200 200 pA VOS = 5 V,VGS = -10 V -
6 rOS(on) Orain Source ON Resistance 30 50 80 n VOS"O.l V,VGS=O 

7 Cdg(off) Drain Gate OFF Capacitance 5 5 5 - 0 VDS = 0, VGS =-10 V 
8 y Csg(off) Source-Gate OFF Capacitance 5 5 5 - pF f= 1 MHz 

N Cdg(on) Drain Gate Plus Source Gate 
9 + 

ON Capacitance 
28 28 28 VDS=VGS"O 

Csg(on) 

NOTES: NCA 
1. Approximately doubles for every 10°C increase in T A. 
2. Poise test duration = 300 jJ.S; duty cycle .. 3%. 
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p-channel JFETs H 
Silicanix 

designed for • • • Pertonnance Curve. PSA 
See Section 4 

• Analog Switches BENEFITS 

• Low Cost 

• Choppers • Simplifies Series-Shunt Switching 
when Combined with J113, its N-Chan-

• Commutators 
nel Complement 

• Low Insertion Loss 
rDS(on) < 85 n (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 

ABSOLUT~ MAXIMUM RATINGS (25°C) • Fast Switching 

Gate-Drain or Gate-Source Voltage (Note 1) ......... 30V 
td(on) + tr = 7 ns Typical 

Gate Current ............. .' ................. 50 mA TO·92 Plastic 

Total Device Dissipation at 25°C Ambient 
See s.ction 6 

(Derate 3.27 mWfC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 

.~: '0 Storage Temperature Range ............... -55 to 150°C 
G 0 

Lead Temperature Range o 0 

(1/16" from case for 1 0 seconds) .............. 300°C 
Bottom View 

G 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
0 

J174 J17S J176 Jl77 
Characteristics Unit Test Conditions 

Min Typ Ma. Min Typ Ma. Min Typ Ma. Min Typ Ma. 

1 IGSS Gate Reverse Current 1 1 1 1 nA VDS" 0, VGS" 20 V INote 2) 
1-

2 VGSloff) 
Gate-Source Cutoff 5 10 3 6 1 4 0.8 2.25 VDS" -15 V, ID" -10 nA 

1_ S 
Voltage V 

3 T BVGSS 
Gate-Source Breakdown 30 30 30 30 VDS" 0, IG" 1 ~A 

1_ A 
Voltage 

4 T IDSS 
Saturation Drain Current -20 -125 -7 -70 -2 -36 -1.5 -20 mA VDS"-15V,VGS"0 

I (Note 3) 
-C 

Drain Cutoff Current 
5 ID(oll) (Note 2) 

-1 -1 -1 -1 nA VDS"-15V,VGS"10V 

-
6 'DS(on) 

Drain-Source ON 
Resistance 

85 125 250 300 n VGS=O, VDS=-O,l V 

7 Cdg(off) 
Drain-Gate OFF 5,5 5.5 5,5 5,5 
Capacitance 

-
Source-Gate 6 F F 

VDS = 0, VGS" 10 V 

8 C,g(off) Cap~~itance 
5.5 5.5 5.5 5.5 

1- D 
Cdg(on) pF I" 1 MHz 

9 V 
DTain-Gate Plus Source-

+ Gate ON Capacitance 32 32 32 32 VDS = VGS" 0 
N C,g(on) 

I-A 
10 M td(on) Turn On Delay Time 2 5 15 20 

1- I Switching Time Test Conditions 

I~ C 
t, Rise Time 5 10 20 25 J174 J175 J176 J177 

n, VDD -10V -6V -6V -6V 

12 td(oll) Turn Off Delay Time 5 10 15 20 VGS(off) 12V 8V 6V 3V 

1- RL 560n 1.2 Kn 5.6 Kn 10 Kn 

13 tl Fall Time 10 20 20 25 VGS(on) OV OV OV OV 

NOTES: 2. Approximately doubles for every 10(>C increase in TA. PSA 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 3. Pulse test duration = 300 /JS; duty cycle ~ 3%. 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NPA 
See SectIon 4 

• General Purpose Amplifiers BENEFITS 

• High Input Impedance 
IG = 35 pA Typical 

• Good for Low Power Supply Opera-
tion 

VGS(off) < 1.5 V (J201) 

TO-92 

ABSOLUTE MAXIMUM RATINGS (25°C) SaeSection8 Plastic 

Gate-Drain or Gate-Source Voltage (Note 1) ....... -40 V 

o~: Gate Current ............................... 50mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWtC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

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

D. 

"[) S a 

o a 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

J201 J202 J203 J204 
Characteristic Unit Test Conditions 

Min TVp Max Min TVp Max Min TVp Max Min TV. Max 

1 IGSS 
Gate Reverse Current -100 -100 -100 -100 pA VOS' 0, VGS' -20 V (Note 21 

-S 
VGS{off) 

Gate-5ource Cutoff -0.3 -1.5 -0.8 -4.0 -2.0 -10.0 -0.3 -2.0 . 2 T Voltage VOS=20V.IO'" lOnA 

-A V 
Gate·Source Breakdown -40 :l T BVGSS Voltage 

-40 -40 -25 VOS = 0, IG = -1 JJ.A 

-I 
Saturation Drain Current 

, 4 C lOSS (Note 3) 0.2 1.0 0.' 4.5 4.0 20 0.2 1.2 3 mA VOS' 20 V, VGS = 0 

-
5 IG Gate Current (Note 2) -35 -35 -35 -35 pA VOG= 20 V. 10 '" IOSS(minl 

6 9f. 
Common-Source Forward 500 1,000 1,500 600 1500 

,_0 Transconductance (Note 3) 
/-Imho f== 1 kHz' 

V Common-Source Output 1 3.5 7 N 9o• Conductance 
10 2.5 

'-A VOS = 20V, VGS =0 ~ 

8 M Ciss 
Common-Source Input 4 4 4 4 

.-1 
C~pacitance pF f'" 1 MHz 

• C Crs5 
Common·Source Reverse 

1 1 1 1 Transfer Capacitance -
Equivalent Short·Circuit nV '10 en Input Noise Voltage 5 5 5 10 vffi VOS=10V,VGS=O f = 1 kHz 

NOTES: NPA 
1. Geometry is symmetrical, Units may be Qperated with source and drain leads interchanged. 
2. Approximately doubles for every lODe increase in T A, 
3. Pulse test duration = 2 ms, 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves fI!IZF 
See Section 4 

• General Purpose Amplifiers BENEFITS 

• High Gain 
9fs = 7000 Ilmho Minimum 
(J211, J212) 

• High Input Impedance 
IGSS = 100 pA Maximum 
Ciss = 5 pF Typical 

TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Plastic 

Gate-Drain or Gate-Source Voltage .............. -25V 

.~: Gate Current ............................... lOrnA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range lD (1/16" from case for 10 seconds) .............. 300°C s c 

G 
D C S 

D 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

J210 J211 J212 
Characteristic Unit Tast Conditions 

Min Typ Max Min Typ Max Min Typ Max -1 S IGSS Gate Reverse Current (Note 11 -100 -100 -100 pA VOS=O,VGS=-15V 
12" T VGSlott) Gate-Source Cutoff Voltage -1 -3 -2.5 -4.5 -4 -6 VOS=15V,lo=lnA 
13" ~ llVGSS -25 

V 
Gate-Source Breakdown Voltage -25 -25 VOS=O,IG = -lilA 

14" 
I lOSS Saturation Drain Current (Note 2 2 15 7 20 15 40 rnA VOS=15V,VGS=0 

I- e Gate Current (Note 1) 5 IG -10 -10 -10 pA VOG = 10V,IO= 1 rnA 

6 
Common-Source Forward 4,000 12,000 6,000 12,000 7,000 12,000 9ts Transconductance (Note 2) 

1- #mho t= 1 kHz 

7 0 Common-Source Output 
150 200 200 

Y 90 s Conductance 
I- N Common-Source Input 

-
8 A Ciss Capacitance 4 4 4 VOS=15V,VGS=0 

I-M 
Common-Source Reverse pF f= 1 MHz 

9 I Crss 1 1 I 
e Transfer Capacitance -1-

10 en 
Equivalent Short-Circuit Input 

10 10 10 !!l! t= 1 kHz 
Noise Voltage v'Hz 

NOTES: NZF 
1. Approximately doubles for every 10°C increase in T A. 
2. Pulse test dUration'" 2 ms. 
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,n-channel JFETs H 
SilicDrUx 

designed for .• Performance Curves NPA • • See SectIon 4 

• Audio and Sub-Audio BENEFITS 

Amplifiers • Ultra Low Noise 
en = 8 nV/v'Hz Typical at 10 Hz 
en = 2 nV/y'Hi Typical at 1 kHz 

TO-92 
See Section 6 

Plastic 

ABSOLUTE MAXIMUM RATINGS (25°C) 

,~: Gate-Drain or Gate-Source Voltage (Note 1) ........ -40V 
Gate Current ............................... 50 rnA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range G 

(1/16" from case for 10 seconds) .............. 300°C s 
0 

GO S .c 

o c 

Bottom View 
; 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

J230 J231 J232 ! 
Characteristic Unit Test Conditions 

Min Typ Max Min Typ Max Min Typ Max 

1 IGSS 
Gate Reverse Current -250 -250 -250 pA VOS = 0, VGS = -30 V (Note 2) 

1- s 
VGS(off) 

Gate-Source Cutoff 
-0.5 -3 -1.5 -5 -3- -6 VOS = 20 V,IO = 1 /lA 2 T Voltage V 

I-A 
Gate-Sour~ 8reakdo~n -40 VOS = 0, IG =-1 p.A 3 T BVGSS' Voltage 

-40 -40 

I-I 
Saturation Drain 

4 C lOSS Current (Note 3) 
0.7 3 2 6 5 10 mA VOS=20V,VGS=0 

1-
5 IG Gate Current (Note 2) -10 -10 -10 pA VOG = 10V,IO =0.5 mA 

6 Common-Source Forward 1,000 3,500 1,500 4,000 2,500 5,000 gfs Transconductance (Note 3) 
1- 0 p.mho f= 1 kHz 

7 V gos 
Common-Source Output 

1.5 3 5 Conductance 
I_N 

Common-Source Input 
VOS=20V,VGS=0 -

8. A Ciss Capacitance 12 12 12 
1_ M pF f= 1 MHz 

9 1 Crss 
Common-Source Reverse 2 2 2 

I_ C 
Transfer Capacitance 

10 Equivalent Short Circuit 8 30 8 30 8 30 !!l! f= 10Hz 

111 en fiiZ 
VOS=10V,VGS=0 -

Input Noise Voltage 2 2 2 f= 1 kHz' 

NOTES: NPA 
1. Geometry is symmetrical. Unit may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 100 e increase in TA. 
3. Pulse test duration = 2 ms. 
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p-channel JFETs H 
Silicanix 

designed for • • • Performance Curves PSA 
See Section 4 

• General Purpose Amplifiers BENEFITS 

• Low Cost 
• Automatic Insertion Package 
• High Gain Amplifiers 

gfs = 14,000 JLmho Typical (J271) 
• Low Noise 

en = 6 nV/y'Hz at 1 kHz Typical 

TO-92 

ABSOLUTE _MA?<IMUM RATINGS (25°C) 
See Section 6 

Plastic 

Gate-Drafn or Gate Source Voltage (Note 1) ......... 30 V 
Gate Current .............................. -50 mA -
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 

,~: 
Lead Temperature Range 

(1/16" from case for 1 0 seconds) .............. 300°C 
G 

S 

0 

sD G C 

o C 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°(: unless otherwise noted) 

J270 J271 
Characteristic Unit Test Conditions 

Min Typ Max Min Typ Max 

1 S IGSS Gate Reverse Current (Note 2) 
1-

200 200 pA VDS=0,VGS=20V 

2 T VGS(off) Gate·Source Cutoff Voltage 0.5 2.0 1.5 4.5 VDS=-15V,ID=-1 nA :- A V 

12 BVGSS Gate-Source Breakdown Voltage 30 30 VDS=O, IG= lJ'A 
T 

4 I IDSS Saturation Drain Current (Note 3) -2 -15 -6 -50 mA VDS = -15 V, VGS = 0 

"5 C IG Gate Current (Note 2) 15 60 pA VDG = -15 V, ID = IDSS(min) 

6 gfs 
Common-Source Forward 
Transconductance (Note 3) 6,000 15,000 8,000 18.000 

1-
D 

J'mho f=l kH'Z 
Common-Source Output 

7 y gas Conductance 200 500 
I- N VDS=-15V,VGS=0 I---

8 Ciss 
Common-Source Input 32 32 A Capacitance 

j- M pF f= 1 MHz 

9 Crss 
Common-Source Reverse 

4 4 I Transfer Capacitance 
I- e 

...JllL. 10 en 
Equivalent Short-Circuit 

6 .6 VDS = -10 V, ID = IDSS(min) f = 1 kHz Input Noise Voltage v'Hz 

NOTES: PSA 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every lOoe increase in T A. 
3. Pulse test duration = 2 ms. 
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n-channel JFETs H 
Silicanix 

designed for • • • Performance Curves NZF 
See Section 4 

• VHF/UHF Amplifiers BENEFITS 

• High Power Gain • Oscillators 20-23 dB Typical at 100 MHz, 
Common-Source 

• Mixers 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 

TO-92 
Sao Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 

.~: 
Plastic 

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

(Derate 3.27 mWfC) ...................... 360 mW 
Operating Temperature Range ............. ·.-55 to 135°C 
Storage Temperature Range ............... -55 to 150°C GO Lead Temperature Range S 0 

(1/16" from case for 10 seconds) ............ , .300°C o 0 G 
S Bottom Viow 0 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 

Characteristic Min Max Unit Test Conditions 

1 -0.5 nA 
I-S IGSS Gate Reverse Current VGS=-15V,VDS=0 

TA=125°C 2 T -0.1 /lA 
I-A 

BVGSS Gate-Source Breakdown Voltage -25 IG = -1 /lA, VOS = 0 I~T V 
4 I VGS(off) Gate-Source Cutoff Voltage (Note 1) -1.5 -7.0 VOS=10V,10=lnA 

I-c 
Saturation Orain Current (Note 1,2) 4 45 rnA VOS=10V,VGS=0 5 lOSS 

6 0 
Common-Source Forward Transconductance 

4500 9000 9fs (Note 1) 
I-V /lmho VOS= 10V, 10= 5mA,f= 1 kHz 

7 N gos Common-Source Output Conductance 200 
r-- A 

Common-Source Reverse Transfer 8 M Crss Capacitance 
1.7 

I-I pF VOG = 10V, 10 = 5mA, f= 1 MHz 
9 c Ciss Common-Source Input Capacitance 5.5 

J300A J300B J300C J300D 
Characteristic 

Min Max Min Max Min Max Min Max 
Unit Test Conditions 

lOSS Saturation Orain 
4 9 7 15 12 25 21 45 mA 

VOS=10V 
(Note 2) Current VGS=OV 

VGS(off) 
Gate Source -1,5 -3.0 -2.0 -4.0 -2.5 -5.0 -3,5 -7.0 V VOS=10V 
Cutoff Voltage IO=lnA 

NOTES: 
1. lOSS and VGSS(off) are selected into 5 rangas and labeled according to above table. NZF 
2. Pulse test PW .. 300 1-'0, duty cycle .. 3%. 
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n-channel JFETs 
--

H 
Siliconix 

designed for • • • Performance Curves NH 
See Section 4 

• VHF/UHF Amplifiers BENEFITS 

• Oscillators • Characterized for Operation at 100 
and 400 MHz 

• Mixers • Low Noise 
NF = 1.7 dB Typical at 100 MHz 

TO-92 
See Section 6 • 

Plastic 

ABSOLUTE MAXIMUM RATINGS (25°C) 

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

(Derate 3.27 mwtC) . ..................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C GO Lead Temperature Range g C 

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

Bottom View 0 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

J304 J305 
Characteristic Unit Test Conditions 

Min Typ Max Min Typ Max 

1 S IGSS Gate Reverse Current (Note 1) -100 -100 pA VDS~O,VGS"-20V 
I- T 

2 A VGS(off) Gate Source Cutoff Voltage -2 -6 -0.5 -3 VDS"15V,ID"lnA 
1'3 V 

T BVGSS Gate Source Breakdown Voltage -30 -30 VDS"O,IG"-lIlA 
I- I 

4 C IDSS Saturation Drain Current (Note 2) 5 15 1 8 mA VDS"15V,VGS"0 

5 
Common-Source Forward 

4,500 7,500 3,000 9tg Transconductance (Note 2) 
1- .umho t" 1 kHz 

6 D 90S 
Common-Source Output 

50 50 
Y Transconductance 

I- N VDS" 15V, VGS"O 
7 A Ciss 

Common-Source 1 nput 
3,5 3.5 Capacitance 

1- M 

8 I Crss 
Common-Source Reverse 

0,85 0.85 pF t" 1 MHz 
C Transfer Capacitance 

1- -9 Coss 
Common-Source Output 

1.0 1.0 Capacitance 
10 Common-Source Forward 3,000 t-l00MHz 

1- 9tg Transconductance 11 4,200 t" 400 MHz 
1-

12 Common-Source Output 60 60 t ~ 100 MHz 

113 H goss 
I 

Conductance 80 t" 400 MHz 
1- G 14 

H Common-Source Output 800 800 t" 100 MHz 
1- boss }1mho VDS" 15V,VGS"0 

15 Susceptance 3,600 t" 400 MHz 
I- F 

16 R Common-Source Input 80 80 t" 100 MHz 
I-

E giss Conductance 17 800 t ~ 400 MHz 
llil Q 

U Common-Source Input 2,000 2,000 t" 100 MHz 
1- biss 

19 E Susceptance 7,500 t" 400 MHz 
120" N 

C Common-Source Power 20 t" 100 MHz 
1'21 y Gps Gain VDS"15V,ID"5mA 

t" 400 MHz 11 
1- dB 

22 Noise Figure 1.7 VDS" 15 V, ID" 5 mA, t" 100 MHz 
1- NF 

23 (Single Sideband) 3.8 RG" 1 KD. t" 400 MHz 

NOTES: 
1. Approximately doubles for every 1 aOc increase in T A. NH 
2. Pulse test dUration = 2 ms. 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NZA • • • See Section 4 
BENEFITS 

• VHF/UHF Amplifiers • I ndustry Standard Part 

• Oscillators 
In Low Cost Plastic Package 

• High Power Gain 

• Mixers 11 dB Typical at 450 MHz 
Common-Gate 

• Low Noise 
ABSOLUTE MAXIMUM RATINGS (25°C) 2.7 dB Typical at 450 MHz 
Drain-Gate Voltage ........... . . ............ . .25 V • Wide Dynamic Range 
Source-Gate Voltage .......... .. . ............. 25 V Greater than 100 dB 
Forward Gate Current ........................ 10mA • Easily Matches to 75 n Input 
Total Device Dissipation at 25° C Ambient 

Plastic 
(Derate 3.27 mWtC). ..................... 360 mW TO-92 

Operating Temperature Range .... ... -55 to 135°C See Section 6 ..... . 
Storage Temperature Range ......... .. . . . . -55 to 150°C 
Lead Temperature Range 

o~: (1/16" from case for 1 0 seconds) .............. 300°C GO S C 

o c 

Bottom View G 
s ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 0 

Characteristic 
J30B J30 J310 

Unit Test Conditions 
Min TVp M .. Min TVp M .. Min TVp M .. 

1 BVGSS 
Gate-Source Breakdown 

-25 -25 -25 V IG '" -1 fJ.A, VOS '" 0 Voltage 

1"2 
S IGSS 

-1.0 -1.0 -1.0 nA VGS '" -15 V, I, Gate Reverse Current 
T 1.0 1.0 1.0 .A VOS=O T - +12SoC 

I-A 
Gate-Source Cutoff 

4 T VGS(off) Voltage 
-1.0 -6.5 -1.0 -4.0 -2.0 -6.5 V VOS=10V,IO=1 nA 

1-' Saturation Drain 5 C lOSS Current (Note 1) 
12 60 12 3D 2. 60 mA VOS=10V.VGS=O 

i-
Gate-SOurce Forward 

6 VGSlfi Voltage 
1.0 1.0 1.0 V VI;>S=D,IG = 1 rnA 

7 
Common-Source For-

8,000 17,000 10,000 '7:°00 8,000 17,000 Sf, ward Transconductance 
1-

Common-Source 
8 '0' Output Conductance 

250 250 250 VOS=10V, 
f = 1 kHz 1-0 

Common-Gate Forward 
~mhos LO=10mA 

9 ~ g'g Transconductance 
13,000 13,000 12,000 

1-
A Common-Gate Output 

10 M 'og Conductance 
150 100 150 

1-, 
Gate-Drain 

11C Cgd 1.8 2.5 1.8 2.5 1.8 2.5 
Capacitance VOS = 0, :- pF f= 1 MHz 

12 C" 
Gate-Source 

'.3 5.0 '.3 5.0 '.3 5.0 
VGS=-10V 

Capacitance 
1-

Equivalent Short-Circuit nV VOS~10V, 
13 in Input Noise Voltage 

10 10 10 JH, 10 = 10 mA 
f=100Hz 

1. Re(Yfs) 
Common-Source Forward 

12 12 12 
Transconductance - Common-Gate Lnput 

15 Re(Yig) Conductance 
,. ,. ,. 

- mmho 

16 ~ Re(Yis1 
Common·Source Input 

0.' 0.' 0.' Conductance -
Common-Source Output f=105MHz 

17 F Re(yos) Conductance 
0.15 0.15 0.15 VOS=10V, .. 

10 = 1O.,!,A 
-R 

Common-Gate Power 
18 ~ Gpg Gain at Noise Match 

16 16 16 

19 NF Noise Figure 1.5 1.5 1.5 - d8 

20 Gp, 
Common-Gate Power 

11 11 11 
Gain at Noise Match 

21 f =450 MHz 
NF Noise Figure 2.7 2.7 2.7 

NOTE: NZA 
1. Pulse test PW 300 ~s, duty cycle";; 3%. 
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n-channel JFETs H 
Siliconix 

current regulator diodes 
designed for Perfcnmance Curves NCL 

• • • See Section 4 

Current Regulation 
BENEFITS • • Low Cost 

• Current Limiting • Simple Two Lead Current Source 
• Simplifies Floating Current Sources 

• Biasing No Power Supplies Required 
• Good Operating Current Tolerance • Linear Ramp and Staircase ±20% 

Generator TO-92 (MODIFIED) 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 
ANODE 

+ 

Peak Operating Voltage .......................... 50 V 

~ 
Plastic 

Forward Current ............................. 20 mA 
Reverse Current .............................. 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 
-

CATHODE 

Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

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

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic J500 J501 J502 J503 J504 J505 Unit Test Conditions 

1 Min 0.192 0.264 0.344 0.448 0.600 0.800 
1-

2 S IFI Forward Current (Note 1) Nominal 0.240 0.330 0.430 0.560 0.750 1.000 mA VF = 25 V 
I- T 3 Max 0.288 0.396 0.516 0.672 0.900 1.200 
1- A 

4 T POV 
Peak Operating Voltage 

Min 50 50 50 50 50 50 IF = 1.1 IFI (Maxi I (Notes 1 and 21 - C V 
5 Max 1.2 1.3 1.5 1.7 1.9 2.1 - VL Limiting Voltage (Note 31 IF = 0.9 IFI (Mini 
6 Typ 0.8 0.9 1.1 1.2 1.4 1.5 

7 0 Small-Signal Dynamic Min 4.0 2.2 1.5 1.2 0.8 0.5 - ZFI Ml"l V F = 25 V, f = 1 kHz 
~ y Impedance (Note 11 Typ 8.0 6.0 4.4 3.4 2.5 1.9 

N 
9 CF Anode-Cathode Capacitance Typ 2 2 2 2 2 2 pF VF = 25 V, f = 1 MHz 

NOTES: NCL 
1. Pulse test duration = 2 ms. 
2. Maximum VF where IF < 1.1 'FI(Max) is guaranteed. Current-Limiter Diode 
3. Minimum VF required to insure IF > D.9IFI(Min)- V-I Characteristic 

'F 

IF, 

I 
VR 

POV 
V, 

/. 
VL 
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--1ft 
~ n-channel JFETs H 

Siliconix 

current regulator diodes 
designed for • • • Performance Curves NCL 

See Section 4 

o -1ft 
~ 

BENEFITS 

• Current Regulation • Low Cost 
• Simple Two Lead Current Source 

• Current Limiting • Simplifies Floating Current Sources 

• Biasing 
No Power Supplies Required 

• Good Operating Current Tolerance 

• Linear Ramp and Staircase ±20% 

TO-92 (MODIFIED) 

Generator See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 
ANODE 

Plastic 

Peak Operating Voltage .......................... 50 V 

~ Forward Current ............................. 20 mA 
Reverse Current .............................. 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW;oC). ..................... 360 mW 
-

CATHODE 

Operating Temperature Range ............. -55 to 135°C 
Storage Temperatu re Range ............... -55 to 150°C cO Lead Temperature Range c 

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

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic J506 J507 J508 J509 J510 J511 Unit Test Conditions 

.2. Min 1.120 1.440 1.9 2.4 2.9 3.8 

2- S IFI Forward Current (Note 1) Nominal 1.400 1.800 2.4 3.0 3.6 4.7 mA VF ~ 25 II 

3 T Max 1.680 2.160 2.9 3.6 4.3 5.6 - A , 
4 T POV 

Peak Operating Voltage 
Min 50 50 50 50 50 50 IF ~ 1.1 IFI (Maxi 

I (Notes 1 and 21 - C V 
5 Max 2.5 2.8 3.1 3.5 3.9 4.2 

'- VL Limiting Voltage (Note 3) IF ~ 0.9 IFI (Mini 
6 Typ 1.8 2.0 2.2 2.5 2.8 3.0 

7 0 Small-Signal Dynamic Min 0.33 0.2 ,0.2 0.15 0.15 0.12 - ZFI M12 V F ~ 25 V. f ~ 1 kHz 

~ 
y I mpedance (Note 11 Typ 1.4 1.0 0.70 0.60 0.50 0.30 
N 

9 CF Anode-Cathode Capacitance Typ 2 2 2 2 2 2 pF VF~25V.f~1 MHz 

NOTES: NCL 

1. Pulse test duration:: 2 ms. 
2. Maximum VF where IF < 1.1 IFI(Max) is guaranteed. Current· Limiter Diode 
3. Minimum VF required to insure IF > 0.9 IFl(Min). V -I Characteristic 

" 

'" I 
VR 

I 
VL pov 

V, 

'R 
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n-channel JFETs H 
Siliconix 

regulator diodes 
------

current 
designed for • • • Performance Curves NKL, VRMA 

See Section 4 

BENEFITS 

• Current Regulation • Low Cost 
• Simple Two Lead Current Source • Current Limiting • Simplifies Floating Current Sources 

• Biasing 
No Power Supplies Required 

• Linear Ramp and Staircase 
TO-92 (MODIFIED) 

Generator See Secllon 6 

ABSOLUTE MAXIMUM RATINGS (25°C) ANODE Plastic 

Peak Operating Voltage ......................... 100V 

~ Forward Current ............................. 20 mA 
Reverse Current .............................. -50 mA 

Total Device Dissipation 
(25°C Free Air Temperature) ....................... 350 mW CATHODE 

Power Derating (to +125°C) ..................... 3.27 mW/oC 
Storage Temperature Range ............... -55 to 135°C 

cO Operating Temperature Range ............. -55 to 135°C c 
Lead Temperature Range A C A 

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

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noteri) 

Characteristic Min Typical Max Unit Test Conditions 

...!. 770 VF=100V 

2 S IFI Forward Current (Note 1) 250 700 I'A VF=25IJ - T VF=1.0V 3 200 -- A 

4 
T POV 

Peak Operating Voltage 
100 IF =,ed IFI (Max) 

I INotes 1 and 21 .- C V 
5 - VL Limiting Voltage (Note 3) 1.1 1.5 IF =0.9IFIIMinl 
6 

7 
D Small-Signal Dynamic 4.4 - ZFl '.0 Mll V F = 25 V. f = 1 kHz 

~ y Impedance INote 11 

N 
9 CF Anode-Cathode Capacitance 2 pF VF =25V,f= 1 MHz 

NOTES: NKL, VRMA 
1. Pulse test duration = 2 ms. 

2. Maximum VF where IF < 1.1 IF1(Max) is guaranteed. 

3. Minimum VF required to insure IF > 0.9 IF1(Min). 
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current regulator diodes H 
Siliconix 

designed for • • • Performance Curves NCL 
See Section 4 

• Current Regulation BENEFITS 

• Current Limiting • Simple Two Lead Current Source 

• In Low Cost Plastic Package 

• Biasing • Simplifies Floating CUFrent Sources 
No Power Supplies Required 

• Low. Voltage References 

TO-92 (MODIFIED) 

ABSOLUTE MAXIMUM RATINGS (25°C) See Secllon 6 

Peak Operating Voltage .......................... 50 V Plastic 

Forward Current ............................. 20 mA 
Reverse Current: ............................. 50 mA 

ANODE 

Total Device Dissipation at 25°C Ambient 

~ 
(Derate 3.27 mWtC) ...................... 360 mW 

Operating Temperature Range ............. -55 to 135°C DC Storage Temperatu re Range ............... -55 to 150°C 
Lead Temperature Range C A 

(1/16" from case for 10 seconds) .............. 300°C CATHODE 
c Bottom View 

A 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Dynamic Knee 
Regulator Current Limiting Voltage Peak op Volt Impedance Impedance 

VF=25V IF=O.S IFI(min) IFF 1.1 

PART NUMSER IF NOM IFMIN IF MAX VL VL VOP 'ZD 'ZK 

Nominal Min Max Max Typical IFI (Max) Typical Typical 
mA mA mA Volts Min Volts Megohms Megohms 

J553 0.5 0.18 0.75 1.3 0.75 50 10 2 

J554 1.0 0.6 1.6 1.75 0.55 50 1 1 

J555 2.0 1.4 2.6 2.15 0.75 50 .88 0.25 

J556 3.0 2.4 3.8 2.6 0.75 50 .6 0.14 

J557 4.5 3.6 5.3 3.0 1.5 50 .48 0.09 

NOTES: NCL 
1. Pulse test-steady state currents may vary. 
2. Pulse test-steady state impedance may vary. 
3. Min VF required to insure IF>O.8IF1 (min). 
4. Max VF where IF < 1.1 IF1 (max) is guaranteed. 
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H low-leakage 
pico-amp diodes 
designed for . . . 

Siliconix 

• High Impedance Diode 
Switching 

• High Dynamic Range Log Amps 
• High Isolation Protection 

Circuits 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Forward Current ............................ 10 mA 
Total Device pissipation ..................... 360 mW 
Storage Temperature Range ............ _65° C to +135° C 
Lead Temperature 

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

ELECTRICAL CHARACTERISTICS (25°C) 

Characteristic Min Typ Max 

JPAD5 -5 

JPAD10 -10 

S JPAD20 -20 

1 T IR Reverse Current (Note 1) JPAD50 -50 
A 
T JPAD100 -100 
I JPAD200 -200 

C 
JPAD500 -500 

-
2 BVR Breakdown Voltage (Reverse) -35 ·-BO -
3 VF Forward Voltage Drop 0.8 1.5 

0 
4 Y CR Ca pac j ta nee 1.5 2.0 

N 

NOTE: 

BENEFITS 

• LowCost 

AD 
c C 

Bottom View 

TO-92 (MODIFIED) 
See Section 6 

Plastic 

A 

Unit Test Conditions 

pA VR=--20V 

pF VR=-5V,f=lMHz 

1. The JPAD type number denotes its maximum reverse current value in pica amps. 

Devices with 'R values intermediate to those shown are also available on request. 
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i high voltage 
~ protection diode 

designed for ... 
• High Impedance Diode 

Switching 

• High Dynamic Range Log Amps 
• High Isolation Protection 

Circuits 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Anode to Cathode Voltage 
JR135V ...................................... 135V 
JR170V ...................................... 170V 
JR200V ...................................... 200V 
JR220V ...................................... 220 V 
JR240V ...................................... 240V 

Forward Diode Current IF ........................ 20mA 
Reverse Diode Current IF ......................... SOmA 
Power Dissipation PO .......................... 360mW 

(Derate 3.27mW 1°C) 
Storage Temperature TSTG .............. -55°C to 150°C 
Operating Temperature TOp .............. -55°C to 135°C 

ELECTRICAL CHARACTERISTICS (25°C) 

Characteristic Min Typ 

JR135V 135 

JR170V 170 

1 POV Peak Operating Voltage' JR200V 200 

JR220V 220 

JR240V 240 

IF' 200 
2 

IF2 
Forward Current 

200 

3 VL Limiting Current 

4 ZD Dynamic Impedance 2 

5 L\IF/ L\T IF Temp Coefficient +0.6 

NOTE: 
1. Pulse test duration 2 ms. 

2-62 Siliconix 

Preliminary 

H 
Siliconix 

Performance Curves VRMA 
See Section 4 

BENEFITS 

• Offers High Voltage Protection 

• Broad Current Range 

Max 

770 

0.9 

A 

c 

TO-92 (MODIFIED) 
See Section 6 

Plastic 

cD 
A 0 c 

Bottom View 
A 

Unit Test Conditions 

V IF=1mA 

IlA 
VF=2V 

VF= 100V 

V 1=0.8IF' 

MQ VF=25V 

VF=2-100V 
%/oC 

TA = -20 to + 85°C 

VRMA 



enhancement-type H 
Silicanix 

n-channel MOSFET 
designed for Performance Curves 

• • • MBN See Section 4 

• General Purpose Amplifiers BENEFITS 

• Analog Switches • Low I nsertion Loss 
RDS(on) = 100 n Maximum 

• Digital Switching • Rugged 
Zener Diode Input Protection 

TO·72 

ABSOLUTE MAXIMUM RATINGS (25°C) 
See Section 6 

Drain-to-Source Voltage ....................... 30V Dt., 
Gate-to-Source Voltage .......................... 30 V p::: Gate-to-Drain Voltage ........................... 30 V 
Drain Current ............................. 50mA 
Gate Zener Current .......................... ±O.l mA 
Storage Temperature ................... -65 to 150°C 
Operating Junction Temperature ......... -55 to +125°C 
Total Device Dissipation 

(Derate 2.25 mwrC to 125°C) .............. 225mW 

B, c ~ s\ 
G 0 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) M116 

Characteristic Ml16 Unit Test Condition 
Min Max -1 IGSS Gate-Body Leakage 100 pA VGS = 20 V, VOS = VBS = 0 -

2 VGS(th) Gate Threshold Voltage 1 5 VGS = VOS. 10 = 101lA, VBS = 0 
-

3 BVOSS Drain-Source Breakdown Voltage 30 
V 10 = lilA. VGS = VBS = 0 -s 

4 T BVSDS Source-Drain Breakdown Voltage 30 IS = lilA, VGO = VBO = 0 

5A BVGBS Gate-Body Breakdown Voltage 30 60 IG = 101lA, VSB = VOB = 0 

6'T 10(011) Drain Cutoff Current 10 
nA VOS=20V. VGS=VBS=O - I 

.2c IS(oll) Source Cutoff Current 10 1 VSD = 20 V. VGD = VBO = 0 

8 100 I n VGS = 20 V, 10 = 1001lA, VBS= 0 - rOS(oni Drain Source ON Resistance 
9 200 VGS = 10 V, 10 = 1001lA, VBS = 0 

10 Ciss Input Capacitance I 10 I VGB = 0, VOB = 10 V, VBS = 0 

1']0 Cgs Gate-Source Capacitance 2.5 VGB = VOB = 0 1= -y pF 
Body Guarded 1 MHz 

~N Cgd Gate-Drain Capacitance 2.5 

13 Cdb Drain-Body Capacitance 7 I VGB = 0, VOB = 10 V 

MBN 
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~ monolithic dual 
in-channel JFET Chips 
Do designed for ... 
:z: I · Hybrid Circuits 

• Wideband DiHerential 
Amplifiers 

• VHF/UHF Amplifiers 

BENEFITS 

• High Gain through 100 MHz 
gfs > 4500 /lrnho 

• Low Insertion Loss 
• Tight Tracking 

ABSOLUTE MAXIMUM RATINGS (25 0 C) 

Gate-Drain or Gate Source Voltage ................. -25 V 
Gate Current ........................................ 50 rnA 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

M440CHP M441CHP 
Characteristic 

Min Typ Max Min Typ Max 

1 S IGSS Gate Reverse Current (Note 1) -500 -500 

2T VGS(ottl Gate-Source Cutoff Voltage -1 -6 - 1 -6 

+ A 
T BVGSS Gate-Source Breakdown Voltage -25 -25 
I 

IDSS Saturation Drain Current (Note 2) 6 30 6 30 

5'" 
C 

IG Gate Current (Note 1) -500 -500 

6 
Common-Source Forward 

4.500 9.000 4.500 9.000 Qt, Transconductance D - y Common-Source Output 
7 N go, Conductance 

200 200 

- A 

8 M Ciss 
Common-Source Input 5.0 5.0 

I Capacitance - C 
9 Cr55 

Common-Source Reverse 1.2 1.2 Transfer Capacitance 

M 
10 A IVGSl -VGS21 Differential Gate-Source Voltage 10 20 

T 

NOTES: 
1. Approximately doubles for every 10°C increase in T A. 
2. Pulse test duration = 300 #J.sec; duty cycle ~ 3%. 

2-64 Siliconix 

H 
Siliconix 

Unit Test Conditions 

pA VDS ~ O. VGS ~ -15 V 

V 
VDS~ 10V.ID= 1 nA 

VDS ~ O. IG = -1 ~A 

rnA VDS= 10V.VGS=.0 

pA VDG=10V.ID=5rnA 

Jlmho t ~ 1 kHz 

VDG=10V.ID=5mA 

pF t = 1 MHz 

mV VDG = 10 V. ID = 5 mA 

NNZ 



monolithic dual H 

n-channel JFETs chips 
Siliconix 

designed for • • • 
• Hybrid Circuits BENEFITS 

• High Gain through 100MHz 

• Wideband DiHerential gfs > 5000 Mrnho 

Amplifiers • Low Insertion Loss 
• Tight Tracking 

• VHF/UHF Amplifiers 

~~ I ABSOLUTE MAXIMUM RATINGS (25 0 C) G, G2 

Gate-Drain or Gate Source Voltage -25 V 51 52 ~ I" ................. 
Gate Current ................... , ....... , ......... ,., 50 rnA 

*ELECTRICAL CHARACTERISTICS (250 unless otherwise noted) 

Characteristic Min Ma. Unit Test Conditions 

1 -100 pA 1 
12" IGSS Gate Reverse Current VGS = -15 V, VOS = 0 

-250 nA TA = 150°C 

'3 S sVGSS Gate-Source Breakdown Voltage -25 IG=-lIlA,VOS=O 
!~ T 

VGSloffl Gate-Source Cutoff Voltage -1 -5 V VOS=10V,10=lnA 

5" A 
T VGS Gate-Source Voltage -0.3 -4 

I-
I -100 pA VOG = 10V,10=5mA 

6 e IG Gate Operating Current 

1-
-100 nA TA = 125°C 

7 lOSS 
Saturation Drain Current 

7 40 mA VOS= lOV,VGS=OV INote 11 

8 91s Common-Source Forward Transconductance 5000 10,000 1 = 1 kHz 

""9 91s Common-Source Forward Tr,ansconductance 5000 10,000 1 = 100 MHz 

10 Common-Source Output Conductan~e 
,umho 

0 90S 100 1 = l'kHz 

11 y 
90S Common-Source Output Conductance 150 1= 100MHz 

12 N 
A Ciss Common-Source Input Capacitance 5 VOG = 10 V, 10 = 5 mA 

13 pF 1 = 1 MHz 
M Crss Com mon.-Source Reverse Transfer Capacitance 1.2 ,- I 

nV 
14 e en Equivalent Short Circuit Input Noise Voltage 20 

VRZ 
1= 10kHz 

1-
1=10kHz 

15 NF Spot Noise Figure 1 dS 
RG = lOOK 

M5911CHP M5912CHP 
Characteristic Unit Test Conditions 

Min Ma. Min Ma. 

16 IIG1-IG21 Differential Gate Current 20 .- 20 nA VOG = 10 V, 10 =5 rnA TA = 125°C 

17 
IOSSl Saturation Drain Current Ratio 0.95 1 0.95 1 - VOS ~ 10 V, VGS = 0 

M IOSS2 (Notes 1 and 2) 
1- A 

18 T IVGS1-VGS2 1 Differential Gate-Source Voltage 10 15 mV 
I- e 25°C TA = 

19 H 
Ll.IVGS1-VGS2 1 

20 40 
TS = 125°C 

I- I Gate-Source Voltage Differential Ilvtc 
N Ll.T Drift (Note 3) 

20 40 
VOG=10V,10=5mA TA = _55°C 

20 G (Guarantee-no test) TS = 25°C 
1-

21 
91s1 

Transconductance Ratio INote 21 0.95 1 0,95 1 1 = 1 kHz - -
91s2 

• JEDEC registered data. NNZ 
NOTES: 
1. Pulsewidth ~ 300 ps, duty cycle ~ 3%. 

2, Assumes smaller value in numerator. 

3. Measured at end points, T A and TS. 
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enhancement-type H 
Siliconix 

p-channel MOSFET 
Performance Curves MRA designed for ... See Sedion 4 

• High-Input BENEFITS 

Impedance Amplifiers • High Input Impedance 
IGSS = 30 Femto Amp Typical 

Smoke Detedors • High Gain 

Eledrometers 9fs = 1000 I.Imho Minimum 

pH Meters 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain-Source Voltage _ .......................... 25 V TO-18 Q Gate-Source Voltage ........................... ±10 V See Section 6 

Drain Current ............................... 30 rnA 
Total Device Dissipation at (Or Below) T A = 25°C 

(Derate 3 mW;oC to +150°C) ................ 375 mW 
Operating Junction Temperature ........... -55 to +150°C JD 
Storage Temperature .................... --65 to +200°C 
Lead Temperature Go---J,s 

(1/16" from case for 10 seconds) ............... 265°C G D 

ELECTRICAL CHARACTERISTICS (25°C) 

Characteristic Min Max Unit Test Conditions 

1 IGSS Gate-Source Leakage Current -1.0 pA VGS =-10 V, VOS = 0 
I- S 

2 T BVOSS Orain-Source Breakdown Voltage -25 V 10=-10p.A,VGS=0 
1- A 3 T VGS Gate-Source Voltage -2.0 ,-6.0 V VOS = -10 V, 10 = -10 p.A 
1-

4 I lOSS Orain Cutoff Current -20 nA VOS =-10 V, VGS = 0 
1- C 

5 10(on) ON Orain Current -3.0 mA VOS=-10V,VGS=-10V 

6 0 Common-Source Forward 
1000 p.mhos VOS =-10 V, 10 = -2 mA, f = 1 kHz 9fs Transconductance y 

I-
N Common-Source Input 

7 A Ciss Capacitance 
6.0 

f-- M pF VOS = -10 V, VGS = -10 V, f = 1 MHz 

8 I Crss 
Common-Sou rce Reverse 

1.5 
C Transfer Capacitance 

MRA 
, 
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n-channel JFET H 
Siliconix 

~ .., 
designed for • • • Performance Curves NH 

See Section 4 
-S 

• VHF/UHF Amplifiers BENEFITS 

• Mixers • Low Cost 
• Automatic Insertion Package 

• Oscillators 

TO·92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Plastic 

Drain·Gate Voltage ............................ 25V 
Source-Gate Voltage ........................... 25 V 
Drain-Source Voltage ........................... 25 V 
Forward Gate Current ........................ 10 rnA 
Total Device Dissipation at 25° C Ambient 

(Derate 3.27 mW;oC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 

.~: Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range G 

0 

(1/16" from case for 1 0 seconds) .............. 300°C s 

lD o c 

s c 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -2.0 nA 
1- IGSS Gate Reverse Current VGS ~ -15 V, VOS~ 0 

2 
S 

-2.0 I"A TA ~+100°C 
1-

3 T 
BVGSS 

Gate-Source Breakdown 
-25 IG ~ -101"A, VOS ~ 0 

A Voltage 
I- T V 

Gate·Source Cutoff 
4 I VGS(off) Voltage 

-8.0 VOS~15V,lo~2nA 

1- c -5 lOSS Saturation Drain Current 2.0 20 rnA VOS ~ 15 V, VGS ~ 0 (Note 1) 
1-

6 VGS Gate-Source Voltage -{).5 -7.5 V VOS ~ 15 V,IO ~ 200l"A 

7 
Common-Source Forward 

9fs Transconductance 
2000 7500 f = 1 kHz 

1-
8 Re(Yfs) 

Common-Source Forward 
1600 

D Transconductance 
I- V ,umhos 

9 N Re(yos) 
Common-Source Output 

200 
Conductance f= 100MHz 

1- A VOS~15V,VGS~0 

10 M 
Re(Yis) 

Common-Sou ree Input 
800 

I Conductance 
1- c 

Common-Source Input 
11 Ciss Capacitance 

7.0 

1- pF f ~ 1 MHz 

12 erss 
Common-Source Reverse 

3.0 
Transfer Capacitance 

NOTE: NH 
1. Pulse test PW ~ 300 I"S; duty cycle';; 3%. 
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co o -II. 
A. 
~ 

n-channel JFET H 
Siliconix 

designed·· for • • • Performance Curves NH 
See Section 4 

• VHF/UHF Amplifiers BENEFITS 

• Low Cost 

• Mixers • Automatic Insertion Package 

• Oscillators 

TO·92 

ABSOLUTE MAXIMUM RATINGS (25°C) 
See Section 6 

Plastic 
Drain·Gate Voltage ............................ 25 V 
Source·GateVoltage ........................... 25 V 
Drain-Source Voltage ........................... 25 V 
Forward Gate Current ........................ 10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWtC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 

.~: 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range G 

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

l!) D C 

s C 

Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1-4 S IGSS Gate Reverse Current 
-1.0 nA VGS =-15 V, VOS = 0 2 -1.0 MA TA - +loo°c 

1- T 
Gate-Source Breakdown 3 A BVGSS -25 IG=-10MA,VOS=0 

1- T 
Voltage V 

4 I VGS(off) Gate-Source Cutoff Voltage -0.5 -8.0 VOS=15V,IO=10MA 
Isc lOSS Saturation Drain Current 1.5 24 rnA VOS = 15 V, VGS = 0 (Note 1) 

6 Common-Source Forward 2000 7500 9fs Transcon9uctance 
I- f = 1 kHz 

7 gos 
Common-Source Output 75 Conductance 

1-
Common-Source Forward 8 Re(Yfs) 
Transconductance 

1600 Mrnhos 
1- 0 

9 y Re(yos) Common-Source Output 200 VOS=15V,VGS=0 f=100MHz N Conductance 
I-A 
10 M Re(Yis) Common-Source Input 800 

I Conductance 
1- C 

11 Ciss 
Common-Source Input 6.5 
Capacitance 

1- pF f = 1 MHz 
12 Crss 

Common-Source Reverse 2.5 
Transfer Capacitance 

113 2.5 VOS = 15 V, VGS = 0, RG = 1M n f = 1 kHz 
1- NF Noise Figure dB 
14 3.0 VOS= 15V, VGS=O, RG= lK n f=100MHz 

NOTE: NH 
1. Pulse test, pulse width = 300 MS, duty cycle';; 3%. 
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n-channel JFET H 
Siliconix 

designed for • • • Performance Curves NRL, NPA 
See Section 4 

• General Purpose Amplifiers BENEFITS 

• Low Cost 

• Analog Switches • Automatic Insertion Package 

TO·92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 

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

(Derate 3.27 mWrC) ...................... 360 mW 

'4: 
Operating Temperature Range ............. -55 to 135°C 
StorageTemperature Range ............... -55 to 150°C 

G 
Lead Temperature Range s 

(1/16" from case for 10 seconds) .............. 300°C 
0 

lD S D 

o D 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Typ Max Unit Test Conditions 

1 S IGSS Gate Reverse Current -0.01 -1.0 nA VGS =-15 V, VOS = 0 
I- T 2 

A BVGSS 
Gate-Source Breakdown 

-25 -{l0 IG =-10/-lA, VOS=O Voltage V 
13 T 

I VGSloff) Gate·Source Cutoff Voltage -0.2 -8.0 VDS=15V,IO=10/-lA 
1-

-
4 C lOSS Saturation Drain Current 0.5 24 rnA VDS = 15 V, VGS = 0 INote 1) 

5 Common-Source Forward 
800 6000 9fs Transconductance 

IS 0 /-lmho f = 1 kHz 
Common-Source Output 

10 75 Y gos Conductance 
I- N VOS= 15V, VGS =0 

7 A 
Ciss 

Common-Source Input 
4.5 7.0 

M Capacitance 

18 I 
pF f = 1 MHz 

Common-Source Reverse 
C Crss Transfer Capacitance 

1.0 3.0 

1-
VOS = 15 V, VGS = 0, 

9 NF Noise Figure 0.04 2.5 dB 
RG = 1M n f = 1 kHz 

NOTE: NRL, NPA 

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

Siliconix 2-69 



---~ n-channel JFET H 
Siliconix 

~ designed for • • • Performance Curves NRL. NPA 
See Section 4 

• General Purpose Amplifiers BENEFITS 

Analog Switches • Low Cost • • Automatic Insertion Package 

TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 

Drain-Gate Voltage ............................ 20V 
Source-Gate Voltage ........................... 20V 
Drain-Source Voltage ........................... 20V 
Forward Gate Current. ..................... '.' 10 rnA 
Total Device Dissipation at 25° C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 

,~: 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C G 
Lead Temperature Range s 

D 

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

GD s D 

o D 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Typ Max Unit Test Conditions 

1 S IGSS Gate-Reverse Current -.01 -100 nA VGS~-10V,VOS~0 
I- T 

2 A BVGSS Gate-Source Breakdown Voltage -20 IG ~-1OI'A, VOS ~O 
13" T v 
1- I 

V GS(off) Gate-Source Cutoff Voltage -{J.5 -10.0 VOS ~ 10 V, 10 ~ 1 I'A 

4 C lOSS Saturation Drain Current 0.5 20 rnA VOS ~ 10 V, VGS ~ 0 (Note 1) 

5 0 9ls Common-Source Forward Transconductance 500 

IS Y I'rnho f ~ 1 kHz 

N gos Common-Source Output Conductance 10 
1- VOS~10V,VGS~0 

7 A Ciss Common-Source Input Capacitance 4.5 
1- M 

I Common-Source Reverse Transfer pF I ~ 1 MHz 
8 C Crss Capacitance 

1.0 

NRL, NPA 

NOTE; 
1. Pulse test PW '" 630 rnsec, duty cycle", 1 0%. 
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n-channel JFET H 
Siliconix 

designed for Performance Curves NH • • • See Section 4 

• VHF/UHF Amplifiers BENEFITS 

• Mixers • Low Cost 
• Automatic Insertion Package 

• Oscillators 

TO·92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 

Drain·Gate Voltage ............................ 25 V 
Source·Gate Voltage ........................... 25 V 
Drain·Source Voltage ........................... 25 V 
Forward Gate Current ........................ 10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW;oC) ...................... 360 mW 

,~: Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C G 
Lead Temperature Range ' 0 

(1/16" from case for 1 0 seconds) .............. 300°C GO o C 

, c 

Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Typ Max Unit Test Conditions 

1 IGSS Gate Reverse Current -{J.Ol -100 nA VGS=-10V,VDS=0 
1-

2 S BVGSS 
Gate·Source Breakdown 

-25 IG =-10IJ.A, VOS~O 
Voltage - T V 

3 
A 

VGS(olf) 
Gate-Source Cutoff 

-{J.5 -10.0 T Voltage 
VDS~ 10V, ID = 1IJ.A 

- I 

~c IDSS Saturation Drain Current 1 25 mA VDS ~ 10 V, VGS ~ 0, (Note 1) 

5 
Common-Source Forward 

9l, Transconductance 
1000 7500 1=1 kHz 

6 Re(YI,) 
Common-Source Forward 
Transconductance 

IJ.mho 

800 f ~ 100 MHz 

- D VDS~10V,VGS~0 

7 Y Ciss 
Common-Source Input 

3.5 
Capacitance - N pF f ~ 1 MHz 

8 Crss 
Common-Source Reverse 

0.85 
Transfer Capacitance 

NOTE: NH 

1. Pulse test PW = 300 J.LS, duty cycle';';;'; 3%. 
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p-channel JFETs H 
Siliconix 

designed for • • • Performance Curves. PSA 
See Section 4 

• Analog Switches BENEFITS 

• Choppers • Low I nsertion Loss 
rDS(on) = 75 n Maximum (P1086) 

• Commutators • No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-92 

Gate-Drain or Gate-Source Voltage (Note 1) _ ........ 30V See Section 6 

Gate Current ............................... 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

"~: 
G 

(1/16" from case for 1 0 seconds) .............. 300°C s 
0 

GD o c 

s c 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
PtOB6 Pl087 

Unit Test Conditions 
Min Max Min Max 

1 BVGSS 
Gate-Source Breakdown 

30 30 V IG = 1 MA, VOS = 0 
Voltage -

2 IGSS Gate Reverse Current 2 2 VGS=15V,VOS=0 - nA 

.2. -10 -10 VOS = -15 V, VGS = 12 V (Pl0B6) 
10(0ff) Drain Cutoff Current 

4 S --0.5 --0.5 J.lA VGS = 7 V (Pl087) TA=B5°C - T 
A 2 2 nA 

5 T lOGO Drain Reverse Current 
0.1 0.1 MA 

VOG=-15V,IS=0 
TA=B5°C - I 

6 C VGS(off) Gate-Source Cutoff Voltage 10 5 V VOS =-15 V,IO =-1 J.lA -
-2 lOSS Saturation Drain Current -10 --5 mA VOS =-20V, VGS = 0 

2 VOS(on) Drain-Source ON Voltage --0.5 --0.5 V VGS = 0, 10 = -6 mA (Pl0B6), 10 = -3 rnA (Pl0B7) 

9 
Static Drain-Source ON 

75 150 n 10=-1 mA, VGS=O rOSlon) Resistance 

10 rds(on) Drain-Source ON Resistance 75 150 n 10=O,VGS=0 f = 1 kHz -
0 Common-Source Input 

11 y Ciss Capacitance 
45 45 VOS=-15V,VGS=0 

- N pF f = 1 MHz 

12 Crss 
Common-Source Reverse 

10 10 
VOS = 0, VGS = 12 V (Pl0B6) 

Transfer Capacitance VGS = 7 V (Pl0B7) 

.....!! S td(on) Turn-ON Delay Time 15 15 VOO = -6 V, VGS(on) = 0 
W 

14 I tr Rise Time 20 75 VGS(offi 1010n) RL - T 
ns 

15 td(off) Turn-OFF Delay Time 15 25 Pl0B6 12V -6mA 910n - C 
16 H tf Fall Time 50 100 Pl0B7 7V -3mA l.BK n 

NOTE: PSA 
1. Due to symmetrical geometry, these units may be operated with 

source and drain leads interchanged. 
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low-leakage .H 
Siliconix 

pico-amp iodes 
designed for • • • BENEFITS 

• Clipping Circuits 
• Very High Off-Isolation 

1 pA Max (PAD1) 

• Diode Switching 

• High Impedance 
Protection Circuits 

it 
TO-1S (MODIFIED) 

See Secllon 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 

J\ Forward Current ........................... 50mA 
Total Device Dissipation ..................... 300 mW 

ANODE 

Storage Temperature Range ............ -55°C to+125°C 

* 
ANODE 

Lead Temperature CATHODE 

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

(Case lead for 
ANODE PAD1, 2, 8< 5 only) 

CATHODE 0 CASE 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Typ Max Unit Test Conditions 

1 -1 PADl 
1-
12 -2 2 

3 -5 5 -1-5 
I~T IR Reverse Current -10 pA VR = -20 V PAOlO 

5 A -20 20 
I"'6T -50 50 
I-I 

I -.2. c -100 PAD100 

8 -45 -120 PAD1, 2, 5 
1- BVR Breakdown Voltage (Reverse) IR = -lilA 

9 -35 V PAOlO, 20, 50, 100 
1-

10 VF Forward Voltage Drop 0.8 1.5 IF = 5 rnA PAD1, 2, 5, 10,20,50,100 

11 0 0.8 PAD1, 2, 5 
-y C R Capacitance pF VR = -5 V, f = 1 MHz 
12 N 2 PAOlO, 20, 50, 100 

PAOlO r..... 
'R<

lPAt ~ J 
DlfD2t I: 1 

PAD1 PAD1 2N4117A 

I 2N4393. t, ~VOUT 
D3vt 04t. v 

ein C 

t-15V -15V 
I CONTROL SIGNAL 

APPLICATION 
Operational Amplifier Protection. Input Differential Voltage limited Typical sample and hold circuit with clipping. PAD diodes reduce 
to 0,8 V (typ) by PADS 01 and 02 Common mode input voltage offset voltages fed capacitively from the F ET switch gate. 
limited by PADS 03 and 04 to ±15 V. 
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n-channel JFETs H 
Siliconix 
------

designed for Performance Curves NCA • • • See Section 4 
BENEFITS 

• Analog Switches • Low I nsertion Loss 
High Accuracy in Test Systems • Commutators rDS(on) < 30 n (PN4091) 

Choppers • High Off-Isolation • ID(off) < 200 pA 

• Integrator Reset Switch • High Speed 
trise < 10 ns (PN4091) 

• Short Sample and Hold Aperture Time 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Crss < 5 pF 

Plastic 

Reverse Gate-Drain or Gate-Source Voltage ......... -40 V 
TO·92 

See Section 6 
Gate CUrrent ............................... 10 rnA 

o~: 
Total Device Dissipation at 25° C Ambient 

(Derate 3.27 mWrC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range GO G 

(1/16" from case for 10 seconds) .............. 300°C 5 
5 C 0 

o c 

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 V IG 0-1 !lA, VOS ° 0 
i-

2 200 200 200 pA 
1- lOGO Drain Reverse Current VGso-20V,lsoO 

3 400 400 400 nA 150'C 
1-
,~ 200 pA 

5 400 nA 
VGSo- 6V 

150'C 
1-

6 200 pA 
1- 1010ff) Drain Cutoff Current VOS 0'20 V VGS ° - 8 V 

12 s 400 nA 150'C 
T 

8 A 200 pA 
1- VGso-12V 
,~ T 400 nA 150'C 

I 
10 C VGSloff) Gate-Source Cutoff Voltage -5 -10 -2 -7 -1 -5 V VOs020V, 10° 1 nA 

1- Saturation Drain Current 
11 lOSS INote 1) 

30 15 8 mA VOs020V, VGS~O 
1-

12 0.2 10 ° 2.5 mA 
113 VOSlon) Drain-Source ON Voltage 0.2 V VGS ° 0 I 10 - 4 mA 
114 0.2 10°6.6 mA 
I-

n 15 'OSlon) Static Drain-Source ON Resistance 30 50 80 VGsoO.loo 1 mA 

16 'dslon) Q'rain-Source ON Resistance 30 50 80 n VGS~O,IO~O f ° 1 kHz 
1- D 17 Ciss Common-Source Input Capacitance 16 16 16 VOS~20V, VGSoO 
- y pF f 01 MHz 
18 N Cr55 

Common-Source Reverse Transfer 5 5 5 V OS ° 0 , V GS ° -20 V Capacitance 

19 tdlon) Turn-ON Delay Time 15 15 20 VOO ° 3 V, VGSlon) ° 0 

-s 1010n) VGSloff) RL 
20 W t, Rise Time 10 20 40 ns PN4091 6.6mA -12 V 425 n -

PN4092 4 -8 700 21 toff Turn-OFF Time 40 60 80 
PN4093 2.5 -6 1120 

VDO NCA 
INPUT PULSE SAMPLING SCOPE 

NOTE: 

~ 
RISE TIME < 1 ns RISE TIME 0.4 ns 

1. Pulsewidth = 300 !lS, duty cycle < 3%. D VOUT FALL TIME < 1 ns INPUT RESISTANCE 10 M 
V,N PULSE WIDTH 1 I'S INPUT CAPACITANCE 1.7 pF 

5 PULSE DUTY CYCLE.;; 10% 
PULSE GENERATOR IMPEDANCE son 
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n-channel JFETs 
~-~~--

H 
Siliconix 

designed for 
----

• • • Performance Curves NT 
See Section 4 

• Ultra-High Input BENEFITS 

Impedance Amplifiers • Low Power 

Electrometers 
losS < 90 J.lA (PN4117) 

• Minimum Circuit Loading 

pH Meters I GSS < 1 pA (PN4117 A Series) 

Smoke Detectors 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Reverse Gate-Drain or Gate-Source Voltage ......... -40 V 
Gate Current ............................... 10 rnA TO·92 Plastic 

Total Device Dissipation at 25° C Ambi~nt See Section 6 

(Derate 3.27 mW;oC) ...................... 360 mW 

"~: 
Operating Temperature Range ............. -55 to135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

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

TD s c 

D C G 
S 

Bottom View D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PN4117 PN4118 PN4119 PN4120 

Characteristic PN4117A PN4118A PN4119A PN4120A Unit Test Conditions 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

1--;' Gate Reverse Current -10 -10 -10 -20 pA 
IGSS PN4117 Series Only -25 -25 -25 -50 nA 

VGS"-20V.VDS"0 
100°C 

- S -1 -1 -1 -5 -.2 T Gate Reverse Current pA 

A IGSS PN41 1 7 A Series Only -2.5 -2.5 -2.5 -10 nA 
VGS" -20 V. VDS" 0 

100°C 4 
- T 

-40 -40 -40 -40 

~ 
I BVGSS Gate-Source Breakdown Voltage 

V 
IG " -1 pA. VDS "0 

C 
VGSloffi Gate-Source Cutoff Voltage -0.6 -l.B -1 -3 -2 -6 -0.6 3 VDS-l0V,ID-l nA 

-
Saturation Drain Current 

7 'DSS 0.03 0.09 0.08 0.24 0.20 0.60 0.03 0.3 mA VDS"10V,VGS"0 (Note 2) 

8 
Common-Source Forward 70 210 80 250 100 330 70 300 

D 9fs Transconductance (Note 2) 
- Y }1mho f" 1 kHz 

9 N Common-Source Output 3 5 10 20 90S Conductance 
- A VDS"lOV,VGS"O 

M 
10 Ciss 

Common-Source Input 3 3 3 3 I Capacitance 
- C pF f= 1 MHz 

11 Crss 
Common-Source Reverse Transfer 1.5 1.5 1.5 1.5 
Capacitance 

NT 
NOTES: 
1. Due to symmetrical geometry, 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. 
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n-channel JFETs .fJ 
Siliconix 

designed for • • • Performance Curves NPA, NH 
See Section 4 

• General Purpose Amplifiers BENEFITS 

• Low Cost 

• High Input Impedance 
IG = 35 pA Typically 

• Low Noise 
en = 5 nV/y'Hz Typically @ 1 kHz 

TO-92 

ABSOLUTE MAXIMUM RATINGS (25°C) 
See Section 6 

"4: 
Plastic 

Gate-Drain or Gate-Source Voltage (Note 1) ....... -30V 
Gate Current _____________ ............ _ ..... 50 rnA 
Total Device Dissipation at 25°C Ambient. 

(Derate 3.27 mW;oC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

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

s 
0 GD S 0 

o c 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PN43D2 PN4303 PN4304 
Unit Characteristic 

Min Max Min Max Min Max 
Test Conditons 

1-2- S 
1 -1 -1 nA 

VGS = -10 v,l 
IGSS Gate Reverse Current (Note 2) 

2 T 0.1 -D.l -D.l MA VDS =0 TA=85°e 
1- A 
I~ T BVGSS Gate-Source Breakdown Voltage -30 -30 -30 IG =-1 MA, VDS =0 

V 
4 I VGSloff) Gate-Source Cutoff Voltage -4.0 -B.O -10 VDS = 20 V, ID = 10 nA 

I- e 
5 IDSS Saturation Drain Current (Note 3) 0.5 5.0 4.0 10 0.5 15 mA 

6 
Common-Source Forward 

1000 2000 1000 9fs Transconductance (Note 3) 
1- ,umho f = 1 kHz 

7 
Common-Source Output 

50 50 50 90S Conductance 
1- VDS=20V, 

8 D Crss 
Common-Source Reverse Transfer 

3 3 3 
VGS = 0 

I-
V Capacitance 
N f == 1 MHz 

9 A Ciss 
Common-Source Input Capaci-

6 6 6 pF 
M tance 

I-
I 

10 C eDG Drain-Gate Capacitance 2 2 2 
VDG = 10 V, 

1= 140 kHz' 
IS~O 

I-
II NF Noise Figure 2.0 2.0 3.0 dB 

VDS=10V, f = 1 kHz, 

VGS = 0 Rgen "" 1.0M n. 
1- Common-Source Short Circuit 

12 IVlsl Forward Transadmittance 700 1400 700 ,umho 
VDS=20V, 

f= 10MHz 
INote 31 VGS = 0 

NPA,NH 

NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10° C increase in T A. 
3. Pulse test duration"" 2 ms. 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NCA 
See Section 4 

• Analog Switches BENEFITS 

• Commutators • Low I nsertion Loss 

• No Offset or Error Voltages Generated 

• Choppers by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 

• Low Cost Plastic 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-92 

Reverse Gate-Drain or Gate-Source Voltage _____ .... -40 V See Section 6 

Forward Gate Current .................... _ .... 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ....... _ .............. 360 mW 

"~: Operating Temperature Range ............. -55 to 135°C G 
Storage Temperature Range ..... _ ......... -55 to 150°C s 

0 

Lead Temperature Range 
(1/16" from case for 10 seconds) .............. 300°C GD s D 

o D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View 

Characteristic PN4391 PN4392 PN4393 Unit Test Conditions 
Min Max Min Max Min Max 

1---2... -1.0 -1.0 -1.0 
IGSS Gate Reverse Current nA VGS' -20 V, VDS' 0 

! lWe 1---2.... -200 -200 -200 

1--.-2.. BVGSS Gate-Source Breakdown Voltage -40 -40 -40 V IG·-lpA,VDS·O 

I~ 1.0 

1--2.... 200 
VGS'-5V 

100°C 

1--2.... ~ IDloffi 
1.0 

Drain Cutoff Current nA VDS'20V VGS'-7V 

1-2... 200 100°C 
A 

I~ T 
1.0 

I~ I 200 
VGS'-12V 

100°C 

1......2!:... C VGSloffi Gate-Source Cutoff Voltage -4 -10 -2 -5 -<l.5 -3 V VDS'20V,ID" nA 

11 IDSS Saturation Drain Current (Note 1) 50 150 25 100 5 60 mA VDS'20V,VGS'0 1-
!ID'3mA 12 0.4 1-

I~ VOS(on) Drain-Source ON Voltage 0.4 V VGS' 0 10"" 6 rnA 

I~ 0.4 10 =:0 12 rnA 

I~ fOSlon) Static Drain-Source ON Resistance 30 60 100 n VGS'O,ID" mA 

16 rds(on) Drain-Source ON Resistance 30 60 100 n VGS' 0, VDS' 0 f = 1 kHz 

17 Ciss Common-Source Input Capacitance 16 16 16 VDS'20V,VGS'0 I-
I.....!!... D 

5 VGS' -5 V 
Common-Source Reverse Transfer 

I.....!!... y Crss Capacitance 
5 pF VDS '0 VGS • -7V f == 1 MHz 

12::.... 
N 5 VGS'-12V 

21 td(on) Turn-ON Delay Time 15 15 15 VDD == 10 V, VGS(on) '" 0 

22 t, Rise Time 5 5 5 IDlon) VGSloff) Ai. 
1---;;-- ns PN4391 12mA -12 V 800 n 

S tdloffi Turn-OFF Delay Time 20 35 50 PN4392 6 -7 1.6K 
1""24 W tf Fall Time 15 20 30 PN4393 3 -5 3.2K 

NCA 
NOTE, 
1. Pulse test required, pulse width'" 300 }J.S, duty cycle';;; 3%. 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NH 
See Section 4 

• VHF Amplifiers BENEFITS 

• Mixers • Low Noise 
N F = 3 dB Typical at 400 M~Hz 

• Wide Band 
High 9fs!Ciss Ratio 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Plastic 

Gate-Drain or Gate-Source Voltage ............... -30V TO-92 

Gate Current ............................... 10 mA 
See Section 6 

Total Device Dissipation at 25°C Ambient 

.~: (Derate 3.27 mWtC) ...................... 360 mW 
Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

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

D C 5 

5 C 

Bottom View 

Characteristic Min Max Unit Test Conditions 

1 - IGSS Gate Reverse Current 1.0 nA VGS ~-15 V, VOS ~ 0 V 
2 

-S 

3 
T 

BVGSS A Gate-Source Breakdown Voltage -30 IG~-lIlA, VOS~OV 

_T V 
I 

4 C VGS(off) Gate-Source Cutoff Voltage -6 VOS ~ 15 V, 10 ~ 1 nA 

-
5 lOSS Saturation Drain Current (Note 1) 5 15 mA 

6 0 9ts Common-Source Forward Transconductance 4500 7500 

-;-V I'mho t ~ 1 kHz 

90 s Common-Source Output Conductance 50 
-N VOS~15V,VGS~OV 

8 A Crss Common-Source Reverse Transfer Capacitance 0.8 
'-:-- M 

pF 9 I Ciss Common-Source Input Capacitance 4 t ~ 1 MHz 
,-C 

10 Coss Common-Source Output Capacitance 2 

Characteristic 100 MHz 400 MHz Unit Test Conditions 
Min Max Min Max 

11 H giss Common-Source Input Conductance 100 1000 
1-;;- I 

biss Common-Source Input Susceptance 2500 10,000 
I-~ 

Common-Source Output 
13 90ss 75 100 Jlmho 

I-~ 
Conductance 

VOS~15V,VGS~OV 

14 E boss 
Common-Source Output 

1000 4000 
I-a 

Susceptance 

U Common-Source Forward 15 E 9ts Transconductance 
4000 

I-N 
16 C Gps Common-Source Power Gain 18 10 VOS ~ 15 V, 10 ~ 5 mA 

I-V dB 
17 NF Noise Figure 2 4 VOS~ 15V, 10~5mA, RG ~ lK!1 

NH 

NOTES: 
1. Pulse test duration = 300 J1S. 
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n-channel JFET H 
Siliconix 

designed for • • • 
• Low and Medium Frequency BENEFITS 

Amplifiers • Low Cost 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO·92 

See Section 6 

Gate-Drain or Gate-Source Voltage ............... -25V 
Plastic 

Gate Current (FWD) ......................... 10 mA 

.~: Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mWrC) ...................... 360 mW 

Operating Temperature Range ............. -55 to 135°C 
Storage Temperature Range ............... -55 to 150°C 
Lead Temperature Range 

(1/16" from case for 1 0 seconds) .............. 300°C T) s c G 
S 

D C D 

Bottom View 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

I~ S IGSS Gate Reverse Current 
-10 nA 

VGS~-15V,VOS~0 
I 

2 -0.6 jJ.A TA ~85°C 

13" T 
Gate~Source 8~eakdown Voltage A BVGSS -25 IG ~-10 jJ.A, VOS~ 0 

I-
T VGS(offi 4 Gate·Source Cutofl Voltage -0.4 -8.0 V VOS ~ 15 V, 10 ~ 1 jJ.A 

I- I 

1-':' C VGS Gate·Source Voltage -7.5 VOS ~ 15 V, 10 ~ 100jJ.A 

6 lOSS Saturation Drain Current 1.0 40 rnA VOS ~ 15 V, VGS ~ 0 

7 rds(on) Drain-Source ON Resistance 500 f! VGS~O,IO~O -
8 

Common-Source Forward 
2000 9000 9l, Transconductance 

I ~ 1 kHz 

-
9 D gos Common-Source Output Conductance 200 1lmho -

y Common-Source Forward 
10 N 9l, Transconductance 

1800 VOS~15V,VGS~0 

--,-,- A 
M Ciss Common-Source Input Capacitance 20 I ~ 1 MHz 

-
I pF 

12 C erss 
Common-Source Reverse Transfer 

5.0 
Capacitance 

-
13 NF Common-Source Spot Noise Figure 3.0 dB RG ~ 150k f! 

-
VDS~15V,IO~1 rnA 

I ~ 1 kHz 

14 
Equivalent Short Circuit Input Noise 

50 
nV NBW ~ 150 Hz eN Voltage $z 

*JEDEC registered data 
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n-channel DMOS FETs 
Designed for Military and Industrial Applications 

• High-Speed Switching 
• Analog Switch 
• Multiplexer 
• Digital Switch 
• A to D Converters 
• D to A Converters 
• Choppers 
• Sample and Hold 

ABSOLUTE MAXIMUM RATINGS (OC) 

Drain Current .................................. 50mA 
Total Device Dissipation at 25°C 

Case Temperature ............................. 1.2W 
Storage Temperature Range ............. -65° to +200°C 
Lead Temperature (1/16"from case for 10 sec.). ..... 300°C 
Operating,Temperature Range ........ -55° to+150°C 

PARAMETER S0210 

VOS Drain~to-source +30 

VSO Source-to-drain* +10 

VOB Orain-to-substrate +30 

VSB Source-to-substrate +15 

VGS Gate-to-source ±40 

VGB Gate-to-substrate ±40 

VGO Gate-to-drain ±40 

TEST CONDITIONS 

Switching 

TO SCOPE +Voo 

510 RL 

S0212 S0214 UNIT 

+10 +20 Vdc 

+10 +20 Vdc 

+15 +25 Vdc 

+15 +25 Vdc 

±40 ±40 Vdc 

±40 ±40 Vdc 

±40 ±40 Vdc 

Input pulse: td, tr < 1 ns 
Pulse width = lOOns 
Rep rate = 1 MHz 

SAMPLING SCOPE 

tr<360ps 
RIN=1MQ Voo 

. . . 
BENEFITS 

• Ultra low feedback capacitance 
(0.30pF) 

• High switching speeds «1 ns) 

• Gate can accept ± 40V 

TO-72 
See Section 6 

Typical Switching Waveform 

lr 'OFF 

SWITCHING CHARACTERISTICS 

'd(ON)(ns) trlns) tOFF(ns) 
RL Typ Max Typ Max Typ Max 

CIN =2.0pF I 5 I 680 0.6 I 1.0 
07 I 1.0 

90 I 10 680 0.7 0.8 9.0 
15 lk 0.9 1.0 14.0 

*tOFF is dependent on Rl and GL and does not depend on the device characteristics. 
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DC ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise specified.) 

TEST CONDITIONS 
S0210 S0212 S0214 UNIT PARAMETER Min Typ Max Min Typ Max Min Typ Max 

Breakdown voltage 
1 BVOS Drain-ta-source VGS=VBS=OV,IO=101lA 30 35 

VGS=VBS=-5V,IS=10nA 10 25 10 25 20 25 
-

2 BVSO Source-to-drain VGO=VBO=-5V 10 10 20 
lo=10nA 

- V 
3 BVOB Orain-to-substrate VGB = OV, source OPEN 15 15 25 

IO=10nA 

"4 BVSB Source-to-substrate VGB = OV, drain OPEN 15 15 25 
IS= 101lA 

-
Leakage current 

5 S lOS (OFF) Drain-ta-source VGS = VBS = -5V 
T VOS=+10V 1 10 1 10 
A VOS = +20 V 1 10 

- T 
6 I ISO (OFF) Source-to-drain VGO=VBO=-5V nA 

C VSO=+10V 1 10 1 10 
VSO = +20 V 1 10 

-
7 IGBS Gate VOB=VSB=OV 

VGB= ±40V 0.1 0.1 0.1 
-

8 VT Threshold voltage VOS=VGS=VT,IS=lI'A 0.5 1.0 2.0 0.1 1.0 2.0 0.1 1.0 2.0 
VSB=OV V 

g- ros (ON) Orain-to-source lo=1.0mA, VSB=O 
resistance VGS=+5V 50 70 50 70 50 70 

VGS=+10V 30 45 30 45 30 45 
VGS=+15V 23 23 23 

Q 

VGS=+20V 19 19 19 
VGS=+25V 17 17 17 

AC ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
S0210 S0212 S0214 UNIT PARAMETER Min Typ Max Min Typ Max Min Typ Max 

10 gfs Forward trans- VOS=10V, VSB=OV 10 15 10 15 10 15 mmhos 
conductance lo=20mA,f=lkHz 

-
0 Small Signal Capacitances VOS= 10V, f=l MHz 
y 

(See capacitance model) VGS=VBS=-15V N 
11 A C(GS+GO+GB) Gate node 2.4 3.5 2.4 3.5 2.4 3.5 

12 
M 
I C(GO+OB) Drain node 1.3 1.5 1.3 1.5 1.3 1.5 pF 

13 
C 

C(GS+SB) Source node 3.5 4.0 3.5 4.0 3.5 4.0 

-
-

14 COG Reverse transfer 0.3 0.5 0.3 0.5 0.3 0.5 
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n-channel DMOS FEYs 
Designed for Military and Industrial Applications • • • 

• High-Speed Switching 
• Analog Switch 
• Multiplexer 
• Digital Switch 
• A to D Converters 
• D to A Converters 
• Choppers 
• Sample and Hold 
ABSOLUTE MAXIMUM RATINGS 1°C) 

Drain Current .................................. 50 rnA 
Total Device Dissipation at 25°C 

Case Temperature ............................. 1.2W 
Storage Temperature Range ............. -65° to +200°C 
Lead Temperature (1/16"from case for 10sec.). ..... 300°C 
Operating Temperature Range ........ _55° to +150oC 

PARAMETER S0211 

vos Drain-ta-source +30 
VSO Source-to-drain* +10 
VOB Orain·to-substrate +30 
VSB Source-to-substrate +15 

VGS Gate-to-source 
-15 
+25 

VGB Gate-to-substrate 
-0.3 
+25 

VGD Gate-to-drain 
-30 
+25 

TEST CONDITIONS 

Switching 

TO SCOPE +VDD 

510 RL 

S0213 S0215 UNIT 

+10 +20 Vdc 

+10 +20 Vdc 

+15 +25 Vdc 

+15 +25 Vdc 

-15 -25 
+25 +30 Vdc 

-0.3 -0.3 
+25 +30 Vdc 

-15 -25 
+25 +30 Vdc 

Input pulse: td, tr < 1 ns 
Pulse width = lOOns 
Rep rate = 1 MHz 

SAMPLING SCOPE 

tr<360ps 
RIN=1MQ 
GiN = 2.0pF 

I 

Vee 

BENEFITS 

• Ultra low feedback capacitance 
(O.30pF) 

• High switching speeds «1 ns) 

• Diode protected gate 

TO-72 
See Section 6 

~ 
s 

Typical Switching Waveform 

+5V - - - -r------.. /90% 
VIN ,-A 50% 

10% 
OV 

--I I--td(ON) 

SWITCHING CHARACTERISTICS 

td(ON)(ns) trins) 

RL Typ Max Typ Max 
tOFF(ns) 

Typ Max 

5 I 680 0.6 1.0 
07 I 1.0 

901 10 680 0.7 0.8 9.0 
15 1k 0.9 1.0 14.0 

*tOFF is dependent on RL and CL and does not depend on the device characteristics. 
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DC ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise specified.) en 

" PARAMETER TEST CONDITIONS 
SD211 SD213 SD215 UNIT ~ 

Min Typ Max Min Typ Max Min Typ Max .. 
Breakdown voltage .. 
BVDS Drain-to-source VGS = VBS = OV, ID = 10~A 30 35 " VGS=VBS=-5V,ls=10nA 10 25 10 25 20 25 rn -

2 BVSD Source-to-drain VGD=VBD=-5V 10 10 20 
ID=10nA en 

- V 

" 3 BVDB Drain-to-substrate VGB = OV, source OPEN 15 15 25 
ID=10nA ~ 

- .. 
4 BVSB Source-to-substrate VGB=OV, drain OPEN 15 15 25 W IS=10~ 

- " Leakage current rn 5 IDS (OFF) Drain-to-source VGS = VBS = -5V 
S VDS=+10V 10 10 
T VDS=+20V 10 nA en 

- A 

" 6 T ISD (OFF) Source-to-drain VGD=VBD=-5V 
I VSD=+10V 10 10 ~ C 

VSD=+20V 10 .. 
- VI 

7 IGBS Gate VDB=VSB=OV 

" VGB=+25V 10 10 ~A 
VGB=+30V 10 rn 

-
8 VT Threshold voltage VDS=VGS=VT, IS=l~A 0.5 1.0 2.0 0.1 1.0 2.0 0.1 1.0 2.0 

VSB=OV 
V 

-
9 rDS (ON) Drain-to-source ID=1.0mA, VSB=O 

resistance VGS=+5V 50 70 50 70 50 70 
VGS=+10V 30 45 30 45 30 45 

VGS=+15V 23 23 23 
Q 

VGS=+20V 19 19 19 
VGS= +25V 17 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 
SD211 SD213 SD215 UNIT 

Min Typ Max Min Typ Max Min Typ Max 

10 gts Forward trans- VDS=10V, VSB=OV 10 15 10 15 10 15 mmhos 
conductance ID=20mA, f= 1 kHz 

-
D -Small Signal Capacitances VDS = 10V, t= 1 MHz 
y 

(See capacitance model) VGS=VBS=-15V N 
11 A C(GS+GD+GB) Gate node 2.4 3.5 2.4 3.5 2.4 3.5 

U 
M 
I C(GD+DB) Drain node 1.3 1.5 1.3 1.5 1.3 1.5 pF 

- C 
13 C(GS+SB) Source node 3.5 4.0 3.5 4.0 3.5 4.0 

-
14 CDG Reverse transfer 0.3 0.5 0.3 0.5 0.3 0.5 
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n-channel JFETs H 
Siliconix 

designed for • • • Performance Curves NCA 
See Section 4 

• Analog Switches BENEFITS 

• Commutators • Low Insertion Loss 
rDS(on) < so n (U202) 

• Choppers • Good Off-Isolation 
ID(off) < 1 nA 

ABSOLUTE MAXIMUM RATINGS (2S0C) 
TO·18 

~ See Section 6 

Gate-Drain or Gate-Source Voltage ............... -30 V 
Gate Current ............................... SOmA fFf 
Total Device Dissipation at 2SoC Case Temperature 

(Derate 10 mWrC) ......................... 1.8W 

.~: Storage Temperature Range .............. -65 to +200°C 
Lead Temperature 

G.C i \ ( 1/16" from case for 1 0 seconds) .............. 300°C D 

ELECTRICAL CHARACTERISTICS (2S0C unless otherwise noted) 

U200 U201 U202 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 -1 -1 -1 nA 

2" IGSS Gate Reverse Current VGS=-20V, VDS=O 
150°C -1 -1 -1 p.A - S 3 BVGSS Gate-Source Breakdown Voltage -30 -30 -30 IG = -1 p.A, VDS = 0 - T V 

4 A VGSloll) Gate-Source Cutoll Voltage -0.5 -3 -1.5 -5 -3.5 -10 VDS=20V, ID= 10nA - T 
1 1 1 nA 

5 I ID(oll) Drain Cutoff Current VDS = 10 V, VGS = -12 V 
C 1 1 1 p.A 150°C 

,-
6 IDSS Saturation Drain Current (Note 1) 3 25 15 75 30 150 mA VDS=20V, VGS=O 

7 rdslon) Drain.~ource ON Resistance 150 
1-

75 50 ohm VGS=O,ID=O 1= 1 kHz 

8 D 
Ciss 

Common-Source Input 
30 30 30 VDS=20V,VGS=0 V Capacitance (Note 1) 

I- N pF 1= 1 MHz 

9 Crss 
Common-Source Reverse Transfer 8 8 8 VDS=0,VGS=-12V Capacitance 

NOTE: NCA 
1. Pulse test required, pulsewidth = 300 /lsec, duty cycle ~ 3%. 
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monolithic dual H 
Siliconix 

n-channel JFETs 
designed for Performance Curves NQP 

• • • See Section 4 

• DiHerential Amplifiers BENEFITS 

• Good Matching Characteristics 

TO·71 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 

~~ Gate-Drain or Gate-Source Voltage ............... -50 V G, G2 

Gate Current ............................... 50 rnA 
Total Device Dissipation at 25°C 8, 82 

(Derate 1.7 mW/oC to 200°C) .........•..... 300mW Sz 

Storage Temperature Range .............. -65 to +200°C G, a' DZ 
30 06 

l" _, Lead Temperature 0, 'a 0 ' G2 ,0 

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

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Min Max Unit Test Conditions 

1 -100 pA 

2' IGSS Gate Reverse Current VGS=-30V.VOS=0 
150·C -500 nA 

"'3 S BVGSS Gate-Source Breakdown Voltage -50 IG = -1 J1.A. VOS = 0 

"4 T 
VGS(off) Gate-Source Cutoff Voltage -0.5 -4.5 V VOS=20V.IO= 1 nA 

5' 
A 

I T VGS Gate-Source Voltage -0.3 -4.0 - I -50 pA VOG = 20 V.IO = 200J1.A 
6 C IG Gate Operating Current 

-250 nA 125·C 

'7 lOSS Saturation Drain Current (Note 1) 0.5 5.0 rnA VOS = 20 V. VGS = 0 

1000 5000 f= 1 kHz 
8 9f, Common-Source Forward Transconductance (Note 1) VOS=20V,VGS=0 

1000 f= 100 MHz - 0 9 9f, Common-Source Forward Transconductance (Note 1) 600 1600 ~mhQ VOG=20V, 10 = 200J1.A 

W 
y 
N 90' Common-Source Output Conductance 35 VOS = 20 V, VGS = 0 f= 1 kHz 

"... A 90' Common-Source OutPut Conductance 10 VOG = 20 V, 10 - 200 J1.A 

12 M 
Ciss Common-Source Input Capacitance 6 

13 
I pF f= 1 MHz 

C Crss Common-Source Reverse Transfer Capacitance 2 
VOS=20V,VGS=0 - nV 

14 en Equivalent Short Circuit Input Noise Voltage 80 VHz f= 100Hz 

Characteristic 
U231 U232 U233 U234 U235 

Unit Test Conditions 
Max Max Max Max Max 

15 IIG1-1G21 Differential Gate Current 10 10 10 10 10 nA VOG = 20 V, 10 = 200 J1.A 125·C 
-

(lOSS1-IOSS21 16 Saturation Drain Current 5 
10SSl Match (Note 1) 

5 5 10 15 % VOS=20V,VGS=0 

-
17 M IVGS1-VGS2 1 

Differential Gate-Source 
5 10 15 20 25 mV 

_A Voltage 

T TA= 25·C 
18 C ilIVGS1-VGS2 1 10 25 50 75 100 

- H Gate-Source Voltage 
J1.Vt"C 

TB = 125·C 

I ilT Differential Drift (Note 2) TA=-55 C 
19 10 25 50 75 100 VOG = 20 V, 10 =200J1.A N TB = 25·C 
,- G (9fsl 9f,2) 

20 
Transconductance Match 

3 5 5 10 15 % --- (Note 1) 
1-

9f,l f = 1 kHz 

21 110,1-90,2 1 
Differential Output 

5 5 5 5 5 J1.mho Conductance 

NOTES: 
1. Pulse test required, pulsewidth = 300 ps, duty cycle'::;;:;: 3%. NQP 
2. Measured at end points, TA and Te. 
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matched dual 
-----_. 

H 
Siliconix 

n-channel JFET 
-------

designed for Performance Curves NZF·D, NNZ 
• • • See Section 4 . 

• Wideband DiHerential BENEFITS 

Amplifiers • High Gain through 100 MHz 
9fs = 4500 Mmho Minimum 

• Matching Characteristics Specified 

TO-78 

ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 

Gate-Drain or Gate-Source Voltage ............... -25 V 

~~ Gate Current ............................... 50mA 
Device Dissipation (Each Side). T A = 85°C G, G2 

(Derate 3.85 mW;oC) ...................... 250mW 81 82 

Total Device Dissipation, T A = 85°C 
C 

S2 

(Derate 7.7 mW;oC) ....................... 500mW 405 °2 

Storage Temperature Range ............. -65 to + 200°C G, bO o~ G2 

1\, 
'0 7 

Lead Temperature 0, 10 

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

Bottom View D, 

ELECTRICAL CHARACTERISTICS (250 unless otherwise noted) 

Characteristic Min Max Unit Test Conditions 

1 -100 pA 
I- S IGSS Gate Reverse Current VGS=-15V, VDS=O 

150°C 2 T -250 nA 
1- A 3 BVGSS Gate-Source Breakdown Voltage -25 IG =-lfJA, VDS=O 
I- T V 

4 I VGS(off) Gate·Source Cutoff Voltage -1 -5 VDS= 10V,ID= 1 nA 
I- e 

5 IDSS Saturation Drain Current (Note 1) 5 40 mA VDS= 10V, VGS=O 

6 
1-

91s Common-Source Forward Transconductance 4500 10.000 VDS = 10 V, ID = 5 mA 1 = 1 kHz 

7 91s Common-Source Forward Transconductance 4500 10,000 VDG=10V,ID=5mA 1 = 100 MHz 

IS D Jlmho 
y 90S Common-Source Output Conductance 200 VDS= 10V, ID=5mA 1 = 1 kHz 

I- N 9 
A 90S Common-Source Output Conductance 200 1= 100MHz 

1-
10 M Ciss Common·Source I nput Capacitance 5 

:~ 
I pF VDG = 10V, ID=5mA 1= 1 MHz 
C Crss Common-Source Reverse Transfer Capacitance 1.2 

12 en Equivalent Short Circuit Input Noise Voltage 30 
nV 

1 = 10 kHz vffi 
13 M 

IDSSI 
Saturation Drain Current Ratio (Notes 1 and 2) 0.85 1 VDS=10V,VGS=0 

IDSS2 
1- A 

14 T 
IVGS1-VGS2 1 Differential Gate-Source Voltage 100 mV e 1- H 91s1 

15 I - Transconductance Ratio (Note 2) 0.85 1 VDG= 10V,ID=5mA 

I- N 91s2 
1 = 1 kHz 

16 G 
19051-9052 1 Differential Output Conductance 20 ,umho 

NOTES: NZF-D, NNZ 
1. Pulse test required, pulse width = 300 ,us, duty cycle ~ 30%. 
2. Assumes smaller value in numerator. 
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n-channel JFETs 
------

H 
Siliconix 

-

designed for • • • Performance Curves NVA 
See Section 4 

• Analog Switches BENEFITS 

Commutators • Ultra-Low Insertion Loss • rOS(on) ~3.on (U290) 

• Choppers • High Off-Isolation 
IO(off) <1 nA 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO·52 

If 
Reverse Gate-Drain or Gate-Source Voltage ......... -30 V See Section 6 

Gate Current .............................. 100mA 
Drain Current ............................... 1.5 A 

co jM 
Total Device Dissipation at 25°C 

Free-Air Temperature (Note 1) ............... 500 mW 

,~: Storage Temperature Range .............. -65 to +2ocfc 
Lead Temperature \ (1/16" from case for 10 seconds) .............. 300°C 0 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

U290 U291 
Characteristic Unit Test Conditions 

Min Max Min Max 

1 -1 -1 nA 
- IGSS Gate Reverse. Current VGS=-15V.VDS=O 

150'C 2 -1 -1 Jl-A -
3 BVGSS Gate-Source Breakdown Voltage -30 -30 IG = -1 Jl-A. VDS = 0 - s V 
4 VGSloff) Gate-Source Cutoff Voltage -4 -10 -1.5 -4.5 VDS=15V.ID=3nA 

'5 
T 
A 1 1 nA - T IDloff) Drain Cutoff Current VDS=5V.VGS=-10V 

150'C 6 I 1 1 Jl-A - --7 C VDSlon) Drain-Source ON Voltage 3.0 70 mV V GS = O. I D = 10 mA -
Saturation Drain Current 8 IDSS INote 21 

500 200 mA VDS= 10V, VGS=O 

-
9 'DSlon) 

Static Drain-Source ON 
1.0 Resistance 

3.0 2 7 n VGS=OV,ID=10mA 

10 D 
'dslon) Drain-Source ON Resistance 1.0 3.0 2 7 n VGS=O,ID=O f = 1 kHz .,.., y 

N CSGO Source-Gate 0 F F Capacitance 30 30 VSG= 15V, ID=O 

12 A 
CDGO Drain-Gate OFF Capacitance M 30 30 pF VDG= 15V, IS=O f= 1 MHz 

- I Source Gate Plus Drain Gate 13 C CSG+CDG On Capacitance 160 160 VDS=O,VGS=O 

-
14 td(on) Tu,'n-ON Delay Time 15 15 VDD = 1.5 V, IDlon) = 30 mA, RL = 50 n, -

VGSlon) = 0 V, 15 S t, Rise Time 20 20 

16W ns 
VGSloff) = -12 V IU290) tdloff) Turn·-OFF Delay Time 15 15 

-
17 tf Fall Time 20 20 VGSloff) = - 7 V IU291) 

NOTES: NVA 

1. Derate linearly at the rate of 4.0 mwtC. 
2. Pulse test required pulsewidth 300 llS, duty cycle -:; 3%. 
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p-channel JFETs H 
Siliconix 

designed for- • • • Performance Curves PSA 
See Section 4 

• Analog Switches BENEFITS 

• Commutators • Low I nsertion Loss 
rOS(on) < 85 n (U304) 

• Choppers • High Off-Isolation 
10(off) < 500 pA 

ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 Q See Section 6 

Reverse Gate-Drain or Gate-Source Voltage (Note 1) .. 30V 

m Gate Current ......................... ' ...... 50mA 
Total Device Dissipation, Free-Air 

(Derate 2.8 mW;oC) ....................... 350 mW 

.~: Storage Temperature Range .............. -65 to +200oC 
Lead Temperature o )c s (1/16" from case for 60 seconds) ............. 300°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

U304 U305 U306 
Characteristic Unit Test Conditions 

Min Max Min Max Min Max 

1 SOO 500 500 pA 

2" IGSS Gate Reverse Current VGS = 20 V. VOS = 0 
1.0 1.0 1.0 /lA 150 C 

3" BVGSS . Gate-Source Breakdown Voltage 30 30 30 IG = t /lA, VOS = 0 

4" 
S VGS(off) Gate-Source CutOff Voltage 5 10 3 6 1 4 VOS=-15V,IO=-1/lA 

--'- V 
T VGS = 0,10 = -15 rnA (U3041. 

5 A VOS(on) Drain-Source ON Voltage -1.3 -0.8 -0.6 10 = -7 rnA (U3051. 
T 10 = -3 rnA (U306) 

'6 
I 
C lOSS' Saturation Drain Curr'ent (Note 2) -30 -90 -15 -60 -5 -25 mA VOS=-15V,VGS=0 -

7 -500 -500 -500 pA VOS = -15 V, VGS = 12 V (U304), 

"8 10(off) Drain Cutoff Current VGS = 7 V (U3051. 
150°C -1.0 -1.0 -1.0 /lA VGS = 5 V IU306) 

'9 'OS(on). Static Drain-Source ON Resistance 85 110 175 n VGS-OV,IO=-l mA 

10 'ds(on) Drain-Source ON- Resistance 85 110 175 n VGS=OV,IO=O 1= 1 kHz 

11 O· Ciss Common-Source Input Capacitance 27 27 27 VOS=-15V, VGS=O - Y 1=1 MHz 
N Common-Source Reverse Transfer pF VOS = 0, VGS = 12 V IU304) 

12 Crss Capacitance 
7 7 7 VGS = 7 V IU305), 

VGS = 5 V (U306) 

13 S Turn-ON Delay Time 20 25 25 
U304 U305 U306 

td(on) 

1"14 W VOO -10 V -6V -6V 

I t, Rise Time 15 25 35 VGS(off) 12V 7V 5V 

Ils T T~'rn-OFF Oelay Time 
ns 

td(oll) 10 15 20 RL 580n 743n 1800n 
ITs C 

tl Fall Time 25 40 60 VGS(on) 0 0 0 
H 

10(on) -15 mA -7 mA -3mA 

NOTES: PSA 
1. Due to symmetrical geometry these units may be operated with 

source and drain leads interchanged. 
2. Pulse test pulsewidth = 300/ls, duty cycle';; 3%. 
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n-channel JFETs 
designed for . . . 
• VHF Amplifiers 
• Front End High Sensitivity 

Amplifiers 

• Oscillators 

• Mixers 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage, ___ , _______ ... -25 V 
Gate Current ... , ........... , , . . . . . . . . . .. . .. 20 mA 
Total Power Dissipation at T A = 25°C " ... _ .... 500 mW 
Power Derating to 150°C ..... "., .......•. 4.0 mW;oC 
Storage Temperature Range ...... , ....... -65 to +!i50"c 
Lead Temperature 

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

H 
Siliconix 

Performance Curves NZA 
See Section 4 

BENEFITS 

• Industry Standard 
• 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 n Input Match Common Gate 

TO-52 
See Section 6 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
U308 U309 U310 

Unit Test Conditions 
Min Typ Max Min Typ Max Min Typ Max 

1 -150 -150 -150 pA VGS=-15V, 1- IGSS Gate Reverse Current 
2 -150 -150 -150 nA VGS =0 TA=125°C 

I- S Gate-Source Breakdown 
3 T BVGSS Voltage 

-25 -25 -25 IG =-1 IlA, VOS =0 
1- A 

V 

4 T VGSloifi Gate-Source Cutoff Voltage -1.0 -tl.O -1.0 -4.0 -2.5 -tl.O VOS=lOV,IO=lnA 
I- I Saturation Drain Current 

5 C lOSS INote 11 
12 60 12 30 24 60 mA VOS=lOV,VGS=O 

1-
6 VGSIII 

Gate-Source Forward 
1.0 1.0 1.0 V IG=lOmA,VOS=O 

Voltage 

Common-Gate Forward 
7 gig Transconductance (Note 1) 

10 17 10 17 10 17 mmho 
VOS=lOV, 1- 0 10= 10mA 

1=1 kHz 

8 y Common-Gate Output 
250 250 ,umho gog 250 

N Conductance 
1-

A 9 Cgd Drain-Gate Capacitance 2.5 2.5 2.5 VGS =-10 V, 1- M pF 1=1 MHz 
10 I Cg, Gate-Source Capacitance 5.0 5.0 5.0 VOS=lOV 

1- C - Equivalent Short Circuit nV VOS=lOV, 
11 en Input Noise Voltage 

10 10 10 VHz 10=10mA 
f=lOOHz 

12 Common-Gate Forward 15 15 15 f = 105 MHz 
1- gig Transconductance 13 14 14 14 1=450MHz 
1- H 

I~ I Common-Gate Output 0.18 0.18 0.18 mmho 1=105MHz 
gog Conductance 

I~ 0.32 0.32 0.32 VOS=lOV, 1=450MHz 
F 

16 R Common-Gate Power 14 16 14 16 14 16 10=10mA 1= 105 MHz 
I- E Gpg Gain (Note 2) 17 10 11 10 11 10 11 1=450MHz 
I- e 

18 1.5 2.0 1.5 2.0 1.5 2.0 dB 1= 105 MHz 
1- NF Noise Figure 

19 2.7 3.5 2.7 3.5 2.7 3.5 f = 450 MHz 

NOTES: NZA 

1. Pulse test duration = 2 ms. 
2. Gain (Gpgl measured at optimum input noise match. 
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n-channel JFET H 
Siliconix _._----_._----

designed for • • • Performance Curves NZA 
See Sed ion 4 

• VHF Amplifiers BENEFITS 

• High Power Gain 

• Oscillators 16 dB Typ @ 105 MHz, Common-
Gate 

• Mixers 
11 dB Typ @ 450 MHz, Common-
Gate 

• Low Noise Figure 
1.5 dBTyp @ 105 MHz 
2.7 dB Typ @ 450 MHz 

• Wide Dynamic Range-Greater than 
100 dB 

ABSOLUTE MAXIMUM RATINGS (25°C) TO-72 
See Section 6 

Gate-Drain 01" Gate-Source Voltage ............... -25V 
Gate Current ................ _ ..... _ ....... _ 10 mA 
Total Device Dissipation (Derate 1.7 mWrC) ..... 300 mW 
Storage Temperature Range ........... _ .. -65 to +200°C 

"~: ~ Lead Temperature 
(1/16" from case for 1 0 seconds) ............. 300°C 

~ G 

s 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic Min Max Typ Unit Test Conditions 

1 -150 pA 

-; IGSS Gate Reverse Current VGS=-15V,VDS=0 
150·C -150 nA 

-s 
3 T BVGSS Gate-Source Breakdown Voltage -25 IG=-1)tA,VDS=0 

- A V 
4 T VGS(off) 
_I 

Gate-Source Cutoff Voltage -1 -6 VDS=10V,ID=1nA 

5 C IDSS Saturation Drain Current (Note 1) 20 60 rnA VDS=10V,VGS=0 
-

6 VGS(f) Gate-Source Forward Voltage 1 V IG = 1 rnA, VDS = 0 

7 gIg Common-Gate Forward Transconductance (Note 1) 10,000 17,000 - )tmho VDS = 10 V,ID = 10 rnA If = 1 kHz 
8 D gog Common-Gate Output Conductance 250 
-Y 
9 N Cgd Gate·Drain Capacitance 2.5 - pF VDG=10V,ID= 5mA If = 1 MHz 

10 Cgs Gate-Source Capacitance 5.0 

NOTE: NZA 

1. Pulse test duration = 2 ms. 
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n-channel JFETs 
-~ ---~-----

H 
Siliconix 

- --- - --, 

designed for • • • Performance Curves NIP 
See Section 5 

• VHF BuRer Amplifiers BENEFITS 

• IF Amplifiers • High Gain 
9f5 = 120,000 /lmho Typical 

• Wide Dynamic Range 

• Low Intermodulation Distortion 

TO-39 

ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 

Gate-Drain or Gate-Source Voltage. _ .. _ . _ ......... -25 V 
Gate Current ............................... 100 rnA 
Total Device Dissipation (25°C Case Temperature) ...... 3 W 
Power Derating (to 150°C) .................. 24 mW;oC 
Storage Temperature Range .............. -55 to +150°C 

,-t{: Operating Temperature Range ............. -55 to +150°C 
Lead Temperature 

G.C ! ( 1/16" from case for 1 0 seconds) ............... 300°C D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

U320 U321 U322 
Characteristic Unit T est Conditions 

Min Typ Max Min Typ Max Min Typ Max 

i -3 -3 -3 nA 
VGS'-15V.VOS'OV I 2" IGSS Gate Reverse Current (Note 1) 

S -0.5 -0.5 -0.5 )l.A T '100'C 

3" T VGSloff) Gate-Source Cutoff Voltage -2 -10 -1 -4 -3 -10 VOS·5V.10·1 mA 
"4 A V 

BVGSS Gate-Source Breakdown Voltage -25 -25 -25 IG·-liJ.A.VOS·OV 

5" T 
I lOSS Saturation Drain Current (Note 2) 100 500 80 250 200 700 mA VOS '15 V. VGS' 0 V 

6" c VGSII) Gate-Source Forward Voltage 1 1 1 V IG • 1 mA, VOS • 0 V 

'7 'OSlon) Drain-Source ON Resistance 10 11 8 n VGS·OV,10·10mA 

8 9fs 
Common-Source Forward 
Transconductance (Note 2) 75 120 200 75 120 200 75 130 200 mmhos VOS '15 V, VGS' 0 V 1'1 kHz 

,-
Common-Source Input 9 0 Ciss 30 30 30 

,- V 
Capacitance 

N Common-Source Reverse 10 A Crss Transfer Capacitance 15 15 15 pF VGS' -10 V, VOS' 0 V 1= 1 MHz ,,- M 
Cgs Gate-Source Capacitance 12 12 12 VGS'-10V,10'0 I 

12 C Cgd Gate-Drain Capacitance 12 12 12 VGO'-10V,IS'0 -
- Equivalent Short Circuit nV 

13 en Input Noise Voltage 2 2 2 )Hz' VOS·5V,10·lOmA 1'1 kHz 

14 gig Common Gate Forward 55 55 55 
H Transconductance - I Cornman-Gate Input 15 G 9ig Conductance 

56 56 56 
mmho - H VOG • 20 V, 10.25 mA 1= 50 MHz 

16 gog 
Common-Gate Output 0.5 0.5 0.5 Conductance 

17 F 
R GpS Power Gain (Note 3) 9 9 9 dB 

18 E Ft Gain-Bandwidth (Note 4) 400 400 400 MHz VOS·15V,VGS·OV 

18 0 NF Noise Figure (Note 3) 2.5 2.5 2.5 dB VOG - 20 V, 10 - 25 mA II = 30 MHz 

NOTES, NIP 
1. Approximately doubles for every 10°C increase in T A-
2. Pulse test duration = 2 ms. 
3. Noise figure (SS8) and power gain measured in circuit shown in Figure 1. 
4. Computed as 9fsJCrss. 
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monolithic dual H 
Siliconix 

n-channe.1 JFETs Performance Curves NNR 
See Section 4 

designed for BENEFITS 

• • • • Minimum System Error and Calibra-

Low Noise FETlnput 
tion • 5 mV Offset Maximum (U401) 

Amplifiers 95 dB Minimum CMRR (U401-04) 

• Low Drift with Temperature 

• Low and Medium Frequency 10J.!vrc Maximum (U401, 02) 

Amplifiers • Operates from Low Power Supply 
Voltages 

• Impedance Converters VGS(off) < 2.5 V 

• Simplifies Amplifier Design 

• Precision Instrumentation Output Conductance < 2 J.!mho 

Amplifiers • Low Noise 
en = 6 nV/yIHZ at 10 Hz Typical 

• Comparators TO·71 

~~oo. ABSOLUTE MAXIMUM RATINGS (25°C) 

~ 
02 

Gate-Drain or Gate-Source Voltage 50V G, G2 

Forward Gate Current. lOrnA 
Device Dissipation (each side) 

8, 82 

@TA = 85°C derate 2.6 mW/oC 300mW 82 

Total Device Dissipation G1 30 0 506 
02 

@TA = 85°C (derate 5 mWrC) 500mW 20 07 G2 

G2\ 
Storage Temperature Range . . -65 to 200°C 01 ,0 

8, 

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) Bottom View 
., 8, 

U401 U402 U403 U404 U405 U406 
Unit Characteristic 

Min M" Min Mox Min M" Min M.x Min Mox Min Mox 
Test Conditions 

, 
BVGSS 

~ate.Source Breakdown 
Voltage -'0 -.0 -.0 -.0 -.0 -.0 V VOS= 0, IG =-1 JlA -

2 'GSS 
Gate Reverse Current 

-2' -2' (Note 1) -2' -2. -2' -2' pA VOS=O, VGS=-30V 

-
Gate-Source Cutoff 3 

S 
VGSloff) Voltage -.' -2.5 -.' -2.5 -.' -2.5 -.' -2.5 -.' ~2.5 -.' -2.5 VOS=15V,IO=lnA 

V 
Gate-Source 

4 ~ VGSlon) Voltage (on) 
-2.3 -2.3 -2.3 -2.3 -2.3 -2.3 VOG = 15 V, '0 = 200JlA 

- I 
Saturation Drain Current 

5 ClOSS 
(Note 21 0.' 10.0 0.' 10.0 0.' 10.0 0.' 10.0 0.' 10.0 0.' 10.0 mA VOS'" 10 V, VGS ='0 -• -'5 -,. -,. -,. -,. -,. pA VOG = 15'V, 

-:; 'G Gate Current (Note 11 
IO=200~A I -'0 -'0 -'0 -'0 -'0 -10 ,A TA = 12~C - Gate-Gate Breakdown 

B aVG, - G2 Voltage 
±50 '.0 150 ±50 ±50 ±50 V VOS = 0, VGS '" O,IG '" ±1 ~A 

9 
Common-Source Forward 

2000 7000 2000 7000 2000 7000 2000 7000 2000 7000 2000 7000 '" Transconductance (Note 2) - VOS=10V, 
f= 1 kHz 

'0 110, 
Common-5ource Output 

20 20 20 20 20 20 
VGS= a 

Conductance - ~mho 
Common-Source Forward 

" ~ gfs Transconductance 
1000 2000 1000 2000 1000 2000 1000 2000 1000 2000 1000 2000 

- N 
Common-Source Output 

f'" 1 kHz 

'2 ~ 90 s 2.0 2.0 2.0 2.0 2.0 2.0 

1-
Conductance VOG"'15V, 

I 

'3 C Ciss 
Common-Source Input 

B.O B.O B.O B.O B.O 8.0 
10 '" 200~A 

Capacitance 
1-

Common-Source Reverse 
pF f= 1 MHz 

'4 Crss Transfer Capacitance 
3.0 3.0 3.0 3.0 3.0 3.0 

1-
Equivalent Short-Circuit !!lL ,. 

'N 20 20 20 20 20 20 VOS= l5V, 
Input Noise Voltage ""' VGS=O f= 10Hz ,. ~ CMRR 
Common-Mode Rejection 

9. 9. 9. 9. 90 dB VOG = 10to 20V,lO = 200~A Ratio (Note 3) 
I-T 

Differential Gate·Source 
17 ~ (VGSl - VGS21 Voltage • '0 '0 I. 20 40 mV VOG = 10 V, 10 '" 200/1A 

I-I 
,B N t:.IVGSl - VGS21 Gate·Source Voltage Differ· 10 '0 2. 2. 40 BO p.VrC 

VOG=10V. T A = -55"e, TB = +25"C. 
--.-T-- ential Drift (Note 4). 10'" 200p.A TC = +12S"C 

NOTES: 
1. Approximately doubles for every 10ce increase in T A. 2. Pulse tElSt dUration'" 300/15; duty cycle ~ 3%. t 6VOO j NNR 
4. Measured at end points, T A, TB and Te. 

3. CMRR = 2010910 2S:('VGS1-VGS2] ,aVOO = 10 V. 
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monolithic dual 
n-channel JFETs 
designed for ... 
• FEY Input Amplifiers 
• Low and Medium Frequency 

Amplifiers 
• Impedance Converters 
• Precision Instrumentation 

Amplifiers 
• Comparators 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-To-Gate Voltage ......................... ±40 V 
Gate-Drain or Gate-Source Voltage ............... -40 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mA 
Total Package Dissipation (25°C Free-Air) ........ 375 mW 
Power Derating ........................... 3.0 mWrC 
Storage Temperature Range .............. -65 to +150°C 
Lead Temperature (1/16" from case for 1 0 seconds) .. 300°C 

H 
Siliconix 

Performance Curves NQP 
See Section 4 

BENEFITS 

• Low Cost 
• Minimum System Error and Calibration 

10 mV Offset Maximum (U410) 
70 dB Minimum CMRR (U410) 

• Low Drift with Temperature 
10 }lVrC Maximum (U410) 

• Simplifies Amplifier Design 
Low Output Conductance 

TO·71 
See Section 6 

G,~LG2 
JC~ 

S2 
D2 

50 0 
0 3 6 0 G2 

G, 021 7 

D, 0 
s, 

Bottom View 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

U410 U411 U412 
Characteristic Unit Test Conditions 

Min Typ Max Min Typ Max Min Typ Max 

1 IGSS 
Gate Reverse Current 
(Note 1) 

-0.5 

-40 

0.5 

1-
Gate-Source Cutoff 

2 VGS(oll) 
I_ S 

Voltage 

T Gate-Source Breakdown 
3 A BVGSS Voltage 

I-T 
4 I lOSS 

Saturation Drain Current 
C (Note 2) 

1-
5 IG Gate Current (Note 1) 

1-
6 VGS Gate-Source Voltage -0.2 

1,000 

600 

7 Common-Source Forward 
1""'8 915 Transconductance 

1""'8 0 Common-Source Output 
110 y 90S Conductance 
I-N 

11 A Ciss 
Common-Source Input 

M Capacitance 
I- I Common-Source Reverse 

12 C Crss Transfer Capacitance 
1-

Equivalent Short-Circuit 
13 en Input Noise Voltage 

14 
M 

~GS1-VGS21 
Differential Gate-Source 

A Voltage 
I-- T 

15 C t>IVGS1-VGS2 1 Gate-Source 
H t>T Differential Drift (Note 3) 

I-- I 

16 N CMRR 
Common-Mode Rejection 

G Ratio (Note 4) 

NOTES: 
1. Approximately doubles for every 1Q°C increase in T A. 
2_ Pulse test duration = 300 psec; duty cycle ~ 3%. 
3. Measured at end points, T A and TB. 

4.5 

1.2 

80 

"200 "200 -200 pA VOS = 0, VGS = -30 V 

-3.5 -0.5 -3.5 -0.5 -3.5 VOS=20V,10=1nA 
V 

-40 -40 

5.0 0.5 5.0 0.5 5.0 mA VOS=20V, VGS=OV 

"200 "200 -200 pA 
VOG = 20 V,IO = 2OOf.lA 

-3.0 -0.2 -3.0 -0.2 -3.0 V 

4,000 1,000 4,000 1.000 4,000 VOS=20V,VGS=0 V 

1,200 600 1,200 600 

20 20 

1,200 VOG = 20 V,IO = 2OOf.lA 
pmho 1 = 1 kHz 

20 VOS-20V,VGS-OV 

5 5 5 VOG = 20 V, 10 = 2OOf.lA 

4.5 4.5 
pF VOS=20V,VGS=OV 1= 1 MHz 

1.2 1.2 

50 50 50 nV VOS = 20 V ,10 = 200 f.lA 1 = 100 Hi tI'i'h 
10 20 40 mV VOG = 20 V, 10 = 200f.lA 

10 25 80 f.lvtc 
VOG-20V,10-200 f.lA 

T A = 25°C to TB = 85°C 

80 70 dB 
VOO - 10 V to VOO - 20 V 

10 = 200f.lA 

NQP 

Siliconix 2-93 

c .. ... 
o 
c .. ... ... 
c .. ... 
h) 

-



monolithic dual H 
Siliconix 

n-channel JFETs Performance Curves 
-----

NNT 
See Section 4 

designed for 
BENEFITS 

• • • • High Input Impedance 
IG = 0.25 pA Maximum (U421-3) 

• Very High Input Impedance • High Gain 9fs = 120 J.Lmho Minimum @ 

Differential Amplifiers 10 = 30 J.LA (U421-6) 
• Low Power Supply Operation 

Electrometers • 
VGS(Off~ = 2 V Maximum (U421-3) 

Minimum ystem Error and Calibration 

• Impedance Converters 10 mV Maximum Offset 
90 dB Minimum CMRR (U421, U424) 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO·78 

See Section 6 

Gate-to-Gate Voltage •••....•....•••••.......• ±40 V 

~~ Gate-Drain or Gate-Source Voltage ........... -40 V G, G2 

Gate Current ..•...•...•....•..••.•...•.••.•• 10 rnA 
Device Dissipation (Each Side), T A = 25°C 5, 82 - (Derate 3.2 mW/oC to 150°C) .••......•..• 400 mW 

82 

Total Device Dissipation, T A = 25°C C 
°2 4 OS 

(Derate 6.0 mW/oC to 150°C) .••••...•••.. 750 mW G, bO o~ G2 

I~, '0 
7 

Storage Temperature Range .•.••... -65°C to +150°C 0, ,0 
D2 

5, 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bo'ttam View 0, 

! 
Characteristic U421·3 U424-6 Unit Test Conditions 

Min Typ Max Min Typ Max 

1 BVGSS Gate-Source Breakdown Voltage -40 -60 -40 -60 IG=-l~A,VDS=O - V 
2 BVG1G2 Gate-Gate Breakdown Voltage ±40 ±40 IG = -1 ~A, ID = 0, IS = 0 - 1.0 3.0 T - +25°C 3 S IGSS Gate Reverse CUrrent (Note 1) 

pA 
T 1.0 3.0 nA T-+125°C VGS=-20V, VDS=O 

I-A .25 0.5 T"" +2SoC 4 T IG Gate Operating Current (Note 1) pA VDG = 10 V, ID = 30 ~A I ·250 500 T - +125°C 
Isc VGS(offl Gate-Source Cutoff Voltage -0.4 -2.0 -0.4 -3.0 VDS=IOV,ID=lnA - V 

6 VGS Gate-Source Voltage -1.8 -2.9 VDG = 10 V, ID = 30~A -
7 IDSS Saturation Drain Current 60 1000 60 800 ~A VDS=10V,VGS=0 
8 91s Common·Source Forward Transconductance 300 1500 300 150 - ~U 1 = 1 kHz 
9 90S Common·Source Output Conductance 5.0 5.0 VDS = 10 V, VGS = 0 

-D 
10 Y Ciss Common·Source Input Capacitance 3.0 3.0 

I"N pF 1= 1 MHz 
I_A Crss Common-Source Reverse Transfer Capacitance 1.5 1.5 

12 M 91s Common-Source Forward Transconductance 120 350 120 350 
I-I ~U 1= 1 kHz 13 C 90 s Common-Source Output Conductance 3.0 3.0 
1- VDG = 10 V, ID = 30 ~A 

- Equivalent Short Circuit Input 20 70 20 70 1= 10Hz 14 en Noise Voltage 10 nV/..jHZ 
1- 10 1- 1 kHz 

15 NF Noise Figure 1.0 1.0 dB I 1 = 10 Hz RG=10Mn 
Characteristic 

U421,4 U422,5 U423,6 
Test Conditions 

Min Typ Max Min Typ Max Min Typ Max Unit 

16 M IVGS1- VGS21 Differential Gate-Source Voltage 10 15 25 mV VDG = 10 V, ID = 30[.tA 
I-A 

IV GSl - V GS21 Differential Gate-Source Voltage 17 T 10 25 40 ~vfc VDG = 10 V, ID = 30 ~A, 
C 6T Change With Temperature(Note 2) TA = -55°C, TB = 25°C, TC = 125°C 

I-H 18 CMRR Common Mode Rejection Ratio 90 95 80 90 80 90 dB ID = 30~A, VDG = 10 to 20V 
(Note 31 

NOTES: _ ["voo] 1. Approximately doubles for every 10°C increase in T A. 3. CMRR - 2010910 LlIVGS1 VGS21 ' LlVOO=10V. NNT 
2. Measured at end points T A, TS and Te. 4. Case lead not connected. 
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H monolithic dual 
n-channel JFETs 
designed for . . . 

Siliconix 
Performance Curves NNT 
See Section 4 

BENEFITS 

• High Input Impedance 
IG = 5 pA (U427) 

• Very High Input Impedance 
Differential Amplifiers 

• High Gain 9fs = 120 j.Lmho Minimum @ 
ID = 30 j.LA 

Electrometers 

• Impedance Converters 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-to-Gate Voltage 

• Low Power Supply Operation 
VGS{off} = 2 V Maximum (U427) 

• Minimum System Error and Calibration 
25 mV Maximum Offset 

Gate-Drain or Gate-Source Voltage 
Gate Current 
Device Dissipation (Each Side), TA = 25°C 

(Derate 3.2 mW;oC to 150°C) . 
Total Device Dissipation, T A = 25° C 

(Derate 6.0 mW;oC to 150°C) 
Storage Temperature Range 

±40V 
-40 V 
10 mA 

400mW 

750mW 
-65 to +150°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

1 
1-

2 
1-

3 S 
T 

1- A 

4 T 

15 
I 
c 

1-
6 

1-
7 

8 
1-

9 
1- D 

10 Y 
I- N 

11 A 1- M 12 I 1-
13 C 

1-
14 

1-
15 

16 M 1- A 
17 T 

1-
C 
H 

18 

Characteristic 

BVGSS Gate-Source Breakdown Voltage 

BVG1G2 Gate-Gate Breakdown Voltage 

IGSS Gate Reverse Current (Note 1) 

IG Gate Operating Current (Note 1) 

VGS(off) Gate-Source Cutoff Voltage 

VGS Gate-Source Voltage 

lOSS Saturation Drain Current 

9fs Common-Source Forward Transconductance 

go, Common-Source Output Conductance 

Ciss Common-Source Input Capacitance 

Crss Common-Source Reverse Transfer Capacitance 

gf, Common-Source Forward Transconductance 

go, Common-Source Output Conductance 

- Equivalent Short Circuit Input 
en Noise Voltage 

NF Noise Figure 

IVGSl - VGS21 Differential Gate-Source Voltage 

IVGSl - VGS21 Differential Gate-Source Voltage 

.6T Change With Temperature (Note 2} 

CMRR Common Mode Rejection Ratio 
(Note 3) 

U427 U428 

Min Typ Max Min Typ Max 

-40 -60 -40 -60 

±40 ±40 

5 10 

5 10 

3 5 

3 5 

-0.4 -2.0 -0.4 -3.0 

-1.8 -2.9 

60 000 60 800 

300 800 300 500 

3.0 5.0 

3.0 3.0 

1.5 1.5 

120 350 120 350 

0.5 1.0 

20 50 20 70 
10 10 

1.0 1.0 

25 40 

40 80 

90 90 

C 
$2 

40' 

G, 
30 06 

° ° 20 7 

D, ,0 

$, 

D2 

TO-7S 
See Section 6 

G2 

A 
Bottom View 

Unit Test Conditions 

V 
IG = -1 ~A. VOS = 0 

D, 

pA 

nA 
VGS = -20 V. VOS = 0 

pA T=+25°C 

nA T - +125°C 

V 
VOS=10V,IO=1 nA 

VOG = 10 V. 10 = 30~A 

~A 

~ZJ f = 1 kHz 

pF f = 1 MH2 

~ZJ f = 1 kHz 

VOG = 10 V.IO = 30~A 
f = 10 Hz 

n\l/YHZ 
f - 1 kHz 

~~, 

dB If"" 10 Hz RG=10Mn 

mV VOG = 10 V, 10 = 30~A 

~VrC 
VOG= 10V.IO=30~A. 
TA = _55°C. TB = 25°C. TC = 125°C 

, dB 10 = 30~A, VOG = 10 to 20 V 

NOTES. 
1 Approximately doubles for every 10"C increase in T A. 
2_ Measured at end points T A. TB and T C 

3. CMRR "" 2010910 [Ll V LlVD~ I] ~VDD =0 10 V. 
I GSl GS2 

NNT 

4. Case lead not connected. 
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matched dual H 
Siliconix 

n-channel JFETs 
designed for Performance Curves NZA 

• • • See Section 4 

• Balanced Mixers BENEFITS 

• Differential Amplifiers • Low Noise Figure 

• Low IMD· 
30 dBm Intercept Point 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-99/TO-7B 

Gate-Drain or Gate-Source Voltage ............... -25 V See Section 6 

Gate Current ............................... 10mA 

iib> 
Total Continuous Power Dissipation at 

~~ (or Below) 25°C Free Air Temperature 
G, G2 

Derate 4 mWrC to 150°C ................... 500 mW 
Continuous Device Dissipation (Each Side) at 

s, S2 

(or Below) 25°C Free Air Temperature D2 

.~ Derate 2.4 mW;oC to 150°C ................. 300 mW c 506 G2 

A" 
Storage Temperature Range .......•...... -65 to +200°C D1 'hood 82 

3~0108NC 
Lead Temperature G, 

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

ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 

U430 U431 
Characteristic Unit Test Conditions 

Min Typ Max Min Typ Max 
1 -150 -150 pA I 

'2 S IGSS Gate Reverse Current VGS'-15V, Vos'ov I T'150'C -150 -150 nA 
'3" T 

A BVGSS Gate-Source Breakdown Voltage -25 -25 IG'-l/lA,VOS=OV 
4" T VGSloll) Gate-Source Cutoff Voltage -1.0 -4.0 -2.0 -6.0 V VOS= 10V, 10= 1 nA 
"""""5 1 

C VGSII) Gate-Source Forward Voltage 1.0 1.0 Vos=OV,IG'10mA 
6 loss Saturation Drain Current (Note 4) 12 30 24 60 mA VOS = 10 V, VGS = 0 V 

7 Common-Source Forward 10 17 10 17 mmho 91, Transconductance 0 VOS = 10 V, 10 = 10 mA 1= 1 kHz - y Common-Source Output 8 N 9o, Conductance 
250 250 Ilmho 

9 A. 
C9' Gate-Source Capacitance 5.0 5.0 

10 
M pF VGS = -10 V, Vos = 0 V f = 1 MHz I Cod Drain Gate Capacitance 2.5 2.5 - e 

Equivalent Short-Circuit Input rfY. 11 en Noise Voltage 10 10 v'Hz VOS' 10 V, '0' 10 mA 1=100Hz 

12 H 91, Common-Source Forward 12 12 
Transconductance - 1 

13 Common-Source Output 0.15 0.15 mmho VOS = 10 V, ID = 10 mA 
90' Conductance 

14 F 1= 100 MHz 
R 9i9 Power-Match Source Admittance 12 12 

115 E Gc Conversion Gain (See Note 1) 3.0 3.0 dB 
'16 'Q IMO Intercept Point (See Notes 1 and 2) +30 +30 dBm VOS = 20 V, VGS = 1/2 VGSloll) 

17 10SSI Saturation Drain Current 0.9 1.0 0.9 1.0 
IOSS2 Ratio INote 3) VG =OV 

[- M 
A VGSloff)1 Gate-Source Cutoff 18 T VGSloff)2 Voltage Ratio INote 3) 0.9 1.0 0.9 1.0 VOS= 10V '0 = 1 nA 

[- e 
H 91,1 Transconductance Ratio 19 0.9 1.0 0.9 1.0 10=lOmA 

91,2 INote 3) 
NOTES: NZA 
1. VHF single-balanced mixer drain load impedance 2k n. 
2. 2-tone 3rd-order IMO. 
3. Assumes smaller value in numerator. 
4. Pulse test pulsewidth = 300 }J.s. duty cycle,," 3%. 
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matched dual H 
Siliconix 

n-channel JFETs 

c 

8 
c 

designed for Performance CuNeS NZF, NNZ 

• • • See Section 4 t .. 
• VHF/UHF Amplifiers BENEFITS 

• High Gain 
gfs = 4500 tLmho Minimum 

c 

t 
• Dual Version of J300 with Matched c 

Gate-to-Source Voltage 

TO-71 TO-78 t 
See Section 6 See Section 6 

5, 5, 0, 
C 405 D2 

,0 ° ° 0, 
0 3 6 0 G2 G1 b a G2 

G1 021 7 '0 7 
o 0 01 1° 

ABSOLUTE MAXIMUM RATINGS (25°C) 
, 5, 5, 

Bottom View Bottom View 

Gate-To-Gate Voltage ........................ ±50 V 

~~ Gate-Drain or Gate-Source Voltage ........... -25 V 
Gate Current ................................ 50 rnA G1 Gz 

Total Package Dissipation 81 82 

(25°C Free-Air Temperature) .............. 350 mW 
Power Derating ........................ 2.8 mW/oC 
Storage Temperature Range ........ -65°C to +150°C 
Lead Temperature 

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

82 _~D2 J~ A " \\ 
G, 01 81 ci >, 

TO-71 = U440. U441 TO-78 = U443, U444 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

U440/U443 U441/U444 
Characteristic Unit Test _Conditions 

Min Typ Max Min Typ Max -1 5 IGSS Gate Reverse Current (Note 1) -500 -500 pA VOS = 0, VGS = -15 V 

2" T VGS(off) Gate-Source Cutoff Voltage -1 -6 -1 -6 VDS= 10V.ID= 1 nA - A V 
3 T BVGSS Gate-Source Breakdown Voltage -25 -25 VDS = 0, IG = -lilA - I Saturation Drain Current (Note 2) 4 IDSS 6 30 6 30 mA VDS=10V.VGS=0 

"""5 
C 

IG Gate Current (Note 1) -500 -500 pA VDG=10V,ID=5mA 

6 9ts 
Common-Source Forward 4,500 9,000 4,500 9,000 Transconductance - D p.mho f = 1 kHz y Common-Source Output 

7 N 90S Conductance 
200 200 

- A VDG=lOV,ID=5mA 
8 M Ciss 

Common-Source Input 3.5 3.5 
I Capacitance ,- C pF t = 1 MHz 

9 Crss 
Common-Source Reverse 0.8 0.8 Transfer Capacitance 

M 
10 A 

T 
IVGS1-VGS21 Differential Gate-Source Voltage 10 20 mV VDG = 10 V, ID = 5 mA 

NOTES: 
NZF,NNZ 

1. Approximately doubles for every lOQe increase in T A. 
2. Pulse test duration"" 300 IJsec; duty cycle:E;;;; 3%. 
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n-channel JFETs H 
Siliconix 

designed for Performance Curves NCA • • • See Section 4· 

• Analog Switches BENEFITS 

• Choppers • Low Insertion Loss 
rDS(on) < 30 n (U1897) 

• Commutators • No Error or Offset Voltage-Generated 
by Closed Switch 

Purely Resistive 
Plastic 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-92 

Gate-Drain or Gate-Source Voltage ............... -40V See Section 6 

Gate Current. .............................. 10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWrC) ...................... 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 10 seconds) .............. 300°C 0 

"0 s c 

o c 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View 

Characteristic 
U1897 U1898 U1899 

Unit Test Conditions 
Min Max Min Max Min Max 

1 BVGSS Gate-Source Breakdown Voltage --40 --40 --40 IG=-l.uA,VOS=O 
1-

2 BVOGO Drain-Gate Breakdown Voltage 40 40 40 V IG=-l.uA,IS=O 
1-

40 40 40 3 BVSGO Source-Gate Breakdown Voltage IG=-l.uA ,IO=O 

14' IGSS Gate Reverse Current --400 --400 --400 VGS =-20 V, Vos=O 
15 lOGO Drain-Gate Leakage Current 200 200 200 VOG=20V,IS=0 

1'6 ISGO Source-Gate Leakage Current 200 200 200 
pA 

VSG=20V,10=0 5 
1---'- T VOS = 20 V, VGS =-12 V (U1897) 7 200 200 200 
1- A 10(011) Drain Cutoff Current VGS = -ll V (U1898) 

8 T 10 10 10 nA VGS = -ll V (U1899) TA=85°C 

19' I 
c VGS(oll) Gate-Source Cutoff Voltage -5.0 -10 -2.0 -7.0 -1.0 -5.0 V VOS = 20 V,IO = 1 nA 

1-
10 lOSS 

Saturation Drain Current 
30 15 8.0 rnA VOS = 20 V, VGS = 0 (Note 1) 

1-
VGS = 0,10 = 6.6 rnA (U1897) 

11 VOS(on) Drain-Source ON Voltage 0.2 0.2 0.2 V 10 = 4.0 rnA (U1898). 

1-
10 = 2.5 rnA (U1899) 

Static Drain-Source ON 
12 rOS(on) Resistance 30 50 80 n 10 = 1 rnA, VGS = 0 

13 COG Drain-Gate Capacitance 5 5 5 VOG=20V,IS=0 
1-

14 CSG Source-Gate Capacitance 5 5 5 VSG = 20 V,IO = 0 
1-

Common-Source Input 
15 0 Cjss 16 16 16 pF 1=1 MHz 

Capacitance 
I- V VOS =20V, VGS =0 

16 N Crss 
Common-Source Reverse 

3.5 3.5 3.5 
A Transfer Capacitance 

11"7 M 'd(on) Turn ON Delay Time 15 15 20 Switching Time Test Conditions 
118 I U1897 U1898 U1899 

'r Rise Time 10 20 40 ns 
I- e VOO 3V 3V 3V 

VGS(on) 0 0 0 

19 'off Turn .. OFF Time 40 60 80 VGS(off) -12V -llV -llV 
RL 430n 700 n lloon 

10(on) 6.6 rnA 4 rnA 2.5 rnA 

NOTE: NCA 
1. Pulse test pulsewidth =- 300 /J-S; duty cycle ~ 3%. 
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voltage-controlled 
---_.-

H 
Siliconix 

resistor FETs 
~---------

designed for Performance Curves NCA, NPA, 

• • • NT, PSA See Section 4 

• Small Signal AHenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 
TO-18 (MODIFIED) TO-72 (MODIFIED) 

See Seelion 6 See Seelion 6 

o~: .~: .~: 
~ 

ABSOLUTE MAXIMUM RATING (25°C) 

~ ~ Gate-Drain or Gate-Source Voltage ................. 15 V 
Gate Current ................................ 10 mA 

D 

Total Device Dissipation at T A = 25°C G.C G 

D 
S G S S D 

(Derate at 2.0 mwrc to 175°C) .............. 300 mW VCR2N VCR3P VCR7N 
Storage Temperature Range .............. -55 to +175°C VCR4N VCR5P 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

N-Channel VCR FETs 

VCR2N VCR4N VCR7N 
Characteristic 

Min Max Min Max Min Max 
Unit Test Conditions 

1 S IGSS Gate Reverse Current -5 -0.2 -0.1 nA VGS=-15V,VDS=0 
1- T 

2 A BVGSS Gate-Source Breakdown Voltage -15 -15 -15 IG = -1 /lA, VDS = 0 
1- T V 

3 I VGS(off) Gate-Source Cutoff Voltage -3.5 -7 -3.5 -7 -2.5 -5 ID= 1 /lA, VDS= 10V 
I-:l C 

rds(on) Drain Source ON Resistance 20 60 200 600 4,000 8,000 n VGS=O, ID = 0 f = 1 kHz 

5 Cdgo Drain-Gate Capacitance 7.5 3 1.5 VGD=-10V,IS=0 
1- D pF f = 1 MHz 

6 y Csgo Source-Gate Capacitance 7.5 3 1.5 VGS = -10 V, ID = 0 

NCA NPA NT 

P-Channel VCR FETs 

VCR3P 
1 S IGSS Gate Reverse Current 20 nA VGS - 15 V, VDS - 0 
I- T 

2 A BVGSS Gate-Source Breakdown Voltage 15 IG = 1 /lA, VDS = 0 
I-

T 
V 

3 VGS(off) Gate-Source Cutoff Voltage 3.5 7 I D = -1 /lA, V DS = -10 V 
I- I 

4 C rds(on) Drai n-Source ON Resistance 70 200 n VGS=O,ID=O f = 1 kHz 

5 D Cdgo Drain-Gate Capacitance 25 VGD = 10 V, IS = 0 
1- pF f = 1 MHz 

6 
y Csgo Source-Gate Capacitance 15 VGS=10V,ID=0 

PSA 

Siliconix 2-99 



APPLICATIONS 

N-CHANNEl FET 

N·Channel JFET Output Characteristic 
Enlarged Around VDS = 0 

Figure 1 

FOUR FIXED RESISTORS 

V-I Characteristic of Four Fixed Resistors 
Figure 2 

_ The VCR FET has an a-c drain-source resistance, evaluated 
around VOS = 0, that is controlled by d-c bias voltage V GS 
applied to the high-impedance gate terminal. Minimum rds 
occurs when VGS = 0 and, as VGS approaches the pinch-off 
voltage, rds rapidly increases. Comparing Fig. 1 and 2, for 
VOS < ±0.1 volt and V GS = constant, the VCR FET has a 
bilateral characteristic with no offset voltage, just like a 
fixed resistor. However, when VOS > ±0.1 volts, the VCR 
FET characteristic has noticeable curvature. 

_ This series of junction FETs is intended for applications 
where the drain-source voltage is a low-level a-c signal with 
no d-c component. Thus the F ET operating point will 
swing symmetrically around VOS = O. In the first quadrant, 
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 
V GS is near zero and vds > 0.5 vQltrms, the gate-channel 
junction will become f.orward biased and cause additional 
curvature in the characteristic. Also, whenever the gate be
comes forward biased due to any combination of VGS and 
vds, it ceases to be a high-impedance control terminal for 
the VCR. 

Fig. 3 presents a normalized plot of rDS versus normalized 
VGS where VGS(off) is defined as that value of VGS at 
IO/IOSS = 0.001. The dynamic range of ros is shown as 
greater than 100: 1,. For best control of ros the normalized 
VGS should lie between 0 and 0.8 VGS(off) because as 

VGS approaches VGS(off), ros increases very rapidly so 
that rds control becomes very critical and unit·to·unit 
matching is almost impossible. In Fig. 4, rds(on) (drain, 
source resistance at VOS = VGS =0) varies as an inverse 
function of VGS(off)' In Fig. 5 rds has a typical 0.7%/oC 
temperature coefficient for P·channels which decreases as 
VGS approaches the zero t.C. point. N·channeldevices 
have a typical 0.3%tC t.c. Specific bias voltage to set 
operation at the zero t.C. point varies, as does VGS(off), 
from device to device.' 

10 

1 

0 

r--

1 

5 
f=1\; 

1 
10 

~VDS';;O.1V 

o 

./ 
./ 

-V 
0.2 0.4 0.' 

VGSIVGS(off) 

Fig. 3 

vc~i.'\. " 
'"' 

VCR2N ~" 
VCR4N 

102 

I 

L 

0.8 1.0 

VGs·O 

vGs"O 

~ 

VCRJN\ 
III 

II 
104 

'd$(ON) - DRAIN-SOURCE ON RESISTANCE (ohnu) 

Fig. 4 

VGS - GATE-SOURCE VOLTAGE (VOL TSf 

Fig. 5 

For further information on using FETs as voltage·vari·able 
resistors, consult Siliconix Application N~te AN73·1. 

* L. Evans; "Biasing FETs for Zero DC Drift"; Electro Technology, August 1964. 
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voltage-controlled H 
Siliconix 

resistor FETs 
designed for • • • , 

• Small Signal AHenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 

TO-71 
Sea Section 6 

~~ ~ Gl G2 

S, S2 

llI\ '2 
o D2 
5 0 

ABSOLUTE MAXIMUM RATING (25°C) 
G, 0 3 6 0 G2 

2 7 

o ' D, 0 

Gate-Drain or Gate-Source Voltage ..... __ . _ . _ ..... _ 25 V '1 
Gate Current. __ . ____ . ___ . _ .................. 10 mA Bottom View G.1 0, 51 

Total Device Dissipation at T A = 25°C 
(Derate at 2.0 mW;oC to 175°C) .............. 300 mW 

Storage Temperature Range .............. -55 to +175°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

Characteristic 
VCRllN 

Min Max Unit Test Conditions 

1 IGSS Gate Reverse Current -0.2 nA VGS = -15 V, VDS = 0 

2 BVGSS Gate-Source Breakdown Voltage -25 IG=-l/lA,VDS=O 
V 

3 VGS(off) Gate-Source Cutoff Voltage -8 -12 ID=1/lA,VDS=10V 

4 rds(on) Drain Source ON Resistance 100 200 n VGS = 0, ID = 0 f = 1 kHz 

5 Cdgo Drain-Gate Capacitance 8 VGD = -10 V, IS = 0 
pF f = 1 MHz 

6 Csgo Source-Gate Capacitance 8 VGS = -10 V, ID = 0 

rosmiX .95 1 VOS = 100 mV rOSl = 200l! 
7 n 

rosmax .95 1 VGSl = VGS2 rOSl = 2kl! 

Note NSH* 
1 VGS1 + Control Voltage necessary to force rOS, to 2000 or 2KD. *Contact factory for geometry information. 
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Tips on Selecting the Right FET 
for Your Application 

The "Product Specification," a short form version of technical data, will pravidO! 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 3-4, "How to Choose the Correct FET for Your Application. Using this guide, determine the 
important FET parameters. 

2. N-ext, turn to page 3-6, "JFET Geometry Selector Guide." Using this guida, choose the appropriate 
geometry. 

3. Once you have chosen a geometry, turn to "Geometry Characteristics," section 4 of the catalog. Here you 
make the choice of a suitable part number. 

4. Now that you have the part number, you will find complete electrical specifications of these products in the 
"Data Sheets," section 2 of the catalog. 

IF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED: 

1. Turn to the "Product Specifications," pages 3-9 through 3-18 to determine tile proper part numbeds}. 

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

Silicanix 3-1 
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FET Application Selection Preferences 

Additional lriformation 

POPULAR PRODUCT 
TYPES 

PROCESS DESIGNATION 

Low Current Ampllfier 

Low Freq Amplifier :s 100Hz 

High Freq Amplifier> 100 MHz 

HF;?; 400 MHz Prime 

General Purpose Amplifier 

Low Noise Amp (10 Hz en) 

Low Noise Amp> 50 MHz 

High Frequency Mixer 

Dual Dif! Pair 

AGC Amplifier 

Electrometer Preamp 

Microvolt Amplifier 

Low Leakage Diode 

Low Leakage Dual Diode 

Smoke Detector Input 

Battery Operated Amp < 1.5V 

DifflSingle Ended Inp. Stag. 

High Slew Rate Diff Amp 

Active Filter 

Oscillator 

Voltage Controlled Resistor 

Hybrid Chips 

Analog/Digital Switch 

Multiplexing 

Choppers 

Heed Relay Replacement 

Sub pA Dual Dill Pair 

Sample Hold 

Buffer Interface to CMOS 

Matched Switch 

Current Limiter 

Current Source 

High Voltage Protection Diode 

P = PRIME CHOICE 

NT NPA NH NRL NZA NZF NVA NIP NCA MRA NNT 

I' S S P P 

S S I' 
t-----ji----f- -1'--+---+--=-1'-+-1'.-+.----- -----+---+---It------l 

I' S 

I' I' I' P 1---+--·-1-----/---+---+----/--·--- .------+---+---1 
P S SSP 

t----t---t----t----+-----t-~_+-__+--__+~__+--__+--_1 
PSI' P 

p P P 
I' 

P I' P 
-P--+-t--f__-+---~f__-+_·-- .---+--1------,....---+--=1',..--1 

I' P 
t--P-+--p-~t-----·--·- -----+----+--+--t---+---'--+--p--1 
f---t----t----t----+-----t---+--t----+---'--it------l 

I---t--+--.---t---t---t----+-----/---->---.-+---.-.....!'.J 

S p p 

S p p I' p 

S p P I I P 

P p p p p p 

S P P P S 

P S ssp .. 
f-------~,t---!----+---+---~~p---l-P-t--P~!----+-·----l 

t----~--4_-__+--_1---+--___l-P---l~P~t--~!---+-~ 

---+---+---+---+---+---+-----+--.... 1·-- I----t-p-i 

~--+_---+--P-+--s-+-_-~_-+_P-+ ___ ~ 
I ~ i t--t---

P 
t--t-----+---+-.-+----+--.--+--+-,..--1--+--+---...., 

I 
I-_,:,S--+_S_-I_-t-__ L_V --+---+----+--I--+-----l..I· .---

I 
LV --

i 

s= SECONDARY (ALTERNATIVE) CHOICE 

LV" LIMITED VALUE 
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s=l~FET Application Selection Preferences 
(Cont'd) 

- -
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! p p p p - !---
i =--1--:.-

P P P P I 
f----- --

p 

Silicanix 3-3 

t! 
~ ... 
1 
iI 

f 

I 
I 

I 

I 

I 
I 

I 
I 
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Small Signal FEY Application/ 
Parameter Importance Guide 

/ 

/J;ti"tiJilj /Jilt J" ~* .... 0 1\0 
~ ~ '" @' iF!!, ~ 

KEY PARAMETERS o ~0 f:.' ~~ l -!?!~" l 0 (.)~ ~ 
~ ~ '-'? iff? 0 0 t!?o 9J ,;:: 'Ii ~ ~o 

4)'::;;' ,0 .... 0 ~0.t! ~0 ... 0 .... 0 o,~ 0,0 ~~,lY 0~ (j} ... ~ 
LIMIT Min. Max. Max. Max. 

Min. 
Max. 

Min. 
Min. Nax. 

Min. 
Max. Max. Max. Max. Max. Max. 

Low Current Amplifier 
, · r , , I D ? ? 

Low Freq Amplifier", 100 Hz · · I' · · D ? 
High Freq Amplifier> 100 MHz · , 

I' · · D 3 . 
HF '2 400 MHz Prime' · D I' 

, · ? G · -
General Purpose Amplifier 

, · r · , 
D ? 

Low Noise Amp (10 Hz en) · , r · , 
G , 

Low Noise Amp> 50 'MHz · , 
/' · , ? G · -

High Frequency Mixer 
, 

D ?!' , , 
? G D 

Dual Dlff Pair 
, (') , 

I' '/0 (') · ? 0 -
AGCAmpllller · , 

'{* · · ? I 0 
Electrometer Preamp 

, n r , , 
D ! ? D 

Microvolt Amplifier 
, · I' · · , , 

0 
Low Leakage Diode 

, , 
? 

Low Leakage Dual Diode 
, , 

? 
Smoke Detector Input 

, , 
'I' '/ , 

? 

Battery Operated Amp < 1.SV 
, · /* · · D 0 

DlfflSlngle Enced Inp. Stag. · (') , I' 
, 

('J D ? -
High Slew Rate Dlff Amp ('J 

, 
I' 'f (') 

, , 

Active filter · I' 
, 

? 0 
Oscillator 

, r , , ? · -
Voltage Controled Resistor ? D 'I' 

, 
0 -

Hybrid Chips Same as application area -
Analog/Digital Switch 

, · , , 
'/ · , 

Multiplexing 
, . , '/ , , 

Choppers · , · '/ · , 

Reed Relay Replacement 
, ", , · '/ ? . 

Sub pA Dual Dlff Pair (') . r '; (') · ? 0 
-

Sample Hold · . r , 
'I · 

Buffer Interface to CMOS 
, 

? 

Matched Switch 
; , , 

'/ , . 
-

Currenl Llmltar · 'r · 
Currenl Source '/' · 
High Voltage Protection Diode '/' · 

, - Important FET Parameter - Required '/ - Indicates "Max" 
? - Important for some applications r Indicates "Min" 
o - Oesired "nominal" limit - rarely critical n - Indicates Parameter in Parenthesis 

G - Guaranteed by Ciss' Crss' gls' and device design 
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AppI~ o.tail Application 

Audio 

Buffer 

Differential 

High Input 
Impedance 

High Frequency 

AMPLIFIER FET Input Op Amp 

low Distortion 

l..owSYpply 
Voltage 

Low Noise 

?re~mp!ifier 

Video 

Analog Gates 

Choppers 

Commurators 
SWITCHES 

Diglta! 

integr'3tor Reset 

Sample and Hold 

CiJrr~nt limiting 
CONSTANT 

Refi?H:f)Ce Current 
CURRENT 
SOURCE 

Source 

Biasing 

VOLTAGE 
Odin Control 

CONTROLLED Amplitude Stability 
RESISTORS Atl1'lnuators 

~--,---- r-' 

I 
VHF 

MIXERS UHF 

Double Balanced 

CI ... A 
OSCILLATORS 

Cia" C 

L 

Important F ET Par.",.,t ... Required 

Low noise ,i,,), {If,/go, 

Low I G' ~igh 9fs 

Good matching VGS, gfs' lOSS, 'G 

Very low Ie (eg., MOSFET) 

High 9Is/Ci" ratio, NF, RF paraOlete" 

Good matching VGS, gfs' I DSS' IG 

High V GS(off/ compafed to ,ignal 
amplitude 

low VGS(offl 

Loweon.Tn. low iff noise, low Nt" 

Operate nea, ID20. highO;sflo ratio 

High gfslCis~.:.NF 
~. 

Fa$! switching 

'DS/IOioff) switching efficiency 

Low Crss 

Fast switching time 

Very low RDS{on)' High! DSS 

low Crss 

LCW90ss.low VOS{Off), high BVGSS 

High V GS{olf) fo, wid. dynamic 
range and low di$tortion 

RF parameters, NF. high 9h/Ciss ralio, 
low Crs-s 

M::Itching characteristics 

Good 9fs at openning frequency 

Low CiS! for VHF operation 

Silicanix 

Major Trad.olh . 

Voltage amplif1cat;on 

factor jJ. 

= 91s/9,,, 

AVOSIAVGS@ ""con:st 

_~'_'H 

RDS{on) 
v, 
Capacitance 

lOSS 
YO 

BVGSS 

9" 

Unimportant FET Poramoto .. 

ROSlon) 

VOSI"", 

ID(otl} 

Switching Times 

max 

BVGSS, lOSS 

'DS!nnj 

\JDS{en} 

if)(off} 
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Basic Circuit"" 

Vpo 
vDo RS 100 Ro 
(V) n mA " 

2K 5 lK 
20 330 8 820 

330 8 820 

'1 2K 6 2.7K 
:lJ 330 811,K 

330 8 15K 
Cs 

VOO 15 4.7K Source 0 
VSS--15 Follower 

JFET Volt""" Aml.lifier Stage Application Note: TA7()"2 

_ rot! Sl~O: Dl 
:::J C 
on ~ B E 02 

~15V 

Shunt-Resistor Analog Switch Application Note: AN73-5 

<>0 
IVI 

15 
1.5 

3 

-~ 

11 

18·24 

33 
097 

Preferred Parts 

2N4339-40 
2N4867-69 
J230-32 
J202·4 
J308-10 
U308-1 0 
U401-6 
U421·6 

2N4091-3 
2N4391-3 
PN4091-3 
PN4391-3 
Jl08·10 
J105-7 
U290-1 
2N5432-4 
SD210DE-215DE 

~-----------------------------------------------------4---------------~ 

3-6 

c 

r:t'I'f~ 0, 40V 
S 

0000 
RS 1M 2W 

AS 

.I 0 
Equivalent Circuit of. JFET Currant Limite. Application Note: 0171-1 

CRR Series 
JS01-11 
J552-7 
Any J-FET 
JR135V·240V 

VCR Series 
Any J-FET 

Distortion Free Voltage Controlled Attenuatar (VCR) Application NoUl: AN73-1 

Single-Balanced VHF Balanced Mixer Application Note: AN72·' 

Vo 

UHF Transmission Line Oscillator Application Note: 0173·2 

Siliconix 

U430-1 
U440-1-3-4 
2N5911-12 
Ua08-10 
J308-10 
2N4416 

2N4416 
PN4416 
U308-10 
J308-10 

iIlfor further details see Application Notes, Index 5 



JFET Geometry Selector Guide 

USEFUL JFET INFORMATION 
-

Ciss -- cqs + Cgd Input Capacitance 

COSS .- Cds + Cgs + Cbd Output Capacitance 

.-

CRSS = Cqd Reverse Capacitance 

2 

IOZ = lOSS Variation of I(zero tel with Gate Source Cutoff Voltage 

... 

9150 = K 
IDSS 

Forward transconductance as a function of lOSS and VGS{off} at zero gate-source voltage ----
VGS(offl (K = 1.5 to 2.5; typicallv =:1 for N-channel junction FETi 

------,----- -----.= 

VGS 
9fs = Sho l1 - ---I Variation of gfs with gate bias 

VGS(off) 

9fs = 915" VI DII ess Variation of 9f;; with drain current 

VGS(off) = 
2 lOSS 

Gate-Source cutoff voltage term. of I DSS and 91.0 
9fso 

(~l 
% 

VOS '" VGS{off) Drain voltage at V'mich drain current saturates 
IDSS 

1 Reciprocal relationship between drain·-source resistance and forward transconductance. Ac-
'DS '" -

91. curate when V OS < VGSloff) i.c. in the triode region 

'" 
[V GSlofflJ2 

K = 1.5 to 2.5 Variation of drain resistance In the triode region ros 
KlOSS rVGS(off) - VGS J 

="'" 

IDSsh-~1 
2 

10 . Variation of drain current with gate-source voltage . The square law transfer characteristic. 
VGS(ofl) 
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0.01 1.8 40 
0.001 1.8 40 
0.01 - 3.0 40 
0.001 - 3.0 40 
0.01 -

I 
b.O 40 

0.001 - 6.0 40 
0.Q1 - 40 
0.001 I ··40 
0.01 40 
0.001 -40 
0.01 -40 
0.001 -40 

- 40 
0.005 - 40 
0.001 2.0 40 
0.005 - 40 
0.001 20 40 
0.005 - 40 
0,001 60 40 

0.1 0.1 40 
0.1 0.1 40 

0.1 40 30 
0.1 - 60 30 
0.1 8.0 30 
0.1 - 1.0 50 
0.1 - 1.8 50 
0.1 - 3.0 50 
0.1 6.0 50 
0.25 - 20 40 
0.25 2.0 40 
0.25 - 3.0 40 
0,25 3.0 40 
0.25 - 5.0 40 
0.25 5.0 40 
0.25 3.0 40 
0.25 3.0 40 
0.25 5.0 40 
0.25 - 5.0 40 
0.25 - 6.0 40 

Product Specifications 
N& P-Channel Single FETs 

'" 0 .... 
-0'" ~o::c --z 3Cl> -Zl> ~~2 " l>" .... " OZ m 
-"c 3 c ", -0- ~<~ '" ~~~ 0; m" [~I ~GJ !l <: -Cl zl> ;:l>C .... 

J.~ ........ -l> ;:' 0 l> 
0 Z l>!2 .... l>;:r- 2 0 n x .... xl> .... n m Z m :....l> :..~~ m " m < Z ...... 

i'i n Q m Gate Chni -'" Min. M ... Min, Max. m -< m n n,Matt:. 

0.03 0.09 70 210 3 - - NT rr 
0.03 0.09 70 210 3 - NT mO 

" 0.08 0.24 80 250 3 - NT ~~ 
0.08 0.24 90 250 3 - - NT » 0 0» 0.6 "iDO 330 3 - NT G') . 
0.2 0.6 100 330 3 NT m C. 0.03 0.09 70 210 - - - 3K NT 
0.03 0.09 70 210 - .- 3K NT c: 0.08 0.24 80 250 - - - 3K NT 
0.08 0.24 80 250 - - - 3K NT 0 0.2 0.6 100 330 .- - - 3K NT .... 
0.2 0.6 100 330 - - - 3K NT 
0.2 0.6 100 330 - - - 3K NT en 0.03 0.09 70 210 - - - 3K NT 

1J 0.03 0.2 70 210 3 - - - NT 
0.08 0.24 80 250 - - 3K NT CD 0.08 0.4 80 250 3 - - - NT 
0.2 0.6 100 330 - - - 3K NT 0 0.2 1.2 100 330 3 - - - NT 

25 100 - - 60 14 NCA 
_. ..... 5.0 60 - - - 100 14 NCA 
_. 

0.5 3.0 1000 4000 6 2.5 1M - NRL 0 
2.0 6.0 2000 5000 6 2.5 1M - NRL 0 5.0 15 2500 6000 6 2.5 1M - NRL 
0.2 0.6 600 1800 7 1~O 1M - NPA .... --0.5 1.5 800 2400 7 1.0 1M - NPA 0 12 3.6 1300 3000 7 1.0 1M NPA 
3.0 9.0 2000 4000 7 1.0 Hvf NPA ::J 0.4 1.2 700 2000 25 20 - - NPA CI) 
0.4 12 700 2000 25 10 - NPA 
1.0 3.0 1000 3000 25 ~O NPA 
1.0 3.0 1000 3000 25 10 NPA r - - 0 
2.5 1.5 1300 4000 25 20 NPA ~ 
2.5 7.5 1300 4000 25 10 - NPA Z 
OJ 3.0 1000 2500 - 30 ~ NPA 0 
0.7 3.0 1000 2500 - 30 - - NPA en 
2.0 6 .. 0 1500 3000 - 30 - NPA m 
2.0 6.0 1500 3000 30 NPA 

5.0 10 2500 4000 - 30 - NPA 

~-.- _. -'- -



N & P-ChanneiSingle FOs 
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.- ::¥ n !I m Chnl 
-:D m Gate < :III "0 Gate Chnl 0 z Min. Max. Min. Max. m . n.Max. 

m ... n 

J232·18 N 92 0.25 - 6.0 40 5.0 10 2500 4000 - 30 - - NPA 0 
J270,18 P 92· 0.2 . - 2.0 30 2.0 15 6000 15000 - - - - PSA Q. 
2N3819 N 92 2.0 - 8.0 25 2.0 20 2000 6500 8.0 - - - NRL c: 2N3823 N 72 0.5 - 8.0 30 4.0 20 3500 6500 6 2.5 lK - NRL 
2N4223 N 72 0.25 - 8.0 30 3.0 18 3000 7000 6 5.0 lK - NRL 0 
2N4224 N 72 0.5 - 8.0 30 2.0 20 2000 7500 6 - - - NRL .... 

Ie 
~' 
5(' 

2N4416 N 72 0.1 - 6.0 30 5.0 15 4500 7500 4 2.0 lK - NH· en 2N4416A N 72 0.1 - 6.0 35 5.0 15 4500 7500 4 2.0 lK - NH 

-C 2N507!l N 72 0.25 - 8.0 30 4.0 25 4500 10000 6 3.0 lK - -
2N5484 N 92 1.0 - 3.0 25 1.0 5.0 3000 6000 5 3.0 lK - NH CD 2N5485 N 92 1.0 - 4.0 25 4.0 10 3500 7000 5 2.0 lK - NH 
2N5486 N 92 1.0 - 6.0 25 8.0 20 4000 8000 5 2.0 lK - NH 0 
2N5668 N 92 2.0 - 4.0 25 1.0 5.0 1500 6500 7 2.5 lK - NH ::::;; 
2N5669 N 92 2.0 - 6.0 25 4.0 10 2000 6500 7 2.5 lK - NH --2N5670 N 92 2.0 - 8.0 25 8.0 20 3000 7500 7.0 2.5 lK - NH ::a 0 ." 
J210 N 92 0.1 - 3.0 25 2.0 15 4000 12000 - - - - NZF > 0 J211 N 92 0.1 - 4.5 25 7.0 20 7000 12000 - - - - NZF s:: 
J212 N 92 0.1 - 6.0 25 15 40 7000 12000 - - - - NZF "'0 :::I: 
J270 P 92 0.2 - 2.0 30 2.0 15 6000 15000 - - - - PSA r-

0 J271 P 92 0.2 - 4.5 36 S.O 50 8000 18000 - - - - PSA ." 

J300 N 92 0.5 - 6.0 . 25 S.O 30 4500 9000 5.5 - - - NZF m ::J" 
J304 N 92 0.1 S.O 30 5.0 15 4500 7500 - - - - NH ::a en - en 
J305 N 92 0.1 - 3.0 30 1.0 8.0 3000 - - - - - NH 
J308 N 92 1.0 - S.5 25 12 SO 8000 20000 7.5 - - - NZA g J309 N 92 1.0 - 4.0 25 12 30 10000 20000 7.5 - - - NZA 
J310 N 92 1.0 - 6.5 25 24 SO 8000 18000 7.5 - - - NZA 
PN4416 N 92 1.0 - 6.0 30 .5.0 15 4500 7500 4.0 2.0 lK - NH :::l .-MPF102 N 92 2.0 - 7.5 25 2.0 20 2000 7500 7.0 - - - NH a: MPF108 N 92 1.0 - 8.0 25 1.5 24 2000 7500 6.5 2.5 1M - NH -MPFl12 N 92 100 - 10 25 1.0 25 1000 7500 - - - - NH 
U308 N 52 0.15 - 6.0. 25 12 60 10000 20000 7.5 - - - NZA 
U309 N 52 0.15 - 4.0 25 12 30 10000 20000 7.5 - - - NZA 
U310 N 52 0.15 - 6.0 25 24 60 10000 18000 7.5 - - - NZA 
U311 N 72 0.15 - 6.0 25 20 60 10000 20000 7.5 - - - NZA 
U312 N 52 0.1 - 6.0 25 10 30 6000 10000 5.0 - - - NZF 

~ 
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Product SpecificationS 
~ 
I\:) N & P-Channel Single FETs 
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iii -C) ... -" s::;>: ;C:~:t s::.-m z» 3: » e: ' N < ... fl!l z ... » »» s:: ... ;;l »-4» ...... -» »!2'" S::' 0 » 
0 z »s::.- z g. 3: 0 e: 00 xC) »»'" x»;>: 0 X-4 x»'" 0 m '"II s:: z ';>: :...m ?<C):t . C)" Z m :...» :...X» m :1m < III ~ 

.- » -mO -mo Z .:... Cl ",,-4 
m '0 .- liE 0 ~ m Gate Chnl 

-;R n ... 
::II " m Gate Chnl 0 Z Min. Max. Min. Max. m !l !l,Max. -< m 0 

U1837 N 92 0.25 - 8.0 30 4.0 25 4500 10000 6.0 3.0 lK - NH »;:0 0-U1837·18 N 92 0.25 - 8.0 30 4.0 25 4500 10000 6.0 2.0 lK NH ~" c: .2N3824 N 72 0.1 0.1 8.0 50 - - - - 6.0 - 250 NCA 
2N3966 N' 72 0.1 1.0 6.0 30 2.0 - 6.0 - - 220 NCA 0 
2N3970 N 18 0.25 0.25 10 40 50 150 - 25 - - 30 NCA .... 
2N3971 N 18 0.25 0.25 5.0 40 25 75 - - 25 - - 60 NCA en 2N3972 N 18 0.25 0.25 3.0 40 5.0 30 - - 25 - 100 NCA 

"0 2N4091 N 18 0.2 0.2 10 40 30 - - - 16 - 30 NCA 
2N4092 N 18 0.2 0.2 7.0 40 15 - _. 16 - - 50 NCA CD 2N4093 N 18 0.2 0.2 5.0 40 8.0 - - - 16 - - 80 NCA 
2N4391 N 18 0.1 0.1 10 40 50 150 .. 14 - - 30 NCA 0 
2N4392' N 18 0.1 0.1 5.0 40 25 75 - - 14 - 60 NCA --.... 
2N4393' N 18 0.1 0.1 3.0 40 5.0 30 - 14 - - 100 NCA 

_. 
2N4856 N 18 0.25 0.25 10 40 50 - 18 - - 25 NCA 0 
21114856A N 18 0.25 0.25 10 40 50 - - - 10 - - 25 NCA ~ C 2N4857 N 18 0.25 0.25 6.0 40 20 100 - - 18 - 40 NCA 
2N4857A N 18 0.25 0.25 6.0 40 20 100 10 - .. 40 NCA =l .... 

(") --2N4858 N 18 0.25 0.25 4.0 40 8.0 80 - - 18 - - 60 NCA :I: 0 2N4858A N 18 0.25 0.25 4.0 40 8.0 80 - 10 - 60 NCA m 
2N4859 N 18 0.25 0.25 10 30 50 - - 18 - 25 NCA (I) :::J 
2N4859A N 18 0.25 0.25 10 30 50 - - 10 - - 25 NCA $i!Il (I) 
2N4860 N 18 0.25 0.25 6.0 30 20 100 - - 18 - - 40 NCA (") 

2N4860A N 18 0.25 0.25 6.0 30 20 100 - 10 - - 40 NCA :I: 

h5 0 
2N4861 N 18 0.25 0.25 4.0 30 8.0 80 - - IS - 60 NCA ." 
2N4861 A N 18 0.25 0.25 4.0 30 S.O 80 - 10 - 60 NCA 

." 
m :::::J 2N5018 P 18 2.0 10.0 10 30 10 - - - 45 - - 75 PSA ::c -2N5019 P 18 2.0 10.0 5.0 30 5.0 - - - 45 - - 150 PSA (I) 

0: 2N5114 P 18 0.5 0.5 10 30 30 90 - - 25 - - 75 PSA '-' 

In 

~: 
)( 

2N5115 P 18 0.5 0.5 6.0 30 15 60 - - 25 - 100 PSA 
2N5116 P 18 0.5 0.5 4.0 30 5.0 25 - - 25 - .. 150 PSA 
2N5432 N 52 0.2 0.2 10 25 150 - 30 . - - 5.0 Ntp 
2N5433 N 52 0.2 0.2 9.0 25 100 - - - 30 - - 7.0 NIP 
2N5434 N 52 0.2 0.2 4.0 25 30 - - 30 - - 10 NIP 
2N5638 N 92 1.0 1.0 12 30 50 - - 10 - 30 NCA' 
2N5639 N 92 1.0 1.0 8.0 30 25 - - - 10 - 60 NCA 

I 
'FN4392 and FN4393 available" 



N& P-Channel Single FETs 
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" I'" :e -:a n m ~ Q 0 !l m Gate Chnl ." :a ... m Gate Chnl C Z Min. Max. Min. Max, m .n !'l,Max • 
0( m 

2N5640 N 92 1.0 1.0 6.0 30 5.0 - - - 10 - - 100 NeA ... 
2N5653 II! 92 1.0 1.0 12 30 40 - - 10 - - 50 NeA 0 
2N5654 N 92 1.0 1.0 8.0 30 15 .- - 10 - - 100 NeA Q. 
Jl05 N 92 3.0 3.0 10.0 25 500 - - - - - 3.0 NYA 
Jl05·.18 II! 92 3.0 3.0 10 25 500 - - - - - - . 3.0 NYA c:: 
Jl06 II! 92 3.0 3.0 6.0 25 200 - - - - - 6.0 NYA n. Jl06-18 II! 92 3.0 3.0 6.0 25 200 - - - - - - 6.0 NYA 
Jl07 II! 92 3.0 3.0 4.5 25 100 - - - - - 8.0 NVA 
Jl07·1S IN I 92 3.0 3.0 4.5 25 100 - - - - 8.0 NVA CD 
JIOS II! 92 3.0 3.0 10 25 80 - - - - - - 8.0 NIP 

" !P. IJIOS-18 II! 92 3.0 3.0 10 25 80 - -- - - .- 8.0 NIP 
Jl09 II! 9Z 3.0 3.0 6.0 25 40 - - - - 12 NIP e: == I JI09·18 N 92 3.0 3.0 S.O 25 40 - - - - 12 NIP Q - n Jl10 1\1 92 3.0' 3.0 4.0 25 1() - - - - - 1I'l NIP g I Jl10·18 N 92 3.0 3.0 4.0 25 10 -

[ 
I 18 

(f) _II 
-- - - - - NIP :i: ...... 

JIll I 1\1 92 1.0 1.0 10 35 20 _.- _. -
! 

- - - 30 lIfeA ::j --)C'. JIll-IS N 92 1.0 1.0 10 35 20 - - - - 30 IIfCA n 0 
)112 I III 92 1.0 1.0 5.0 35 I 5.0 - - - - 50 NCA :I: 0 J112-1S I N 92 1.0 1.0 5.0 35 5.0 - - - - - - 50 lIfeA m 

Cf) ::t 1.0 l.a 3.0 35 2.0 - - - - - - 100 NCA 1(0 
J113-18 

I : ! 
92 1.0 1.0 3.0 35 2.a - - - - - 100 lIfeA n 0 J174 92 1..0 1.0 10 30 20 100 - .- - - - 85 f'SA J: 

J174·18 92 1.0 1.0 10 30 20 100 I - - - - 85 PSA 0 i 1.0 6.0 30 7.0 60 I -

I 
125 "tI I J175 : I 92 1.0 - _. - PSA "tI 

.1175-18 I 92 1.0 Hi 6.0 30 7.0 60 

I 
- I 

- - 125 PSA m 
JUG \ : I 92 1.0 1.0 

[ 
4.0 30 25 - I - - -

I 
:D ! g 2.0 250 PSA en I .1176·18 92 1.0 1.0 4.0 30 2.0 25 - -

I 
- - 250 PSA 

Ji77 : I 92 1.0 1 2,25 30 1.5 2'0 I - , - - 300 PSA 
::::J Jl77·18 92 1.0 I 1.0 2.25 30 1.5 20 - - - - :l00 PSA 

I -PN43111 N 92 1.0 ! 1.0 to 40 50 150 - 14 

I 
- 30 NCII 0: 

PN4391·18 III 92 1.0 1.0 10 40 50 150 - - 14 - -- 30 NCA ....., 
PN4392 N 92 1.0 1.0 5.0 4b 25 ,00 14 .- - 60 NeA 
PN4392·18 N 92 1.0 1.0 5.0 40 25 100 - 14 - 60 IIfCA 

PN4393 N 92 1.0 1.0 3.0 40 5.0 SO - - 14 

I 
- -- lOa IIfCA 

PN4393·18 N 92 1.0 1.0 3.0 40 5.0 60 14 - 100 NCA 
PlOSS p 92 2.0 10.0 10 30 10 45 - 75 PSA 

2.0 10.0 10 30 10 - - - 45 -

I 75 PSA I 
(,) I I ! I I ! .!. 
(,) 
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On 

Z 'J<: 
~ -» 

0 
.." m 

p 92 

I 
P 92 
N 72 
N n 
N 72 
N 72 
N 72 
N 72 
N 18 
N 18 
N 18 
N 52 
N 52 
P 18 
p 18 
p 18 
N 92 
N 92 
N 92 
N 92 
N 92 
N 92 

P 

-r-= m -<0> l>)> -<-I ,<0'" 
3:. J<: ,< OX 3:r-m ;S:I"'''' »lI> »-l» 
x Cl »-Im x»J<: x»(/) 
""m ""~5 

. Cl 0 
-mo 

r ::E 
Gate Chnl 0 Z 

2.0 

I 
10.0 5.0 30 

2.0 10.0 5.0 30 
100 100 2.0 30 

100 100 2.0 '" 100 100 2.0 

I 
10 

100 100 2.0 10 
100 100 2.0 20 

100 100 2.0 I 20 
1.0 1.0 3.0 30 
1.0 1.0 5.0 30 
1.0 1.0 10 30 
1.0 1.0 10 30 
1.0 1.0 4.5 30 
0.5 0.5 10 30 
0.5 0.5 6.0 30 
0.5 05 4.0 30 
0.4 0.2 10 40 
0:4 0.2 10 40 
0.4 0.2 7.0 4.0 
0.4 0.2 7.0 40 
0.4 0.2 5.0 40 
0.4 02 5.0 40 

30 4.0 30 

Product SpeciftcatIcMs 
~ 

N & P-Channel Single FETs 

'!I,C'l-l 
c-nen "'0'" z:;~ 3c» -z» '" »",-1 " oz -n- ~-n_ ~ en m 
-",c 3 cen 

~~~ ~~m 
en 

m:xl ::r (")' iii -0 zl> ~ -I 's:»C • N < -l !em -l-l -» 3:' 0 » ~o »s::-I (5 z »3:r z in: 0 -n (") X-I X»-I (") m Z m '-» ""~~ m " m <: m 
-~ .. Z :0-1 

() (") g m Gate Chnl 
-:xl ..... Min. Max. Min. Max, m -< m n n,Max. 

5.0 - - - 45 - - 150 PSA .." 
5.0 - - 45 - 150 PSA ... 
10 ~- , 3.n - - 7Q DMCB~B 0 
10 - - - 3.5 70 DMCB-A. a. 10 _. - - 3.5 - - 70 DMCS-S 
10 - - 3.5 - - 70 DMCB-A c: 
10 - - - 3.5 - 70 DMCS-S 0 10 3.5 - 70 DMCB-A 

3.0 25 30 -- - 150 NCA £~ 
..... 

15 75 - 30 - - 75 NCA 0- en 
30 150 - 30 - - 50 NCA .,,-1 

'"0 500 60 2.5 NVA 
.,,0 
m::t 

200 - - 60 - 7.0 NVA :x:Jm CD 30 90 27 - - 85 PSA enC/l 

15 60 - 27 - - 110 PeA flO 0 
5.0 25 27 - - 175 PSA 

_. ..-.-
30 - 16 - - 30 . NCA 

_. 
30 - - - 16 30 NCA 8 15 - 16 - - 50 NCA 
15 - 16 - - 50 NCA 

8.0 ~~ - 16 80 NCA ..... _. 
8.0 - -- - 16 -- 80 NCA 0 
2.0 10.0 2500 30 3 1M - :J en 

G') g m 
:z 
m 
::r:l ::l 
l> -r- 0: ." -C 
:x:J 
." 
0 
C/l 
m 

... -



N&P-Channel Single FEY. 

-n~ 
,n ... 

t~~ 1e: ... -i~ ::II 

~ r;:;; -::lie: § ~z ii~i ~~;; 
m .. 

~~~ -<- ~::11 :::rn'l' CD::r: m 
~ ::D .. . ;<0::11 .... .,. 

Ii ,'" 1:110: z. i ... i:.e: " .. < -.,. 1:,-:11 I:r-m ... ::! -. 1:" 0 z a~ . ~ .... m ..... Z .~ ... .1:,- z CI e: ~m x~! x·1IO: 0 n x ... x .... n z !Jm m I: Z '110: • G) ~ m :.... :...~t m < ." CD ~ -. :"'mO -m Z . ... n m G) ,- n ~m Gate . Cltnl -::II 
::II .,. m Gate Cltnl 0 Z Min. Max. Min . Max. m 11 ·O,Max. < m ... 

2N3821 N 72 0.1 - 4.0 SO 0.5 2.S 1500 4500 6 200 - - NRL 0 
2N3822 N 72 0.1 - 6.0 SO 2.0 10 3000 6500 6 200 - - NRL C. 
2N4220 N 72 0.1 - 4.0 30 0.5 3.0 1000 4000 6 - - - NRL C 2N4221 N 72 0.1 - 6.0 30 2.0 6.0 2000 5000 6 - - - NRL n. 2N4222 N 72 0.1 - 8.0 30 5.0 15 2500 6000 6 - - - NRL 
2N5457 N 92 1.0 - 6.0 25 1.0 5.0 1000 5000 7 3.0 1M - NRL 

OJ 

I 
>c' 

2N5458 N 92 1.0 - 7.0 25 2.0 9.0 1500 5500 7 3.0 1M - NRL en 2N5459 N 92 1.0 - 8.0 25 4.0 16 2000 6000 7 3.0 100M - NRL 
J201 N 92 0.1 - 1.5 40 0.2 1.0 500 - 5.0 - - - NPA "0 
J201-18 N 92 0.1 - 1.5 40 0.2 1.00 500 - 5.0 - - - NPA CD J202 N 92 0.1 - 4.0 40 0.9 4.5 1000 - 5.0 - - - NPA 
J202-18 N 92 0.1 - 4.0 40 0.9 4.5 1000 - 5.0 - - - NPA 

G) 0 
J203 N 92 0.1 - 10 40 4.0 20 1500 - 5.0 - - - NPA 

_. 
m .... J203·18 N 92 0.1 - 10 40 4.0 20 1500 - 5.0 - - - NPA Z _. 

J204 N 92 0'.1 - 2.0 25 1.2 3.0 - - 5.0 - - - NPA m 0 J204-18 N 92 0.1 - 2.0 25 1.2 3.0 - - 5.0 - - - NPA ::IJ » C J270 P 92 0.2 - 4.5 30 6.0 50 8000 18000 - - - - PSA r-
J271-18 P 92 0.2 - 4.5 30 6.0 50 8000 18000 - - - - PSA ." ::t.: 
PN4302 N 92 1.0 - 4.0 30 0.5 5.0 1000 - 6 2.0 1M - NPA C 0 PN4302·18 N 92 1.0 - 4.0 30 0.5 5.0 1000 - 6.0 2,0 1M - NPA ::IJ 
PN4303 N 92 1.0 - 6.0 30 4.0 10 2000 6 2.0 1M NPA ." ::J - - 0 
PN4303·18 N 92 1.0 - 6.0 30 4.0 10 2000 - 6.0 2.0 1M - NPA en en 
PN4304 N 92 1.0 - 10.0 30 0.5 15 1000 - 6 3.0 1M NPA m - g PN4304·18 N 92 1.0 - 10 30 0.5 15 1000 - 6.0 2.0 1M - NPA 
PN5163 N 92 10 - 8.0 25 1.0 40.0 2000 9000 20 50.0 - - -
MPF109 N 92 1.0 - 8.0 25 0.5 24 800 6000 7.0 2.5 1M - NRL 
MPFll1 N 92 100 - 10 20 0.5 20 500 - - .. - - NRL ::::J -c: -

Cf ... 
(11 

----- ----- --.------~-------------------------------------- -----
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~ 
(l) 

fR 
W 
o 
j 

sr 

... 
~ 
:II ... 
Z c 
;: 
11:1 
m 
:II 

2N5196 
2N5191 
2N5198 
2N5199 
2N5545' 
2N5546 
2N5547 
2N5902 
2N5903 
2N5904 
2N5905 
2N5906 
2N5907 
2N5908 
2N5909 
U401 
U402 
U403 
U4Q4 
U405 
U406 
U421 

U422 
U423 
U424 
U425 
U426 
U427 
U428 

2N5515 
2N551,6 
2N5517 
2N5518 
2N5519 
2N5520 
2N5521 
2N5522 
2N5523 
2N5524 
U401 
U402 

Z 
la 

" 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N I 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

" ~ 
0 -r-
~ " m 
~ 'J>~ 
Cl ;s:.~ 
m ~~ 
=i xC> ,m 
'? t---=:--
- Gate 

71 0.025 
71 0.025 
71 0.025 
71 0.025 
71 0.1 
71 0.1 

. 71 0.1 
78 0.005 
78 0.005 
78 0.005 
78 0.005 
78 0002 
78 0.002 
78 O(!02 
78 0002 
71 0.025 
71 0.025 
71 0.025 
71 0.025 
71 0.025 
71 0.025 
78 0001 

78 0001 

78 0001 

78 0003 
78 0.003 

78 0003 
78 0.005 
78 0.005 
71 0.25 
71 0.25 
7i 0.25 
71 0.25 
71 0.25 
71 0.25 
71 0.25 
71 0.25 
71 0.25 

7t 0.25 

71 0025 
71 0.025 

-oen 
3c~ 
~i:C! -< ... -<Ill 

_<o:t _<0:Il m:Il ;s:r-m z~ ;s:,..:11 
~ ... m ~ool~ -fool 

x~~ 0 x~'" 
:...~5 ' C> 0 

Z -ma .... :;; 
0 Z Min. Max. 

4.0 50 07 7.0 
4.0 50 0.7 7.0 
4.0 50 0.7 7.0 
4.0 50 0.7 7.0 
4.5 50 , 0.5 8.0 
4.5 50 0.5 8.0 
4.5 50 0.5 8.0 
4.5 40 0.03 0.5 
4.5 40 003 0.5 
4.5 40 0.03 05 
45 40 .0.03 05 
4.5 40 003 05 
4.5 40 0.03 05 
4.5 40 0.03 0-.5 
4.5 40 0.03 0.5 
2.5 50 0.5 10 
2.5 50 0.5 10 
2.5 50 0.5 10 
2.5 50 0.5 10 
2.5 50 05 10 
2.5 50 0.5 10 
2.0 40 0.06 1.0 
2.0 40 0(16 1.0 
2.0 40 0.06 1.0 
3.0 40 0.06 1.8 
3.0 40 0.06 
3.0 40 0.06 1.8 
2.0 40 006 1.8 
3.0 40 0.06 1.8 
4.0 40 0.5 7.5 
4.0 I 40 05 7.5 
4.0 40 05 7.5 
4.0 40 0::; 7.? 
4.0 40 0.5 7.5 
A.O 40 0.5 75 
4.0 40 0.5 7.5 
40 40 0.5 7.5 
40 40 0.5 75 
4.0 40 0.5 75 
2.5 50 0.5 10 
2.5 50 0.5 10 

'-.~ 

N-Channel Dual FEYs 
can-t 
~Oll --z 
-z~ z~o 
" oz ~-n ~ in 3 cen -0-

;~~ .~~~ 5n' 
~i! ~ f;.~ ;s:- 0 

~- ~;S:r z 
0 X-f x~ ... 
m :....~ , X ~ z -:...C> 

n om Min. Max. !TI " 
1000 -. 6.0 20 
1000 - 6.0 20 
1000 - 6.0 20 
1000 6.0 20 
1500 1 6.0 200 
1500 - 6.0 200 
1500 - 6.0 200 

70 3.0 0.2 
10 - 30 0.2 
70 - 0 02 
70 - 3.0 0.2 
70 - 3.0 0.1 
10 - 3.0 0.1 
70 - 30 01 
iO - 0 01 

2000 - 8.0 20 
2000 8.0 20 
2000 80 20 
2000 80 20 
2000 - 8.0 20 
:1000 - 8.0 20 

300 1500 0 10 
300 1500 30 10 
300 1500 30 10 
300 1500 3.0 10 
300 1500 3.0 10 
300 1500 30 10 

250 3.0 .-
250 3.0 -

1000 - 25 30 

1000 I 25 30 ~ 

1000 - 25 30 
1000 - 25 30 
1000 25 30 
1000 - 25 15 
1000 - 25 15 
1000 - 25 15 
1000 25 15 
1000 25 15 
2000 8.0 20 
2000 - 8.0 20 

-c. 

Ii 

Rrodgot~~ ,- - - '- ,'" 

,;. " .~, '. _ ." ,-" ',j. -' f(," - -',' c. _'~~_' -'''~ ; - , 

'" 00 -f 
:t 51 oc 
:Il -Zool 

" 0"" !TI 3c C f~ en :t :roool 
a 51 ... 5' ~ 0 r- - ~ m 
0 ;S:z :I m < 

~o ..... n Static Matcb Temp Trackiog xm -ll 
:... -< m (mV, Max,) livre 

." 5.0 5.0 50 NQP 
5.0 10 50 NOP 

... 
10 20 50 NOP , 0 
15 40 50 NOP a. 5.0 10 25 NQP 
10 20 25 NOP c:: 
15 4(1 25 NOP 0 5.0 5.0 1.0 NOP .... 5.0 10 1.0 NT 
10 20 1.0 NT en 15 40 1.0 NT r "C 5.0 5.0 1.0 NT 0 
5.0 10 1.0 NT :2 CD 10 20 1.0 N1 r 0 15 10 NT m 
50 20 NNR l> --;;0; ..... 10 10 2.0 NNR l> 

_. 
10 25 20 NNR G') 0 15 25 2.0 NNR m 

Q 20 40 20 NNR 
40 80 2.0 NNR .... --10 10 0.5 NNT 0 15 25 0.5 NNT 
25 40 0.5 NNT :s 10 10 1.0 NNT , en E; 25 10 NNT 

g 25 40 1.0 NNT 
25 40 30 NNT 
40 80 5.0 NNT 

5.0 5.0 1.0 NOP :l. 
50 10· U) NOP -I a: 10 20 1.{} NOP 

.' 

"-' 15 40 1.0 NQP r 
15 80 1.0 NQP 0 

'. 5.0 5.0 1.0 \NOP :2 
50 Hl 1.0 NQP Z 

10 20 1.0 NQP 0 
15 40 1.0 NOP iii 

m 15 80 1.0 NOP 
5.0 10 2.0 NNR 

10 10 2.0 NNR 
..... 



OJ ., -8' 
::s 
SC' 

Cf ... 
'" 

~ 
1II 
004 
2 
C 
3: III m 
1II 

U404 
U405 
U406 

2N5911 
2N5912 
U257 
U430 
U431 
U440 
U441 
U443 
U444 

2N3921 
2N3922 
2N3954 
2N3954A 
2N3955 
2N3955A 
2N3955 
2N395; 
2N3958 
2N40B4 
2N4085 
2N5045 
2N5046 
2N5047 
2N5452 
2N5453 
2N5454 
2N5584 
2N5565 
2N5586 
DN5584 
DN5585 
DN5566 
U231 
U232 
U233 
U234 
U235 
U410 
U411 
U412 

DN5587 

~ 
~ 

!j 
III 

~ Z 
"11 ... -

N 71 
N 71 
N 71 
N 78 
N 78 
N 78 
N 99 
N 99 
N 71 
N 71 
N 78 
N 18 

N 71 
iii 11 
N 71 
N 71 
N 71 
N'. 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 
N 71 

N 71 

. -.---~-----~----. 

N-Channel Dual FETs 
,n-f 

z;-~ i2~ ~~= 
.!!i:C! 

1: az -n- :n~;n - ... ~l'i'l' J.~ ~~2! 
-<III ~~li 8iflm !COlli mlll !;: i:)oC " N < 

I:~ 1: ... 1II ! ... m z)o 1:" 0 
)o!j 

01)0 -f:! )o!:l-f )0 3: .... 
~i! ~!i 

2 
0 n X-f x)o-f 1<m Z m ,-)0 

'-~~ ~ '-mO Z ... n 11 m 0._ a Min. Mox. . Min • Mox. m 

0.025 2.5 50 0.5 10 2000 - B.O 20 
0.025 2.5 50 0.5 10 2000 - B.O 20 
0.025 2.5 50 0.5 10 . 2000 - 8.0 20 
0.1 5.0 25 7.0 40 5000 - 3.0 20 
0.1 5.0 25 7.0 40 5000 - 3.0 20 
0.1 5.0 25 5.0 40 5000 - 5.0 30 
0.15 4.0 25 12 30 10000 - 7.5 12 
0.15 6.0 25 24 60 10000 - 7.5 10 
0.50 6.0 25 6.0 30 4500 - 3.5 -
0.50 6.0 25 6.0 • 30 4500 - 3.5 -

.5 6 25 6.0 30 4500 9000 3.5 -

.5 6 25 6.0 30 4500 9000 3.5 -
1.0 3.0 50 1.0 10 1500 - 18 2.0 
1.0 3.0 !!O; 1.0 10 1500 - 18 2.0 

·9.1 4.5 50 0.5 . 5.0 1000 - 4.0 0;5 
0.1 4.5 50 0.5 5.0 1000 - 4.0 0.5 
0.1 4.5 50 0.5 5.0 1000 - 4.0 0.5 
0.1 4.5 50 0.5 5.0 1000 - 4.0 0.5 
0.1 4.5 50 0.5 .. 5.0 1000 - 4.0 0.5 
0.1 4.5 50 0.5 5.0 1000 - 4.0 0.5 
0.1 4.5 50 0.5 5.0 1000 - 4.0 0.5 
1.0 3.0 50 1.0 10 1500 - 18 2 
1.0 3.0 50 1.0 10 1500 - 18 2 
025 4.5 50 0.5 8.0 1500 - 8.0 200 
0.25 4.5 50 0.5 8.0 1500 - 8.0 200 
0.25 4.5 50 0.5 8.0 1500 - 8.0 200 
0.1 4.5 50 0.5 5.0 1000 - 4.0 20 
0.1 4.5 50. 0.5 5.0 1000 - 4.0 20 
0.1 4.5 50 0.5 5.0 1000 - 4.0 20 
0.1 3.0 40 5.0 30 7500 - 12 50. 
0.1 3.0 40 5.0 30 7500 - 12 50 
0.1 3.0 40 5.0 30 7500 - 12 50 

.1 3.0 40 5 50 7500 12500 12 50 

.1 . 3.0 40 5 50 7500 12500 12 50 

.1 3.0 40 5 50 7500 12500 12 50 
0.1 4.5 50 0.5 5.0 1000 - 6.0 80 
0.1 4.5 50 0.5 5.0 1000 - 6.0 80 
0.1 4.5 50 0.5 5.0 1000 - 6.0 80 
0.1 4.5 50 0.5 5.0 1000 - 6.0 80 
0.1 4.5 50 0.5 5.0 1000 - 6.0 80 
0.2 3.5 40' 0.5 6.0 1000 - - 13 
0.2 3.5 40 0.5 6.0 1000 - - 13 
0.2 3.5 40' 0.5 6.0 1000 13 

0.1 3.0 -40 5 60 - - 7.0 -

.. ,", _",.L., ..... ;_ .... 

:i! ISg 
-Z:;J 1II m 5gc Ii ! :r n'-I 

0 ~;: . 0 ... gm m 
0 3:z < )on .. 004 n Static_ Temp Trc"lnt ~m -~ (mV Mox •• iN C 

m 

15 25 2.0 NNR LOW .." 20 40 2.0 NNR NOISE 

& 40 80 2.0 NNR 

10 20 100 NZF 
15 40 100 NZF :zI 

100 - 150 NZF 'TI 

- - 150 NZA ~ c: 
- - 150 NZA "11 Q. 10 - 200 NZF !: 

20 - 200 NZF :!! 
10 - 200 NZF m en 20 - 200 NZF :zI 

1J 5.0 10 35 NNR 
5.0 25 35 NNA CD 5.0 10 35 NQP 

() 5.0 5.0 35 NOP 
10 25 35 NOP --
10 15 35 NQP .... --15 50 35 Nap 0 20 75 35 NOP 
25 100 35 Nap Q 
15 10 35 NNR :::t: 15 25 35 NNR 
5.0 67 25 NNR G'.l 0 10 133 25 NNA m :::s 15 200 25 NNR Z 
5.0 5.0 1.0 Nap m en :zI 

10 10 1.0 NOP l> 

~ 
15 25 1.0 NOP r 
5.0 10 45 NCA-D -0 

10 25 45 NCA-D C 
20 50 45 NCA-D 

:zI ::::J -0 
5 10 65 NCA-D 0 -10 25 65 NCA-D CI.I a: m 

20 50 65 NCA-D -5.0 10 35 Nap 
10 25 35 Nap 
15 50 35 Nap 
20 75 35 Nap 
25 100 35 Nap 
10 10 20 NOP 
20 25 20 NOP 
40 BO 20 NOP 

20 - - NCA-O SWITCH -
su~ul~.ds pnpGld 

.-----~-'----~--.-"----,, -'--"'--'---. -_._--_. 
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ti :s 
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Part 
Number 

DPAD1 
DPAD2 
DPAD5 
DPAD10 
DPAD20 
DPAD50· 
DPA0100 

JPA02 
JPAD5 
JPA010 
JPA020 

JPA050 
JPAD100 
JPAD200 

JPA0500 

PADl 
PA02 
PA05 
PAOlO 
PA020 
PA050 
PA0100 

Part 
Number 

VCR2N 
VCR3P 
VCR4N 
VCR7N 
VCR11N 

Part Package 
Number (TO- I 

3N163 72 
3Nl64 72 
MFE823 18 

Part Package 
Number (TO- I 

M116 

3-18 

Product SpecificaHons (Cont'd) 

Low Leakage Diodes 
Breakdown 

Package Reverse Voltage Forward Capacitance 
iTO- I I)iode Current (Volts) Voltage Drop (pF, Max.) 

(pA, Max.) 
Min. 

Volts (Max.) 
Max. 

78 Dual 1 45 120 1.5 0.8 
72 Dual 2 45 120 1.5 0.8 
72 Dual 5 45 120 1.5 0.8 
72 Dual 10 35 - 1.5 2.0 
72 Dual 20 35 _. 1.5 2.0 
72 Dual 50 35 - 1.5 2.0 
72 Dual 100 35 - 1.5 2.0 

92 Single 2 35 - 1.5 2.0 
92 Single 5 35 - 1.5 2.0 
92 Single 10 35 - 1.5 2.0 
92 Single 20 35 - 1.5 2.0 

TO-92 Single 20 35 - 1.5 2.0 
TO-92 Single 50 35 - 1.5 2.0 
TO-92 Single 100 35 _. 1.5 2.0 
TO-92 Single 500 35 - 1.5 2.0 

18 Single 1 45 120 1.5 0.8 
18 Single 2 45 120 1.5 0.8 
18 Single 5 45 120 1.5 0.8 
18 ~;ingle 10 35 -- 1.5 2.0 
18 Single 20 35 .- 1.5 2.0 
18 Single 50 35 - 1.5 2.0 
18 Single 100 35 - 1.5 2.0 

Voltage Controlled Resistors 

Breakdown Threshold Voltage Resistance 

Nor P 
Package Voltage (Volts) (Channel n) Geometry 
(TO- ) (Volts, MinJ Min. Max. Min. Max. -

N 18 5 :)5 1.0 20 60 NCA 
p 72 15 3.5 7.0 70 200 PSA 
N 18 15 3.5 7.0 200 600 NPA 
N 72 15 2.5 5.0 4000 8000 NT 
N 71 30 8.0 12.0 100 200 NSH 

-

P-Channel MOSFETs 
-

Operating Threshold Resistance 
Leakage 

Leakage Breakdown Input Reverse Channel On 
Mod. Voltage Channel (mA) Channel Off Voltage Capacitance Capacitance Geometry 

(Volts, Max.l (n, Max.) 
Min. Max. 

(nA, Max.l (Volts, Max.) (pF, Max.) (pF, Max,) 

ENH 5.0 250 5.0 30 40 2.5 0.7 MRA 
ENH 5.0 300 3.0 30 - 30 2.5 0.7 MRA 
ENH 6.0 - 3.0 20 25 6.0 1.5 MRA 

N-Channel MOSFETs 

Operating Threshold Resistance 
leakage 

leakage Breakdown Input Reverse Channel On 
Mode Voltage Channel (mA) Channel Off Voltage Capacitance Capacitance Geometry 

(Volts, Max.) (n,Max.) 
Min. I Max. 

(nA,Max.) (Volts, Max.) IpF, Max,) ipF, Max.! 

-
ENH 5.0 200 -I - 60 10.0 - MBN 

Siliconix 



Part 
Number 

CAOn 

CAO:!4 
CR027 
CR030 
CR033 
CR039 
CR043 
CR047 
CR05B 
CROB2 
CROGS 
CA07S 
CR082 
CR091 
CR100 
CRll0 
CR120 
CR130 
CR140 
CA150 
CA1BO 
CR1S0 
CR200 
CA220 
CR240 
CR:t70 
CR300 
CA330 
CR360 
CR390 , 
CR430 
CR470 
CRR0240 
CRR0360 
CRR0560 
CAAQBoo 
CAR1250 
CAR1950 
CRA2900 
CAR4300 
J500 
J501 
J502 
J503 
J504 
J505 
J506 
J507 
J508 
J509 
J510 
J511 

J552 
J553 
J554 
J555 
J556 
J557 
J9100 
JRl36V 
JR170V 
JR200V 
JR220V 
JR240V 

ProductSpe 
(urrentRe _.lIIIL, ___ ~-=.c.:=.-= 

Forward 

ulator Diode, 
---,-~--,-

Forward 
PIWk. Current 

Current 
(TO· I (mAl Tolerance 

(%! 
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I 
10 

18 056 10 
18 0.62 10 
18 

I 
0.68 10 

18 0.75 10 
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18 1.30 10 
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18 1.50 

I 
10 
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18 1.80 10 
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I 
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18 I 240 10 
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18 3.30 
I 

10 ! 
18 i 3.60 

I 
10 
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18 4,70 10 

18 

I 

.24 

I 
25 
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18 .56 25 
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18 1.95 25 
18 I 1,95 I 25 I 18 

i 
2,90 25 

18 4,30 25 
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92 0.43 20 
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92 I 0.05 50 
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li mit~ng 
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1,00 
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1.05 
1.10 
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1.50 
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1.75 
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1.60 
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2,35 
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1.50 
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3,50 
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4.20 
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.75 
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1.5 
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0,9 

0.9 
0,9 
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Voltage 
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100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
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50 
50 
50 
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240 

Dynamic 
Impedance 
!M!1.MuJ 
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1.35 
1.15 
1.00 
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0.54 
0.51 
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0.42 
0.395 
0.37 
0,345 
0.32 
0.30 
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Useful JFET Parameter 
Relationships (Approximate) 

On Resistance Bulk & Junction Leakage Current 
vs Ambient Temperature vs Ambient Temperature 
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Siliconix 

Drain Current and Transconductance 
vs Ambient Temperature 
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ALt..l:IIMENSlONS IN,INCHES. 

enhancement-type 
n-channel MOSFET 
designed for ... 

• Audio Amplifiers 

• Analog Circuits 

• Digital Switching Circuits 

• Commutating Circuits 

TYPE 

Single 
Single 

PACKAGE 

TO-72 
Chip 

(All DIMENSIONS INMllLiMETERS.1 

PERFORMANCE CURVES (25°C unless otherwise noted) 

" .§1 
>-
~ 
a: 
a: 1 

" <.> 
2 
;; 
a: 
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S 4 
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Output Characteristics 

Vss'" 0 VGS"'lQV 

...-
II 
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8V 

7V 

V 6V 

3V 4V 5V 

10 

Vos - DRAIN-SOURCE VOLTAGE (VOL TSi 

Low Voltage Output 
Characteristics 

§ 2~~-r-+~~~~~~~~ 
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::> 
<.> 
z 
;; 
15 

VDS - oRAIN-50URCE VOLTAGE (VOLTS) 

Drain-Source ON State Resistance vs 
Gate-Source Bias 

10K 

_ VOS ",,0.1 V 
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1\ 

~ +125~C f= 
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il 
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~ ~ 3000 
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0 

~ ~ 2000 

~i;l 
02 
~ ~ 100 

£'"" 

H 
Siliconb( 

BENEFITS: 

• Integrated Zener Clamp Protects the 
Gate 

• Normally OFF 

PRINCIPAL DEVICES 

M116 
M116CHP 

Transfer Characteristic 

_~GS"'VDS 
Vas'" 0 

II 

I 

V 
/ 

"..V 
10 

VGS - GATE-SOURCE VOL TAGE (VOLTS) 

Forward Transconductance 
vs Drain Current 

- VJSJ15~ I I 
- vss" 0 +25n~ 

f'" 1 kHz 
V J..-+-

V- I---" +125 C 
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'/ 
I-~ -- -- -
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2 4 6 8 10 12 14 16 18 20 

)0 - DRAIN CURRENT (mAi 

Output Conductance vs 
Drain Current 

10 I 
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VGS - GATE-SOURCE VOLTAGE {VOL TSi 

100~~'~4~6~~8~10~1~,-f'4~1~6~1~8~'0 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 

2. 
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Substrate Capacitance vs 
Voltage 
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Gate Capacitance vs 
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Gate Threshold Voltage vs 
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Ves - SUBSTRATE-SOURCE BIAS (VOLTS) 

Gate Leakage Current vs 
Gate-Source Bias 

Vos - GATE-SOURCE VOL TAGE (VOL TS) 

Source-Drain Leakage Currents vs 
Voltage 

VDSIVSD - DRAIN/SOURCE VOL TAGE (VOL TS) 
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enhancement-type 
p-channel MOSFET . 
designed for . .. 

• Analog and Digital Switching 

• General Purpose Amplifiers 

• Smoke Detectors 

H 
Siliconix 

BENEFITS: 

• High Gate Transient Noltage Break
down Eliminates Need for Gate 
Protective Diode 

• Ultra-High Input Impedance 

ALL DIMENSIONS IN INCHES • Low Leakage 
(ALL DIMENSIONS IN MILLIMETERS} 

TYPE 

Single 
Single 
Single 

PACKAGE 

TO-18 
TO-72 
Chip 

• Normally OFF 

PRINCIPAL DEVICES 

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

PERFORMANCE CURVES (25°C unless otherwise noted) 
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Output Characteristics 
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Characteristics 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 

Drain-Source ON Resistance vs 
Gate-Source Voltage 
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Low-Level ON Drain-Source 
Voltage vs Gate-Source Voltage 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MilLIMETERS) 

n-channel JFETs 
designed for • 

• Analog Switches 

• Commutators 

• Choppers 

• Integrator Reset Switch 

TYPE 
Single 

Single 

Dual 
Single 

Dual 

PACKAGE 
TO-18 

TO-92 

TO-71 
Chip 

Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 

1 

4-6 

Drain Current & Transconductance 
vs Gate Source Voltage 
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-- I .". ..... 1' 1-,,;..-- / 
V V --, 

~"" - 17 
,Q 

L o o -5 -10V 

75 ~ 
I 

60 ~ 
~ 
o 

45 ~ 
!; 

~ 30 0 
c: 

1 

'l 
" 5 ~ .-
3 

! 
VaS(offl- GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 

Common-Source Capacitances 
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Transfer Characteristics 
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Transfer Characteristics 
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VGS - GATE-SOURCE VOLTAGE (VOLTS) 
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H 
Siliconix 

BENEFITS: 

• No Offset or Error Voltages Generated 
by Closed Switch_ Purely Resistive_ 
High Isolation Resistance From 
Driver 

• High Off-Isolation ID(oft) < 100 pA 

• High Speed tON < 20 ns 

PRINCIPAL DEVICES 
2N:l970-72, 2N4091-93, 2 N4391-93 
2N4856-61, 2N4856A-61A, FN4392,93 
U200-01, VCR2N 
2N5638-40, 2N5653-54, Jlll-13 
PN4091,93 PN4391-93 U1897-99 
2N5564-66, DN5564-66, DN5567 
All of above single devices 
available in chip form 

2N5566 Chip Set, DN5566 Chip Set 

Gate Operating Current 
vs Drain Gate Voltage 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
Output Characteristic Output Characteristic 

(V GS(off) = -1.5V) (V GS(off) = -1.5V) 
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VOS-DRAIN.SOURCE VOLTAGE (VOLTS) 

Output Characteristic 
(VGS(off) = -3.0V) 
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Ves-CRAIN-SOURCE VOLTAGE {VOLTS} 

Output Characteristic 
(VGS(off) = -S.OV) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 

Common-Gate Forward 
Transadmittance vs Frequency 

! o. "'-O-~..J....-3'-O -l.-,SLO.LJ70c..L,UO-o----'20o 

f - FREQUENCY (MHz) 

4-8 

I 
w 
u z 
" :: 
;; 
o 

" '" w 

z g 
, 

Common-Gate Reverse Transfer 
Admittance vs Frequency 

,.0~n_b'9 
EE ~qr9 

....... V 
O.11'-0---l..~3'-0 -l.-sLo.L,'-o LU,OO----'200 

f _ FREQUENCY (MHz) 

Siliconix 

Common-Gate Output Admittance 
vs Frequency 

100~_ Y" 
VOG 10V 
10= lOmA 

'.O~~ 
~ 90g-

0.' '-_-l_...L--1-L.LLLll._-----l 
10 30 50 70 100 200 

f - FReQUENCY (MHz\ 



GATE IS BACKSIDE CONTACT 
SOURCE AND GATE ARE COMMON n-channel JFET H current regulator diode 

designed for . . . Siliconix 
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ALL DIMENSIONS IN INCHES 
tALL DIMENSIONS IN MILLIMETERS! 

• Current Regulation 

• Current Limiting 

• Biasing 

TYPE 

Single 

Single 

PACKAGE 

TO-92 
Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 

BENEFITS: 

• Simple Two Lead Current Source 

• Simplifies Floating Current Sources 
No Power Supplies Required 

• Low Cost 

PRINCIPAL DEVICES 

J500-50S, J506-S11, JS53-7 

J500CHP-505CHP, J506CHP-511 CHP 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS/ 

n-channel JFET 
designed for • • • 

• VHF/UHF Amplifiers 

• Oscillators 

• Mixers 

H 
Siliconix 

BENEFITS: 

• Low Noise 

• Low Input Capacitance High Speed 
Switch 

NF = 3 dB Typical @400 MHz 

• Wideband 

High 9f./Ciss Ratio 

TYPE 

Single 
Single 

Single 

PACKAGE 

TO-72 
TO-92 

Chip 

PRINCIPAL DEVICES 

2N3966,2N4416-16A 2N3819 
2N5484-6, 2N5555, 2N5668-70, MPF102, MPF108, 
MPFI12, PN4416, J304-5, 

All of the above devices 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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Source Cutoff Voltage 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 

Common-Source Input Admittance 
vs Frequency 
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ALL DIMENSIONS IN INCHES 
fALL DIMENSIONS IN MILLIMETERS) 

n-channel JFET 
designed for • • • 
• Low ON Resistance Analog Switches 

• Commutators 

• Choppers 

• Integrator Reset Capacitors 

• Low Noise Audio Amplifiers 

TYPE 

Single 
Single 

Single 

PACKAGE 

TO-52 
TO-92 
Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 
Drain Current & f'orward - -

Transconductance vs Gate Source 
Cutoff Voltage 

On Resistance & Output 
Conductance vs Gate-
Source Cutoff Voltage 
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Siliconix 
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BENEFITS: Siliconix 
• Low Insertion Loss 

• Small Error in Measurement Systems 
VOS(on) < 50 mV (2N5432) 

• High Off-Isolation 10(off) < 200 pA 

• High Speed td(on) < 4 ns 

• Low Noise Audio-Freq Amplification 
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A-i PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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All OIMENSIONS IN INCHES 
{ALL OIMENSIONS IN MILLIMETERS} 

n-channel JFET 
current regulator diode 
designed for • • • 
• Current Regulation 

• Current Limiting 

• Biasing 

• low Voltage References 

TYPE 
Single 

Single 

PACKAGE 
TO-1S (2-lead) 

Chip 

H 
Siliconix 

BENEFITS: 

• Simple Two Lead Current Source 

• Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than O.15%t C On All Devices 

• TO-18 Package for Improved Current 
Control 

• Simplifies Floating Current Sources 
No Power Supplies Required 

PRINCIPAL DEVICES 
CR022 Thru CR062 
CRR0240 Thru CRR0560 
All of above 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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RANGE 

TA - 25'C STILL AIR, CURREN~I 
REGULATOR .261N • ABOVE 
CIRCUIT BOARe 
TC - 25°C INFINITE HEATSINK 

100 200 300 400 500 

Po - POWER DISSIPATION (mWj 

NOTE: I F. Regulator Current is specified under pulse conditions . 
In operation. final current will be a function of junction tempera
ture. IF (steady state) ~ IF x [1 + 81 (Tj - 25°C)] where 81 is the 
temperature coefficient of I F and Tj is the junction temperature. 

Tj may be found by Tj ~ T amb + e j-aPO ~ Tease + e j-cPO. Tj must 
not exceed '50'C. _1_ or -'- is the derating factor for all devices. 
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All DIMENSIONS IN INCHES 
(ALL DIMENSIDNS IN MILLIMETERS) 

n-channel JFET 
current regulator diode 
designed for • • • 
• Current Regulation 

• Current Limiting 

• Biasing 

• Low Voltage References 

TYPE 
Single 

Single 

PACKAGE 
TO-18 (2-lead) 

Chip 

H 
Siliconix 

BENEFITS: 

• Simple Two Lead Current Source 

• Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than O.15%f C On All Devices 

• TO-18 Package for I mproved Current 
Control 

• Simplifies Floating Current Sources 
No Power Supplies Required 

PRINCIPAL DEVICES 
CR068 Thru CRI50 
CRR0800 Thru CRRI250 
All of above 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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PD - 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) = IF x [1 + 81 (Tj - 25°C)] where 81 is the 
temperature coefficient of I F and Tj is the junction temperature. 

Tj may be found by Tj = T amb + e j-aPD = T case + e j-cPD. Tj must 
not exceed 150°C. -L or _1_ is the derating factor for all devices. 
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ALL DIMENSIONS IN !NCHES 
(ALL DIMENSIONS INMiLLIMETERSI 

n-channel JFET 
current regulator diode 
designed for • • 
• Current Regulation 

• Current Limiting 

• Biasing 

• Low Voltage References 

TYPE 
Single 

Single 

PACKAGE 
TO-18 (2-lead) 

Chip 

H 
Siliconix 

BENEFITS: 

• Simple Two Lead Current Source 

• Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than O.15%f C On All Devices 

• TO·18 Package for Improved Current 
Control 

• Simplifies Floating Current Sources 
No Power Supplies Required 

PRINCIPAL DEVICES 
CR160 Thru CR470 
CRR1950 Thru CRR4300 
All of above 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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NOTE: I F, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera
ture. I F (steady state) = I F x [1 + 81 (Tj - 25°C)] where e I is the 
temperature coefficient of I F and Tj is the junction temperature. 

Tj may be found by Tj = T amb + e j-aPD = Tcase + e j-cPD. Tj must 
not exceed 1500 C. i or _1_ is the derating factor for all devices. 
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AL~ DIMENSlONSIN INCHiSS 

(ALI D'MENS'O"SIN MrI.L'MfTERS) 

Drain Current & Transconductance 
vs Gate Source Voltage 
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Transfer Characteristics 
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dual n-channel JFET 
designed for ••• 

• FET Input Amplifiers 
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BENEFITS 
• Low and Medium Frequency Amplifiers • Minimum System Error and Cali

bration • Impedance Converters 
• Precision Instrumentation Amplifiers 
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5 mV Offset Maximum (J401) 
95 dB Minimum CMRR 

• Low Drift With Temperature 
10 /J.VloC (J401) 

• Simplifies Amplifier Design 
Output Conductance < 2 /J.mho 

• Low Noise 
en ; 6 nV/VHZ at 10 Hz 1\tpical 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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A(lDIMEMSIONSININGH!S 
IALl OIMENSIONS IN Mlt,IMITE~SI 

monolithic 
dual n-channel JFETs 
designed for ••• 

• Low Leakage FET Input Op Amps 

• pH Meters 

• Electrometers 

TYPE 
Dual 
Dual 

PACKAGE 
TO·78 
Chip 

H 
Siliconix 

BENEFITS; 

• Ultra-High Input Impedance 

• Good Voltage Gain 

• Low Noise 

PRINCIPAL DEVICES 
U421·28 
U423CHp·428CHP 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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n-channel JFET 
designed for .•• 

· High Frequency Amplifiers 

· Mixers 

· Oscillators 

TYPE PACKAGE 

Dual TO-7S 

Dual TO-71 

Dual Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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Gate-Source Cutoff Voltage 
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BENEFITS: 

• High Power Gain 

• Low Input Capacitance 

PRINCIPAL DEVICES 

2N5911-12, U257 U443-U444 

U440-41 
M5911CHP, M5912CHP, 
M44DCHP, M441CHP 

Gate Operating Current 
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AU DIMEN$'ONS ,N INCHES 

(ALL DIMEN$IONS mMlcLIMUfRS} 

n-channel JFET 
designed for • • • 

• Small Signal Amplifiers 

• Choppers 

• Voltage-Controlled Resistors 

TYPE PACKAGE 
Single TO-18 
Single TO-72 

Single TO-92 
Oual Chip 
Single Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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Siliconix 

BENEFITS: 

• Low Noise NF < 1 dB at 1 kHz 

• Operation From Low Power SupplV 
Voltages, V GSloff) < 1 V 12N4338) 

• High Off-Isolation As a Switch 

1010ff) < 50 pA 

• High Input Impedance 

PRINCIPAL DEVICES 
2N4338-4l , VCR4N 
2N4867-9, 2N4869A-9A 
J20l-204, PN4302-04, J230-2 

All single Part No's above 
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~ PERFORMANCE CURVES (Con't) (25°C unless otherwise noted) 
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PERFORMANCE CURVES (Con't) (25°C unless otherwise noted) 

Transconductance Characteristics Transconductance Characteristics Transconductance Characteristics 
2500i!f 2800 3500~ 

VOS=15V / I VDS-15V 
~ Vos= 15V I 

f= 1 KHz f= 1 kHz / A ~ 2400 I f= 1 kHz 3000 ~ 
2000 ~ -20'0.-1' ~ 

-2boo.z L~ _20°C +2SY ~57f.-' §l :>E 
~ 

2000 2500 5; ~ :>E 

V 0 
~ +25°C 

0 
~ /l ...-r r---- .v ~ 

1500 '" 1600 ~~ 2000 ~ 

/ ~'rS-'7~ ~ +8SoC V 4 
8 .~ f--- +85°C r---- /' iii 

/ 1200 ~~ 1500 8 /~~ 1000 
z ./ z 

~ /1 ~+85°C 
0 0 0 
15 _20oe 800 6 -20°C 

1000 ?5 
~ JL 1 ;; +2SO C ~ 

+25°C ~ 
+8SOC ~ 

500 ~ I I 1/ ~ A7 $ +8So c - 400 ~ 500 
,,- AI ~ I /. ~ /~:+25°C ~ #/1 

0 ~ -2.8 -2.4 -2.0 -1.6 -1.2 -0,8 -0.4 0 -6 -5 -4 -3 2 -1 0 
-1.6 -1.2 -0.8 -0.4 0 

VGS - GATE-SOURCE VOLTAGE (VOL TS) 
VGS - GATE-SOURCE VOL TAGE (VOL TS) VGS - GATE-SOURCE VOLTAGE (VOLTS) 

-

Siliconix 4-25 



a. 
G 
Z 

BACKSIDE JUNCTION ISOLATED 
FROM ACTIVE CONTACTS 

~~l 
~m J 

I-----(~:~}-----II 
ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 

monolithic 
dual n-channel JFET 
designed for ••• 

• General Purpose Differential Amplifiers 
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BENEFITS: 

• Low Cost 

• High Input Impedance 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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GATE ALSO BACt<;SIDE CONTACT 
SANa 0 ARE SYMMETRICAL 

ALL DIMENSIONS IN INCHES 
IALt DIMENSIONS IN MILLIMETERS} 

n-channel JFET 
designed for • • • 

• Small Signal Amplifiers 

• VHF Amplifiers 

• Oscillators 

• Mixers 

• Switches 
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PERFORMANCE CURVES (Can't) (25°C unless otherwise noted) 
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... z GATE ALSO BACKSIOE CONTACT 
SAND 0 ARE SYMMETRICAL n-channel JFET 

designed for • • • H 
Siliconix 

• Ultra·High Input Impedance Amplifiers 

Electrometers 
BENEFITS: 

• low Power 
pH Meters 

Smoke Detectors 

TYPE PACKAGE 
Single TO·72 

Single TO·92 

Dual TO·78 

ALL DIMENSIONS IN INCHES Single Chip 
(ALL DIMENSIONS IN MILLIMETERS) 
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PERFORMANCE CURVES (Cont'd) (2S0C unless otherwise noted) 
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ALL OIMENSIONSIN INCHES 
(ALL OIM£NSIONS IN MILLIMETERS) 

n-channel JFET 
designed for • 

• Analog Switches 

• Commutators 

• Choppers 

TYPE PACKAGE 

Single TO-52 
Single TO-92 
Single Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 
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BENEFITS: 

• Very Low Insertion Loss 

'OS(on) < 2.5 Ohms (U290) 

• High Off-Isolation 

PRINCIPAL DEVICES 

U290·1 
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U290CHP-1 CHP, J1 05CHP-7CHP 
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ALL DIMENSIONS IN INCI-<ES 
tALL DIMeNSIONS IN 14ILLW£TfRSJ 

TYPE PACKAGE 

Single TO-52 
Single TO-72 
Single TO-92 
Dual TO-99 
Single Chip 

Dual Chip 

n-channel JFET 
designed for . .. 

• VHF/UHF Amplifiers 

• Front End High Sensitivity Amplifiers 

• Oscillators 

• Mixers 

BENEFITS 

• Industry Standard 

• High Power Gain 
16 dB at 100 MHz, Common Gate 
11 dB at 450 MHz, Common Gate 

PRINCIPAL DEVICES 
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U311 
J308-10 
U430-1 
J308CHP-l OCHP, 
U308CHP-l OCHP, U311 CHP 
U430CHP-l CHP 
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BENEFITS H 
• low Noise 

Siliconix 
3 dB Noise Figure at 450 MH2 

• Wide Dynamic Range 
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PERFORMANCE CURVES (Con't) (25°C unless otherwise noted) 

4-34 

Forward Reflection Coefficient 
Common Gate 

0.35 
VOG=10V 
lo=10mA 

0.30 

0.25 

0.20 

1--1','.:...-
0.15 

0.10 
100 

/' 

/' 
I' 

.4 
........ 
V<4:S11 

J{)O 600 

FREQUENCY (MHz) 

-120 

-100 

-80 

-60 

-40 

-20 
1000 

Forward Transmission Coefficient 
Common Gate 

0.90 

--- 15211 

......... 
0.85 

0.80 

0.75 I 

0.10 / 
VOG=10V <521 

IO=10mA / 0.65 
100 300 

fREQUENCY {MHz} 

II 

1\ 

600 

-70 

-60 

-50 

-40 

-30 

-20 
1000 

Reverse Transmission Coefficient 
Common Gate 

0.05 100 

VOG=10V 
10= lOmA 

0.04 

II 
90 

0.03 

II 
80 

0.02 
.J-

70 

15121 1-""'"/ 
~ /<f..S12 

0.01 60 

o 
100 

/ 
200 500 

50 
1000 

0.95 

0.90 

0.85 

0.80 

0.75 

FREOUENCY (MHz) 

Reverse Reflection Coefficient 
Common Gate 

15221 -
II 

/ 
/" 

./ 
~«S22 VOG=10V 

IO'"10mA 

100 200 500 1000 

FREQUENCY (MHz) 

-50 

-40 

-30 

-20 -10 

~ 
.5 

" z 

~ 
;; 
c « 
~ 
w 

~ 
g 
w 

ffi 
~ 
I 

Input Admittance Common Gate 

100 300 600 1000 

FREQUENCY (MHz) 

Forward Transfer Admittance 
Common Gate 

1.0 

0.1 

VOG= lOV 
10= lOmA 

!--'9fg 

r---bV /' 

~ 

300 600 1000 

FREQUENCY (MHz) 

Reverse Transfer Admittance 
Common Gate 

VOG lOV 
10 lOrnA 

I---- 2- /. 

r-:;:< /+9rg 

g'g 

\ I 

! 0.01 V 
- 100 300 600 1000 

FAEQUENCY (MHz) 

Output Admittance Common Gate 

10~~ Voa = lOV 
IO=10mA 

V ~ 
~1.0~~~=1 ~ 05 

S 
I 0.3 90gs 

] 
0.1 

100 300 600 1000 

FREOUENCY (MHz) 

Siliconix 

Input Admittance Common Source 

~ 
.5 
w 

g 
~ c 

~ 
~ 
~ « 
~ 
Ii: 
I 

i 

~ 
~ 
I 

0.1'-__ -'-_......J......J ....... ....I.. ........ ...I...1....L.J 

100 200 500 1000 

FREQUENCY (MHz) 

Forward Transfer Admittance 
Common Source 

100 

10 

0.1 

Yos'" 10V 
TO = lOrnA 

IIj, 

";?"'" b" 

100 200 500 1000 

FREQUENCY {MHz} 

Reverse Transfer Admittance 
Common Source 

10.01 '-__ -L._-L._-'---'-.L....l..J....LJ 

100 200 500 1000 

FREQUENCY (MHz) 

Output Admittance Common Source 

l 
.5 
w 
~ 

~ 
;; 
c « 
~ 
~ 

:= 
~ 
0 
I 

"1 

10 
VOS-l0V 
IO-10mA 

/,05 

." 110, 0.1 
100 200 500 

FREQUENCY (MHz) 

1000 



ALL OIMENSIONStN tNCHES 
(ALL DIMENSIONS IN IAILLIMETERS) 

n-channel JFET 
designed lor • •• 

• High Frequency Amplifiers 

• Mixers 

• Oscillators 

TYPE PACKAGE 

Single TO-92 
Dual TO-7S 
Dual TO-71 
Single Chip 
Dual Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 

Drain Current and Transconductance vs 

Gate-Source Cutoff Voltage 
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BENEFITS: 

• High Power Gain 

• Low Input Capacitance 

PRINCIPAL DEVICES 
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ALL DIMENSIONS IN INCHES 
fALL OIMENSIONSINMILLIMETERs) 

p-channel JFET 
designed for ••• 

Analog Switches 

• Commutators 

• Choppers 

• Integrator Reset Switch 
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BENEFITS: 

• Low Insertion Loss in Switching Systems 
RON < 75 n (2N5114) 

• Short Sample and Hold Aperture Time 
Crss < 7 pF 

• High Off-Isolation I D(off) < 500 pA 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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ALL DIMENSIONS IN INCHES 
fALL DIMENSIONS IN MILLIMETERS) 

high voltage 
protection diode 
designed for ••• 

• Limiting Current 

• Voltage Protection 

• Voltage Decoupling 

TYPE 
Single 

PACKAGE 
TO-92 

BENEFITS 

• Series element 

• Two terminals 

• Simple to use 

• High breakdown voltage 
IJ R240V -240 volts) 

• Low Cost 

PRINCIPAL DEVICES 
JR135V, JR170V, JR200V 
J R220V, J R240V 
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APPLICATION NOTE 

An Introduction to FETs 

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 means by 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: 

Amplifiers 
Small Signal 
Low Distortion 
High Gain 
Low Noise 
Selective 
D.C. 
High-Frequency 

Switches 
Chopper-type 
Analog Gate 
Commutator 

Current Limiters 
Voltage-Controlled 

Resistors 
Mixers 
Oscillators 

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 (IFETs) 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. 

, 

I 

FIELD EFFECT 
TRANSISTORS 

, 
, 

I , 
JUNCTION 

, 'INSULATED 
GATE 

, , 

I DEPLETION I I ENHANCE· 
MENT 

I J I 1 

, 

I 
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 'P.CH~NNEL' 'NCH~NNEL' 'P.CH~NNEL' 
applies not only to networks employing discrete devices and 
conventional components such as resistors and capacitors, FET Family Tree 

but also extends to both linear and digital integrated circuits. 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 gate, 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 cummt 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 

~ (A) P-tvpe silicon substrate 

~(C) 

~(D) 

N-type sil icon layer de
posited epitax ially 

Impurity diffused in to 
start isolation region 

More impurity diffused 
in to complete isolation 
and form N -type channel 

(E) Final form taken by F ET: 
with N-type channel em
bedded in P-tvpe sub
strate 

Idealized 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 surfac~ is etched so that an 
acceptor-type impurity can be diffused through into the 
silicon. The resulting cross-section is shown in Figure 2C, :md 
demonstrates how a P-type annulus has been formed in the 
layer on N-type silicon. Figure 20 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 FBT 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 (VOS) 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 (ID) which increased VDS can drive 
through the channel. This limiting current is known as IDSS 
(Drain-to-Source current with the gate Shorted to the 
source). Figure 3B shows the aimost 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 source. The initial 
rise in ID is related to the buildup of the depletion layer as 
VOS increases. The curve approaches the level of the limiting 
current I DSS when 10 begins to be pinched oft The physical 
meaning of this term leads to one definition of pinch-off 
voltage, V p, which is the value of V DS at which the maxi
mum IDSS flows. 
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(A) N-channel FET working below saturation (VGS = 0). 
(Depletion shown only in channel region). 

(8) N-channel FET working in saturation region (V GS = 0) 

IDSS 

I SATURATION REGION"" 

I 
I 

VGS'" 0 

VDS--

(G) Idealized output characteristic for V GS = O. 

Figure 3 

In Figure 4, consider the case where V DS = 0, and where a 
negative voltage V GS is applied to the gate. Again, a deple
tion layer has built up. If a small value of V DS were now 
applied, this depletion layer would limit the resultant chan
nel current to a value lower than would be the case for 
V GS = O. In fact, at a value of IV GSI ;;;. IV pi the channel 
current would be almost entirely cut off. This cutoff voltage 
is referred to as the gate cutoff voltage, and may be expressed 
by the symbol V p or by V GS( off)' V p has been widely used 
in the past, but V GS(off) is now more commonly accepted 
since it eliminates the ambiguity between gate cut-off and 
drain pinch·off. V GS(off) and Vp, strictly speaking, are 
equal in magnitude but opposite in polarity. 

VGS 

N-channel FET Showing Depletion Due To 
Gate-Source Voltage (VDS = 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 VGS and VDS 
control the channel current, while in the saturation region 
VDS has little effect and VGS essentially controls ID. 

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 V DS and V GS' 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. 

lOSS 

1 
'3 

Vos-~ 

/--IVDSI '" IVpl - IVGsl 

/ (> ABOVE PINCH-OFF 

=-+--- VGS'" 0 

(A) Family of output characteristics for N-channel FET 

ID 

(B) Circuit arrangement for N-channel FET 

Figure 5 

The P-Channel FET works in precisely the same way as does 
the N-Channel PET. 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-
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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,VoS 
and V GS' When VOS is greater than Vp, the channel current 
is controlled. largely by V GS alone, because V GS is applied 
to a reverse-biased junction. The resulting gate current is 
extremely small. 

10 

(A) Circuit arrangement for P-channel FET 

Vos-_ Vp 
V GS- v GS{off) :::::::::::::::====1i;:::==i"'"2 

1 
;; 

VGS'" 0 

ABOVE PINCH-OFF (II 0 BELOW PINCH-OFF 

I-ivosl ~ Ivpl - IVGsl 

(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 is not 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 7 A. 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 

INSULATING 

Fi~~~:;~~~~A LAYER 

SUBSTRATE 

(A) Idealized cross-section through an N-channel depletion
type MOSFET 

10 

(B) Circuit arrangement for N-channel depletion MOSFET 

mA .4V 

Vas '" 0 

-2V 

-4 V 

12 16 ,VOLTS 

Vos--

tel Family of output characteristics for the 
2N3631 N-channel depletion MOSFET 

Figure 7 

in a manner similar to the N-Channel junction FET when a 
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, V GS 
can be reversed without engendering a gate Clirrent; the gate 
may be made either positive or !legative with respect to the 
source. Under these circumstances, still more free electrons 
will be attracted to the channel region, and 10 will become 
greater than lOSS' 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 10 -
the device just described is called adepletion-mode MOSFET. 

The foregoing has· estaQlished that the depletion.mode 
MOSFET is a "normally·ON" device: when V GS = 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, 10 being zero when V GS = O. 
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A P-Channel enhancement-mode MOSFET is shown in Fig
ure B. 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 BC. The idealized 
cross-section illustrated in Figure BA may be used to show 
how the characteristics of Figure BC come about. Refer 
to Figure 9 for an extension of this phenomenon. 

If a constant (negative) gate voltage, (V GS(K)) is applied, 
then an essentially-uniform P-Channel depletion layer will 
be induced, as in Figure 9A. If a negative drain voltage is 

F"..k::!!!~~~~~:..1~ INSULATING LAYER 

(A) Idealized cross-section through a P-channel enhancement 
MOSFET 

(B) Circuit arrangement for P-channel enhancement MOSFET 

VDS--

VGS= -1 V ========='-1 
-2V _______ -

-4V-------
-6V------
-9V 

applied, then current, ID, will flow through the drain. As :I> 
IV Dsl increases, ID also increases. However, the voltage Z 
between the drain and the gate decreases, so that the thick- 'I 
ness of the channel at the drain end is reduced as in Figure r. 
98. Therefore, the relationship of ID versus VDS will even- ..... 
tually reach a limiting value when V DS = V GS, and the 
channel becomes pinched off. This condition is shown in 
Figure 9C. 

Different values. of V GS give rise to limiting values ofID, so 
that the characteristic family of output curves which was 
shown in Figure B 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 V GS 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. 

(A) 

(B) 

(e) 

VGS 

SUBSTRATE 
(OR BODY~ 

INDUCED 
P-CHANNEL 

DEPLETION 
LAYER 

-
(C) Family of output characteristics for a P-channel enhance- Idealized approach of pinch-off, 

mentMOSFET (A)VDS=O,(B) ~DSI< ~GSI,(C) ~DSI> IVGSI 
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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 
gm 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 Q. 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, arid 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 as.sociated 
subscript notations, and present basic test circuits and 
results. 

Major parameters include: 

• IDSS - Drain current with the gate shorted to the 
source 

• V GS( off) - Gate-source cutoff voltage 

• IGSS - Gate-to-source current with the drain shorted 
to the source 

• BV GSS - Gate-to-source breakdown voltage with the 
drain shorted to the source 

• gfs - Common-source forward transconductance 

• Cgs - Gate-source capacitance 

• Cgd - 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 terminals 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 IGSS 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: 

(I) 

When Y 11, Y 21, Y 12 and Y 22 are defined as the input, 
reverse transfer, forward transconductance, and output 
admittances respectively, Equation I reduces to 

(2) 

For a three-lead FET, 11 usually corresponds to the gate
source terminal and 22 corresponds to the drain-source 
terminal(Le., the device is connected in the common-source 
mode). Thus 

ii = Yis Vgs + Yrs vds 

in = Yfs Vgs + Yos vds 
(3) 

Here, the second subscript for the y parameters designates 
the source lead as the common or ground terminal. 
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lOSS - Orain Current at Zero Gate Voltage (Io at V GS = 0) 

By itself, lOSS merely refers to the drain current that will 
flow for any applied VOS with the gate shorted to the source, 
However, when a particular value for VOS is given, equal to 
or greater than Vp (see Figure 10), lOSS indicates the drain 
saturation current at zero gate voltage. Some FET data 

sheets label lOSS for VDS greater than Vp as ID(on)' 

VGS- 0 

lOSS 

1 1---SATURATION REGION--~I 

1 

1 

1 

I 

Vp 
VDS - DRAIN SOURCE VOLTAGE 

FET Characteristic at VGS = 0 
Figure 10 

VGS(off) - Gate-Source Cutoff Voltage 

BVOGS 

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, Land Ware 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 V GS and VOS' the depletion layers from the 
opposite sides come in contact, and the a·c or incremental 
channel resistance, rDS' approaches infinity. As earlier 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 VDS (up to the junction reverse·bias breakdown) 
will cause little change in I D' Accordingly, the pinch-off 
region is also referred to as the pentode or "constant-cur
rent" region. 

In Figure 10, pinch-off occurs with V GS = O. In Figure 11, 
V GS controls the magnitude of the saturated 10 , with in
creases in V GS resulting in lower values of constant ID, and 
smaller values of VOS necessary to reach the "knee" of the 
curve. The current scale in Figure 11 has been normalized to 

a specific value of lOSS' 
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Vos- DRAIN SOURCE VOL TAGE (VOLTS) 

FET 10 vs Vo Output Characteristics 
Figur. 11 

The knee of the curve is important to the circuit designer 
because he must know what minimum VOS is needed to 
reach the pinch-off region with V GS = O. When appropriate 
bias voltage is applied to the gate, it will pinch off the chan
nel so that no drain current can flow; V DS has no effect 
until breakdown occurs. The specific amount of V GS that 
produces pinch-off is known as the gate-source cutoffvoltage, 

V GS(off)' 

V GS(off) Test Procedure 

Although the magnitude of V GS(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 ofVOS/ID 
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 ID 
versus V GS characteristic. This is easier than trying to specify 
the location of the knee of the ID versus V DS output 
characteristic. 

A typical transfer characteristic I D versus V GS is shown in 
Figure 12. The curve can be closely approximated by 
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Typical 10 VS V GS Transfer Characteristic 
Figure 12 
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Equation 4 and Figure 12 irtdicate that at V GS = V GS(off)' 
I D = O. In a practical device, this cannot be true because of 
leakage currents. If I D is reduced to less than 1 percent of 
I DSS, V GS will be within 10 percent of the V GS( off) value 
indicated by Equation 4. If ID is reduced to 0.1 percent of 
IDSS, the indicated V GS(off) error will be Jeduced to about 
3 percent. For a true indication ofVGS(off), 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 V GS( off) 
reading. Typically, at room temperature, 1 percent of IDSS 
is still well above leakage currents but is low enough to give 
a fairly accurate value of V GS( off)' 

A typical circuit for measuring V GS( off) is shown in Figure 
13. At V GS = 0, the value ofIDSS can be measured. Then, 
by increasing V GS until ID is 0.01 percent of IDSS, the value 
of V GS(off) is obtained. From a production standpoint, it 
is more convenient to specify ID at some fixed value (such 
as 1 nA), rather than as a certain percentage of IDSS' Thus 
a pinchoff voltage specification may be given as indicated in 
Table I. 

Circuit for Measuring VGS(OFFI 
Figure 13 

Table I 

Typical Pinch~Off Voltage Specification 

Characteristic Min 

Gate-source pinch-off voltage of: 

V OS =-5V.IO=-1"A 1 

Max Units 

4 Volts 

Another method which provides an indirect indication of 
the maximum value of VGS(off) is shown in Table II. The 
characteristic specified is I D( off), whereas the parameter of 
interest is V GS = 8 volts. The specification does say that the 
maximum V GS( off) is approximately 8 volts, but no pro· 
vision is made for stating a minimum V GS(off)' as was done 
in Table I. Therefore, another test must be made if 

V GS(off) (min) is to be specified. 

Characteristic 

IDloll) Pinch·off 

Table II 

Indication of Maximum Vp 

Test Conditions 

drain current 

V DS = -12 V. 

VGS = 8 V 

Min Max Unit 

-10 "A 

IGSS - Gate-Source Cutoff Current 

The input gate of a P-Channel FET appears as a simple PN 
junction; thus the input doC input cha.racteristic is analogous 
to a diode V-I curve, as is shown in Figure 14. 

·10 

~ 
2 

~ 

~ a 
1 BVGSS w 

~ 
" 
S 

0 10 20 30 40 

VGS GATE VOL TAGE (VOL TS) 

·1 

P-Channel FET Input Gate Characteristic 
Figure 14 

In the normal operating mode, with V GS positive for a P
Channel device, the gate is reverse-biased to a voltage be
tween zero and V GS(off)' This results in a doc gate-source 
resistance which is typically more than 100M Q. The gate 
current is both voltage- and temperature-sensitive. Figure 
15 shows this relationship for IGSS versus temperature and 
VGS' 

104 "C"G-ss-'S::'CN:COC:R"'M-CALC"'2"'=O-::T-='0 "'v A"'L-CU"', -CAT::-T-'--' 

103 
TA = 25°C AND VGS = 30 V / 

~~ 1021---+_+_+---+--I--747.L.j'-£-~ 

b1 I.~~<V/ 
~ 10 I---+I-+-t-~~Y!--t--l 

~ 1 ~~ / VOS'O_ 

10.1 f---+-7"<.-j,-'7-f--t-+-+----j--1 

10'2 p.o</.......,.../::,-<-/t-/-t--t--t--t--t--t 

10-3_S"=0-.+-25"--:OL--:'!o5--o':50,.--","'5 --:'±00"--=!12:;-5~'5·0 
TA - AMBIENT TEMPERATURE (OC) 

I GSS vs Temperature 
Figure 15 

If the gate-source junction becomes forward-biased, (nega
tive voltage in a P-Channel device) or if V GS 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 doc 
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: IGDO, IGSO, and the com
bined measurement IGSS' These measurement circuits are 
shown in Figure 16. 
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The question is, should IGDO and IGSO be measured 
separately, or will one measurement of IGSS suffice? One 
thing is certain: IGSO + IGDO > IGSS ' because the drain 
and the source are not completely isolated. They are, in 
fact, electrically connected via channel resistance. For most 
FETs, if V G is greater than V GS( off)' the difference between 
(IGSO + IGDO) and IGSS is small; therefore, the measure
ment of IGSS is a realistic means of controlling both IGDO 
and IGSO. 

In a circuit, V GD may be biased between zero and BV GDS, 
while V GS will be between zero and V GS(offf therefore, 
IG is not necessarily the same as IGSS. 

BV GSS - 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-

Three Common Measurement of Gate Current 
Figure 16 

SOFT KNEE IFAIUNG) 

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 1 will break down while CRn becomes forward-biased). 

Some device manufacturers use a BV GDO rating, which 
means they are only checking diode CR 1. A better method 
is to use a BV GSS rating (gate-source breakdown with the 
drain shorted to the source), because it checks both CR 1 
and CRn, in addition to exposing the weakest breakdown 
path along the entire gate-channel junction. The BV GSS test 
also allows the user to interchange source and drain lead con
nections without worry about device breakdown ratings. 

Admittedly, a BV GSS test will reject some units which 
might pass a BV GDO test; the number rejected, however, 
will be insignificant compared to the advantage of providing 
symmetrical operation. 

Test Procedures for BV GSS 

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--...... -i+---.--<lORAIN 

I 
I I 
I I I 

~:CLll CR, 

~oc, 

A Useful FET Equivalent Circuit 
Figure 17 

SHARP BREAKDOWN 

Examples of Soft Knee and Sharp Knee Breakdown 
Figure 18 
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gfs - Transconductance 

Transconductance, gfs' is a measure of the effect of gate 
voltage upon drain current: 

MO 
gfs = l;VGS ' VOS = constant (5) 

The interrelation of gfs to the parameters lOSS and 
V GS(OFF) should be noted. Equations 4, 6 and 7 describe 
the value of 10 and gfs In a FET for any value of V GS 
between zero and VGS(OFF} 

(6) 

(7) 

where gfso is the value of gfs at V GS = 0 and IDSS is the 
value of ID at V GS = O. With these equations, the value of 
gfs can be calculated with a fair degree of accuracy (20 per
cent) ifIDSS and V GS(off) are known. 

Figure 19 shows normalized curves for I D and gfs as func
tions of V GS 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 V GS(off) is approached. For 
these curves, V GS( off) was assumed to be the value of V GS 
where ID/IDSS = 0.001. 

'~~ 
" '9IS/!lls -

~ 10-1 ~~~~~J'O~/'~OS~S~~I\.~;~~~ = VOS"'-5V f= 1 kc 
~ FOR 9fs MEASUREMENTS 

VGSIVGS(off) 

Normalized Curves for 10 and 9fs 
as Functions of V GS 

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 

~ )
72 

VOS 
IO/triode = lOSS V--

GS(off) 
(8) 

Specifications for gfs are shown in Tables III and IV. Note 
that there is a difference in the test conilitions specified for 
the N-Channe12N3823 and the P-Channe12N3329. The gate 
voltage for the 2N3823 is established as zero. This means 
that gfs is measured at ID = IDSS, as in Table Ill. 

Characteristic 

Table III (2N3823) 

Test 
Conditions 

Qfs Small-signal common- VOS'" 15 V, 
source forward V GS '" 0, 
transconductance f == 1 kHz 

Table IV (2N3329) 

Characteristic 
Test 

Conditions 

Yls Common-source V DS = -10 V, 
forward transfer ID =-1 rnA 
admittance f = 1 kHz 

Min Max Unit 

3,500 6,500 ,umho 

Min Max Unit 

20 ""mho 

The test conditions shown in Table IV specify a certain. 
value for ID (-1 mA for the 2N3329). This means that for 
each unit tested, V GS is adjusted until I D equals the speci
fied value. The conditions specified in Table III simplify 
testing of the gfs parameter by eliminating the necessity of 
adjusting V GS' Figures 20 and 21 show typical test setups 
for the two methods. 

1 
--r Vos 

v 

Test Circuit for 9fs with VGS = 0 
Figure 20 

11 _- Vos 

f-
Test Circuit for 9fs with 10 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 V GS and 
V DS' Because of the complexity of dealing with such a 
distributed capacitance, a simplification is made so that two 
lumped capacitances, Cgs and Cgd, exist between the gate 
and the source and drain, respectively. (A much smaller 
capacitance, Cds, 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 CgS and Cgd (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 Cgd as the result of changing condi
tions of V DS, V GS 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;oC 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. 

Go-----~--~~--~ 

1 VGS 

I 
So------+------------------~----~~ __ _o 

NOTE: egSS '" Ciss '" eg-s + CgcI 

Coss '= Cgd + Cds;:" Cgd '" 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, rgs, 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 rgd' (For 
most purposes, rgs and rgd may be neglected, and the gate 
impedance of the FET treated as pure capacitance). At the 
dr.ain side of the equivalent circuit the small capacitance 
Cds - which stems from the header material- is shunted by 
the incremental channel resistance, rds' 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, rds will be on the order of 
megohms. 

The incremental channel current is given by the transcon
ductance, gfs, multiplied by the incremental gate voltage. 
For the small signal, vgs' this is manifested in the equivalent 
circuit by the current generator gfsVgs' Notice that the con
ventional direction of flow of this current is such that id 
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 Us 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 (9) 

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 Ciss and ('oss simply refer to mea
surements made at the input (gate) and the output (drain) 
respectively. An alternative symbol for Cgd is Crss, which 
refers to the "reverse" capacitance. 

In data sheets, it is customary to state (= ('iss) Cgss and 
Cdss (= Coss)· C rss is often given in place of C oss because 
if Cds <{ Coss, which is usually the case, then C rss "" Coss . 
Equations (9) and (10) can be used in those instances where 
it is necessary to extract Cgs and Cgd, as in 

Cgs = Ciss - Cgd = Ciss - Crss (II) 

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 SiJiconix J202 N-channel 
FET. They are given as 

Ciss (at VDS = 20 V and f = 1 MHz) = 5 pF max. 

and 

Crss (at VDS = 20 V and F = I MHz) = 2 pF max. 

Hence, at a drain-source voltage of 20 V and a frequency of 
1 MHz, Cgs = 5 - 2 = 3 pF maximum. Even though the FET 
is physically symmetrical, bias conditions have forced the 
capacitances to be unequal. 
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APPLICATION NOTE 

Audio-Frequency Noise Characteristics 
of Junction FETs 

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. 

Derming 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, ~N 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. 

RG 

~ or 

NOISE·FREE FET r-

11 
Lt-'N 

;N 

Representing Noise in an Ideal FET 
Figure 1 

l 
I 

J 
RL 

A noise factor (F) is a Figure of Merit of a device with 
respect to the resistance of a generator. To calculate a noise 

~ctor, a source resistor RG, with a thermal noise voltage 
eT, is added to the circuit. 

A noise factor (F) may be defined as 

F= 
Total available output noise power 

Noise power at output due to thermal noise of RG 

or 

F= 

Noise power output due to RG + noise power out
put due to FET 

Noise power output due to RG 

or 

Noise power output due to FET 
F= 1+ 

Noise power output due to RG 

or 

Gain X noise power of FET referred to input 
F=I+ . 

Gain X noise power due to RG 

or 

Noise power of FET referred to input 
F=l+ 

Noise power due to RG 

The thermal noise voltage across RG is(l) 

(I) 

where k = 1.380 x 10-23 JoulesrK (Boltzmann's Constant), 
T = temperature in OK, and B = bandwidth in Hz. Therefore 
noise power due to RG is 

eT2 4kTRcB 
-R = -R--= 4kTB 

G G 
(2) 
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The noise power of the FET referred to the inpu t is 

(3) 

When expressions for the noise power of both the FET and 
RG are substituted, the noise factor becomes 

_ + eN2 + TN2RG2 
F- I 4kTRGB (4) 

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 10 [F] (5) 

The noise figure of the FET is 

(6) 

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, RG. Therefore, the eN, TN method reo 
mains as the best way to quantitatively express the noise 
characteristics of the FET itself. 

Describing Junction FET Noise Characteristics 

Junction FET eN and TN characteristics are frequency· 
dependent within the audio noise spectrum, and take a form 
as shown in Figure 2. 

~ 1K 
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..,:.E. 
«w 
0<0 
~ ~ 
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z 0 
w> 10 ~w 
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10-13 
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ill zO 
oC: 

II llll JJ tii< 
10-14 ~ ~ 

BREAK c: m 
POINTS ~~ Is; 'N m 0 

z~ SLOPES ... m 
l/fn 

10-15 ~ b iN n= 1 to 2 
~ '" 
~~ -z 

'1 1111 II '2 I 10-16 
~ ... 

10 1 .. 1K 10K lOOK 

f - FREQUENCY (Hz) 

Characteristics of Junction FET Noise 
Figure 2 

eN, the equivalent short circuit input noise voltage (with 
the exception of the I/fn region), is defined as(2) 

(7) 

where RN '=' 0.67/gfs' the equivalent 
resistance for noise. The eN, except in the 1/fn region, 
closely approximates the equivalent thermal noise voltage 
of the channel resistance. 

In the so·called I/fn region, eN is expressed as 

(8) 

where n varies between I and 2 
and is device· and lot-oriented. 

The characteristic bulge in eN in the I/fn region has been 
observed to some extent in all junction FETs submitted to 
test. The breakpoint or corner frequency shown as f I in 
Figure 2 is lot· and device design·oriented, and varies from 
about 100 Hz to I kHz. 

As indicated in Equations (7) and (8), eN is inversely pro· 
portional to the square root of the transconductance of the 
FET (eN a: I/y'gfs). eN can be lowered by a factor of 
I/YN if N devices with matched electrical characteristics 
are connected parallel. For example, when 

N=2 (9) 

let 

(10) 

and let 

(11) 

Thus, 

(12) 

From Equation (7) 

eNI = v'4kT(0.67/gfsl)B (13) 

and 

(14) 

Thus, 

(15) 

A second way to achieve low eN is to use a device with a 
large gate area. Empirically, eN is inversely proportional to 
the square of the gate area (eN a: 1/ AG 2), independent of 
gfs' This large gate area philosophy has been followed in the 
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design .of the Siliconix 2N4867 A 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 andTN also remains at a low value_ 

The equivalent open-circuit input noise current, TN, 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 

(16) 

where q = 1.602 x 10-19 

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, TN can be approximated as being equal to the 
Nyquist therr' II noise current generated by a resistor: (3) 

(17) 

where Rv is the real part of the 
gate-to-source input impedance. The breakpoint or corner 
frequency f2 in Figure 2 is lot- and device design-oriented 
and can vary from 5 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 10Hz 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 l/f n 

noise at 10Hz and popcorn noise has yet been found in 
junction FETs. However, if the amplitude of the burst is 
large and occurs frequently, then l/f n noise voltage (eN) 
is masked and difficult to evaluate at 10 Hz. 

Test Circuit to Measure Popcorn Noise 
Figure 3 

x-v 
PLOTTER 

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. 

x-v i"OTTlR TIJ, J 1. I TA=25'C 

~130~'1~ O.4iJ.V I REFE~RED +0 INPUT 

NOISE--
I NOIS! J~BURST 

1-#' BURT--

#2 STABLE 
DC (6VGS/I'ITl 

ORIFTONLY-

I,.. NOISE BURSTS 'I ' 

u ~~Ols,1 #3 , --rn
'
N BURSTS - -

and l/fl eN 

Popcorn Noise in Differential Amplifiers 
Figure 4 

Operating Point Considerations 

Unlike bipolar transistors, where eN and TN characteristics 
vary directly with change in collector current (Ie), similar 
characteristics in junction FETs will vary only slightly as 
drain current (ID) 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 (VDS > Vp or VGS( off»)' 

The eN in junction FETs will be lowest when the devices 
are operated at VGS = 0 (I D = I DSS)' where transconduc
tance (gfs) 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. 
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The curves in Figure 5 illustrate changes in eN as the oper
ating drain current (IO) is varied. Note that the lowest eN 
did not occur at VGS = 0, because of high power dissipa
tion and a resultant rise in junction temperature at the 
operating point. 

f - FREQUENCY (Hz) 

eN Changes vs 10 Variations 

Figure 5 

The optimum (lowest) iN in depletion-mode junction FETs 
should occur at VGS = 0 (Io = lOSS). In practice, very 
little change will be seen in iN when the operating point is 
changed, provided that the drain-gate voltage is maintained 
below the gate current (IG) breakpoint and power dissipa
tion is kept at a low level. The curves in Figure 6 illustrate 
iN characteristics as a function of drain-gate voltage at 
points below, on, and above the IG breakpoint voltage. 

2N3822 
(NRL GEOMETRY) 

" I 
Z 

iii!!ll'O-'3 
o 

10-14 ~ 
n 

I 
~lllal'O-'5~ ~ 'D"'0.11DSS -

,-T-,A:..-_'_5°_C~J..J..LlllI'--'-WJ.1WL...l.JJ.JJlW 10-16 

10 100 lK 10K lOOK 

f - FREQUENCY (Hz) 

iN Characteristics as Function of Drain-Gate Voltage 
Figure 6 

In circuit design, particular attention must be paid to drain
gate voltage (VOG) to minimize gate current (IG) under 
operating conditions. The critical drain-gate voltage (IG 
breakpoint voltage) can be anywhere from 8 to 40 V, 
depending on device designJ4) Gate operating current (IG) 
should not be considered equal to gate reverse current 
(IGSS) in linear amplifier applications. IGSS is only an indi
cation of reverse-biased junction leakage under non-oper
ating conditions. The Curves in Figures 7 and 8 show how 
IG breakpoint is related to basic device design. Device 
designs with a high gfs/Ciss ratio have low breakpoint volt
ages, typically at VOG = 10 V, whereas high fJ. devices 
(fJ. = rds . gfg)· have much higher IG breakpoints, typically 
VOG = 20 - 30 V. 

-'0 

1 -1.0 
~ 

i .... -0.1 
w 
~ 
" I 
!:? -0.01 

-.001 

2N3822 
(NRL GEOMETRY) 

~ ~TA-25°C 

=HIGH/1 TYPE 

II 

'G 'BREAKPOIN(~ ~ 

I ./ 
= E'D"'lmA 

,..- A 
'D-l00/lA-

o TO 15 20 25 30 

VDG - DRAIN·GATE VOLTAGE (VOLTS) 

Gate Operating Current vs Drain-Gate Voltage 
Figure 7 

-100 162N5911 .~~TA 2S"C 
(NZF GEOMETRY) 

-10 HIGH gm/Ciss TYPE 

1 F=IG@ID-5mA~ 'G@ID lmA 

~ 
~ -1.0 

13 
~ -0.1 lG "BREAKPOINT' 

<3 
I IGSS 

5? -.01 

-.001 Lo --'---"O-_,L5---"O--'25 
VDG - ORAIN-GATE VOLTAGE (VOLTS) 

Gate Currents vs Drain-Gate Voltage 
Figure 8 

Characteristics of eN andTN at Low Temperature 

Three equations presented earlier ( (7), (16) and (17) ) 
show that eN andiN are temperature dependent. eN andiN 
are proportional to VT, and both will be reduced if the 
temperature is lowered. In Equation (16), iN is propor
tional to..JIG; IG will halve for each temperature drop of 
10 to lloc. eN is also proportional to y'RN, where RN =' 
0.67/gfs. Thus when gfs is increased, which is typical of 
junction FETs operating at low temperature, eN will 
also lower. 

In Figure 9, gfs has been plotted vs temperature for a sili
con junction FET, and the low temperature limitation 
caused by a drop off in gfs is clearly shown. 
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In connection with the plot of gfs vs temperature, note 
that the relationship can vary from approximately 0.2% to 
1 % per degree C. The gfs slope depends upon the basic de· 
sign of the FET, and upon the proximity of the drain cur· 
rent operating point to IDZ, the zero temperature coeffi· 
cient point. 

The major application for junction FETs at low tempera
ture is in charge-sensitive amplifiers. (5) For best performance 
in this type of application, a high gfs/Ciss ratio is required. 
Recommended Siliconix FET types for such applica
tions are the 2N4416 (NHgeometry) and the U311 
(NZA geometry). 

Test Measurements 

By definition, eN and iN are referred to the input of the 
device under test. To measure eN, the test circuit shown in 
Figure 10 will prove useful. 

1Mn 

Vase 100 n 

+VOD 

MOUNT O.U.T. AND INPUT CIRCUITRY 
IN SHIELDED ENCLOSURE 

Test Circuit to Measure eN 
Figure 10 

The following procedure should be used to make the 
eN test: 

1. Set tunable filter to required flow and fhigh. Ad

just oscillator to mean center frequency (fmean = 

2. Set Vosc to 100 mV with Switch 1 in positioneD 

102 
Compute Vinl = 10-1 x - = 10-5 V = 10 IN. 

106 

. Vout l 
3. Measure Voutl ' Compute overall gam as Av = y-= 

ml 

4. Set Switch 1 to position@and measure Vout2' 

Compute Vin2, the equivalent short-circuit input 

noise voltage (eN), using Av from Step 3. Vin2 

Vout2 - . . ---P::- = eN m volts over bandWidth flow to fhigh. 
v 

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 eN and determining 
NF with various values of RG 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 10Hz and 100 kHz in the 
device under test, with the scale shown as the actual output 
divided by 10,000. This is then theoutput 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 noteadequate to measure eN 
at certain frequencies over certain bandwidths in the Ilfn 

region. The rms noise over a bandwidth from flow to fhigh, 
where there is a llf n characteristic over the entire range, 
can be computed as 

(18) 

Figure 11 represents this equation graphically. For example, 
eN known = 70 x 10-9 v/VHi at 10 Hz. How much noise is 
in the band from 4.5 to 5.5 Hz? The noise has a Ilfl charac
teristic over the entire range. Thus 

or 

(20) 

4.975 Hz is the mean center frequency where fmean = 
(flow' fhigh)1/2. 

- _I 
'N -j 

'N-

KNOWN 

I fknown 

Computing rms Noise Over a Bandwidth 
Figure 11 
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TN measurements are difficult to implement at best. At fre
quencies below f2 in Figure 2,TN is assumed to have a con
stant level or "white" noise characteristic which may be 
correlated to gate current, IG. From Equation (I6) IG is 
established as the measured bulk gate current. Because 
measured gate current (IG) is the result of all conductances 
at the gate, the resultant gate current and the computedTN 
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) 

(21) 

where eT2 is the thermal noise of 
the generator resistance RG and eni 2 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 TN2 can be cal
culated ifeN2, eT2 and total noise e ni2 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 

TN' However, when RG is very large eT2 is much greater 
than lN2 . Rc2. For example, over a 1 Hz bandwidth at 
25°C, if RG is equal to 100 M.a, then 

eT2 = 4kTRG = 4 x 1.38 x 10-23 x 2.95 x 102 x 108 = 

1.63 x 10-12 v/.JHz. (22) 

Anticipated iN is 

TN"" 10-15 Amperes/v'HZ (23) 

and 

(24) 

Thus 

(25) 

Therefore, TN2 . RG2 is much less than eT2, which renders 
this method of finding TN impractical for most common 
MOS FETs or junction FETs. 

An improved method of measuring TN2 is to substitute a 
low-loss mica capacitor for resistor RG. The mica capacitor 
by definition does not have equivalent thermal noise voltage, 

and thus Equation (21) becomes 

(26) 

(where Xc = capacitive reactance) 

or 

(27) 

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 iN at higher frequencies, an alternate method 
is to measure (Rp) the real part of the gate-source impe
dance of the FET. (7) When Rp 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 Rp 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 Rp for the Siliconix FET Typ~ 2N4117 A. 
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)lN c~n 
be computed down to 2 MHz, and hence extrapolated iN 
between 100 Hz and 100 kHz is more accurate. 
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The following are representative eN, 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
actuated. Hence, FETs have an inherently lower noise cur
rent ON) 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 gfs 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 eN measurements cart readily be 
made.TN can be guaranteed at frequencies below 100 Hz by 
measuring the DC operating gate current (IG)' When IG is 

l> 
Z 

known, iN can be extrapolated from frequencies below ~ 
100 Hz to predict noise performance at frequencies to -
100kHz. ~ 
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APPLICATION NOTE 

FETs for Video Amplifiers 

INTRODUCTION 

The field-effect transistor lends itselfwell 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 I 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, input 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 Rg and the FET 
input impedance lin 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 

RgS and Rgd = bulk series gate resistance 

Cgs and Cgd = bulk series gate capacitance 

Goss = output conductance 

90,"s 

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 

Figure 2 

where 

GI = Re 1Yinl 

and 

w2[TICI (1 + w2T22) + T2C2 (1 + w2TI2)] 

1 - (w2TIT2)2 + w2 (T12 + T22) 

BI = 1m IYinl 

where 

w[CI (1 + w 2Ti) + C2 (1 + w2TI2)] 

1 - (w2TIT2)2 + w2 (TI 2 + T22) 

TI = CgdRgd 

T2 = CgsRgs 

(1) 

(2) 

(3) 

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, IIG I will typically fall to < 2K 
ohms at 100 MHz while CI remains substantially constant at 
least up to 1000 MHz. Figures 3 and 4 below exhibit these 
relationships. 
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To maintain low input capacitance, and thus a high input 
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 
Rg 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 l 

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: 

RD =560n (4) 

CT = Cgd + CD + Cs (5) 

Cgd = 2.0 pF, CD the YTVM probe, 2.0 pF, and Cs is 
circuit stray capacitance of 3 pF. 

CT =2+2+3=7pF (6) 

+15 V 

-~ 
R. 
560n 

:8 n r- 2N4393 : 

I 

........, :':n*Z.5PF 
I 

f f 
Figure 5 

The 3-dB frequency "'3 is given by: 

1 
"'3= CTRD 

7xlo-12 x560 

"'3 = 255 x 106 

f3 = 39 MHz 

(7) 

(8) 

(9) 

(10) 

The low frequency voltage gain for this configuration is 
given by: 

A _ gfsRD 
Y - 1 + gfsRS 

Ay = 4.9 

where 

(11) 

(12) 

gfs = 15 mmho when ID = 12 rnA, the quiescent current 

RD= 560n 

RS=47 n 

Measured Performance 

(13) 

(14) 

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. 

10 100 '000 

FREQUENCY (MHz) 

Figure 6 
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Effect of Increasing Generator Impedance 

If the generator resistance Rg is increased to IK 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 = IK ohm) shunted by Cin ( see Figure 7). 

Figure 7 

where 

= (5.9 x 3.5) + (0.6 x 10) + 3. 

Cin = 30 pF 

where 

Cgd = 3.5 pF 

Cgs = 10 pF 

The corresponding 3-dB frequency is given by: 

109 

30 x 10- 12 x 103 30 

f3 = 5.3 MHz 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(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: 

fo=-----
2rrVLCin 

where 

(22) 

(23) 

The response of an input signal of frequency fo 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 L, Rg 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 Cgd 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 

Figure 8 

The required value of Lis: 

RD2C 
L = -2--' and for the circuit in Figure 8. 

= 0.78 1lH 

where 

RD= 560Q 

C = Cgd + CStray + CVTVM PROBE 

C = 1.2 + 1.3 + 2.5 = 5 pF 

(24) 

(25) 

(26) 

(27) 

(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) 

FREQUENCY (MHz) 

Figure 9 
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When RS is bypassed by a 0.1 capacitor, the low frequency 
voltage gain is given simply by: 

AY=UsRD 

= IS x 10-3 x 560 

= 8.4 (I 8.5 dB) 

(30) 

(31) 

(32) 

The gain bandwidth product tends to remain constant 
whether RS is bypassed or not and this effect is shown in 
Figure 9. 

Source-Follower Circuit2 

A 1300 is used in the FET source·follower circuit, Figure 
10, because of its low input capacitance and high gfs which 
remains mgh at the frequency range of interest. A source 
follower exmbits a mgh input impedance and low output 
impedance. The real part of the output impedance is the 
reciprocal of g[s which is independent of frequency up ·to 
about 600MHz. The input capacitance isCgd + Cgs (I - Ay) 
which, in tms 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 Ro. 

+12V 

I 
Rs ;::!::: 2.SpF 
4700 I 

J.. 
-12V 

Figure 10 

The frequency response is dependent mainly on the gener
ator internal impedance. For example, when Rg is increased 
to IK 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 l/f2 as explained in 
the section, "Behavior of Input Resistance," and at some 
mgh frequency will go negative, particularly if the source 
resistor is large. For example, with the circuit in Figure 10, 
the input resistance is mgh at 10 MHz but in the negative 
resistance region at 100 MHz. However, when RS is 1000 
ohms, the input resistance is real at this frequency. 

The voltage gain of a source follower is given by: 

(33) 

Thus Ay is almost independent of RS when RS is large. 
Using typical values for the 1300 (or ~ 2N5912) in Figure 
10, the drain curren t is 3 rnA, Us is 5 mmho and RS 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 tms 
source follower is given by: 

{34) 

and in tms cirCUit, Ro was measured at 165 ohms. The 
source follower is a useful versatile circuit which may be 
used as an impedance converter, level smfter, buffer stage, 
or as an input circuit to an op amp or feedback amplifier. 

1 

1111 Tn! 
0 

IIV.H! 1 

Rg= lK 

2 

3 

4 
3 dB FREQUENCY 

• 
Rg= lK II 

J dB FREQUENCY 

6 
Rg =5011 

0.1 10 100 1000 

FREaUENCY (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 casco de 
circuit, namely the low input capacitance: 

Cin = Cgs + (I - Ay) Cdg 

Cin = Ciss + Cgd 

+15V 

Figure 12 

(35) 

(36) 

where Ay is the voltage gain from QI gate to Q] drain 
which is essentially unity. Ciss for the U257 dual FET is 
5 pF and Cdg is I pF, therefore 

Cin = 5 + I = 6 pF, excluding strays of 4 pF 

Thus Miller effect is minimized and a good gain bandwidth 
product is acmeved. 
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Figure 13 shows casco de frequency response. The voltage 
gain at low 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. 

2. 

2' 

20 

~ 
Z 

,. ., 
'" ~ 12 

"" :; 
0 
> 

FREQUENCY (MHz) 

Figure 13 

FET and Bipolar Cascade 

The FET and bipolar transistor combination of Figure 14 
makes agood 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 doc coupled to the base. 

Figure 14 

BOONTON 
91CVTVM 

0.01 

This produces an a-c voltage at the emitter whose amplitude 
is almost equal to that at the base. Thus at the FET, 
Vg ~ Vs ~ v d 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 ft 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 3D-dB' bandwidth 
44MHz(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 lfgfs. 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. 
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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 

+15V 

Rg Rs RS RD Device Gain dB n Bypassed n n 

2N4393 50 47560 4.5 13.0 

50 x 47560 7.5 17.5 

lK 47560 4.5 13.0 

lK x 47560 7.5 17.5 

J300 50 91 lK 3.8 11.6 
% 50 x 911K 6.3 16.0 
2N5912 lK 911K 3.8 11.6 

lK x 911K .6.3 16.0 

2N4416 50 1201.5K 3.9 11.8 

50 x 120 1.5K 6.2 15.8 

lK 120 1.5K 3.9 11.8 

lK x 120 1.5K 6.2 15.8 

Cascode 

+15V 

cin BW GBW 
pF MHz MHz 

44 197 

40 300 

5.0 22 

3.5 26 

11.0 27.5 103 

14.5 30.0 189 

11.0 9.5 36 

14.5 6.5 41 

11.5 25 98 

13 19 118 

11.5 8 31 

13 7 44 

Common-Source Circuit 

+15V 

-



Rg 
n 

50 

50 

lK 

lK 

Rg 
n 

50 

50 

1K 

lK 

5-26 

Shunt-Peaked Common-Source Stage 

2N4393 
J300 

(Y,2N5911/12) 
+15V +15V 

-= -= 
RS BW GBW 

Gain dB 
Bypassed MHz MHz 

Rg RS Gain dB 
4.2 12.5 66 277 n Bypassed 

x 7.5 17.5 54 405 

4.2 12.5 6.0 25 50 3.9 11.8 

x 7.5 17.5 3.5 26 50 x 6.3 16.0 

2N4416 
+1SV 

Rg L RS BW GBW 
Gain dB n IlH Bypassed MHz MHz 

50 4 3.9 11.8 45 175 

50 4 x 6.2 15.8 40 248 

50 5 x 6.2 15.8 45 279 

Common-Drain Common-Emitter Stage 

'::" 

RE Cin BW GBW 
Bypassed Gain dB 
(0.1ILF) pF MHz MHz 

Rg Cin Gain dB 3 9.5 2.0 39 117 n pF 
x 25 28 2.0 21 525 

3 9.5 2.0 13 39 50 5.6 15 1.0 
x 25 28 2.0 11 275 lK 5,6 15 1.0 

Siliconix 

BW GBW 

MHz MHz 

DI 262 

67 421 

BW GBW 

MHz MHz 

32 179 

15 84 



Source-Follower Circuit 

+15V 

Rg Cin Ro BW GBW 

n Gain Stray pF Total pF n MHz MHz 

50 0.92 2.2 2.7 165 350 326 

lK 0.92 2.2 2.7 165 55 50 

Note. Ro = output resistance of the source follower. 

Derivation of Input Admittance Terms 

where 

RI = Rgs 

R2 = Rgd 
=jw 

CI = Cgs (I) 

C2 = Cgd (2) 
,G 

TC1 c'T 
o~_----,I 

sCI sC2 
y. = + =--=---"---c-

III R1CjS+1 R2C2s+1 

- W2CI C2 (R I + R2) + s(CI + C2) 

(l-w2RIR2CIC2)+S(CIRI +C2R2) 

Derivation of Shunt Peaking Formula 

(3) 

(4) 

The equivalent circuit of the drain load is shown in the Fig
ure below. The total impedance seen by the drain is given by: 

n'"""''' 
~RL 

(5) 

+15V 

Dual Rg Offset (Max) BW GBW 
Gain 

FET n (Input to Output! mV MHz MHz 

U257 50 100 0.98 70 69 
2N5912 1K 100 0.98 15 14.7 

U232 50 10 0.98 85 83 

lK 10 0.98 13 12.7 

The response below shows the "normal" 3-dB frequency 
without peaking - fl' I t is now required to raise the response 
at fl by 3 dB to achieve a maximally flat response. There
fore, under these conditions the total impedance seen by 
the drain at f I must equal the impedance seen by the drain 
at fo. Also at f l , Xc = RV Substituting for Xc in Equation 5: 

10 
FREQUENCY 

RL 2 - 2wLRL + w 2L2 + RL 2 = RL 2 + w2L2 

RL2= 2wLRL 

RL =2wL 

L 
RL 

and 

• RL2C 
2rrRLC , •• L=-2-
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For op amp applications requmng the best possible 
perfoflpance, consider a composite op amp that takes 
advantage of differi~g process technologies. A JFET dual 
can be combined with a Signetics NE5534 bipolar op amp 
for outstanding performance. Input bias current can be 
reduced, yet slew rate can be very high (20V I J.lsec to 
40V/llsec) and the circuit is unity-gain stable. Output 
swing is a minimum of ±12V into a 600 ohm load when 
operating from ±15V power supplies. This high output 

APPLICATION NOTE 

Composite OpAmp 
for High Performance 

capability combined with a JFET input stage makes this 
an excellent amplifier for high-speed integrators, SAMPLE/ 
HOLD circuits, peak detectors, and log amplifiers. 

The input portion of the circuit is shown in Figure I. The 
NPN input stage of the NE5534 Ie op amp is biased into 
cut-off by connecting both inverting and non-inverting 
inputs to the negative rail. A JFET preamplifier input stage 

High Performance Op Amp Using The Siliconix 2N5912 

v+ 

,,,{ 7 
NE5534 

c~ r---
5 

RO RO -'-O.18mA .,... Rc Rc 

+- I 8 
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-INo-.... +-., 
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is then connected into the PNP second stage of the NE5534 
and the currents that formerly flowed through the NE5534 
NPN input pair are now diverted into the JFET input pair. 
Drain resistors RD effectively parallel the collector resistors 
RC from within the IC op amps and the JFET drain 
currents will then be the sum of the currents through RD 
and Rc. The voltage across the parallel combination of RD 
and RC is nominally 2.5V duetothe internal biasing of the 
NE5534. Going directly into the second stage of the IC op 
amp ratherthan intothe NE5534 NPN input stage has two 
distinct advantages: 

I. Frequency response is better in that the phase shift of 
the bipolar input stage is avoided. A high-current JFET 
input stage, such as the 2N5912 when operated in the 
I rnA to 8mA drain current range, has excellent 
frequency response in comparison to an NPN stage 
operating in the 150MA to 200MA range. 

2. The operating level at the JFET drains is only 2.5V 
below the positive supply rail, therefore the common
mode input range for the JFET input stage can be 
relatively high. The combination of low input bias 
current with high frequency response is useful for 
SAMPLE/HOLD circuits, high-speed integrators, 
photo-multiplier tube amplifiers, and high-speed data 
conversion circuits. 

Although more expensive than a single monolithic op amp, 
the combination of a JFET preamp with a bipolar IC 
second stage can provide substantially better performance 
than any monolithic alternatives. 

A Siliconix 2N5912 JFET dual was chosen for the input 
stage in this example because of its high operating current 
range, high gain, and excellent frequency response. The 
saturation drain current I DSS has a specified range of7mA 
to 40mA, but is typically lOrnA to 24mA. Gate source 
cutoff voltage V GS( off) is in the range of -I V to -5V with a 
typical value of approximately -2V to -4V. The 2N5912 
characterization curves indicate that any drain current 
from ImA to 8mA will provide good performance, and 
2mA was chosen for this application. 

The current diverted from the bipolar input stage to the 
JFET input stage is nominally 180MA on each side; 
therefore a drain current on each side of 1.82mA is needed 
from the drain resistors RD to make up a total drain 
current of 2.0mA. The drain resistor R D therefore needs to 
be approximately 2.5V /1.82mA, or 1370 ohms on each 
side. 

Gain of the J FET input stage can now be calculated. From 
the 2N5912 characterization curves, forward transconduc
tance gfs will be in the range of 2.6mmhos to 5mmhos for 
units having I DSS of lOrnA to 24mA and when operated at 
a drain current of 2mA. The differential gain can be 
approximated by the product gfs RD. Using a center value 
of 4.3mmhos and 1230 ohms, (RD and RC in parallel), 
then the gain will be approximately 6.5, or 16dB. Total 

amplifier gain was found to closely approximate the gain 
curve for a 5534 being operated alone. 

The cascode configuration using two input pairs as shown 
has several advantages. Most importantly, the input gate 
current is dramatically reduced due to the lower drain-to
gate voltage on the input pair. In the cascode configuration, 
the gate-to-source voltage on the upper pair will be the 
drain-to-source voltage of the input pair even with the 
common-mode input variations. All of the common-mode 
swing is taken up by variations in VDS of the upper pair. 
Gate leakage of the input pair is primarily dependent on 
drain-to-gate voltage VDG, which will be a constant 
-2V GS in this cascode configuration. Drain-to-gate voltage 
on the input pair will be low, typically in the 3V to 6V range, 
which is well below the "IG breakpoint". From the 
characterization curves on the 2N 5912, gate current leakage 
will be under 2pA for drain-to-gate voltages under 6V. The 
cascode configuration is very effective in reducing input 
bias current for JFET input stages. Another advantage of 
the cascode configuration is a reduction of input capacitance. 
The input pair drains are "bootstrapped"to the common source 
point and both must follow the gate voltage. The effective 
capacitance from gate-to-drain and from gate-to-source is 
reduced. In addition, output conductance is reduced by the 
cascode configuration which also helps CMR. Adding the 
second JFET pair significantly improves both input bias 
current and common-mode rejection without degrading 
other parameters. 

The constant current source consisting of Q3 and Q4 
primarily improves common-mode rejection and rejection 
of power supply variation. It also establishes the nominal 
operating voltage at the input (pins I and 8) of the 5534 op 
amp. The current will be a constant VBE/ RE independent 
of fluctuations in power supply voltage or input voltage 
level. This current source has very high impedance, therefore 
common-mode inputs are heavily attenuated. 

Common-mode-rejection-ratio (CMRR) is very high due 
to the use of a constant current source, but can be further 
improved by matching of drain resistance. The parallel 
combination of RD and RC is the effective drain resistance 
for this design. The transconductance ratio between the two 
sides of the input pair also directly affects CMRR. The 
drain resistors should be well-matched to minimize the 
CMRR adjustment range since it also affects offset and 
drift. 

Each I % mismatch in drain resistance will cause approxi
mately llMV;oC of input offset voltage drift. CMRR can 
be readily trimmed to over loodB. CMRR vs. frequency is 
excellent due to the use of the 2N 5912, a wide-bandwidth 
FET, in a cascode configuration. 

A high performance op amp should also have good output 
characteristics, low noise, and high slew rate. The NE5534 
op amp is rated for ±14V mimimum output swing into a 
600 ohm load when operating from ±15V power supplies. 
Output resistance is typically 0.3 ohms. The Siliconix 
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C? 2~5912 characterization curves show a typical equivalent 
~ input noise voltage of only IOnV/VIlzat 10Hz. There is 
CO also a component of noise from the second stage, but its 
Z effect is divided by the input stage gain and its contribution c:c is small. Input current noise of this composite op amp is 

very low due to the typical operating level of I pA input bias 
current. For slew rate, this circuit is capable of 50V / J.l.sec 
when going negative. Positive slew rate is 50V / J.l.sec 
without use of a compensation capacitor, but drops to 
25V / J.l.sec with a 20pF compensation capacitor. Compensa
tion capacitance will generally be needed only when driving 
capacitive loads. Even the lower value of slew rate, 

25V / J.l.sec, corresponds to a full-power (± lOY) frequency 
of 400KHz. 

While the vast majority of op amp applications can be 
satisfied through use of cOllVentional IC op amps, there are 
applications in high-performance instrumentation systems 
that require superior performance. This composite op amp, 
which makes use of precision dual JFET input pairs and a 
high performance IC op amp, provides a unique combina
tion of low input bias current, high CMR, low noise, 
excellent frequency response, and high output swing. 
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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 II. 

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. 

Table I 

MIXER TYPE 

Double 

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 in to 
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 II 

DEVICE ADVANTAGES DISADVANTAGES 

Characteristic Single-Ended 
Single 

Balanced Balanced Bipolar Low Noise Figure High 1M 
Transistor High Gain Easy Overload 

Bandwidth Several Decade Decade Low D.C. Power Subject to Burnout 

decades 
possible Diode Low Noise Figure High L.O. Drive 

High Power Handling Interface to I.F. 

Relative 1M 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 >30dB 
Conversion Gain possible at Optimum Square 

Excellent 1M products Law Response Level 
Isolation 

Square Law Characteristic High l.O. Power 

Relative OdB +3 dB +6dB 
Excellent Overload 

L.O. Power 
High Burn-out Level 

Dual-Gate Low 1M Distortion High Noise Figure 
MOS FET AGe 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 
greaily 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 I). 

,-------+-.I:F 

Signal and Noise Vectors 

Figurb 1 

FETB 

SIGNAL 
CONVERSION 

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 (wift); 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 (t1) the noise component (en) 
is "in phase" with the local oscillator vector (el o) 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 t2, 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 1800 

(wift) 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. (1) 

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 t2, the signal 
vector (es) is "out of phase" with the local oscillator vector, 
elo' 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 prototype balanced mixer is shown in 
Figure 2. Design criteria, in order of priority, include the 
following: 

(I) 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 cross modulation. Part 
of the problem may be resolved by using a balanced mixer 
circuit. 

The active transfer function of the FET is represented by a 
voltage-controlled 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 1M 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, gc' is achieved at about 80% of the FET gate cutoff 
voltage, V GS( off» and amounts to about 25% of the forward 
transconductance, gfs' of the FET when used as an amplifier. 
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Cl, C5 - .01 pfd 

C2. C4 - 1 - 10 pF 
C3 - 1000 pF 

e6. Ca - 30 pF 

C7, Cg- 68 pF 

ClO - O.lIJ F 

L,. L2 - 1.3pHy 
Q1. Q2- U310 (2) or U43Q 

Tl - RELCQM BT-9 

Prototype Active Balanced Mixer 

Figure 2 

Sipce conversion gain (or loss) must be considered, it is 
common to equate voltage gain Av, as: 

(1) 

where gc is the conversion transconductance and RL 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 fmally, there is the so
called "varactor effect." 

The most frequent cause of poor mixer performance sterns 
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 
improvemen t in 1M characteristics obtained in the prototype 
mixer with the drain load impedance reduced to 1700 IJ 
from 5000 IJ. 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 FEr. 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-sorce voltage can cause 
a change in parasitic capacitance, erss' and give rise to har
monics.(4) 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. 

15 

,. 
13 

12 
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\ SOURCE INJECTED MIXER (L,D. & SIGNAL) 
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Comparison of Mixer 1M Characteristics 
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Conversion Gain 

In a FET, forward transconductance is defined as(5) 

dID 
gfs = dVgs 

and conversion transconductance is defined as( 6) 

dID(wi) 
g =--
c dVgs(wr) 

(2) 

(3) 

where wi = the intermediate frequency and wr = the signal 
frequency. 

The effects of time·varying local oscillator voltage, V 20 and 
the much smaller signal voltage, VI, must be considered: 

Vgs = VI cos Wit + V2 cos w2t 

For square law operation(7) 

V2 + V GS';; VGS(off) 

Drain current is approximately defined by (8) 

[ 
VGS] 2 ID = IDSS 1 - ---

VGS(off) 
or (9) 

or 

2 
I "" Uso VGS(off) [1 _ ~] 
D 2 VGS(off) 

ID "" 2V GS( off) 

then (10) 

Uso 
ID "" 2VGS(off) (complex Taylor expansion) 

which can be reduced to 

gfso 
I D(IF) "" V 1 V 2 cos (w 1 - (2)t 

2VGS(off) 

and the conversion transductance is 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Equation 11 suggests that gc increases without limit as V 2 
increases without limit. However, to avoid operation of the 
FET in the "triode" region, the peak·to·peak swing of V 2 

should not exceed V GS( off)' 

Thus 

or 

2 V2 peak .;; VGS(off) 

V k ~ VGS(off) 
2pea ""'--2--

(12) 

(13) 

Figure 5 shows plots of normalized conversion trans· 
conductance, gc/gfs versus normalized quiescent bias, V GS/ 
V GS(off)' for different oscillator injections. 

28 

J. 
_ .~ ...J_ L LOCUS OF 

!~ "1 T VLO'VGO 

" 1\ 
Y--VlO = 0.8 VGS(off) 

V LO = V GS(off) -_ 

24 

20 

§ 16 '-M. ~1\ V VG~(Off) ;:r LO'-3 --

x I 
~ 12 

~ l\ \ 
/ VLO 

VGS(off) 

4 ~ 1\ \ , 
~ ~ 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VGOiVGS(off) 

Normalized gc/9f vs. VGSIVGS(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.(1l) 

A change of a decade in Rg 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, gigs' 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. 

GENERATOR RESISTANCE {.Q} 

Power Gain and Noise Match ing 

Figure 6 
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How to Select the Proper FET 

Conversion efficiency is determined by conversion trans
conductance, gc' which in turn is directly related to such 
FET parameters are zero-bias saturation current, IDSS, and 
the gate cutoff voltage, V GS(off): 

IDSS 
gC=VGS(off)2IV21 (14) 

(15) 

Equation 15 appears to indicate that FETs with high I DSS 
are to be preferred. However, IDSS and V GS(off) are related, 
and Figures 7 A and 7B show that devices from a family 
selected for high I DSS do not provide high conversion trans
conductance, but actually produce a lower value of gc' 

o 

i3 
> 

f~ C ;;; - ~ 

~ 

./ 
,/ 

IDSS (rnA} 

a. 

5 

4 

! 
3, 

~ Ii 
2 

1 
3 

I'-- i 

I I 
5 10 20 30 40 

lOSS lmAJ 

b. 

Relationship of lOSS and VGS(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, 
IDSS ' 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 ;.!Inhos max at VDS = 10 V, ID = 10 rnA, and 
f= 1 kHz. 

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, gc' 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'lII lists a number of pO$sible 
alternatives to the U31 O. 

Typical 
Characteristic 

lOSS 

U310* 

14K 

40mA 

Table III 

DEVICE TYPE 

2N5912 2N4416* 2N3823 

6K 5K 3.5K 

15 mA 10mA lOrnA 

*Similar devices are also available in plastic packages: 

U310 (J3101 

2N4416 (2N5486, J304-181 

Local Oscillator injection 

Low 1M 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. VLO is expressed in terms 
of peak-to-peak voltage, while V GS( off) 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 RESONATES WITH Cg 

a. 

GATES DRIVEN PUSH-PULL 
SOURCES TIED TOGETHER 

b. 

Alternate Forms of L.O. Injection 

Figure 8 
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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 in put 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 

(I) Consist of four single-ended terminals, for ,he 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 i 800 across the 
symmetrical balanced loads 

(5) Introduce the least possible amount of loss 

, .. 

'2 

1800 

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.(I 2) The 
transformer constructed for the balanced FET mixer closely 
resembles the balanced 4-port unsymmetrical 1800 hybrid 
device described by Ruthroff.c 13) 

=== Zo"'2R --_. 

:: == =. Zo 2R 

2R 

2R 

2R 

-::-
2R 

Hybrid Input Coupling Transformer 

Figure 10 
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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 II): 

7200n 
max length = -f -- (inches) 

upper 

min length = (I I) f (inches) 
+ M Mo lower 

(16) 

(17) 

where RL = the load impedance, M/Mo = 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, lo, is to be preferred 
over a higher lo' Both 50-ohm and 100-ohm transmission 
lines are required for the mixer transformer; twisted pairs 
will provide satisfactory results. A characteristic impedance 
of 45 rl is obtained from 3 turns-per-inch of Belden 
No. 24 AWG enamel wire, while 3Yz turns-per-inch of No. 
24 (7X32) Belden plastic covered wire provide lo = 100 
ohms. Each core is wound with 2 inches of the proper 
twisted pair, with minimax 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 
(C2, C4, 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. 

+40 

+20 

-20 

-40 

.02 

2R 

2R -=-

a. 

20 ~ 2 20 OPTIMUM 

20 =0 20 OPTIMUM 

.06 .10 .14 

LENGTH OF WIRE II (n) 

b. 

Toroid Coil Winding Data 

Figure 11 

1 
Zo~ '220 OPTIMUM 

.18 

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 (1T) match structure from each FET 
drain to a common balanced output transformer net-

:t:
Z 
~ • -

work.(17) This pi match technique is especially suitable for I 

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.(18, 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 
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Figure 12 

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 

(18) 

where 

ld = IDSS 1 - ---. [vgs ] 2 
VGS(off) 

(19) 

and 

(20) 

For the U3l0 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 5. 

The output IF coupling structure is an 800-ohm CT to 50-
ohm trifilar-wound transformer (Releom BT-9 or equivalent). 
The pi (rr) match into this transformer provided a dynamic 
drain load impedance of 1700 ohms on each FET; excellent 

DISTORTION REGION 

Pi (1T) Match Filter Function 

Figure 13 
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1M 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.c 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 Bipolar 

Intermodulation Intercept Point +32 dBm +28 dBm +12 dBmt 

Dynamic Range 100dS 100dS 80dBt 

Desensitization Level +8.5 dBm +3 dBm +1 dBmt 
(the level for an unwanted 

Signal when the desired Signal 

first experiences compression) 

Conversion Gain +2.5 dB* -6 dB 

Single-sideband Noise Figure @ 7.2 dB 6.5 dB 
50 MHz 

tEstimated *Conservative minimum 

+18 dB 

6.0 dB 

Figure 14 shows a comparison of third-order 1M 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 1M Products 

Figure 14 
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MEASURED PERFORMANCE SOURCE -INJECTED MIXER 
L.O. POWER +17 dBm AND +22 dBm 
DRAIN LOAD IMPEDANCE 1700n, 50000 ,. 
\ 

14 

\ 
13 

\ 1.7K 

:.t:>,. 
12 \ 
11 

\ 
10 

'\.. 0. 

) 
j 32 

/ 

......... ""'--4/ 
..o-Yl. 4 "-

l.O. +22 dBm 'A 

28 

24 

20 

16 

12 

~--~L-----~----~----~----~----~----~--~80 

VGS 

Noise Figure and Intercept Point Performance 

Figure 15 

CONCLUSION 

The reason for using the three-core bifilar transformer 
(Figure IIA) 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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APPLICATION NOTE 

FETs As 
Voltage-Control/ed 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 (lFET) 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, V GS' 
and the net drain-source voltage, VOS' 

Under certain operating conditions, the resistance of the 
drain-source channel is a function of the gate-source voltage 
alone and the lFET will behave as an almost pure ohmic 
resistor.(l) Maximum drain-source current, lOSS, and mini
mum resistance, rOS( on)' will exist when the gate-source 
voltage is equal to zero volts (V GS = 0). If the gate voltage is 
increased (negatively for N-Channel lFETs 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 V GS = V GS( off)' Thus the 
device functions as a voltage-controlled resistor. 

Figure 1 details typical operating characteristics of an N- . 
Channel lFET. 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'<2) 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 ~ VGS(OffJ_/lOCUSCURVE 

REGION I _\ ! REGION Il----t 

/1 \...'DSS 
/ I 

Vp 

Vos (V) 

VGS = 0 

SATURATION 
REGION 

V GS _ v GS(offj 

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 channel resistance, rds' is essentially the same 
as that of d.c. resistance, rDS, and is a function of V GS.(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 V DS 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 GS bias line is equal to LlID/L'N DS = 
l/rDS' This value is controlled by the amount of voltage 
applied to the gate. Minimum rDS, usually expressed as 
rDS( on), occurs at V GS = 0 and is dictated by the geometry 
of the FET. A device with a channel of small cross-sectional 
area will exhibit a high rDS(on) and a low IDSS' Thus a FET 
with liigh IDSS should be chosen where design requirements 
indicate the need for a low rDS( on)' 

N-Channel JFET Output Characteristic Enlarged Around VOS = 0 
Figure 2 

Figure 3 extends the rds 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. 

Typical rDS curves for several Siliconix N-channel JFETs 
are plotted in Figure 4. (4) The graphs are useful in estimating 
rDS values at any given value of V GS' All quantities given in 
Figure 4 are for typical units, so some variation should be 
expected for the full range of prod uction device s. It is there
for deisrable to convert Figure 4 to a normalized plot. This 
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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 V GS = 0 V. The dynamic range of rDS 
is shown as greater than 100: 1, although for best control of 
rDS a range of 10: I 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 fDS( on) values ranging from 20 (). to 
4,000 (). (Figure 7). 

Comparison of F ET and Resistor Characteristics 
Figure 3 
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Varies as an Inverse Function of VGS(off) 

Figure 7 

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 altenuatorJS) 

'D 'D 

€L..-_ ........ __ ---' 
ja) N-<:hannel FET (bl P-channel FET 

Circuit Arrangement for Both an Nand P Channel FET 
Figure 6 

Simple Attenuator Circuit 
Figure 8 

The output voltage is 

(1) 

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 rDS is not shunted by the load. 

The lowest value which vOUT can assume is 

_ V in rDS(on) 
VOUT(min) - R + rDS(on) (2) 
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The highest value is 

VOUT(max) = vin (3) 

since rDS can be extreme ley large. 

A number of other FET VCR applications are shown in 
Figures 9-16. 

VOUT 

Voltage·Tuned Filter Octave Range with Lowest Frequency at JFET 
VGS(off) and Tuned by R2. Upper Frequency is Controlled by R1 

Figure 9 

Electronic Gain Control 
Figure 10 

Your 

V,N o--I'N'-_--NI/"--_-.()vOUT 

Cascaded VC R Attenuator 
Figure 11 

~---_-------~Dvcc 

~---------oVOUT 

V,N o-!H--+-r:: 

Wide Dynamic Range AGC Circuit. No Gain through FET with 
Distortion Proportional to Input Signal Level 

Figure 12 

V,N 0-------111---+----0 VOUT 

VCR 

VCR Phase Advance Circuit 
Figure 13 

;O"'--...... ---<lVOUT 

o~--~J;~·---------o 

VCR Phase Retard Circuit 
Figure 14 

-EHT 
VOLTAGE 

P-Channel VCR Photomultiplier Load. Required Low Photomulti
plier Anqde Current (Usually < 1 I'A) Implies that VCR will Always 

Perform in Linear Region Near Origin 

VIDEO 
INPUT 

Figure 15 

\ 
L __ ...::.J--' r 

VIDEO 
OUTPUT 

Voltage Controlled Variable Gain Amplifier. The Tee Attenuatar 
Provides for Optimum Dynamic Linear Range Attenuation 

Figure 16 
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Signal Distortion: Causes 

Figure 17 A repeats the FET output characteristic curves of 
Figure 2, to show that the bias lines bend down as V DS 
increases in a positive direction toward the pinch-off voltage 
of the FET. The bending of the bias lines results in a change 
in rDS, 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 V DS reduces the drain current, so that a 
pinch-off condition is reached when V DS = V GS - V GS( off)· 
Figure 17B shows how the current has an opposite effect 

-1.5 V 

-2.5 V 

.-.-...,-.... ;;;::::--""""';~f==f:::::F -3.0 V 
- 10 

N-Channel JFET Output Characteristic Enlarged Around VOS = 0 

Figure 17A 

.v---------~ 

o ~ 
.v~------_/_--

DIODE 
CATHODE 

WHEN SIGNAL 
SWINGS NEGATIVE 

Figure 178 

in the third quadrant, rising negatively with an increasingly 
negative V DS. 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 n-et· 
work, as shown in Figure 18. 

VCR LINEARIZATION 

Figure 18 

The application of a part of the positive draln signal to the 
gate causes the channel depletion layer to decrease, with a 
corresponding increase in drain current. Increasing the drain 
current for a given drain voltage tends to linearize the V GS 
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 V DS = V GS - V GS( off) locus is approached. 
Resistors R2 and R3 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: 

(4) 

Typically, 470K [2 resistors will work well for most applica
tions. R] is selected so that the ratio of rDS(on) IIRL to 
[(rDS(on) IIRL) + RJl gives the desired output voltage, or: 

rOS(on) IIRL 
(5) 

(rOS(on) II R0 + RI 

The feedback technique used in Figure 18 requires that the 
gate control voltage, V GG, be twice as large as V GS in Fig
ure 17B for the same rDS 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. 
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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 V GS = 0 V bias curve, with the 
VCR operating in the first and third quadrants. The VCR is 
operated without feedback. 
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3 0 
_0 
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-200 

-1.0 
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100 

« 
3 0 
_0 

-100 

-200 

-1.0 

-0.4 0 0.4 

Vos(V) 

VCR7N with No Feedback 
Figure 20 

-0.4 0 0.4 
Vos(V) 

VC R7 N with No Feedback 
Figure 22 

1.0 

1.0 

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 arid 23, the same VCR FET characteristics are 
shown, with V GS adjusted for higher rDS' 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%. 
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Some degree of non-linearity will be experienced in both 
the first and third quadrants as V GS 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 R2/R3, in both quadrants. 

"1 

.~.' "2 
R3 VCR 

, 1.6 , ,\(,)~'\)~~..,,,.. 
\ 1.' fO~ (,l"':" ." 
~ p.o~IjS"\'t;.~ ..,...' 

1.2 "GS.., ".. 

.......... 
..... 

VGS: O 

1.0 

I 
0.2 0.4 0.6 0.8 1,0 1.5 2.0 2.5 

R2/R 3 

Distortion vs R2/R3 
Figure 24 

Distortion resulting from changes in temperature are also 
minimized by the feedback resistor technique. rOS 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 I 

Temperature Without Feedback With Feedback 

tel 'os rOS(on) 'os 10 rOS(on) 'os rOS(on) 'os 10 rOS{on) 

+125 >13% >6% <0.5% <0.5% 
, 25 >10% >5% <0.5% <0.5% 

- 55 3.9% 3.2% <0.5% <0.5% 

SUMMARY 

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. 

It has also been shown that FETs with high pinch-off voltage l> 
require larger drain-to-source voltages to produce drain cur- Z 
rent saturation. Therefore, FETs with high V GS(off) will :-!. 
have a larger dynamic range in terms of applied signal am- -
plitude, while maintaining a linear resistance. It is advauta- -
geous to select FETs with high V GS(off) (compatible with 
the desired rOS 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. 

Controlled 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. 

to 

I 

I ';,"', 

~ 

Comparison Between Mathematical Approximation 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) 10 is independent ofVoS :(8) 

( ) 
2 

VGS 
10 = IDSS 1 - -vp (1) 

Region B, where VOS < (VGS - 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 
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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 

ID ~ IDSS 

2IDSS 

~ (Vp)2 

This is the same function that can be found by· a simple 
analysis based on semiconductor theory. The less negative 
of the two voltages across the junction (V GS, V GD) controls 
the channel conductance. Under the condition that the FET 
is symmetrical (drain and source interchangeable), the fol
lowing consideration is true. If V GD were the controlling 
voltage and V DS < 0, ID < 0, then the characteristics 
would be the same as in the first quadrant: 

-ID~- 2~;S VDS (VGD-VP+ V~S) (3) 

Since the controlling voltage for both regions (B and E) is 
VGS, 

(4) 

Substituting (4) into (3), we get (2); the same approxima
tion can be used in Band E. The limits of region E where 
(2) is valid are V GD ~ 0 and V G D ~ V p. The characteristics 
in region D can be found from (I) with the same consider
ation: 

VGS - VDS ( ) 
2 

ID = - IDSS I - Vp (5) 

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 Band 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 BorE is 

G =~ ~- 2IDSS (1- VGS) 
DS VDS Vp Vp 

(6) 

where gDS is the differential conductance at the origin; 
when V GS ~ 0, then gDS ~ gDSS.The attenuation for the 
circuit of Figure 26(a) is 

(7) 

~rl + RgDS J- I 

RgDSS VI 
+ --~----~~~~--~~--

( 
2RgDS VI ) 

2Vp I + RgDS + 2Vp (I + R~S) 

v, 

~~,. 
v, 

(.1 

v, O-NV~--....,.-----oV2 

(bl 

(a) Controlled JFET Attenuator. (b) Controlled Attenuator with 
uFeedback" Making Characteristics Linear and Symmetrical 

Figure 26 

To reduce (7) to a more tractable form, the following in
equality is introduced: 

VI RgDSS 
-~-==--~ « I 
2Vp [1 + RgDS] 2 

so that (7) can now be approximated by the expansion 

V =---- 1- + VI ( RgDS VI ) 
2 I + gDSR 2Vp [I + RgDS] 2 ... 

(8) 

Only the second harmonic will be considered for the distor
tion since the third is much smaller. For small distortion 
(d« I and RgDSS » I), 

(9) 
VI RgDSS 

d = ----''----==----;: 
41Vpl [I + RgDS] 2 

If V 2 is held constant, 

41Vp - VGSI 
(10) 
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Figure 27 

Figure 27 shows a comparison of measured and calculated 
distortion. If V GS approaches Vp, the above restrictions are 
violated; the expression for the distortion can no longer be 
applied. If V DS < 0, V GS = 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 V GS: 

V 2max = 4dmax IVp - V GSI (11) 

For a given dmax and V 2max the ratio of minimum to 
maximum attenuation is. 

1 + RgDSS 
Amax = m = - + V 2max 

1 RgDSS 4dmax IVpl 

4dmax IVpl 

V2max (12) 

valid only for m > 1. Note that the maximum distortion is 
reached only for minimum attenuation. Examples: 

dmax = 1 ° percent V 2max = 0.001 Vp m = 400 

dmax = 1 percent V 2max = 0.01 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 anti parallel 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 V GD were the control voltage in the third 
quadrant. By adding 0.5 VDS to the control voltage, the two 
voltage V GS and V GD interchange when V DS changes sign: 

VGS = VH + 0.5 VDS 

VGD= VH- 0.5 VDS 

then (13) used in (2) gives 

(13) 

(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 V2 = 0.1 
Vp at V GS = 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 V H to keep the direct interference of 
VH on V2 small. R3 is set for minimum distortion. IfV2 
and VH are in the same frequency range, a high impedance 
amplifier must be used. V 2 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 
V 2 occurs. 
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DESIGN IDEA 

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.! 

Field w Effect Transistor Current Source 
Figure 1 

Whenever the FET is operated in the saturated region, its 
output conductance is very low_ This occurs whenever the 
drain-source voltage VDS is significantly greater than the 
cut-off voltage VGS(off)- The FET may be biased to operate 
as a constant current source at any current below its satura
tion current I DSS. 

For a given device where IDSS and VGS(off) are known, the 
approximate VGS required for a given I Dis 

V GS = V GS(off) [1 -(I~~J 11k] (1) 

where k can vary from 1.7 to 2.0, depending upon device 
geometry. The series resistor RS required between source 
and gate is 

VGS 
RS=-

ID 
(2) 

A change in supply voltage, or change in load impedance, 
will change ID by only a small factor because of the lowout
put conductance goss. 

(3) 

The value of goss is an i11)portant consideration in the accu
racy of a constant current source. As goss may range from 
less than 1 Mmho to more than 50 Mmho 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 MA to 50 MA per volt. The value of goss 
depends also on the operating point, being highest at I DSS 
and at low VDS. Output conductance goss decreases approx
imately linearly with I D, becoming less as the FET is biased 
toward cut-off. The relationship is 

ID goss 

IDSS = g~ss 
(4) 

where 

(5) 

when 

VGS =0 (6) 

So as VGS ~VGS(off), goss~zero. For best regulation, ID 
must be considerably less than I DSS. 

It is possible to achieve much lower goss per unit I D by 
cascading two FETs as shown in Figure 2. 

RS 

'----<>---0 Vss 0-:...--. 

Cascade FET Current Source 
Figure 2 
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Now, 10 is regulated by QI and VOSj = -VGS2' The doc 
value of 10 is controlled by RS and Qj. However, Qj and 
Q2 both affect current stability. The circuit output conduc
tance is derived as follows: 

Figure 2 is redrawn in Figure 3 for the condition VGS j = O. 

c3L ~"2"'2 I 90552 S 0 
Q, 

S 

90551 

(,J 

Figur.3 

. v ds2goss2goss! 
'a = goss! + Us2 

goss! + goss2 + Us2 
va = v ds2 ---=':=g-=-0-ss-j-'+=gf'-s-2-=-==-

If goss I = goss2 

When 

RS =1= 0 as in Figure 2 

-4- io 

+ ;2 

Vds2 ~ - + 

'0 
+ -
Vdsl =-Vgs2 

- =io!gossl 

(b) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(16) 

In either case (Rs = 0 or RS =1= 0), the circuit output con
ductance is considerably less than the goss of a single FET. 

In designing any cascaded FET current source, both FETs 
must be operated with adequate drain· gate voltage VOG' 
That is, 

VDG> VGS(oft} preferably VOG > 2 VGS(off) (17) 

If VOG < 2 VGS( off)' the goss will be significantly increased, 
and circuit go will deteriorate. For example: A 2N4340 has 
typical goss = 4 Ilmho at VOS = -20 V and VGS = O. At 
VOS ~ - VGS( off) = 2 V, goss ~ 100 Ilmho. 

The best FETs for current sources are those having long 
gates and consequently very low goss' The Silica nix 2N4869 
exhibits typical goss = I j.!mhoat VOS = 20 V. A single 
2N4869 in the circuit of Figure 4 will yield a current source 
adjustable from 5 IlA !o I rnA with internal impedance 
greater than 2 megohms. 

Q, 40 V 

800 ~l 

RSri 
Adjustable Current Source 

Figure 4 

Rs = IMn,2W 

The cascade circuit of Figure 5 provides a current adjustable 
from 2 j.!A to I rnA with internal resistance greater than 
10 megohms. 

TOOH 

Q1 = 2N4340 
Q2 = 2N4341 

RS = IMn, 2W 

Cascade F ET Current Source 
Figur.5 

For each circuit discussed, goss is represented by the fol
lowing equations: 

REFERENCES 
(1) "Biasing FETs for Zero OC Drift," Evans, 1., 

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 U31 0 
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 1M 
intercept measured at +29 dB_< 1) 

Additionally, the high common-gate forward transconduc
tance of the U310 (20,000 pmho maximum) makes it possi
ble to design an amplifier with wide bandwidth and good 
gain, since the figure of merit (gm/C) of the FET is 2_35 x 
109 typical - higher than any other known UHF Junction 
FET_ 

CL C4,C7,C9 = 68 pF 
C2. C5 = 500 pF 
C3. Ce, Cs = 1000 pF 
0" Q'). QCl = Siliconix U310 

ll.l3. l5 
l2. L4, L6 
RFC1, RFC2 
R,. R2 

Ed Oxner 

The amplifier circuit in Figure I is designed for 225 MHz 
center frequency, I 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 

Input Admittance at 225 MHz 

Output Admittance at 225 MHz 

= 120 nHy 
= 222 nHy 
=2.2 nHy 
=5Hl 

Vo =+20V 

l4mmhos 

13 mmhos 

4mmhos 

0.27 mmhos 

2.6 mmhos 

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: 

I 
Cs =- ""68pF 

wXs 

Cp= 1.47 pF 

CT = 4.4 pF (CT = Cp + Cigs) 

Ls = _1_ = 120 nHy 
W 2CT 

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) 

where: 

Bandwidth of 3 Stages(3) = ~ 
Bandwidth of I Stage 

and 

(E; ) = 1.122 (I dB) 

giving 

B/W (1 dB) = 98 MHz 

Q=1.I5 

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= wCRt 

R = 1.15 =330n 
t 1.415 x 109 x 2.5 x 10-12 

The tank circuit impedance appearing in shunt with the FET, 
is therefore calculated to be about 365 ohms. From this, the 
ind uctance is: 

R 365 L=-=-- =222nHy 
wQ w1.15 

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. 

The computed voltage gain per stage is approximately 
gfs 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 IDSS, 
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 
(I) "Don't Guess the Spurious Level," ELECTRONIC 

DESIGN, February I, 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" 

200 MHz 225 MHz 250 MHz 

24 dB 

~ ... ...-: 
23 dB 

-. 
II 

Figure 3 
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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 a·bout an RF carrier. Briefly stated, 
the three major forms of noise are (1) low-frequency noise (1ft); (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 I/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)\6. 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 oflow-frequency noise (I/f). Both thermal 
and shot noise are relatively insignificant segments of AM noise when compared to l/f. A graph of AM noise vs frequency 
removed is shown in Figure 1 . 

. 100,-------,---.,.----,------,-----.,....-..,...--,...---,--....,.-----, 

~ 110 

-120 

-130 

-140 

: . , I 
;.... FUNDAMENTAL AND HARMONICS OF 

,;v'- . 60 Hz LINE FREQUENCY 

FREQUENCY (kHZ) 

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 (V GS = 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 magnetic 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. 

0, 
Siliconix U310 

C, 
100 pF 

C3 
-1 pF (SEE TEXT) 

-=- ~RFC l.5I'Hy 

( C2 ~ 1000pF 

'VD 

Oscillator Circuit 
Figure 2 

Oscillator Construct jon Details 
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 

If the fringe capacitance is known, Xc can be calculated as 

1 
Xc = wC 

From this, the resonator length can be determined as 

Xc = tan ~1 

In making these calculations, a Smith chart is invaluable, as is shown in the follOwing illustration: 

Frequency of oscillation 
FET bigs (from data sheet) 
Capacitance from bigs 

= 760 MHz 
= 16 mmho 

Allow for stray capacitance and 
the feedback network 

Thus Xc = j 0.57 (normalized to 75 Q) 

Cgs = 3.4 pF 

Cs = 1.5 pF 

4.9'pF 

0) 

(2) 

(3) 

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) (4) 
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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 measurements in a 10Hz bandwidth are shown in Ta
ble IB. 

TABLEIB 
TABLEIA AM Noise Measurement 

Oscillator Measured Performance @2SoC Frequency Displaced From Carrier dBc 
VDo(V) +10 +15 +20 +25 50Hz -130 
IDtmA) 15 16.2 18.2 21 500Hz -139 
Pout (dBm) +6.6 +15.2 +18.3 +20 1 kHz -143.5 
Frequency (M.Hz) 725 742.7 754.7 762.9 5kHz -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 ~ike diagram to show frequency vs 
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability. 

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 rf and 
video amplifiers employing small de drain resistors. 

• Constant-current bias, which is best suited to low
drift de 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 VGS .= -0.4 V output characteristic of Figure I 
provides a convenient starting point for the circuit compari
son. The load line shows that a drain supply voltage, VDD, 
of 30 V and a drain resistance, RD, of 39K n are being used. 

The quiescent drain-to-source voltage, VDSQ, 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 

1.2 
VGS=O 

0.' -0.2 V 

:< 
..s 

-0.4 V 
9 

0.' 
-O.6V 

-O.SV 

10 20 30 40 

Vos {VOLTS) 

Figure 1. A large dynamic range is provided by the operating point 
at Vosa = 15 V, loa = 0.39 mA and VGSa = -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 V GG = constant on the transfer 
characteristic of the FET. 

T.fVOO VOS=15V 
RO 

OUTPUT 

" 
Ra CONSTANT 

v '=" VGG LOAD 
- GG LINE 

1.2 

0.' 
_____ L 0' 

3 
1! 

0.4 

-1.6 -1.2 

Figure 2. Constant-voltage bias is maintained by'the V GG supply as 
shown on this typical 2N4339 transfer curve. I nput Signal eg moves 
the load line horizontally. 
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The transfer characteristic is a plot of I D vs VGS for constant 
VDS' Since the curve doesn't change much with changes in 
VDS, 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 VGS = -0.4 V establishes the Q
point of Figure 1. No voltage is dropped across resistor RG 
because the gate current is essentially zero. RG serves main
ly to isolate the input signal from the VGG supply. 

Excursions of the input signal, eg, combine in series with 
VGS 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 bias line then develops the output signal current 
as shown in Figure 2. 

The constant-current bias approach (Figure 3) for establish
ing the Q-poin t of Figure I 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. 

VOS'" 15 V FfVDD 

RD 
OUTPUT 

" RG l 
, 'D I 

-=- -: -=- AC LOAD LINE 

1.2 

0.8 

" 3" 
~ 

0.4 

Figure 3. Constant-current bias fixes the output voltage for any RD. 
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 -{I/Xd = -wC (Figure 4). 

Vos= 15V 

1.2 

0.8 

~rr-""'~--;-0.4 

-1.6 -1.2 

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 ego 

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: 

(1) 

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, RS' 
to the gate. Since no voltage is dropped across RS when 
I D = 0, the self-bias load line passes through the origin. Its 
slope is given by -I/RS' Therefore, the desired Q-point is 
established by setting -I/RS = IDQ/VGSQ' 

~D +VD:UTPUT VDS·1SV 1.2 

" 
AG AS 0.8 _ 

c 
-=- -=- SELF-BIAS DC 

LOAD LINE 

0.4 

-1.6 -1.2 -0.8 -0.4 

VGS (VOL TS) 

Figure 5. The self-bias load line passes through the origin with a 
slope -1 IRS. Bypassing RS 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 de bias line. Signal degeneration is described by Equa
tion 1 with Xc replaced by Rs. The ac gain of the circuit 
can be increased by shunting RS with a bypass capacitor, as 
in the constant-current case. The ac load line then passes 
through the Q-point with a slope - (1/Zs) = -(wC + I/RS)' 
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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 VGG. (The bias line inter
cepts the VGS axis at VGG.) The larger VGG is made, the 
larger RS will be and the better will be the approximation 
to constant-current biasing. 

" 

+VOD 

RD 

b 

VOS=15V 

-1.6 -1.2 -0.8 -0.4 
VGS (VOLTS) 

+VOD 

1.2 

+0.4 +0.8 

c 

+1.2 +1.6 

VGG 

Figure 6. All three combination-bias cir~uits 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 VGG from the drain 
supply. R1 and R2 are simply a voltage divider. To maintain 
the high input impedance of the FET, R1 and R2 must 
both be very large. 

Very large resistors cannot always be found in the exact ratio 
needed to derive the desired VGG in every circuit applica
tion. Circuit 6(c) overcomes this problem by placing a large 
Ra between the center point of the divider and the gate. 
This allows R1 and R2 to be small, without lowering the 
input impedance. 

One point of caution worth remembering is that as VGG is 
increased, Vs increases, and VOS decreases. Therefore with 
low VOO, 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 

VGS"'O 
1.2 

-0.2 V 

-0.4 V 

-0.6 V 

0.8:¥~ .. _______ ---j 
1 
E 

0.4 -O.BV 

-1.0V 

-1,2V 

10 20 30 40 50 

Vos (VOLTS) 

1.2 

0.8 

" ! 
E 

0.4 -0.2 V 

QA -0.4 V 

-0.6 V 

10 20 30 40 50 

Ves (VOLTS) 

Figure 7. The wide variations In device performance shown by this 
pair of output characteristics m9ke 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 IOQ for the extreme 
limit devices. At VGS = -0.4 V, the range ofIOQ is 0.13 to 
0.69 rnA, and VOSQ for a given Ro will vary greatly for 
most resistance-loaded circuits. For the example of Figure 1, 
with RO = 39K n and VOO = 30 V, Vosa 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 VOSQ to 
VOO - IOQRL for any device in the production spread. 
VGS automatically finds a value to set the appropriate 
IOQ = constant for all devices. For the constant-current 
bias plot of Figure 8, with IOQ = 0.39 rnA, VGS would 
range from -0.11 to -0.67 V. 
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1.5 1.5 
VOS= 15V Vos= 15V 

1.2 1.2 

0.8 0.8 

6' .-
!! 

6' .-
!! 

0.' 0.' 

-1.6 -1,2 -O.B -1,6 -1.2 -0.8 -0.4 

VGS (VOLTS} VGG"'O.4V VGS (VOLTS) 

1.5 
VDS=15V r--------,V::-O-S.,..·::::15"'Vcr- 1.5 

1.2 

0.8 
6' .-
!! 

0.' 

-1.6 -1.2 -0.8 -0.4 -1.6 

Vas (VOLTS) VGS (VOL TS) 

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 I DQ is 
chosen to be below the minimum IDSS. With RD = 39K n 
and VDD = 30 V, VDSQ 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, gfs' 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 RS. 

this bias condition is 0.25 rnA to 0.32 rnA. A similar mini
mum difference in IDQ could be achieved with RS = 6K n 
and VGG = 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 Vgs = ±1.8 V (limited by IDSSA), 
while the lower line allows a Vgs 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 RD = 62K n, the VDSQ would 
range only between 10 and 15 V. 

~ 
~ 
t.J 

An appropriate choice of I DQ limits can be made by using 
the pair of limiting transfer curves. For example, for RS = 

IK n, the load line shown on the self-bias curve of Figure 
8 is established. The maximum I D is 0.52 rnA, and the min
imum ID is 0.24 rnA. The operating range ofVDSQ may be 
calculated for any value of VDD and RD. Clearly, for 
RD = 39K n, the maximum-limit device (device B) would 
operate with VDSQ = 9.8 V and the minimum-limit device 
(device A) would operate with VDSQ = 20.6 V. This results 
in fairly satisfactory operation for all devices. However, such 
a variation in IDQ imposes severe limitations on the cir
cui t design. 

For this circuit, RD should be chosen to allow the largest _I. 
output signal swing for I DQ midway between the two 

A better approach is illustrated by the combination-bias 
curve of Figure 8 with VGG = 1.2 V. The range ofIDQ for 

extremes of 0.25 and 0.32 rnA; namely 0.285 rnA. Setting 
the voltage drop across RD at one-half of (VDD -
2VGS(off)typ) or 14 V, yields RD = (14 V/0.285 rnA) = 
49K n. 

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 RS 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). 

,..-----------,-1.' 
VOS=15V 

1.2 

0.8 

0.4 

-1.6 

I--'-~-'---'-+-.L-..L....--+-+- 2000 

1600 

1200 ~ 

~ 
800 

4<l0 

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 9fs (bottom). 

As Figure 9 shows, it is possible to find an RS and a VGG 
that will set IDQA and IDQB to values so that gfsQ will be 
the same for both devices. The gfsQ 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 bypass capacitor. 

The design procedure is as follows: 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

Select a desired I DQA below I DSSA' A good 
value, allowing for temperature variations, is 
60% ofIDSSA- This will allow for decreasing 
IDSS due to temperature variation and for 
reasonable signal excursions in load current. 

Enter the transfer curves at IDQA ~ 
0.6 IDSSA (0.3 rnA) to find VGSQA' This 
VGSQA ~ 0.2 V for the 2N4339. 

Orop vertically at VGSQA to the minimum 
limit transconductance curve to find gfsQA
The value as read from the plot is approxi
mately 1000 ~mho. 

Travel across the gfs plot to the maximum 
curve to find VGSQB at the same value of 
gfs' This is VGSQB ~ -0.7 V. 

Step 5. 

Step 6. 

Travel vertically up to the maximum limit 
transfer curve to find IDQB at VGSQB' This 
is IDQB ~ 0.36 rnA. 

Construct an RS bias line through points 
QA and QB on the transfer curves. The slope 
of the line is l/RS' and the intercept with the 
VGS axis is the required VGG. 

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 

Rs = (VGSQA - VGSQB)f(IDQB - IOQA) (2) 

and the bias voltage is 

VGG = RS IOQB + VGSQB (3) 

Care should be taken to maintain the proper algebraic signs 
in Equations 2 and 3. (For n-channel FETs, VGS is negative 
and ID 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 ID and VGS axes. The 
slope and gfs are given by: 

slope = gfs = IO(intercept)/ - V GS(intercept) (4) 

In designing a constant-gain circuit, simply set the straight
edge tangent to the transfer curve of device A at point QA 
and slide it, without changing its slope, until it is tangent to 
the curve of device B. The tangency point is QB' 

Oesigning 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. 

Step 2. 

Step 3. 

Step 4. 

Establish RS and limiting values of IDQ, 
VGSQ and gfsQ from the transfer curve. 

Establish VDD as available, but in no case 
greater than BVGSS nor less than several 
times VGS( off)' There are special cases where 
VDD will be below this limit, but in no case 
should instantaneous Vdg be allowed to fall 
below 2 x VGS(off) if minimum distortion is 
to be achieved. 

Set VDSQ approximately midway between 
VDD and 2 x VGS(off); lower if large output 
signals will not be handled. 

Select RD to give the appropriate VDSQ' The 
formula is: 

RO = I(Voo - VOSQ)/0.5 IOQA + IOQBl -RS (5) 
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In the example of Figure 8, this procedure would have 
yielded VDSQ = (30-3)/2 = 13.5 V and RD = (30 - 13.5)/0.5 
(0.52 + 0.24) rnA - IK it = 42.5K it. 

Step 5. Check to ensure that with this RD, device B 
is not in a saturated condition - VDQB = 

VDD - IDBQ RD > 2VGS(off) + RS IDBQ· 

Decrease RD if this condition is not met. 

An alternate method, that selects RD to provide a specified 
voltage gain, follows Steps I and 2 above and then proceeds 
as follows: 

Step 3. 

Step 4. 

Step 5. 

Determine required stage gain, Av, and set 

RD = Av/gfsQ· 

Calculate VDSQ to ensure that the criteria 
of Step 2 are not violated: 

(6) 

If necessary, change IDQ, VDD, Av and/or 
RD to obtain an optimum compromise . •• 

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. 

+VOD +VOD 

RS RG RS 

-Vss 

b 

+VOD 

-Vss 

RG 

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 lO(a) through lO(e) 
have no gate feedback; their input impedances, therefore, are 
equal to RG. Circuits 10(t) through lO(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: 

• Circuits 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 c, d, e, h, j, and k employ current sources to 
improve drain-current (ID) stability and increase gain. 

• Circuits d, e and k employ FETs as current sources. 
In circuit d, Q2 must have a lower cut-off voltage, 
VGS( off)' and a lower zero gate-voltage drain current, 
IDSS, than Q 1· 

• Circuits e, g, h and k employ a source resistor, RS' 
which may be selected to set the quiescent output 
voltage equal to zero. 

• Circuits e and k use matched FETs. RS is selected to 
set ID near the specified low-drift operating current. 
The input-output offset is zero. 

+VDO +VOD +VOD 

d 

+VOD +VOD +VOD 

R51 

RG 

R52 

-Vss 

h k 

Figure 10. Virtually 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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Biasing Without Feedback is Simple 

The no-feedback circuits of Figure 10 (circuits 1O(a) through 
100e) use simple biasing techniques (see the earlier article). 
Circuit 100a) is a self-bias configuration; the voltage drop 
across RS biases the gate (which draws essentially zero cur
rent) through resistor RG. Since no gate-to-source voltage, 
VGS, can be developed when Io = 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 rnA when a lK n source resistor is 
used. The quiescent output voltage lies between +0.25 and 
+0.55 V. 

...-______ -,-:--__:_-,-1.' 
VOS = 15V 

1.2 

0.8 

0.4 

-1.6 -1.2 -0.8 -0.4 

VGS (VOLTS) 

Figure 11. Self biasing (Figure 10a) uses the voltage dropped across 
the source reSistor, RS to bias the gate. The load line passes through 
the origin and has a slope of -l/RS. 

Circuit 1 O(b) is another example of source-resistor biasing 
with a - VSS supply added. The advantage over circuit 10(a) 
is that the signal voltage can swing negative to approxi
mately-VSS' Two bias lines are shown in Figure 12, one for 
VSS = -IS V and the other VSS = -l.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. 

...----------"T" 1.' 
VOS=15V 

1.2 

0.8 0-

~ 
0.4 RS'" 50K VSS '" -15 V 

RS'" 10K 
VSS "'-1.6V 

-1.6 -1.2 -0.8 -0.4 +0.4 +0.8 +1.2 +1.6 

VGS {VOLTS} 

Figure 12. Adding a VSS supply to the self-bias circuit (Figure 10b) 
allows it to handle large negative Signals. The load line's intercept 
with the VGs-axis is at VGS = -VSS. Bias lines are shown for 
VSS = -15 V and VSS = -1.6 V. 

The bias load line for circuit 100c) is just a horizontal line 
(Io = constant). The quiescent output voltage is between 
+0.15 and 0.7 V for IO = 0.3 mAo 

Circuit 10( d) is similar to 100c) except that the VGS = 0 out
put characteristic of FET Q2 is used as a current source. As 
seen in Figure 13, Q2 does not supply constant current when 
its VOS gets very small. This technique should therefore be 
used only to bias FETs whose VGS( off) is significantly high
er than the equivalent VGS(off) of the current-source 
FET diode. 

.----------~ 1.' 
VOS'" 15V 

1.2 

0.8 

C 
3" e 

0.4 

-1.6 -1.2 -0.8 -0.4 

VGS (VOLTS) 

Figure 13. FET 02 doesn't behave like an ideal current source when 
its VDS gets very small (Figure lOd). Therefore, 01 should have a 
significantly larger VGS(off) than 02 does. 

A pair of matched FETs iSlIsed in the circuit of Figure 100e), 
one as a source follower and the other as a current source. 
The operating drain current (IoQ) is set by RS2, as indicated 
by the load line of Figure 14. The drain current may be any
where from 0.20 to 0.42 rnA, as shown by the limiting 
transfer characteristic intercepts; however, VGSI = VGS2 
because the FETs are matched. 

.----------~ 1.' 
VOS= 15V 

1.2 

0.8 

0.4 

-1.6 -1.2 -0.8 -0.4 

VGS (VOLTS) 

Figure 14. This load line is set by RS2 and 02 which acts as a cur
rent source (Figure 1 De). If its components are properly matched, 
the circuit will have zero or near-zero offset. 

Since 1m = 102 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 Io, the 
source follower will exhibit zero or near-zero tempera
ture drift. 

Biasing With Feedback Increases Zm 
Each of the feedback-type source followers (Figure 10(t) 
through 100k) ) is biased by a method similar to that used 
with the nonfeedback circuit above it. However, in each 
case, RG is returned to a point in the source circuit that 
provides almost unity feedback to the lower end of RG. If 
RS is chosen so that RG is returned to zero dc volts (except 
in circuit 10(t), then the input/output offset is zero. RI is 
usually much larger than RS' 
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Circuit 10(1) is useful principally for ac-coupled circuits. RS 
is usually much less than R 1 to provide near-unity feedback. 
The bias load line is set by RS (Figure 15). The output load 
line, however is determined by the sum of RS + R I' The 
feedback voltage VpB, measured at the junction of RS and 
R I, is determined by the intercept of the RS + R I load line 
with the VGS axis. The quiescent output voltage is 

VFB - VGS' 
,-----------..,1.5 

1.2 

0.8 
0 .-
~ 

0.4 
RS+R,,,, 10K 

RS + R, '" 10K 

-1.6 -1.2 -0.8 -0.4 +0.4 +0.8 +1.2 +1.6 

VGS (VOL TS~ 

Figure 15. The bias load line is set by RS but the output load line is 
determined by RS + Rl when gate feedback is employed (Figure 
lOf). The feedback Vfb is determined by the intercept of the 
RS + R 1 load line and the V GS ax is. 

In the circuit of Figure 10(g), RS can be trimmed to provide 
zero offset. As the curves show (Figure 16), RS will be 
between 670 ohms and 2.SK Q. RS is much less than R I. 
The source load line intercepts the VGS axis at VSS = 

-VGG = -IS V. 

,---------,-,-=,....-1.5 
Vos = 15 V 

1.2 

08 .0 
. ~ 

0.4 RS + R, = SQK Vss= -15V 

-1.6 -1.2 -0.8 -0.4 +0.4 +0.8 +1.2 

VGS (VOLTS} 

+1.6 

Figure 16. RS can be trimmed to provide zero offset at some point 
between 670 ohms and 2.5K Q (Figure 109). The source load line 
intercepts the VGS axis at VSS = 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 100h) is almost the same as 100g); the difference is 
that resistor R 1 is replaced by a current source. Since an ideal 
current source has infinite impedance, the bias curve of 

circuit I(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 -I/SOk. 

Circuit 1O(j) is similar to lOCh) except that the output is 
taken from the top of RS to reduce the output impeda!lce. 
RS 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 IK Q source 
resistor is shown. The offset voltage is seen to lie between 
0.2 and 0.75 V. The intercept of the RS load line and the 
VGS axis sets the voltage at the junction of RS and the cur
rent source (VpB). For RS = IK Q, VFB will be between 
-0_1 V and +0.45 V. Since VpB appears at the gate, it must 
be zero if the de input impedance of the circuit is to 
be preserved. 

,-----------...,--1.S 
Vos= 15V 

1.2 

0.8 

0.4 

-1.6 -1.2 -O.B -0.4 

VGS (VOLTS) 

o .
~ 

IS=O.3mA 

+0.4 +0.8 +1.2 +1.6 

Figure 17. If RS is not trimmed so that the load line passes through 
the origin, a voltage will appear at the gate causing a reduction in de 
input impedance. The incremental input impedance will not 
be affected. 

This can be done by trimming RS' as shown dashed in Fig
ure 17. The biasing then becomes the same as for cir
cuit lOCh). 

Biasing for circuit 100k) is identical to that for circuit lO(e) 
(Figure 14) except that feedback is added to raise the input 
impedance .•• 
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For convenience this chart offers the designer circuit values for a variety of commonly used J-FET amplifiers. 

Voo 

fR~- RO 

I ~eo 

'; 
iJ-

---, 
R, RS *cs 

I 
~ __ .J 

-= -= 
Amplifier Design Chart 

(Cs for 3 dB Point at 50 Hz) 

VDD RS R, R2 Cs IDD RD eo Max 
AV 

VDD RS ", "2 Cs IDD RD eo Max 
AV 

IV) In) IMnl IMnl IMFI (rnA) In) IV) IV) Ikn) IMn) IMIlI IMAI Ikn) IpKV) 

Jl11 2N4117 

560 100 11 lK 10 10 1M 45 120 5.7 
30 

2.7K 3.3 10 100 lK 2.5 270 1.5 12 

Voo --,15 3K B.5 0.96 
20 10 1M 45 

Source 360 '5 
VSS=-15 7.5K Follower 8.5 0.96 420 17 

VOO = 15 Source 
30 10 1M 45 

7.5K 15 0.97 620 22 
VSS=-15 Follower 

VOO = +15 Source 510 1M 35 0.97 
J112 VSS=-15 Follower 

2K 4.7 11 100 lK 1.5 8-11 2N4118 

20 330 100 820 1.5 36 0.6 2.2 
330 820 1.9 10 B.2 1M 120 

50 0.2 3.5 
2K 4.7 11 100 2.7K 18-24 20 B.2 1M 120 120 7.5 

30 330 100 1.5K 2.5 15 30 8.2 1M 120 lBO 10 
330 15K 5.5 3.3 VOO - +15 Source 510 1M 35 0.97 

VOO = 15 4.7K Source 11 0.97 VSS=-15 Follower 
VSso-15 Follower 

2N4119 

J113 
20 56 70 150 10 

10 220 1.2K 1.5 3.5 5-j.lF* 
240 17 

20 220 2.2K 3.5 30 56 at 5 V 70 
330 17-23 

lK 12 100 3.9K 38 
20 6.B 300 27 1.8 30 

lK 12 100 5.6K 3.5 40-55 
30 6.8 300 6B 4.5 

VDO'" 15 4.7K Source 2.5 13 0.98 
VDO = +15 Source 

Follower 510 40 10 0.97 VSS 0 -15 7.5K 1.5 13 0.98 VSS=-15 Follower 

.. AC Amplifier 
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APPLICATIONS (Cent'd) 

---I 

RS ~ Cs 
I 

t--_..J 
~ 

Amplifier Design Chart 

Voo 
(V) 

RS Rl R2 Cs 100 RO '0 Max 
(m (m (m (uF) (rnA) (Km (pk V) 

1500 

15 
5100 

36K 

1500 

30 
5100 

36K 

1500 

45 5100 

36K 

Voo - +15 lOOK 
VSS ~ -15 

15 

30 

45 

Voo - +15 
VSS~-15 

1800 

9100 

27K 

1800 

9100 

27K 

1800 

9100 

27K 

75K 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

1M 

2N4338 

25 
0.12 1-...,8",2+--=:3.:.;.0'-1--10",--;-:10",.5;-( 

82 1.5 24-37 
2M 30 0.15 27 1.0 13-18_5 
~ 82 4.0 21.5-27 

30 0.25 1-",8",2+-...,2.:.;_5_1--",32;;--4;,;9;-( 
100 3.0 43-64 

~ 150 4.5 14.5-16 

25 0.12 ~l;.;5:::0+-..::2:::;.5'--1---738::..-::..54:--1 
200 1.5 40-50 

5M 30 0.15 82 5.0 37-52 
o 

'3iJ 0.25 I-l;;;2:::0+-..:;6:::;.5_1---,:,27=--~33:--1 
120 4.0 45,68 

0.12 f--i2;:7::..0 +--=1:;:0---,f-::::..28",-3;;:1,; 
270 5.0 76-105 

o 120 14 2.8 
8.2M r--ao- 0.15 f---'1:::2::"0+--=7"'.0---1f-=-54:-=_7""6-l 

0.15 9.0 0.98 

2N4339 

~ 0.42 1-:::2::..O+-:::3.:;:0_f-""7",-7",,.5-l 

40 ~~ ~:~ ~~:~; 
6.8M 35 0.32 1--:,1 =.8 +-.:o2.",0_f--:-,17'-,-1;:9-l 

30 2.5 26-28 

3M 25 0.2 1--::2;,-2 +--,;1 ",.0_1-:,;;16",-1,;;8Cl 
43 2.0 28-30 

o 47 6.5 15-17 
t-- 0.42 1-";4~7 +--::4.:;'0-1-"'38;--4;';7,-1 

40 51 4.5 40-50 

o 43 8.0 4.5 

13M r;;- 0.32 1--=4-=-3+-..:5~.0_1--:::40:--4::-::3:-( 
68 4.5 53-60 

7.5M 25 0.2 ~,76-=-8+--:,4:.:.0_1---::-49:--5=-=2'-l 
100 7.0 66-70 

o 75 7.5 23-25 

~ 0.42 f-:.;,75::-t-.:::5'.;:.0--1r5:;;8:-:-7;;;0-1 
100 7.0 73-77 

o 1--::-68::-t-77'70--1r~7~'0-l 
22M - 0.32 68 6.5 59-64 

25 120 7.0 80-85 

o 100 12 3.3 

12M 7 0.2 I-l-=-00~--=-5 . ..:0_i-=6;;.:5,-,-6~8-l 
180 8.0 100-115 

0.22 10 0.98 

Voo 
(V) 

15 

30 

45 

Voo +15 
VSS~-15 

15 

30 

45 

Voo +15 
VSS ~ -15 

Siliconix 

H 
Siliconix 

RS Rl R2 Cs 100 RO .0 Max 
(m (m (m (pF) (mAl (Km (pk V) 

2N4340 

680 1M ~ 
65 

5.1 3.0 3.5-4 

1200 1M r-2-
60 

7_5 2.5 3.5-4 
1.1 7.5 2.0 9-11 

10 2.0 11-13 

3900 1M 

680 1M 

1200 1M r--i!.-
60 

18 6.0 9-9.5 
1.1 18 4.0 21-26 

24 2.0 29 

3900 1M 
~ 39 7.0 7.5-8 

40 0.4 1-",39;-r-;,7~.0_r.3",0-;-3;;;6-l 

20K 1M 6.8M 35 0.35 

680 1M 71.5 

1200 1M ~ 
60 1.1 

3900 1M r-2-
40 0.4 

20K 2M 3M 55 1.0 

22K 1M 0.75 

2N4341 

1000 1M 70 2.7 

1200 1.2M 7.5M 80 3.5 

2000 1M 65 1.8 

1000 1M ~ 2.7 
70 

1200 1.lM 15M 80 3.5 

~ 
2000 1M = 65 1.8 

15K 1M 3.3M 50 0.7 

1000 1M = +0 2.7 

1200 1M 22M 80 3.5 

2000 1M = ~ 1.8 

15K 1M 5.6M 50 0.7 

10K 1M 1.9 

62 0.5 34-45 
30 3.0 25-27 
56 6.5 40 
20 10.5 14-15.5 
20 8.0 27-32 
27 4.0 35 
27 12.5 16-18 
27 5.0 30-37 
39 2.0 39-42 
68 12 12-13 
68 7.0 52-61 
91 3.0 56-63 
10 5.0 15 
20 4.0 27-28 

2.7 
1.2 
2.2 

4.7 
6.2 
6.2 
9.1 
3.9 
9.1 
9.1 
15 
18 
10 
10 

6.8 
15 
15 
30 

12 0.96 

1.0 
2.0 
2.0 
3.0 
2_0 
1.5 
7.0 
3_5 
1.5 
4.0 
6.0 
4.0 
1.0 
3.0 
8.5 
6.0 
7.0 
8.5 
5.0 
9.0 

13.5 

3-3.5 
4·4.5 

2.5 
3·4.5 
4-4.5 
6-6.5 

4.0 
10 

11-13 
7.5-8 

3.0 
12 

13-19 
16-21 

6.3 
16 
13 

5.5 
20-21 
28-35 

0.94 
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H Mechanical Data At Siliconix' option, lead finish will be either Gold 
Plate or Tin Plate. Electrical Characteristics are not affected. Siliconix 

lillQ JO.

5001 0.170 (12.10) 
I.[;JJJ. MIN 

!!J.!& (4.32) 
0.178 
~ 
(4.52) 1 0.030 

rill!!~ TI.~I(:~~ 
0.209 0.100 
~ (2.54) 
(5.31) 

1)- LLEADS 

0.150 
0.115 

I.llill 
!!J.!& (2.92) 
0.178 

~fjJ -I (4.52) 

jt 
0.230 
0.209 

~ 
(5.31) 

1_F-

0.019 I.!M!W. DIA 
0.016 (0.406) 

TO-18 
(2 PIN) 

-0.
500l (12.10) 

MIN 

-0.030 
1.762) 
MAX 

0.050-

ALL DIMENSIONS IN INCHES. 

BOTTOM VIEW 

0.048 
0.028 

(1.170) 
10.914) 
___ 45" 

-iliiJ(~i~g)l 
0.195 (4:32) MIN 
0.178 
~ 
(4.52) 1 0.030 

Tld~i:~~ 
0230 
0209 0100 
~ (254) 
(531) 

1)- LLEADS I 
0.019 {QAfill DIA 
0.016 (0.406) 

TO-18 
(3 PIN) 

~ ~~~JI~l 0175 

~ I (445) 0030 0050 
(127) 

~ 
0209 0100 
~ (254) 

BOTTOM VIEW 

BOTTOM VIEW 
(ALTERNATE) 

TBCl=(O:~~ I 

(5 31) ~---'--'''''''''-o--

IF l6 LEADS 

g:g~: ~ DIA 

(ALL DIMENSIONS IN MILLIMETERS) BOTTOM VIEW 

45' 

BOTTOM VIEW 

TO-52 TO-71 
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Mechanical Data (Cont'd) At Siliconix' option, lead finish will be either Gold 
Plate or Tin Plate. Electrical Characteristics are not affected. 

2.W. 
0.178 
~J 
14.52) 

IJUJl (12.101 
14.321 MIN 

1 0.030 
1.7621 

0.050 

~JO'5°Ol 
MAX Tid ;--

~ 
0.209 
IfLW 
15.31/ 

iF 
l'LEADS 

&mr!~ DIA 

TO-72 

l g:~~g lri~~ol 
14.57) I MIN 

tp=1
5.0B=) l===d 

0.185 
14.10) 
TYP 

BOTTOM VIEW 

0.045 
if.ii55 
11.14) 
(1.40) 

0.335 
0.305 
Uill.l 
(.175) 

rld 
!!.Ell 
0.335 
UHQ1 

0.185 J 0500 l 0.165 (12.10) 

~ MIN 

1 -0.040 
11.02) 
MAX 

I~ ___ ,--, 
7 LEAOS 

g:g~~ ~ DlA 

TO-78 

~·'''J·~l 0.165 112.101 
5 (jdQl MIN 
5 14.19) 

1 1 0.040 5) 11.02) 
MAX 

;.---

!UL 
0.30 
IM1l 
17.1 

rb 
1\ 

Lb:=d==r== 
l3 LEAOSTO FIT INTOJI 

• Insensitive To Light 0022 
• Insulated Case 10.556) DIA HOLE 

0.125 13.18) 
ALL DIMENSIONS IN INCHES. 0.165 14.19) 

0.370 
0.335 
IMflJ. 
18.511 

.~ 

0.040 11.02)--1 

i-I 
L8LE ADS 

f-- 0.019 
0.016 ~ DIA 

IALL DIMENSIONS IN MILLIMETERS.) 

TO-92 

6-2 

BOTTOM VIEW 

.!!:!!ll. MAX-.J 
(3.81) 

INSULATOR 
MAX 

SIDE VIEW 

tl=L=I~=~;=~=ll=' ==I~=~4='lt=~)==::i'1 I (5.0B) 

0.185 
14.10) 

T~~====dF=r========~ 
l3LEADSTOFITINTO J 

• Insensitive To Light I~"~~~) DIA HOLE 
• Insulated Case 

ALL DIMENSIONS IN INCHES. g:~~; ~!. :~; 

0.047 
o:Os2 

IALL DIMENSIONS IN MILLIMETERS.) BOTTOM VIEW 

TO-92 LEAD FORM 
(-18) 
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TO-99 

~45° 

BOTTOM VIEW 
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Catalog Document -Catalog Document 
Title Title ::I (See Key) Number (See Key) Number a. Application Notes CD AN70·1 FET Cascode Circuits Reduce M • AN80·1 A Key to the Advance 

>< Feedback Capacitance of Switching Power 
F AN70·2 FETs for Video Amplifiers Supplies 

AN71·1 A High Resolution CMRR Test M ANBO·2 Meet the VMOS FET Model 
Method ANBO·3 Ultralinear Broadband Amplifier 

F AN72·1 FETs in Balanced Mixers ANBO·4 Enjoy VHF Power Amplifier Design 
A AN72·2 FETs as Analog Switches 

ANBO·6 AGC for the VMOS RF Power 
F AN73·1 FETs as Voltage·Controlied Resistors Amplifier 
A AN73·2 IC Multiplexer Increases Analog AIC ANBO·8 Function/Application of the 

Switching Speeds LD122/LD121A ± 4 V, Digit AID 
A AN73·3 Switching High·Frequency Signals Converter Set in Measurement 

With FET Integrated Circuits Systems 
AN73·4 Junction FETs in Active Double· AIC AN81·1 Microprocessor Interface Techniques 

Balanced Mixers As Applied to the Siliconix A/D 
A • AN73·5 Driver Circuits for the JFET Analog Converter Family 

Switch AIC ANB1·2 Introduction to Quantized Feedback 
AIC AN73·6 Function/Application of the L144 F ·AN81·3 Composite Op Amp for High 

Programmable Micro·.Power Triple Performance 
Op Amp 

Design Aids F, A • AN73·7 An Introduction to FETs 
• DA77·2 DeSign Aid of the LD120/LD121 4 'i2 • AN74·1 Function/Application of the LD110/ AIC AIC 

Digit DVM LD111 3'i2 Digit AID Converter Set 
A AN74·2 Analog Switches in Sample and Hold DA7B·4 Build a Smoke Detector With the 

Circuits SM110lC 

AN74·3 Designing Junction FET Input M • DA80·1 A Low Cost Regulator for 
Op Amps Microprocessor Applications 

F • AN74·4 Audio·Frequency Noise DAB1·1 Logic Interfacing Made Easy with the 
Characteristics of Junction FETs DG308 

A • AN75·1 CMOS Analog Switches-A Powerful DAB1·2 Logic Interfacing Made Easy with the 
Design Tool DG308 

AN76·1 Measuring High Frequency Design Ideas 
S·Parameters on the Dual Gate F • D171·1 The FET Constant Current Source 
MOSFET D171·4 Wideband Mixer·Preamplifier Using 

A • AN76·6 DG300 Series Analog Switch FETs 
Applications D171·5 A FET Frequency Doubler 

AIC • AN76·7 Function/Application of the L 161 DI71·6 USing FETs in Selective VHF 
Micropower Comparator Amplifiers 

AIC • AN77-1 Function/Application of the LD120/ D171·B Using JFETs in Ultra·Wideband UHF 
LD121 4 ';' Digit AID Converter Set in Amplifiers Measurement Systems 

F D171·9 Wideband UHF Amplifier with High M • AN77·2 Don't Trade Off Analog 
Performance FETs 

Switch Specs. VMOS - A 
F • D173·2 High Performance FETs in Low·Noise Solution to High Speed, High 

VHF Oscillators Current, Low Resistance Analog 
DIBO·l A 5 Watt, Parallel· Mode Crystal -Switches 

A 500 KHz Switching 'Inverter for Oscillator M • AN7g·1 
12 V Systems 

Technical Articles 
M • AN79·3 Dynamic Input Characteristics of a TA70·1 High Frequency Junction FET 

VMOS Power Switch Characterization and Application 
M • AN79·4 Driving VMOS FETs F • TA70·2 FET Biasing 

AN79·5 Using the VN64GA High Current, 
A • TA73·1 Multiplexer Adds Efficiency to High Power VMOS Power FET 32·Channel Telephone System 

M • AN79·6 Using Power MOSFET Transistors to A TA73·2 Designing with Monolithic FET 
Interface from IC Logic to High Switches Power Loads 

TA76·1 VMOS Power FETs in Your Next 
AN79·7 Applications of the VN10KM VMOS Broadband Driver 

Power FET 
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Publications Index (Cont'd) 

Catalog Document 
(See Key) Number Title 

'TA76-2 

M 'TA82-1 
M 'TA82-2 
M 'TA82-3 

TA83-1 

Technical Articles (Cont'd) 
A New Technology: Application of 
VMOS Power FETs for High 
Frequency Communications 
The Autobias Amplifier 
MOSPOWER Semiconductor 
Bipolar and MaS Transistors: 
Emerging Partners for the 1980s 
Using Power MOSFETs 
as High-Efficiency Synchronous 
and Bridge Re.ctifiers in Switch
Mode Power Supplies. 

Catalogs 
AnalogSwitch & Ie Product Data Book 
Analog Switches and Their Applications 
Small Signal FET Design Catalog 
MOSPOWER Design Catalog 
OEM Pricing with Cross Reference 
RF MOSPOWER Short Form Catalog 
Siliconix Short Form Selector Guide 

Key 
Catalogs 
AIC = Analog Switch & IC Product Data Book 

A = Analog Switches and Their Applications 
F = Small Signal FET Design Catalog 
M = MOSPOWER Design Catalog 

• Available in bound catalog only. 

Reprints & Reports 
• Siliconix, Inc. Annual Report. 
• Designing a VMOS 250 Watt Off-Line Inverter. David C. 

Hoffman, Powercon 3/78 
• Designing with CODECs: Know Your A's and I"s. Thomas J. 

Mroz, EON 5/76 
• Log Data under I' Control, Gary Grandbois, Electronic 

Design 5/76 
• Higher Power Ratings Extend VMOS FETs' Dominion, 

Arthur D. Evans, David C. Hoffman, Edwin S. Oxner, Walter 
Heinzer and Lee Shaeffer. Electronics 6/78 

• CODEC has On·Chip Signaling for Phone Applications, 
Walter Heinzer and Steve Bolger, Electronics 6/7179 

• A Microprocessor Controlled VMOS Power Supply, David C. 
Hoffman 

• Control Analog Signals with Voltage, Stephen Moore, 
Electronic DeSign, 1978 

• Exploit VMOS FETs' Advantages to Drive Bipolar Power 
TranSistors, F. Michael Barlage, Powercon 5/78 

• Rely on IC Analog Switches for Fast Small·Signal Control, 
EON, August 5, 20, Sept. 5, 1980 

• Composite Op Amp Outperforms FET·lnput ICs, EON, May 
27, 1981 

• MOSF ET's for Stepper·Motor Control, Machine Design, 
February 24, 1983 

Books 
Designing with Field·Effect Transistors, Edited by Arthur D. 
Evans. Available at your technical bookstore or write to Suite 
26-1' McGraw·Hili Book Co., 1221 Avenue of the Americas, 
New'York, NY 10020. 

Power FETs and Their Applications, by Edwin S. Oxner. 
Available at your technical bookstore or write to: Mail Order 
Billing, Prentice·Hall, Inc., Tappan Road, Old Tappan, NJ 
07675. 
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Glossary of Terms and Abbreviations H 
Siliconix 

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, tr = 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(sl. S = Short, a = open and X = neither 

open nor short (refer to the test conditionsl. Example: BVGSS = Breakdown Voltage from gate to source with the drain 

shorted to the source. 

bfg 

bigs 

boss 

BVDGO 

BVDSS 

BVSDX 

BVG1SS 

BVG2SS 

BVGSS 

BVSDS 

BVSGO 

Cgb 

Cgs 

Crss 

= Common-Gate Forward Susceptance 

= Common-Source Forward Susceptance 

= Common-Gate Input Susceptance 

= Common-Source I nput Susceptance 

= Common-Gate Output Susceptance 

= Common-Source Output Susceptance 

= Common-Gate Reverse Susceptance 

= Common-Source Reverse Susceptance 

= Drain-Gate Breakdown Voltage 

= Drain-Source Breakdown Voltage 

= Drain-Source Breakdown Voltage 

= Gate 1 to Source Breakdown Voltage 

= Gate 2 to Source Breakdown Voltage 

= Gate-Source Breakdown Voltage 

= Source-Drain Breakdown Voltage 

= Source-Gate Breakdown Voltage 

= Drain-Body Capacitance 

= Drain-Gate Capacitance 

= Gate-Body Capacitance 

= Gate-Drain Capacitance 

= Gate- Source Capacitance 

= Common-Source I nput Capacitance 

= Common-Source Output Capacitance 

= Common-Source Reverse Transfer Capaci

tance 

Csb 

CS90 

D 

G 

9f9 

9fs 

9fso 

gig 

9is 

909 

90S 

90ss 

90s1-90s2 

Gpg 

ID(offl 

ID(onl 

IDGO 

Siliconix. 

= 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 @VGs= a 

= Common-Source Forward Transconduc

tance Ratio 

= Common-Gate Input Conductance 

= Common-Source Input Conductance 

= Common- Gate Output Conductance 

= Common-Source Output Cond uctance 

= Common Source Output Conductance @ 

VGS = a 

= Differential Output Conductance 

= Common-Gate Power Gain 

= Common-Source Power Gain 

= Drain Cutoff Current 

= Drain ON Current 

= Drain-Gate Leakage 
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Glossary of Terms and Abbreviations (Cont'd) 
lOSS = Saturation Drain Current 

IOSS1/IOSS2 = Saturation Drain Current Ratio 

IG1G2 

IGBS 

IG(f) 

IGSS 

IG1SS 

IG2SS 

IG1SSR 

IG2SSR 

Ip 

NF 

POV 

rds(on) 

rOS(on) 

Re (Vfg) 

Re (Vfs) 

Re (Vig) 

Re (Vis) 

Re (Vos) 

Re (V rg ) 

Re (V rs ) 

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 Operati ng 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 I nput Resistance 

= Source 

= Delay Time 

= Turn-Off Delay Time 

td(on) 

toff 

VB 

VBB 

Vo 

VOO 

VOS(on) 

= 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 

IVGS1-VGS21 = Differential Gate-Source Voltage 

= Differential Gate-Source Voltage 

t1IVgs1-Vgs21 
= Differential Gate-Source Voltage Change 

t1 T with Temperature 

VGS(f) 

VGS(th) 

VGS(off) 

VG1S(off) 

Vs 

VSS 

= 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 
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Introduction 
Siliconix is committed to your future system designs. As a multinational semiconductor manufac
turer, we offer some of the industry's broadest product lines. No one gives you more analog 
switch ICs and power FETs to choose from. Our multiple technologies include DMOS, VMOS, 
CMOS, PMOS, PMOS/bipolar and bipolar. And we are constantly advancing semi-custom state-of
the-art technology. 

MOSPOWER FETs 
MOSPOWER identifies the "up front" technology that places Siliconix among the leaders in 
power device development for the 1980's, and has helped make Siliconix the Discovery Company. 

MOSPOWER is a generic name coined by Siliconix to identify not only Silicon ix's expanding fam
ily of medium and high power MOSFETs, but all power MOSFETs. The name also covers the many 
technologies used in the manufacture of these power MOSFETs which have been identified by 
various trade names. Vertical DMOS (double-diffused MOS); metal-gate V-groove MOS for high-fre
quency; lateral DMOS technology for FET arrays - all are covered by this generic name: 
MOSPOWER. 

RF POWER FETs 
MOSPOWER shadow-mask vertical technology is used to manufacture the only true power MOS 
transistors. The technology enables their use as RF broadband amplifiers in the 2MHz to 200M Hz 
region, providing output powers from 2 to 120 watts. Devices are available for 12.5V or 28V opera
tion and in a variety ofdQ,ackages to suit different needs. They offer the advantages of high stage 
gain, low baseband n;l'se and immunity to burn-out due to mismatch. The latest addition is the 
35V single-side-band 2-30MHz series. 

Analog Switch ICs 
Siliconix JFET, MOSFET and Integrated Circuit (IC) technologies have been utilized to produce an 
extensive family of Analog Switch ICs. They are used in many high-reliability military and aero
space applications such as Mercury, Gemini, Apollo and Skylab manned space programs. The 
family of analog switch ICs includes monolithic multi-channel switches with integral drivers. Also 
high performance JFET switches packaged with IC drivers offering very low ON-resistance, fast 
switching, excellent frequency response (DG180 series); low spike feed-through, low leakage and 
high OFF-isolation (DG281); low cost, single or dual supply operation (DG308, DG211); low con
sumption CMOS switches (DG300 series) and multiplexers with up to 16 channels (DG506A). The 
recent addition to the range of analog switch ICs is the Plus-40 enhanced DG5040 series with 
guaranteed safe operation up to 44V, and DG243CJ, the dual make-before-break equivalent of the 
DG5043CJ. 

LSI/Linear Circuits 

-:I 
~ a 
A. 
c 
" ~ -. o 
:I 

Siliconix is an industry leader in telecommunications circuits, AJD conversion and micropower _ 
linears. The Company's LSI or linear ICs are incorporated in products ranging from sophisticated 
instrumentation to consumer smoke detectors. Advanced processing capabilities used in the 
manufacture of such ICs range from high and low voltage CMOS to bipolar-PMOS. High reliability 
processing procedures combined with volume production capabilities complement state-of-the-
art products. 
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Introduction (Cont'd) 

Telecommunications 
Siliconix is a high-technology manufacturer of complex, highly specialized integrated circuits for 
the telecommunications industry. The current product lines use the CMOS process to satisfy the 
low power requirements of the telecom industry. Our Loop Disconnect Dialer Circuits offer sub
scribers push-button dialing privileges even with exchange systems presently tied to the rotary 
dial pulse timing. 

High-Reliability Devices 
Silicon ix's capability in providing high-reliability devices to meet stringent military or aerospace 
applications is amply demonstrated by the Company's qualifications as a supplier for important 
European projects that include Ariane, Concorde, European Airbus, the Alpha Jet and Tornado 
Aircraft, also Apollo, Viking and Voyager space projects. 

Siliconix has a number of standard Hi-Rei screening options that can be applied to standard prod
ucts. These options include screening to 8S9000 for analog switches;,;~nd CECC standards for 
FETs, also MIL-STD-750 for discrete FETs. In addition, Siliconix offers tertain JEDEC-registered 
FETs with JAN, JANTX and JANTXV processing, as well as an increasing number of QPL-listed 
analog switches. Special additional inspections and controls can be met and Siliconix can supply 
SEM-qualified products to meet individual customer requirements. 

Siliconix 



MOSPOWER Prime Products Selector Guide 

MOSPOWER 
Prime Products Selector Guide 

Packages: ~ , ft m m ~ 
BVoss TO·3 TO·220 
(VoltS) 

TO·39 TO·237 TO·92 TO·202 

600-650 VNTOO8A VNTOO8D 
6A, 1.Sfl, 6S0V 6A, 1.Sfl, 6S0V 

VNPOO6A IRF840 
20A, O.3fl, SOOV 8A, O.8Sfl, SOOV 

IRF450 VNSOO1D/IRF830 
13A, OAll, SOOV 4.5A, 1.Sfl, SOOV 

IRF440 IRF820 

450-500 
8A, O.8Sll, SOOV 2.SA, 3fl, soov 
VNPOO2A' 
6.SA, 1.Sfl, SOOV 

VNSOO1A/IRF430 
4.SA, 1.Sfl, SOOV 

IRF420 
2.5A, 3ll, SOOV 

VNMOOSA IRF740 
2SA, 0.2[1, 400V 10A, 0.5Sfl, 400V 

IRF350 VN4000D/I RF730 
1SA, 0.3fl, 400V S.SA, 1.0fl, 400V 

350-400 
IRF340 IRF720 
10A, O.SSll, 400V 3A, 1,8fl, 400V 

VNM001A' 
SA, 1.0ll, 400V 

VN4000A/IRF330 
S.5A, 1.0ll, 400V 

I 

~ 
Quad 

Side Braze 

* 200·C RATING 

~ 
Quad 

Plastic 
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--Packages: I ~ , F ~ 
BVoss 

TO·39 
Quad Quad 

(Volts) TO·3 TO·220 TO·237 TO·92 TO·202 Side Braze Plastic 

VNJ004A IRF640 VN2406B VN2406M VN2406L 
45A, 0.06n, 200V 18A, 0.1811, 200V O.SA, 611, 240V 0.3A, 611, 240V 0.21A, 6n, 240V 

IRF250 IRF630 VN2410M VN2410L 
30A, 0.OS5n, 200V 9A, O.4n, 200V 0.25A, lOn, 240V 0.16A, lOll, 240V 

120-240 IIRF240 
lSA, O.lS11, 200V 

IRF620 
5A, o.sn, 200V 

IRF230 VN2406D 
9A, O.4n, 200V l.4A, 611 240V 

m IRF220 

::: 5A, o.sn, 200V 

0' VNE003A IRF540 IRFF130 VN88AF I V01006P I V01006J 
0 60A, 0.035n, 100V 27 A, 0.OS5n, 100V SA, O.lsn, 100V 1.5A, 4n, 80V 0.40A, 4,511, 90V 0.40A, 4.5n, 90V 

J IRF150 VN1000D/IRF530 IRFF120 VN80AF )C' 40A, 0.055n, 100V 12A, O.lsn, 100V 6A, 0.30n, 100V 1.3A, 5n, SOV 

IRF140 IRF520 VN2222L . VN66AF 

60-100 
27A, 0.OS5n, 100V SA, 0.30n, 100V 0.15A, 7.5n, 60V 1.7A, 311, 60V 

VN1000A/IRF130 VN8SAD VN67AF 
12A, O.lsn, 100V 1.7A, 411, 80V 1.6A, 3.5n, 60V 

IRF120 VN0600D 2N6661 VN10LM 
SA, 0.311, 100V 16A, 0.12n, 60V 0.9A, 4n, 90V 0.3A, 5r!, 60V 

VN0600A VN66AD 2N6660 VN2222LM 
16A, 0.12n, 60V 1.9A, 311, 60V 1.lA, 311, 60V 0.25A, 7.5n, 60V 

VN0400A VN0400D VN46AF 
16A 0.12n, 40V 16A, 0.12n, 40V 1.6A, 3n, 40V 

30-40 
2N6656 VN0300D VN40AF 
2A, 1.sn, 35V 2.5A, 1.5n, 30V 1.3A, 

V03001P V03001J 
±·30V, 3n Total ± 30V, 311 Total 

V07254P V07254J 
± 20V, 3n Total ± 20V, 3n Total 

* Zener Protected Gate 



MOSPOWER Selector Guide 
N-Chcnnel MOSPOWER 

Breakdown 
ros(on/ 

10 Power 
Device Voltage Continuous Dissipation 

(Volts) (Ohms (Amps) (Watts) 

650 1.5 6.0 125 
650 2.0 5.0 125 

600 1.5 6.0 125 
600 2.0 5.0 125 

500 0.3 20.0 250 
500 0.4 13.0 150 
500 0.5 12.0 150 
500 0.85 8.0 125 
500 1.10 7.0 125 
500 1.5 6.5 175 
500 1.5 4.5 100 
500 1.5 4.5 75 
500 2.0 4.0 100 
500 2.0 4.0 75 
500 3.0 2.5 40 
500 4.0 2.0 40 

450 0.3 20.0 250 
450 0.4 13.0 150 
450 0.5 12.0 150 
450 0.85 8.0 125 
450 1.10 7.0 125 
450 1.5 6.5 175 
450 1.5 4.5 100 
450 1.5 4.5 75 
450 2.0 4.0 100 
450 2.0 4.0 75 

~ 
450 3.0 2.5 40 
450 4.0 2.0 40 

400 0.2 25.0 250 
400 0.3 15.0 150 
400 0.4 13.0 150 

TO-3 400 0.55 10.0 125 
400 0.80 8.0 125 
400 1.0 8.0 175 
400 1.0 6.0 125 
400 1.0 5.5 75 
400 1.5 5.0 125 
400 1.5 4.5 75 
400 1.8 3.0 40 
400 2.5 2.5 40 

350 0.2 25.0 250 
350 0.3 15.0 150 
350 0.4 13.0 150 
350 0.55 10.0 125 
350 0.80 8.0 125 
350 1.0 8.0 175 
350 1.0 6.0 125 
350 1.0 5.5 75 
350 1.5 5.0 125 
350 1.5 4.5 75 
350 1.8 3.0 40 
350 2.5 2.5 40 

200 0.06 45.0 250 
200 0.085 30.0 150 
200 0.12 25.0 150 
200 0.18 18.0 125 

* 200°C Rating 

Siliconix 

H 
Siliconix 

Part 
Number 

VNT008A 
VNT009A 

VNS008A 
VNS009A 

VNP006A 
IRF450 
IRF452 
IRF440 
IRF440 
VNP002A * 
VN5001A 
IRF430 
VN5002A 
IRF432 
I RF420 
IRF422 

VNN006A 
IRF451 
IRF453 
IRF441 
IRF443 
VNN002A * 
VN4501A 
IRF431 
VN4502A 
IRF433 
IRF421 
IRF423 

VNM005A 
IRF350 
IRF352 
IRF340 
IRF342 
VNM001A * 
VN4000A 
IRF330 
VN4001A 
IRF332 
IRF320 
IRF322 

VNL005A 
IRF351 
IRF353 
IRF341 
IRF343 
VNL001A * 
VN3500A 
IRF331 
VN3501A 
IRF333 
IRF321 
IRF323 

VNJ004A 
IRF250 
IRF252 
IRF240 
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MOSPOWER Selector Guide (Cont'd) 

N-Chonnel MOSPOWER (Cont'd) 
.. Breakdown 10 Power Part Device Voltage ros(on/ Continuous Dissipation 

(Volts) (Ohms (Amps) (Watts) Number 

200 0.22 16.0 125 IRF242 
200 0.4 9.0 75 IRF230 
200 0.6 8.0 75 I RF232 
200 0.8 5.0 40 IRF220 
200 1.2 4.0 40 IRF222 

150 0.06 45.0 250 VNG004A 
150 0.085 30.0 150 IRF251 
150 0.12 25.0 150 IRF253 
150 0.18 18.0 125 IRF241 
150 0.22 16.0 125 IRF243 
150 0.4 9.0 75 IRF231 
150 0.6 8.0 75 IRF233 
150 0.8 5.0 40 IRF221 
150 1.2 4.0 40 IRF223 

120 0.18 14.0 75 VN1200A 
120 0.25 12.0 100 VN1201A 

100 0.035 60.0 250 VNE003A 
100 0.055 40.0 150 I RF150 
100 0.08 33.0 150 IRF152 
100 0.085 27.0 125 IRF140 
100 0.11 24.0 125 I RF142 
100 0.18 14.0 100 VN1000A 
100 0.18 14.0 75 I RF130 
100 0.25 12.0 100 VN1001A 
100 0.25 12.0 75 I RF132 
100 0.3 8.0 40 IRF120 

~ 
100 0.4 7.0 40 I RF122 

90 4.0 1.9 25 2N6658 
90 4.5 1.8 25 VN99AA 
90 5.0 1.7 25 VN90AA 

80 0.18 14.0 100 VN0800A 
TO-3 80 0.25 12.0 100 VN0801A 

60 0.035 60.0 250 VNC003A 
60 0.055 40.0 150 IRF151 
60 0.08 33.0 150 IRF153 
60 0.085 27.0 125 IRF141 
60 0.11 24.0 125 IRF143 
60 0.12 18.0 100 VN0600A 
60 0.15 16.0 100 VN0601A 
60 0.18 14.0 75 I R F 131 
60 0.25 12.0 75 I RF133 
60 0.3 8.0 40 IRF121 
60 0.4 10.0 80 VN64GA 
60 0.4 7.0 40 I RF123 
60 3.0 2.0 25 2N6657 
60 3.5 2.0 25 VN67AA 

40 0.12 18.0 100 VN0400A 
40 0.15 16.0 100 VN0401A 

35 1.8 2.0 25 2N6656 
35 2.5 2.0 25 VN35AA 
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MOSPOWER Selector Guide 
I 

(Cont'd) 0 en 
N-Chonnel MOSPOWER (Cont'd) " 0 Breakdown 

rDS(on/ 
10 Power Part ~ Device Voltage Continuous Dissipation 

(Volts) 
(Ohms (Amps) (Watts) Number 

m 
650 1.5 6.0 125 VNT008D ~ 
650 2.0 5.0 125 VNT009D en 
600 1.5 6.0 125 VNS008D CD 600 2.0 5.0 125 VNS009D -500 0.85 8.0 125 IRF840 CD 
500 1.10 7.0 125 I RF842 " ~ 500 1.5 4.5 75 VN5001D 0 500 1.5 4.5 75 IRF830 
500 2.0 4.0 75 VN5002D 

., 
500 2.0 4.0 75 IRF832 Q 
500 3.0 2.5 40 IRF820 C 500 4.0 2.0 40 IRF822 -. 
450 0.85 8.0 125 IRF841 G. 
450 1.10 7.0 125 IRF843 CD 
450 1.5 4.5 75 VN4501D 
450 1.5 4.5 75 I RF831 
450 2.0 4.0 75 VN4502D 
450 2.0 4.0 75 IRF833 
450 3.0 2.5 40 IRF821 
450 4.0 2.0 40 IRF823 

400 0.55 10.0 125 IRF740 
400 0.80 8.0 125 IRF742 
400 1.0 6.0 75 VN4000D 
400 1.0 5.5 75 IRF730 
400 1.5 5.0 75 VN4001D 
400 1.5 4.5 75 IRF732 
400 1.8 3.0 40 IRF720 
400 2.5 2.5 40 IRF722 

TO-220AB 350 0.55 10.0 125 IRF741 
350 0.80 8.0 125 IRF743 
350 1.0 6.0 75 VN3500D 
350 1.0 5.5 75 IRF731 
350 1.5 5.0 75 VN3501D 
350 1.5 4.5 75 IRF733 
350 1.8 3.0 40 I R F721 
350 2.5 2.5 40 IRF723 

240 6.0 1.4 20 VN2406D 

200 0.18 18.0 125 IRF640 
200 0.22 16.0 125 IRF642 
200 0.4 9.0 75 IRF630 
200 0.6 8.0 75 IRF632 
200 0.8 5.0 40 IRF620 
200 1.2 4.0 40 IRF622 

170 6.0 1.4 20 VN1706D 

150 0.18 18.0 125 I RF641 
150 0.22 16.0 125 IRF643 
150 0.4 9.0 75 IRF631 
150 0.6 8.0 75 IRF633 
150 0.8 5.0 40 IRF621 -150 1.2 4.0 40 IRF623 

120 0.18 14.0 75 VN1200D 
120 0.25 12.0 75 VN1201D 
120 6.0 1.4 20 VN1206D 

Siliconix 7-7 
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MOSPOWER Selector Guide .- (Cont'd) ~ 

" N-Chcnnel MOSPOWER (Cont'd)· .. 
0 Breakdown 10 Power ... Device Voltage rOl)(on? Continuous Dissipation Part 
U (Volts) (Ohms (Amps) (Watts) Number 
CD - 100 0.085 27.0 125 IRF540 
CD 100 0.11 24.0 125 IRF542 en 100 0.18 14.0 75 VN1000D 

IX 100 0.18 14.0 75 IRF530 
100 0.25 12.0 75 VN1001D 

III 100 0.25 12.0 75 IRF532 

~ 100 0.30 8.0 40 IRF520 
100 0.40 7.0 40 IRF522 

0 80 0.18 14.0 75 VN0800D 

a. 80 0.25 12.0 75 VN080lD 

en 80 4.0 1.7 20 VN88AD 

0 80 4.5 1.6 20 VN89AD 

60 0.085 27.0 125 IRF541 

I: TO·220AB 60 0.11 24.0 125 IRF543 
60 0.12 18.0 75 VN0600D 
60 0.15 16.0 75 VN0601D 
60 0.18 14.0 75 IRF531 
60 0.25 12.0 75 IRF533 
60 0.30 8.0 40 IRF521 
60 0.40 7.0 40 IRF523 
60 3.0 1.9 20 VN66AD 
60 3.5 1.8 20 VN67AD 

40 0.12 18.0 75 VN0400D 
40 0.15 16.0 75 VN0401D 
40 3.0 1.9 20 VN46AD 
40 5.0 1.5 20 VN40AD 

30 1.2 2.5 20 VN0300D 

80 4.0 1.5 15 VN88AF 

~ 
80 4.5 1.4 15 VN89AF 
80 5.0 1.3 15 VNBOAF 

60 3.0 1.7 15 VN66AF 
60 3.5 1.6 15 VN67AF 

TO-202AA 40 3.0 1.6 15 VN46AF 
40 5.0 1.3 15 VN40AF 

240 6.0 0.8 6.25 VN2406B 

170 6.0 0.8 6.25 VN1706B 

120 6.0 0.8 6.25 VN1206B 

100 0.18 8.0 25 IRFF130 
100 0.25 7.0 25 IRFF132 

1\ 
100 0.3 6.0 20 IRFF120 
100 0.4 5.0 20 IRFF122 
100 0.5 4.0 15 VNE010B* 
100 0.5 4.0 15 VNE011B 

90 4.0 0.9 6.25 2N6661 
90 4.5 0.9 6.25 VN99AB 
90 5.0 0.8 6.25 VN90AB 

TO-39 80 0.5 4.0 15 VND010B* 
80 0.5 4.0 15 VND011B 

* Low V GS(TH) 

7-8 Siliconix 



MOSPOWER Selector Guide (Continued) 
N-Channel MOSPOWER (Continued) 

Breakdown 10 Power 
Part Device Voltage ros(onl Continuous Dissipation 

(Volts) (Ohms (Amps) (Watts) Number 

60 0.18 8.0 25 IRF131 

%1 
60 0.25 7.0 25 I R F133 
60 0.3 6.0 20 IRFF121 
60 0.4 5.0 20 IRFF123 
60 0.5 4.0 15 VNC010B* 
60 0.5 4.0 15 VNCOllB 
60 3.0 1.1 6.25 2N6660 
60 3.5 1.0 6.25 VN67AB 

TO-39 35 1.8 1.4 6.25 2N6660 
35 2.5 1.2 6.25 VN35AB 

!R 60 5.0 0.2 0.315 VN10KE 

I I 
60 5.0 0.2 0.315 VN10LE 

TO-5~ ! 
240 6.0 0.3 1.0 VN2406M 
240 10.0 0.25 1.0 VN2410M 

m 
170 6.0 0.3 1.0 VN1706M 
170 10.0 0.25 1.0 VN1710M 
120 6.0 0.3 1.0 VN1206M 
120 10.0 0.25 1.0 VN1210M 

80 4.0 0.35 1.0 VN0808M 

60 3.0 0.4 1.0 VN0606M 
60 5.0 0.3 1.0 VN10KM" 
60 5.0 0.3 1.0 VN10LM 

TO-237 60 7.5 0.25 1.0 VN2222KM" 
60 7.5 0.25 1.0 VN2222LM 

30 1.2 0.7 1.0 VN0300M 

TO-" r 
240 6.0 0.21 0.4 VN2406L 
240 10.0 0.16 0.4 VN2410L 

170 6.0 0.21 0.4 VN1706L 
170 10.0 0.16 0.4 VN1710L 

120 6.0 0.21 0.4 VN1206L ,. 
120 10.0 0.16 0.4 VN1210L " 

60 5.0 0.2 0.4 VN0610L 
60 7.5 0.15 0.4 VN2222L 
30 1.2 0.44 0.4 VN0300L 

~ 
90 4.5 0.40 1.3 VQ1006P 

60 3.5 0.46 1.3 VQ1004P 
60 5.5 0.225 0.5 VQ1000P 

30 1.0 0.85 1.3 'VQ1001P 
14-Pin Dual·ln·Line 

(Side Braze) 

~ 
90 4.5 0.40 1,3 VQ1006J 

60 3.5 0.46 1.3 VQ1004J 
60 5.5 0.225 0.5 VQ1000J 

30 1.0 0,85 1.3 VQ1001J 
14-Pin Dual·ln·Line 

(Plastic) 

, Low VGS(TH) * * Zener Protected Gate 

Siliconix 7-9 
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MOSPOWER Selector Guide (Continued) 
P-Channel MOSPOWER 

Breakdown ID Power 
Part Device Voltage rDS(onl Continuous Dissipation 

(Volts) (Ohms (Amps) (Watts) Number 

~ 
-100 0.3 12.0 75 IRF9130" 
-100 0.4 10.0 75 IRF9132** 

-60 0.3 12.0 75 IRF9131** 
-60 0.4 10.0 75 IRF9133** 

TO-3 

-100 12.0 75 I R F9530** 
-100 10.0 75 I RF9532** 
-100 0.6 6.0 40 IRF9520" 
-100 O.B 5.0 40 I RF9522** 

-60 12.0 75 I RF9531 ** 
-60 10.0 75 IRF9533** 

TO-220AB -60 0.6 6.0 40 IRF9521** 
-60 O.B 5.0 40 I RF9523** 

,o.ft 
-100 5.0 0.9 6.25 VP100BB 
-80 5.0 0.9 6.25 VP0808B 
-30 2.5 1.3 6.25 VP0300B 

,o.~,m 
-100 5.0 0.37 1.0 VP1008M 
-80 5.0 0.37 1.0 VP0808M 
-30 2.5 0.48 1.0 VP0300M 

,~~, 
-100 5.0 0.37 0.4 VP1008L 
-80 5.0 0.37 0.4 VP0808L 
-30 2.5 0.48 1.0 VP0300L 

~ -90 5.0 0.600 1.3 VQ2006P 
-60 5.0 0.600 1.3 VQ2004P 
-30 2.0 0.600 1.3 VQ2001P 

14-Pin Dual·ln·Line 
(Side Braze) 

~ 
-90 5.0 0.600 1.3 VQ2006J 
-60 5.0 0.600 1.3 VQ2004J 
-30 2.0 0.600 1.3 VQ2001J 

14-Pin Dual·ln·Line 
(Plastic) 

•• Available 4th Qtr. 1983 

7-10 Siliconix 



MOSPOWER Selector Guide 
N- and P-Channel Quad MOSPOWER 

Breakdown ID 
Device Voltage rDs(onl Continuous 

(Volts) (Ohms (Amps) 

~ 30 3.0" 
N- 0.600 
P- 0.850 

20 3.0" 
N- 0.600 
P- 0.850 

14-Pin Dual·ln-line 
(Side Braze) 

,~. 30 3.0" 
N-0.600 
P- 0.850 

20 3.0" 
N- 0.600 
P- 0.850 

(Plastic) 

• 'Total (N + P) 

Siliconix 

(Cont'd) 

Power 
Part Dissipation 

(Watts) Number 

1.3 VQ3001P 

1.3 VQ7254P 

1.3 VQ3001J 

1.3 VQ7254J 
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7-12 

MOSPOWER 
Commercial/lndust"rial Process Flow(7) 

Level - 4 
(Burn In) 

Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 

Criteria 

Stabilization Bake 
Method 1032 
24 Hr. @ Maxi mu m Rated 
Storage Temperature 

External Visual AQL 1.5% 

(1) Level - 1: U.S. Build, U.S. Test. 
(2) Level - 2: Overseas Build, U.S. Test (Screening & aCI). 
(3) No Read & Record, No Deltas. 
(4) Group Band C testing is additional. 

(5) Hermetic Only, 

Level - 6 
(Standard Product Flow) 

Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 

Stabilization Bake 
Method 1032 
24 Hr. @ Maximum Rated 
Storage Temperature 

Fine Leak AQL1% 
Method 1071 
Condition G or H (5) 

Gross Leak AQL1% 

Method 1071 

Condition C 1 (5) 

Electrical Test 
100% to 
25% Static Parameters 

Quality Conformance 
25° C Static 0.65% AQL 

External Visual AQL 1.5% 

(6) Physical Dimensions Excluded. The latest revision of MI L-STD-883 is applicable. 
(7) Levels 1 thru 6: Latest revision of MIL·STD·750 is applicable. 
(8) Level 7: Latest revision of MIL-STD·883 is applicable. 

Siliconix 



MOSPOWER 
Military/Hi-Rei Process Flow(4) (7) (8) 

Level _ 1(1) (2) 

Level - 2 

Electrical Test 
10.9% to 
25 C Static Parameters 
Read. Record & Deltas 

Quality Conformance 
25° C Static L TPO = 5 

-55 0 C Static L TPD -.: 5 
1500 C Static L TPD ::: 5 

250 C Dynamic L TPD = 5 
External Visual L TPO = 5 

Level - 3 

Preseal Inspection 
Method 2072 

Stabilization Bake 
Method 1032 
24 Hr. @ Maximum Rated 
Storage Temperature 

Fine Leak AQL 1 % 

Method 1071 
Condition G or H (5) 

Gross Leak AQL 1 % 
Method 1071, 
Condition C (5) 

Electrical Test 
100% to 
25° C Static Parameters 

Quality Conformance 
2SoC Static LTPD == 5 

- 55°C Static L TPD = 5 
ISOaC Static L TPD = 5 
25°C Dynamic L TPO = 5 

External Visual L TPD == 5 

Level - 5 

(1 ~ le .... el - 1: U.S. Build, U.S. Test. (5) Hermetic Only, 

Mulll Chip Side Braze 
level-7 

(2) Le .... el - 2: Overseas Build, U.S. Test (Screening & ael). (6) Physical Dimensions Excluded. The latest reVISion of MI L-STD-883IS applicable 
(3) No Read & Record, No Deltas. (7) Levels 1 thru 6' latest revision of MIL·STO-750 IS applicable 

(4) Group Band C testing IS 8ddlti_0'_'_1. ______ '8_1_"_'_"_I7_'_"_"_"_'_"_"_"0_"_0_' M_'"_,S_TD_,_88_3_"_'p_P_'''_'_b'_', __________ ---' 

Siliconix 7-13 

-



CD 
"U .-
~ 

" .. 
o .. 
u 
CD -CD en 
~ 
III 
I&. .. 

CD 

J 
I&. a= 

RF Power FETs Selector Guide 

n-channel enhancement- ORDERING INFORMATION 

mode RF Power FETs Q~ xx xxx x 
designed for. .. TIL Package Code 

Power Output (Watts) 
HFIVHF/UHF Amplifiers Class A, B, Suggested Operating 
C, D or E. High Dynamic Range Amp Voltage 

Product Code 
BENEFITS 

• Infinite VSWR PACKAGE CODES • No Thermal Runaway 

• Broadband Capability S = 380S0EF 

• Class A, B C, D, or E Operation T = 500JOF 

• Low Noise Figure U = 500S0EF 

• High Dynamic Range V = Push-Pull 

• Simple Bias Circuitry W = C-220 Standard 

• S-Parameter Design Z = 280S0E 

12.5 Volt DC - 300 M Hz Series 
Rated Power Out Min. Gain 

Test Frequency· (Watts) (dB) BJc 
Part Number (MHz) @ 12.5VOC 12.5V, 175 MHz Min. BVOSS (OC/W) 

DV1202S 175 2.0 10.0 45 17.6 
DV1202W 175 2.0 10.0 45 14.1 
DV1202Z 175 2.0 10.0 45 17.6 

DV1205S 175 5.0 10.0 45 8.8 
DV1205W 175 5.0 10.0 45 7.0 
DV1205Z 175 5.0 10.0 45 8.8 

DV1210S 175 10.0 10.0 45 4.4 
DV1210W 175 10.0 10.0 45 3.5 
DV1210Z 175 10.0 10.0 45 4.4 

DV1220S 175 20.0 10.0 45 2.2 
DV1220W 175 20.0 10.0 45 1.8 

DV1230T 175 30.0 9.5 45 1.5 
DV1230W 175 30.0 9.3 45 1.2 

DV1240T 175 40.0 9.0 45 1.1 
DV1240U 175 40.0 8.6 45 1.1 
DV1240W 175 40.0 9.0 45 0.9 

DV1260T 175 60.0 8.0 45 0.73 
• All parts tested at 20:1 VSWR. 
Nole: See application notes AN80-4, AN 80·6. 
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RF Power FETs Selector Guide (Cont'd) 

28 Volt DC - 300 M Hz Series 
Rated Power Out Min. Gain 

Test Frequency' (Watts) (dB) eJc 
Part Number (MHz) @ 28VOC 28V, 175 MHz Min. BVOSS ('C/W) 

DV2805S 175 5 10 80 17.6 
DV2805W 175 5 10 80 14.1 
DV2805Z 175 5 10 80 17.6 

DV2810S 175 10 10 80 8.8 
DV281OW 175 10 10 80 7.0 
DV2810Z 175 10 10 80 8.8 

DV2820S 175 20 10 80 4.4 
DV2820W 175 20 10 80 3.5 
DV2820Z 175 20 10 80 4.4 

DV2840S 175 40 10 80 2.2 
DV2840W 175 40 10 80 1.8 

DV2880T 175 80 10 80 1.1 
DV2880U 175 80 10 80 1.1 
DV2880W 175 80 10 80 0.9 

DV28120T 175 120 10 80 0.73 
DV28120U 175 120 9 80 0.73 

VMP4 175 20 10 60 4.4 
• All parts tested at 20:1 VSWR. 

28 Volt Push-Pull - DC-300 M Hz Series 
8Jc 

Test Test GpS (Min.) Thermal 
Frequency Voltage Pin (Max.) Pout @ 28V Power Gain Impedance 

Part Number (MHz) (VOS) (Watts) (Watts) (dB) ('C/W) 

DV2880V 175 28 8 80 10 1.1 
DV28120V 175 28 12 120 10 0.73 

100 Volt DC - 300 M Hz Series 
Rated Power Out Min. Gain 

Test Frequency' (Watts) (dB) 8Jc 
Part Number (MHz) @ 12.5VOC 12.5V, 175 MHz Min. BVOSS ('CIW) 

DVD030S 175 25 13 220 4.40 
DVD150T 175 120 10 220 0.73 
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Analog Switches Selector Guide 
Application Feature of Important Major Suggested Switches Application Parameters Tradeoffs 

1) Low Power Low Supply CMOS OG304-0G308, OG304A, 
Current OG307A,OG309 

DG300-DG303, DG381-DG390, 
DG300A-DG303A,DG381A-DG390A 

2) Minimum Number Only One or Two CMOS OG300-0G308A, 
Battery Operated of Power Supplies Supplies Needed OG300A-OG307A,OG309 
or Battery Back· (Can Also Be Used As Single Supply) 
Up Supply CMOS DG211, DG200A, 

DG201A, DG202, DG212 
(For MUX: DG506-DG509, 
DG506A-DG509A, DG528, DG529) 

3} Low Standby Low Standby CMOS OG304-0G308A, OG21l, 
Power Current OG304A-OG307A, OG309, OG2l2 

l} Low Signal • Low rDS(on}; J FET is Constant, JFET OG180-0G19l 
Distortion Constant rDS(on} rDS(on}; Signal CMOS DG300-DG308A, DG381-DG390, 

Range Limited DG300A-DG307A, DG309, 
Toward Negative DG381A-DG390A, DG5040-DG5045 
Supply; DG243 (Make·Belore·Break) 
CMOS Slight rDS(on} 
Variation, Full Signal 
Range 

2} Low Noise Low rDS(on} CMOS DG300-DG308A, DG381-DG390, 
(Channel) DG300A-DG307A, DG309, 

DG381A-DG390A, DG5040-DG5045, 
DG243 

JFET DG180-DG191 

3} Wide Signal ±15V Signal CMOS OG300-0G308, OG381-0G390, 
Range Range OG300A-OG307A,OG309, 

Audio OG381A-OG390A,OGS040-0GS04S, 
OG243 

CMOS DG200, DG200A, DG201, 
DG201 A, DG202, DG211, DG212 
(MUX: DG506-DG509, DG506A· 
DG509A, DG528, DG529) 

Signal Range is Higher rDS(on} JFET (7SQ) OG182, OG18S, OG188, 
From the Positive (Must Stay Above OG19l 
Supply to Above Negative Supply By (10Q, 30Q) Remainder of 
the Negative 5V to 7.5V} DG181-DG190 Family 
Supply 

4} Large Dynamic Wide Signal CMOS OG304-0G308A, 
Range Range and Low OG304A-OG307A,OG309 

Thermocouple DG300-DG303, DG381-DG390, DG211, 
Noise DG300A-DG303A, DG381 A-DG390A, 

DG212 

1} High OFF High OFF Higher rDS(on} JFET (30Q, 7SQ) OG181, OG182, OG184, 
Impedance, Small Isolation OG18S, OG187, OG188, OG190, OG19l 
Feedthrough of CMOS DG200, DG201, DG211, DG200A, 
Signal DG201A, DG202, DG212 

CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, DG381A-

Video 
DG390A, DG5040-DG5045, DG243 

(High Frequency) 2) Good Impedance Low rDS(on} Lower OFF Isolation JFET (100) OG180, OG183, OG186, 
Matching, OG189 
Minimum Signal (30Q) DG181, DG184, DG187, 
Drop Across DG190 
Switch CMOS DG300-DG308A, DG211 -DG300A-DG307A, DG309, DG212 

Bold Print = Recommended for the application 
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Analog Switches Selector Guide (Confd) 

Application Feature 01 Important Major Suggested Switches 
Application Parameters Tradeolls 

1) Low Droop Rate Low Leakage Higher ON CMOS DG300A-DG307A, DG300, DG309 
Resistance DG381A-DG390A 

CMOS DG300-DG308A, DG381-DG390, 
DG5040-DG5045 

JFET DG180-DG191 
CMOS DG211, DG200A, 

DG201A, DG202, DG212 

2) Low Sample to Low Charge Higher ON 
CMOS DG200A, DG201A, DG202, Hold Offset Coupling Resistance 

DG212, DG211 
JFET DG181, DG182 

(30Q, 75Q) DG184, DG185, 
Sample and Hold DG187, DG188, DG190, DG191 

CMOS DG300-DG308A, 
DG300A-DG307A,DG309 

3) Fast Acquisition Low ON Higher Leakage JFET (100) DG180, DG183, DG186, 
Speed Resistance Higher Charge DG189 

Coupling (300,752) Remainder of DG181-
DG191 Family 

CMOS DG300-DG307, DG381-DG390, 
DG300A-DG307 A 

CMOS DG211, DG212 
CMOS DG381A-DG390A, DG200A, 

DG201A, DG202 

1) Low Error Voltage Low Leakage CMOS DG300A-DG307A, 
DG381A-DG390A 

CMOS DG300-DG307, DG381-DG390, 
DG5040- DG5045, 

Switching to High DG211, DG200A, DG201A, DG212 
Impedance Inputs 2) Low Switching Low Charge CMOS DG200A, DG201A, DG202, 

Transient Error Coupling DG212 
Voltage CMOSDG211 

DG300-DG307, DG381-DG390, 
DG300A-DG307A, DG381A-DG390A 

1) Best Performance Monolithic CMOS DG211, DG212, DG303, DG309, 
for Lowest Cost Good Switch DG308A, DG300-DG307, DG5040-DG5045 

Low Cost Performance DG381-DG390, 
DG200A, DG201A, DG202, 
DG300A-DG307A, DG243, 
DG381A-DG390A 

Military System 1) Hi-Rei Specified BS9000 
JM38510/XXXXX 

1) Good Matching of Monolithic Switch CMOS DG300, DG302, DG303, DG304, 
Switch DG243, DG306, DG307, DG308A, 
Parameters DG381, DG384, DG390, DG309 

CMOS DG211, 
DG5040-DG5045, DG300A, DG302A, 
DG303A, DG304A, DG306A, DG307A, 
DG309, DG381A, DG384A, DG390A, 

Differential Signal 
DG200A, DG207A, DG202, DG212 

2) Low Thermo- Drain and Source JFET Switches Not JFET DG183, DG184, DG185 Switching 
couple Offset of FET Switch in Monolithic 
Voltage Close Proximity 

on Small Chip 

Low Power Dissi- CMOS DG304, DG306, DG307, DG308A 
pat ion on Switch DG304A, DG309 
Driver DG300-DG303, DG300A-DG303A, 

DG306A, DG307A, DG381-DG390, 
DG381A-DG390A, DG309 

Bold Print = Recommended lor the application 
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Analog Switches Selector Guide (Confd) 
Application Feature of Important Major Suggested Switches Application Parameters Tradeoffs 

1) Low Noise Low rDS(on) Higher Leakages JFET (10Q) DG180, DG183, DG186, 
(Channel) DG189 

(30Q, 75Q) Remainder of 
DG181-DG191 Family 

2) Low Charge CMOS DG300A-DG307A, DG309, 
Coupling DG381A-DG390A, DG212, DG308A 

CMOS DG300-DG308, DG381-DG390, 
DG211 

3) High Impedance Low Leakage Higher rDS(on) CMOS DG300-DG308A, DG381-DG390, 
Inputs of Load DG211, DG5040-DG5045, DG243, DG309 

Small Signal DG200-DG201 

«1 V) JFET DG181, DG182, DG184, DG185, 
DG187, DG188, DG190, DG191 

CMOS DG300A-DG307A, DG309, 
DG381A-DG390A, DG212 

4) Low Thermo· Low Power Switch CMOS DG304-DG307, 
couple Offset DG304A-DG307A, DG381A-DG390A 
Voltage DG300-DG303, DG381-DG390, 

DG300A-DG303A 

Drain and Source JFET DG180-DG190 Family 
of FET Switch in 
Close Proximity 
on Small Chip 

1) Break·Before· ton is Greater CMOS DG506, DG506A, DG507, 
Make Switching Than toff DG507A, DG508, DG508A, DG509, 

DG509A, DG528, DG529 (Latchable) 

2) Binary Controlled Binary Decoding PMOS DG501, DG503 
Logic Inputs Stage on Chip 

Multiplexing 3) Differential Multi· Dual Switching CMOS DG507, DG509, DG507A, 
plexing Action DG509A, DG529 

4) Df A Conversion Binary Weighted NMOS DG515, DG516 
ON Resistance 
and Channel 
Resistance to 
Minimize Error 

Bold Print = Recommended for the application 
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Analog 
Basic 

Analog 
rOSlon) Switchin,9 

Part Switch 
Voltage Ma. 'Oloff} Time 

Logic levels 
Range IVI No. Type IVI 1m InAI (/lssel 

VINl VINH INote 1) INote41 (Note 41 tON toFF 

SINGLE CHANNEL SPST 

DG5040 Plus 40 CMOS +15to -15 50 1.0 0.5 0.8 

TWO CHANNEL SPST 

DGl80 N-JFET +10to -12.5 10 10 0.3 0.25 0.8 2.0 
+10to -7.5 10 10 0.3 0.26 0.8 2.0 

DG181 N-JFET +10to -12.5 30 1 0.15 0.13 0.8 2.0 
+10to -7.5 30 1 0.15 0.13 0.8 2.0 

00182 N-JFET +10to -15 75 1 0.25 0.13 0.8 2.0 
+10to -10 75 1 0.25 0.13 0.8 2.0 

OG200A Plus 40 CMOS +15to -15 70 2 1.0 0.5 0.8 2.4 
CG2Sl N-JFET +15to -15 300 0.2 0.15 0.13 0.8 2.0 
DG300 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 

OG300A Plus 40 CMOS +15to ~15 50 1 0.3 0.25 0.8 4.0 
DG304 CMOS +15to ~15 50 1 0.25 0.15 3.5 11.0 

DG304A Plus 40 CMOS + 15 to ~ 15 50 1 0.25 0.15 3.5 11.0 
OG381 CMOS +15to ~15 50 1 0.3 0.25 0.8 4.0 

OG381A Plus 40 CMOS +15to ~15 50 1 0.3 0.25 O.B 4.0 
OG5041 Plus 40 CMOS +15to ~15 50 1 1.0 0.5 0.8 2.0 

FOUR CHANNEL SPST 

OG201A Plus 40 CMOS +15to ~15 175 1.0 0.5 0.8 2.4 
DG202 Plus 40 CMOS +15to ~15 175 1.0 0.5 0.8 2.4 
OG211 Plus 40 CMOS +15to ~15 175 0.5 0.4 0.8 2.4 
OG212 Plus 40 CMOS +15to ~15 175 0.6 0.45 0.8 2.4 

OG308A Plus 40 CMOS +15to ~15 100 0.2 0.15 3.5 11.0 
DG309 Plus 40 CMOS +15to ~15 100 0.2 0.15 3.5 11.0 

ONE CHANNEL SPOT 

OG186 N-JFET +10to ~12.5 10 10 0.3 0.25 O.B 2.0 
N-JFET + 15 to ~ 7.5 10 10 0.3 0.25 O.B 2.0 

OG187 N·JFET + 10 to - 12.5 30 1 0.15 0.13 0.8 2.0 
N-JFET +15to ~7.5 30 1 0.15 0.13 O.B 2.0 

OG188 N-JFET +10to ~15 75 1 0.25 0.13 O.B 2.0 
N-JFET + 15 to -10 75 1 0.25 0.13 O.B 2.0 

DG287 N-JFET +15to ~7.5 300 0.2 0.15 0.13 O.B 2.0 
OG301 CMOS +15to -15 50 1 0.3 0.25 O.B 4.0 

OG301A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 
OG305 CMOS + 15 to --15 50 1 0.25 0.15 3.5 11.0 

OG305A Plus 40 CMOS +15to -15 50 1 0.25 0.15 3.5 11.0 
OG387 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 

OG387A Plus 40 CMOS +15to -15 50 1 0.3 0.25 O.B 4.0 
DG5042 Plus 40 CMOS +15to -15 50 1 1.0 0.5 O.B 4.0 

NOTES: 
1. The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for multiplexers is tTRANSITION' not tON, tOFF' 
3. VREF = 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 

Preferred Product Selector Guide 

Switches 
Opt. Supply Voltage 

IVI 
1+1 I-I logic Ref. 
Sup. Sup. Sup. Sup. 
V+ V- Vl Vo 

15 15 

10 -20 
15 -15 
10 -20 
15 -15 
10 -20 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 

15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 

10 -20 
15 -15 
10 -20 
15 -15 
10 -20 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 
15 -15 

Comments 

TTL Compatible 

Break-Before-Make 
15 V Supplies 
Break-Betore-Make 
15 V Supplies JAN/11101 
Break-Before-Make 
15 V Supplies JAN/11102 
TTL In 
low Charge Injection 
Low Power, TTL In JAN/11601 
Low Power, TTL In 
Low Power, CMOS In JAN/11605 
Low Power, CMOS In 
Low Power, OG181 Pin Out 
Low Power, OG181 Pin Out 
TTL Compatible 

TTL In 
TIL In 
Low Cost, TTL In 
Low Cost, TTL In 
Low Cost CMOS In 
Low Cost CMOS In 

Break-Before-Make 
15 V Supplies 
Break-Before-Make 
15 V Supplies JAN/11105 
Break-Before-Make 
15 V Supplies JAN/11106 
Break-Before-Make 
Low Power, TTL In JAN/11602 
low Power, TTL In 
Low Power, CMOS In JAN/11605 
Low Power, CMOS In 
Low Power, OG187 Pin Out 
Low Power, DG187 Pin Out 
TTL Compatible 

Switch Configuration 

1 SPST Switch per Package 

2 SPST Switches per Package 

~"""~"-o 
<>-Q-I:>-J <>-Q-I:>-J 

4 SPST Switches per Package 

~ ...... ~ ...... 
<>-Q-I:>-J <>-Q-I:>-J 
~"-o~"-o 
<>-Q-I:>-J o-O-t>-' 

1 SPST Switch per Package 

~"-o 
o--------o--r>-
<>-Q-I:>-J 

4. Analog voltage range IS a function of supply voltages. Where a FET switch is PMOS or CMOS, rDS is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 
shown are for temperature suffix A. 

5. Device normally operates with resistor to + 10 V. 
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Analog Switches (Cont'd) 
aasic 

Analog 
rOSlon) 

Opt. Supply Voltage 
Voltage Switching logic levels (VI Part Switch Max IDleH) Time 

No. Type 
Range 

1m (nAI (ltS8C) 
(VI (+ I (- ) logic Ref. Comments Switch Configuration 

(VI VINl VINH Sup. Sup. Sup_ Sup. (Note ,j (Note 4) (Note 4) 'ON toFF V+ V- VL VR 

TWO CHANNEl SPOT 

DGl89 N-JFET + 10 to 12.5 10 10 03 0.25 0.8 2.0 10 -20 5 0 Break-Bafora-Make 
N·JFET + 15 to -7.5 10 10 0.3 0.25 0.8 2.0 15 -15 5 0 15 V Supplies 

OGl90 N-JFET + 10 to - 12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make JAN/l 1 107 
N-JFET ... 15 to -7.5 30 1 0.15 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

DG191 N-JFET + 10 to - 15 75 1 0.25 0.13 0.8 2.0 10 ··20 5 0 Break-Before-Make JAN/11108 2 SPOT Swltche. per Package 
N-JFET + 15 to - 10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

DG243 Plus 40 CMOS +15to-15 50 1 0.5 1.0 0.8 2.0 15 - 15 5 - Make-Before-Break (DG191 Pin Out) 
DG290 N-JFET +15to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 Break-Before~Make ~~~~ 
DG303 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTl In JAN/11604 ~~ 

DG303A Plus 40 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In o-Q-!>-J o-Q-!>-J 
DG~7 CMOS +15to-15 50 1 0.25 0.15 3.5 11.0 15 -15 - - low Power, CMOS In JAN/11608 

DG307A Plus 40 CMOS +15to-15 50 1 0.25 0.15 3.5 11.0 15 " 15 - - low Power, CMQS In 
DG390 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, DG190 Pin Out 

DG390A Plus 40 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - Low Power, DGl90 Pin Out 
DG504J Plus 40 CMOS + 15 to - 15 50 1 1.0 0.5 0.8 20 15 -15 5 -

ONE CHANNel OPST 

DG5044 Plus 40 CMOS +15to-15 50 1 1.0 0.5 0.8 2 15 -15 5 - TTL Compatible , DPST Switch per Package 

TWO CHANNEL DPST 

DGl83 N-JFET + 10 to 12.5 10 10 0.3 0.25 0.8 2.0 10 20 5 0 Break-Before-Make 
N~JFET +15to -7.5 10 10 0.3 0.25 0.8 2.0 15 ,-15 5 0 15 V Supplies 

DGl84 N-JFET +10to -12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 
N-JFET + 15 to -7.5 30 1 0.15 0.13 0.8 20 15 -15 5 0 15 V Supplies 

DGl85 N-JFET +10to-15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 2 DPST Switches per Package 
N-JFET +15to -10 75 1 0.25 0.13 0.8 2.0 15 15 5 0 15 V Supplies 

DG284 N-JFET +15to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 " 15 5 0 Break-Before-Make ~&-O~'-<> DG302 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In 0--------01'&-0 0--------01''_<> 
OG302A Plus 40 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 15 - - low Power, TTL In 
DG306 CMOS +15to-15 50 1 0.25 0.15 3.5 11.0 15 -15 - "- low Power, CMOS In o-Q-!>-J <>-Q-I>J 

DG306A Plus 40 CMOS +15to-15 50 1 0.25 0.15 3.5 11.0 15 15 - - low Power, CMOS In 
DG384 CMOS +15to-15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, DG184 Pin Out 

DG384A Plus 40 CMOS +15to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, DGl84 Pin Out 
DG5045 Plus 40 CMOS of. 15 to -15 50 1 1.0 0.5 08 2.0 15 -15 5 -

NOTES: 
1. The devices shown in boldface are recommended parts for new designs. 
2. The appropriate switching characteristic for multiplexers is tTRANSITION' not tON, tOFF 
3. VREF = 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 
4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rDS i:. dlso a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 

shown are for temperature suffix A. 
5. Device normally operates with resistor to + 10 V 
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Preferred Product Selector Guide 

Multiplexers and Multiplexers with Input Latches 
Analog 

'DSlon) Transition 
Supply Voltage 

Basic Process 
Voltage Max IDloff) Time 

Logic Levels IV) 
Part Range IV) 1+) 1-) Comments I 

No. 
Typ. IV) 1m InA) (/LsBel 

VINL VINH Sup. Sup. 
INot.4) INot.4) INot.2) V+ V-

EIGHT CHANNEL MUX+ ENABLE 

DG501 PMOS +5 to -5 150-240 8 1.5 0.6 3.5 5 -20 logic Pullup Resistors 

DG503 PMOS +10to -10 150-800 8 1.5 0.6 8.5 10 -20 

DG508A Plus 40 CMOS +10 t~ -15 400 10 1.0 0.8 2.4 15 -15 Break-Before-Make 

DG528 Plus 40 CMOS +15to -15 400 10 1.0 0.8 2.4 +15 -15 latches On Inputs 

SIXTEEN CHANNEL MUX + ENABLE 

DG506A Plus 40 CMOS +1510 -15 400 10 1.0 0.8 2.4 15 -15 Break-Bafora-Make 

FOUR CHANNEL DIFFERENTIAL MUX + ENABLE 

DG509A Plus 40 CMOS +1510 -15 400 10 1.0 0.8 2.4 15 -15 Break-Before-Make 

DG529 Plus 40 CMOS +1510-15 400 10 1.0 0.8 2.4 15 -15 Latches On Inputs 

EIGHT CHANNEL DIFFERENTIAL MUX+ ENABLE 

OG507A Plus 40 CMOS +1510 -15 400 5 1.0 0.8 2.4 +15 -15 Break-8efere-Make 

Switch Configurations 

Multiplexe, Differential Multiplexer 
[)lf~ERE~TIAl 

IPr,I'UTS 

U , 
/4- " , 

...r:;. I I 

~ 
~TI'tJTA 

, i~ .. 0-: 
~lPUT X~ 'NPUTS. I I I " :~ I I I I ~""'\Jltl .::-Ffl. 

I I I •• 0-: ~4. 
'.0-H DECOOE lOGIC I '.0-H DECODE lOGIC 

J 
J 1 I 1 I ...l 1 
b. b. b, bo b. b:DD,uSS

6c 
AOOfUSS 

8·Channel 4·Channel a·Channel 

NOTES: 
1. The devices shown in boldface are recommended parts for new designs. 
2. The appropriate-switching characteristic for multiplexers is tTRANSITION, not tON, tOFF' 
3. VREF'"" 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 
4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rDS is also a function of Supply Voltage and Analog Voltage. See ind~vidual data sheets for more 

detail. Values shown are for temperature suffix A. 
5. Device normally operates with resistor to + 10 V. 



Analog Switches Product Information 
Drivers and Gates 

Basic Analog Opt. sUK Voltage 
Part rD5(on) Voltage Switching Logic V) 
No. Max. RanM Time Input Logic Levels (+) (-) Logic 

(Notes Switch (Q) (p-p (fiS) lor ON (V) Sup. Sup. Sup. 
1 & 2) Type (Note 3) (Note 3) tON tOFF Switch VINL VINH V1 V2 VI Comments 

One Channel SPST 
DG5040 CMOS 50 30 1.0 0.5 1 0.8 2.0 15 -15 5 

Plus-40 

Two Channel SPST 
DGM111 PMOS 75-200 20 0.3 1.0 0 0.5 4.6 10 -20 5 
DG133 N·JFET 30 20 0.6 1.6 1 0.8 2.5 12 -18 - See DG181 For New Design 
DG134 N-JFET 80 20 0.6 1.6 1 0.8 2.5 12 -18 - See DG182 For New Design 
DG141 N-JFET 10 20 1.0 2.5 1 0.8 2.5 12 -18 - See DG180 For New Design 
DG151 N-JFET 15 15 1.0 2.5 1 0.8 2.5 15 -15 - See DG180 For New Design 
DG152 N·JFET 50 15 0.8 1.6 1 0.8 2.5 15 -15 - See DG181 For New Design 
DG180 N-JFET 10 20 0.3 0.25 0 0.8 2.0 10 -20 5 Break·Belore·Make 

10 15 0.3 0.25 0 0.8 2.0 15 -15 5 15V Supplies 
*DG181 N-JFET 30 20 0.15 0.13 0 0.8 2.0 10 -20 5 Break-Belore-Make 

30 15 0.15 0.13 0 0.8 2.0 15 -15 5 15 V Supplies 
*DG182 N-JFET 75 20 0.25 0.13 0 0.8 2.0 10 -20 5 Break-Belore-Make 

75 20 0.25 0.13 0 0.8 2.0 15 -15 5 15 V Supplies 
*DG200A CMOS 70 30 1.0 0.5 0 0.8 2,4 15 -15 -

Plus·40 
DG281 N-JFET 300 20 0.15 0.13 0 0.8 2.0 15 -15 5 Break-Belore-Make 

*DG300 CMOS 50 30 0.300 0.250 1 0.8 4.0 15 -15 -
*DG381 CMOS 50 30 0.300 0.250 0 0.8 4.0 15 -15 -
*DG304 CMOS 50 30 0.250 0.150 1 3.5 11.0 15 -15 - CMOS compatible 
*DG5041 CMOS 50 30 1.0 0.5 1 0.8 2.0 15 -15 5 Break·Belore·Make 

Plus·40 

Four Channel SPST 
*DG172 PMOS 150·450 20 0.3 0.75 0 0.8 2.0 10 -20 5 
*DG201A CMOS 175 30 0.6 0.45 0 0.8 2,4 15 -15 -

Plus·40 
DG201HS CMOS 50 30 .05 .04 15 -15 Super Fast Switch 

Plus-40 with input latches 
DG221 CMOS 100 30 15 -15 

Plus-40 

*DG202 CMOS 175 30 0.6 0,45 1 0.8 2,4 15 -15 -
Plus·40 

*DG211 CMOS 175 30 1.0 0.5 0 0.8 2,4 15 -15 5 
Plus·40 

*DG212 CMOS 175 30 1.0 0.5 1 0.8 2,4 15 -15 5 
Plus·40 

*DG308A CMOS 100 30 0.2 0.15 1 3.5 11.0 15 -15 - Single Supply Operation 
Plus·40 

*DG309 CMOS 100 30 0.2 0.15 0 3.5 11.0 15 -15 - Single Supply Operation 
Plus·40 

Five Channel SPST 
DG125 1 PMOS 1100.4501 20 1 0.3 2.0 1 0 1 0.5 4.6 1 10 -20 5 1 

One Channel SPOT 
DG143 N·JFET 80 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See DG188 For New Design 
DG144 N·JFET 30 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See DG187 For New Design 
DG146 N·JFET 10 20 1.0 2.5 (Note 4) 2.0 3.0 12 -18 - See DG186 For New Design 
DG161 N·JFET 15 15 1.0 2.5 (Note 4) 2.0 3.0 15 -15 - See DG186 For New Design 
DG162 N·JFET 50 15 0.8 1.6 (Note 4) 2.0 3.0 15 -15 - See DG187 For New Design 
DG186 N·JFET 10 20 0.3 0.25 (Note 5) 0.8 2.0 10 -20 5 Break·Belore·Make 

N-JEFT 10 15 0.3 0.25 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*DG187 N·JFET 30 20 0.15 0.13 (Note 5) 0.8 2.0 10 -20 5 Break·Belore·Make 

N·JFET 30 15 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 15 V Supplies 
*DG188 N·JFET 75 20 0.25 0.13 (Note 5) 0.8 2.0 10 -20 5 Break·Belore·Make 

N·JFET 75 20 0.25 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
DG287 N·JFET 300 20 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 Break·Belore·Make 

• Devices recommended lor new designs are indicated in bold lace type. 

Siliconix 7-22 
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Analog Switches Product Information (Cont'd) 

Drivers and Gates (Cont'd) 
Basic Analog Opt. sUfv> Voltage 
Part rDS(on) Voltage Switching Logic 
No. Max. Range Time Input Logic levels (+) (-) Logic 

(Notes Switch (Q) (p-pV) (~s) for ON (V) Sup. Sup. Sup. 
1 & 2) Type (Note 3) (Note 3) tON tOFF Switch VINL VINH V1 V2 VI Comments 

One Channel SPOT (Cont'd) 
*DG301 CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG387 CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG305 CMOS 50 30 0.250 0.150 (Note 5) 3.5 11.0 15 -15 - CMOS compatible 
SI3002 PMOS 100-400 20 1.0 1.5 (Note 5) 0.8 2.0 10 -20 -

*DG5042 CMOS 50 30 1.0 0.5 (Note 5) 0.8 2.0 15 -15 5 Break-Belore-Make 
Plus-40 

Two Channel SPOT 
OG189 N-JFET 10 20 0.3 0.25 (Note 5) 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 10 15 0.3 0.25 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*DG190 N-JFET 30 20 0.15 0.13 (Note 5) 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 30 15 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*DG191 N-JFET 75 20 0.25 0.13 (Nota 5) 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 75 20 0.25 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*DG243 CMOS 50 30 1.0 0.5 (Note 5) 0.8 2.0 15 -15 5 Make-Balore-Break 

Plus-40 
DG290 N-JFET 300 20 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 Break-Balore-Make 

*DG303 CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG390 CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG307 CMOS 50 30 0.250 0.150 (Note 5) 3.5 11.0 15 -15 - CMOS compatible 
*DG5043 CMOS 50 30 1.0 0.5 (Note 5) 0.8 2.0 15 -15 5 Break-Belore-Make 

Plus-40 

One Channel OPST 
*DG5044 CMOS 50 30 1.0 0.5 (Note 5) 0.8 2.0 15 -15 5 Break-Belore-Make 

Plus-40 

Two Channel OPST 
DG126 N-JFET 80 20 0.6 1.6 1 0.8 2.5 12 -18 - See OG 185 For New Design 
OG129 N-JFET 30 20 0.6 1.6 1 0.8 2.5 12 -18 - See OG184 For New Design 
OG140 N-JFET 10 20 1.0 2.5 1 0.8 2.5 12 -18 - See OG183 For New Design 
OG153 N-JFET 15 15 1.0 2.5 1 0.8 2.5 15 -15 - See OG183 For New Design 
OG154 N-JFET 50 15 0.6 1.6 1 0.8 2.5 15 -15 - See OG185 For New Design 
OG183 N-JFET 10 20 0.3 0.25 1 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 10 15 0.3 0.25 1 0.8 2.0 15 -15 5 15V Supplies 
*DG184 N-JFET 30 20 0.15 0.13 1 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 30 15 0.15 0.13 1 0.8 2.0 15 -15 5 15V Supplies 
*DG185 N-JFET 75 20 0.25 0.13 1 0.8 2.0 10 -20 5 Break-Belore-Make 

N-JFET 75 20 0.25 0.13 1 0.8 2.0 15 -15 5 15V Supplies 
DG284 N-JFET 300 20 0.15 0.13 1 0.8 2.0 15 -15 5 Break-Belore-Make 

*DG302 CMOS 50 30 0.300 0.250 1 0.8 4.0 15 -15 -
*DG384 CMOS 50 30 0.300 0.250 1 0.8 4.0 15 -15 -
*DG306 CMOS 50 30 0.250 0.150 1 3.5 11.0 15 -15 - CMOS compatible 
*DG5045 CMOS 50 30 1.0 0.5 1 0.8 2.0 15 -15 5 Break-Belore-Make 

Plus-40 

One Channel OPOT 
OG139 N-JFET 30 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See OG191 For New Design 
OG142 N-JFET 80 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See OG190 For New Design 
OG145 N-JFET 10 20 1.0 2.5 (Note 4) 2.0 3.0 12 -18 - See OG189 For New Design 
OG163 N-JFET 15 15 1.0 2.5 (Note 4) 2.0 3.0 15 -15 - See OG189 For New Design 
OG164 N-JFET 50 15 0.8 1.6 (Note 4) 2.0 3.0 15 -15 - See OG191 For New Design 

Eight Channel MUX + Enable 
OG501 PMOS 150-250 10 1.5 (Note 8) (Note 7) 0.6 3.5 5 -20 - Logic Pullup Resistors 
OG503 PMOS 150·800 20 1.5 (Note 8) (Note 7) 0.6 8.5 10 -20 -

"Devices recommended for new designs are indicated in bold lace type. 
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Analog Switches Product Information (Cont'd) 

Drivers and Gates (Cont'd) 
Basic Analog Opt. su~. Voltage 
Part rDS(on) Voltage Switching Logic V) 
No. Max. Range Time Input Logic Levels (+) (-) Logic 

(Notes Switch (Q) (p-p V) (~s) lor ON (V) Sup. Sup. Sup. 
1 & 2) Type (Note 3) (Note 3) tON tOFF Switch VINL VINH V1 V2 VI Comments 

Eight Channel MUX + Enable (Cont'd) 

*DG508A CMOS 400 30 1.0 (NoteS) (Note 7) O.S 2.4 15 -15 -
Plus·40 

*DG528 CMOS 400 30 1.0 (NoteS) (Note 7) O.S 2.4 15 -15 - With Input Latches 
Plus·40 

SI3705 PMOS 150·400 10 1.5 (Note 8) (Note 7) 0.6 3.5 5 -20 - See DG501/No PuUup 
Resistors 

Sixteen Channel MUX + Enable 

*DG506A CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 -15 - Break·Belore·Make 
Plus·40 

Four Channel Differential M UX 

*DG509A CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 -15 - Break·Belore·Make 
Plus·40 

*DG529 CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 -15 - With Input Latches 
Plus·40 

Eight Channel Differential MUX + Enable 

*DG507A CMOS 400 30 1.0 (NoteS) (Note?) O.S 2.4 15 -15 - Break·Belore·Make 
Plus·40 

Four Channel SPDT D/A Converter Summing Node Switches 
DG515 NMOS See - 0.120 0.170 (Note 5) 0.5 7.5 8.0 0 - R1 = 6.25Q, R2 = 12.5Q, 

Com· R3 = 25Q, R4 = 50Q 
ments 

Ten Channel SPDT D/A Converter Summing Node Switches 
DG516 NMOS See - 0.120 0.170 (Note 5) 0.5 7.5 S.O 0 - R1 = 100Q, R2=200Q 

Com· R3=400Q, R4=800Q 
ments R5= 1600Q 

R6-10 = 3200Q 

Multiple FEY Switches 
Siliconix P·Channel MOSFET & DMOS Switches are available for such applications as sequential switching (com· 
mutation), signal processing, modulation, and A·to·D conversion. The MOSFET is normally OFF. These devices are 
also available with Siliconix drivers in a single package. 

Circuit Function 
5 
0 D 
U R G 

Basic R A A 
Part C I T 

rDSMax. (V) 
Cgs Cds Csb 

Number E N E Pull Up 15(011) VGS(th) TY~ TY~ TY~ (Note 2) 5 5 5 Switch Type On Gate .@VS= +10V @VS= -10V BVDSS (nA) Min. Max. (p (p (p 

G115 6 1 6 SP6T Yes 100 450 -30 0.5 -1.5 -4.0 0.9 0.4 2 
G11S 6 1 8 SP6T No 100 450 -30 0.5 -1.5 -4.0 0.9 0.4 2 
G119 6 2 3 DP3T Yes 100 450 -30 0.5 -1.5 -4.0 1.S 0.4 2 
G122 4 2 2 DPDT Yes 100 450 -30 0.5 -1.5 -4.0 1.S 0.4 2 
G123 4 2 4 2xSPDT Yes 100 450 -30 0.5 -1.5 -4.0 1.S 0.4 2 

*SD5000 4 4 4 4xSPST No 50 20 10.0 0.1 2.0 3.5 0.5 4 
*SD5001 4 4 4 4xSPST No 50 10 10.0 0.1 2.0 3.5 0.5 4 
"SD5002 4 4 4 4x SPST No 50 15 10.0 0.1 2.0 3.5 0.5 4 
*SD5200 4 4 4 4xSPST No SO 30 1000 0.5 2.0 3.5 0.5 4 

"Devices recommended lor new designs are indicated in bold lace type. 
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Drivers for MOS FET Switches 
These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of FET 
analog switches. Output voltage ratings are as high as 50V . 

OFF Level 
V(OUT)OFF 

at Optimum Supply 
Rated Current Input 

Basic or Logic VINH Voltage 

Part Function at I(OUnOFF for (V) (V) Switching 
Number and Rated at VOUT VINL (lINH) Time,(j.ls) 
(Note 2) Uses Current(s) Rated Voltage (low) (V) (rnA) V1 V2 VL VR tON tOFF 

0125 6 6 5i x Separate OAV@5mA 0.1j.1A@10V 0 0.5 4.6 (Note 9) -20 5 - 0.5 1.2 
MOSFET 
Drivers 

0129 7 4 Four Channel 0.7V@10mA 0.lj.1A@10V 1 0.7 2.2 (Note 91 -20 - - 0.25 0.8 
(BV = 501 
MOSFET 
Driver with 
Decode 

td+ td~ 

*0169 2 4 Dual High- 1.2V@lmA 1.1V@lmA 0.8 2.0 15 -15 5 0 0.17 0.20 
Speed Drivers 3.0V@40mA 2.5V@40mA 0.8 2.0 15 -15 5 0 0.17 0.20 
with Comple-
mentary Out-
puts designed 
to drive high-
capacity loads. 

VOH VOL 

0469 4 4 Quad High VDD ·2.0V 2.0V@200mA 1 0.8 2.0 +12V, GND 0.045 
Speed Driver @200mA 0.2V@10mA 

VDD-0.2V 
@10mA 

Si7250 4 8 Quad High VDD -2.0V 2.0V@200mA Output & 0.8 2.0 +12V. GND 0.150 
Speed Driver @200mA 0.2V@10mA Comple-

VDD-0.2V ment 
@10mA Available 

Pulse Width Modulators 

Basic 
Part Function 

Number and VOL VOH 
(Note 2) Uses Operating Freq. @ Rated Current @ Rated Current Supply Voltage 

PWM25 Pulse Width 10Hz-400kHz OAV@ 20mA V+-2V@20mA +8.5V to +35V 
Modulator for with Dead Time 2.5V@ 100mA V+ -3V@100mA 
SMPS to drive Adjust 
NPN or N channel 
MOSPOWER 
Devices 

PWM27 Pulse Width ·10Hz-400kHz OAV@20mA V+-2V@20mA +B.5V to +35V 
Modulator for S with Dead Time 2.5V@100mA V+ -3V@100mA 
SMPS to drive 
PNP or P channel 
MOSPOWER 
Devices 

PWM125 Pulse Width 10Hz - 800kHz OAV@20mA V+-2V@20mA +B.5V to +35V 
Modulator for with lOOns Dead 2.5V@ 100mA V+ -3V@100mA 
SMPS to drive Time 
N channel MOS-
POWER Devices 

PWM127 Pulse Width 10Hz - BOOkHz OAV@20mA V+-2V@20mA +B.5V to +35V 
Modulators for with lOOns Dead 2.5V@100mA V+ -3V@100mA 
SMPS to drive 
P channel MOS-
POWER Devices 
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Basic 
Part 

Number 
(Note 2) 

Si7661 

NOTES: 

Function 
and 
Uses 

Voltage 
Doubler/Inverter 

Voltage Converters 

Voltage Range 

+4.5V to +20V 

Quiescent 
Current 

2mA Max 

(1) * Devices recommended for new designs are indicated in bold face type. 

Output Voltage 

-20V to +20V 

(2) See pages 7·26 through 7·28 for package and temperature designations for most products. 

Output Voltage @ 
Output Current 

-18V to +18V 
@20mA 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rDS is also a function of Supply 
Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5V is required (see data sheets). 
(5) See data sheet for switch state of differential switches. 
(6) Current Driven Device IINH = 1 rnA. 
(7) For truth table see data sheet. 
(8) The appropriate switching characteristic for multiplexers is tTRANSTION, not tON, tOFF. 
(9) Device normally operates with resistor - to +1 OV. 

(10) (CL = 35pF). 
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LSI/Linear Product Information 
AID Converters 
3%-Digit LD110/LD111A ±3%-Digit AID Converter Three voltage ranges: 1.999V, 
High 16-pin Accuracy 0.02% ± 1 count 199.9mV & 19.99mV 
Performance plastic DIPs Auto zero Sampling rate up to 40 samples/s 

Auto polarity Differential input capability 
10,N resolution Over-range & under-range 
Typical T.C. of 5 ppm/oC signals 
A usable 20mV scale TTL compatible 

4V2-Digit LD120/121A ±4%-Digit AID Converter Two voltage ranges: 2.0V & 
16- & 18- pin Accuracy 0.005% ± 1 count 200.00mV 
plastic DIP Auto zero 1 to 5 samples/s 
respectively Auto polarity 25% inter-digit blanking 

TTL compatible MUX BCD outputs 
Internal clock 0.5 count stability on 2.0V range 
Linear to 28,500 counts Monolithic design 

4%-Digit LD122/LD121A ±4%-Digit AID Converter MUX BCD outputs 
16- & 18- pin Accuracy 0.005% ± 1 count Two over-range outputs, under-
plastic DIP 11-N resolution for 20 mV FS range, blink inhibit and 
respectively Auto zero convert-on-command 

Auto polarity capability 
TTL compatibility Interfaces to external circuitry 
Internal clock and microprocessors 
Linear to 28,500 counts 

Micropower Linears 
Triple L144 ±1.5 to ±18V supply 80dB gain with 20kQ load 
Op Amp 14-pin plastic, Programmable supply current Drives large capacitive loads 

ceramic, flat- Internally compensated ±30V differential input 
pack & Dice 0.4 V//As slew rate Monolithic construction 

Quad L161 ±1.5 to ±18V supply Gain greater than 20V/mV 
Comparator 16-pin plastic, Single supply operation Sensing near ground 

ceramic, flat- Programmable supply current ±30V differential input 
pack & Dice 3V//As slew rate CMOS Logic compatible 

Telecommunications Products 
Loop DF320 Operation from 2.5 V to 5 V 
Disconnect 18-lead supply 
Dialer plastic & Low standby power dissipation; 
(pulse dialer) CERDIP 3/AW 

Low dynamic power consump-
ion; 600/AW 

On-chip oscillator for 3.579545 
MHz crystal 

Redial capability 
Hold capability delays impulsing 
Post-impulsing pause of 33 ms 
Mask during impulsing and inter-

digit paus':l 
Selectable make-break ratio 
10,16,20,932 Hz impulsing rates 
Inter-digital pause of 800 ms 
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LSI/Linear Product Information (Cont'd) 
Loop DF320A 
Disconnect 
Dialer 
(pulse dialer) 
(Cont'd) 

Interface 

DF322 

DF328 
16-lead plastic 

DF820 
18-lead plastic 

Four-digit DF412 
MUX'd BCD 40-pin plastic 
to LCD Dis-
play Driver 

Decodes MUX BCD to LCD 
4-Digit drive capability 
Low power consumption 
TTL, DTL, CMOS compatible 
Can be ganged to drive more 

than 4 digits 

Siliconix 

Same as DF320, except post
impulsing pause of 500ms 

Same as DF320, except mask 
during impulsing only 

Same as DF320, except 10, 
932Hz impulsing rates 

No hold capability during 
impulsing 

Number entry without impulsing, 
last number redial up to 24 digits, 
dial and redial of internal PABX 
calls whilst maintaining last ex
ternal call for redial later. I n
definite digit storage, Number entry 
> 24 digits allowed but no redial, 
Reset delay allows line breaks to 
be ignored, single and double con
tact keypad interface, multiple 
mute and dial pulse outputs, on 
ch ip regu lator. 

7-segment LCD drive signals 
Drives large LCDs easily 
Can be clocked using an external 

oscillator 
Internal oscillator available 
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Analog Switches JAN 38510 
Several Siliconix Analog Switches are available fully certified on the QPL (Qualified Parts List) pllblished monthly by 
Defense Electronics Supply Center (DESC). The QPL numbers follow this format: JM38510/XXXXX. Refer to the cur
rent Siliconix Price List for available part types and order numbers. 

JAN Part Numbering System 

J M38510/111 07 B E C r-l-.---,..-, 

I "JAN" Certification Mark 

,-

Military Designator Lead Finish 

'----- A-Solder dip 

Detail Specification (Slash Sheet) B-Bright tin plate 
C-Gold Plate 

/111-DG181 Series 
/11S-DG300 Series 
/123-DG200 A Series 
/190-DG506A Series Case Outline 

L-- C-14-Lead side braze 

Device Type 

01-DG181 05-DG187 

E-1S-Lead side braze 
1-10-Lead can 

/111 
02-DG182 OS-DG188 
03-DG184 07-DG190 
04-DG185 08-DG191 Device Class 

01-DG300 05-DG304 S-Class S 

/116 
02-DG301 06-DG305 
03-DG302 07-DG30S 

B-Class B 
C-ClassC 

04-DG303 08-DG307 

/123 01-DG200A 02-DG201A 

Part Number Order Part Number Generic Part Number 
JM38510/11101 BCC SJM181BCC DG181AP/883 
JM38510/11101 BIC SJM181BIC DG181AA/883 
JM38510/11102BCC SJM182BCC DG182AP/883 
JM38510/11102BIC SJM182BIC DG182AA/883 
JM38510/11103BEC SJM183BEC DG184AP/883 
JM38510/11104BEC SJM185BEC DG185AP/883 
JM38510/11105BCC SJM187BCC DG187AP/883 
JM38510/11105BIC SJM187BIC DG187AA/883 
JM38510/11106BCC SJM188BCC DG188AP/883 
JM38510/11106BIC SJM188BIC DG188AA/883 
JM38510/11107BEC SJM190BEC DG190AP/883 
JM38510/11108BEC SJM191BEC DG191AP/883 
JM38510/11S01BCC SJM300BCC DG300AP/883 
JM38510/11601BIC SJM300BIC DG300AA/883 
JM38510/11602BCC SJM301BCC DG301AP/883 
JM38510/11602BIC SJM301BIC DG301AA/883 
JM38510/11603BCC SJM302BCC DG302AP/883 
JM38510/11604BCC SJM303BCC DG303AP/883 
JM38510/11605BCC SJM304BCC DG304AP/883 
JM38510/11605BIC SJM304BIC DG304AA/883 

JM38510/11606BCC SJM305BCC DG305AP/883 
JM38510/11606BIC SJM305BIC DG305AA/883 
JM38510/11607BCC SJM306BCC DG306AP/883 
JM38510/11S08BCC SJM307BCC DG307AP/883 
JM38510/12303BCC SJM200BCC DG200AAP/883 
J M3851 O/12303BIC SJM200BIC DG200AAA/883 
JM38510/12304BEC SJM201BEC DG201 A AP/883 
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Device Type Number 

Temperature Range 

A -55°C to 125°C 
B -20°C to 85°C I 

Analog Switches 
859000 

BS9000 Part Numbering System 

I DG181 I A I P I BS I S2 I 

Approved Parts 

Screening Level 

(Blank) Full assessment 

S1 Screening level S1 

S2 Screening level S2 

S3 Screening level S3 

S4 Screening level S4 

BS 9000 Approval 

Package 

A Metal can 
P Dual-in-line 
R Dual-in-line 

Generic Part No_ Generic Part No_ Generic Part No_ 

DG1261 IBS DG1801 IBS DG300A IBS 
DG1291 IBS DG1811 IBS DG301A IBS 
DG1331 IBS DG1821 IBS DG302A IBS 
DG1341 IBS DG1831 IBS DG303A IBS 
DG1391 IBS DG1841 IBS DG304A IBS 

DG1401 IBS DG1851 IBS DG305A ISS 
DG1411 IBS DG1861 IBS DG306A IBS 
DG1421 IBS DG1871 IBS DG307A IBS 
DG1431 IBS DG1881 IBS DG308A ISS 
DG1441 IBS DG1891 IBS DG381A IBS 

DG1451 IBS DG1901 IBS DG384A IBS 
DG1461 IBS. DG1911 IBS DG387A IBS 
DG1511 IBS DG200A IBS DG390A IBS 
DG1521 IBS DG201A IBS 
DG1531 IBS DG5011 IBS 

DG1541 ISS DG5031 IBS 
DG1611 IBS DG506A IBS 
DG1621 IBS DG507A IBS 
DG1631 IBS DG508A IBS 
DG1641 IBS DG509A IBS 

SI37051 IBS 

·Contact one of the Silixonix sales offices for latest information. 
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Column 1: 

Column 2: 

Column 3: 
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Process Option Flow Chart 

The Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 

Denotes the screening process for MIL-883, Class B. To order a part screened to this option, add a "/883" 
following the package suffix letter. If Group B or C Quality Conformance is also required, call out as a 
separate line item. Parts in this classification are carried in inventory. 

Is the screening procedure for military grade standard products ("A" temperature suffix!' 

Is the normal screening procedure for industrial and commercial grade products (B and C temperature suf
fixes). An industrial and commercial grade product (B and C temperature range) may be given a 160 hour 
burn-in at 125°C by adding a Dash 4 (-4) following the package suffix letter. 

Siliconix 



Process Option Flow Chart 
,- - - 1883 - --l 

I MIL-STO-8838 I 
METHOD 5004 

I Class 8 I 
I Preseal Inspection I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

Temperature Cycle I Method 1010, Condo C I 
_65°C to +150"C 

I~ I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I rEiec~alr;;;- - -I I 
I Per Data Sheet H 

I ,,25°C I I 
IL- I 

I I 
I I 
I fEle~lTe";t - -I I 
I I ~~~~a;; :;et I H I 
I ~o:.::' 125°C __ J I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

_3 J L:'-----------' 

,- STANDARDPRODUCT -1 
I {A Temperature Suffix} I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Temperature Cycle I Method 1010, Condo C I 
_6S D C to +150°C 

I ~~ I 
I I 
I I 
I I 
I rce~u;- - --, / 
I Method 2001, Condo E I" I 3D,aOOG Yl AXIS 8 

IL-.-_..J 3 

I 
I L--_---y_~~ 
I 
I 
I 
I 

I 
I 

I 

I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I ~1~le:;'-caITest-1 I 
11100"10 Per Data Sheet IHI 

:L-J--~ : 
I I 
Ir;;::- --l I 
I Qualit: Conformance I 
I Electrtcal Test I H 

I Per Data Sheet I 
__ ..1 

I I 
I I 
--- 3 L_ _ __ J 

·Group Band C tests done to customer order on /883 parts 
··Physical DimenSIOns Excluded 

The latest revision at MIL-STO-883 is applicable 

Siliconix 

rINDUSTRIALICOMMERCIA~ 
I (B-C Temperature Suffix) and I 

-4 (Burned-In) 

1,.... ____ -, I 
I I Preseal Inspection I I 
I SiliC~~j)( Industnal IH I Specifications I L ___ ..J 

Hermetlcity (Gross Leak) 

(Non-Plastic Only) 
Method 1014, Condo C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HI 
I 

J r;j;;;;le~1 Test - I I 
II 100"'{' Per Data Sheet I H I 

:L-J--..J : 

I I 
Ir, __ - ---, I 

Quality Conformance 

II ElectncalTest IH I 
Per Data Sheet 

Il..::O/~L __ ..J I 
I 

HI 
'---------'_ J 
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JM38510/883 Process Option 
Flow Chart 

Class S 

Visual Inspection 

Method 2010 

Condition A 

Class B 

Visual Inspection 

Method 2010 

Condition B 

Siliconix 

Class C 

Visual Inspection 

Method 2010 

Condition 8 

... 
Stabilization Bake 

Method 1008 

24 Hours 

Temperature Cycle 

Method 1010 

Constant Acceleration 

Method 2001 

Condition E 

... 
Hermeticity Fine 

Method 1014 

Condition A or B 

Hermeticity Gross 

Method 1014 

Condition C 

Electrical Test 

Data Sheet 

Quality Conformance 

Group A, S, C, and D 



859000 Series Process Option 
Flow Chart 

INSPECTION REQUIREMENTS: All tests to be conducted at Tamb=25°C unless otherwise specified. Samples submitted to tests marked 'D' shaH not be accepted for release under BS9000 (see 2.6.5 of 
BS9000 Part I L 
Flow chart for 100% screening te.t procedures (see also Inspection ReQuirements). Production batches containing greater than 10% defective units subsequent to Burn-in will not be issued for release. 
The following acceptance/rejection criteria apply to the electrical tests after Burn-in for screening levels A, Band O. 
la) lots exhibiting greater than 20% defectives shall be rejected. 
(b) Lots exhibiting less than 10% defectives shall be accepted. 
Ie) Lots exhibiting between 10% and 20% defectives (inclusive) shall have the defectives removed and the remainder of the lot subjected to an identical Burn-in. If such a Lot then exhibits greater than 5% 

defectives is shall be rejected. 
Radiographic tasts. Each device shall be examined, for extraneous matter and assembly defects, in the X and Y directions. 
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Worldwide Sales Offices _ 

Siliconix 





Worldwide Sales Offices H 

U.s. Sales 

Central 
Siliconix Incorporated 
t327 Butterfield Rd .• Suite 620 
Downers Grove, IL 60515 
(3t2) 960-0t06 
Twx: 9tO-695-3232 

Siliconix Incorporated 
Two King James South, Suite 143 
24650 Center Ridge Road 
Westlake. OH 44145 
(216) 835-4470 
Twx: 810-427-9258 

Siliconix Incorprated 
3310 Ke~er Springs Road 
Suite 110A 
Carrollton. TX 75006 
(214) 385-4046/4047 
Twx: 910-860-9262 

Eastern 
Sillconix Incorporated 
31 Bailey Avenue 
Ridgefield. CT 06877 
(203) 431-3535 
Twx: 710-467-0660 

Siliconix Incorporated 
395 Totten Pond Road 
Waltham. MA 02154 
(617) 890-7180 
Twx: 710-324-1783 

Northwestern 
Silieonix Incorporated 
2201 Laurelwood Road 
Santa Clara, CA 95054 
(408) 988-8000 
Twx: 910-338-0227 

Southeastern 
Silieonix Incorporated 
4431 Winderlakes Drive 
Orlando. FL 32811 
(305) 293-4255 

Southwestern 
Silieonix Incorporated 
1525 E. 17th Street. Suite L 
Santa Ana, CA 92701 
(714) 547-4474 
Twx: 910-595-2643 

Siliconix 

Siliconix 

I nternational Sales 

EUROPEAN 
FRANCE 
Siliconix S.A.R.L 
70-72 Avenue du General de Gaulle 
Eehat 660 
94022 Creteil Cedex 
Tel: (1) 3n.07.87 
Tlx: Sileonx 230389F 

WEST GERMANY 
Silieonix GmbH 
Johannesstrasse 27 
0-7024 Filderstadt-l 
Postfaeh 1340 
Tel: (0711) 702066 
Tlx: 7-255 533 

UNITED KINGDOM 
Siliconix Ltd. 
Brook House 
Northbrook Street 
Newbury, Berks 
RG131AH 
Tel: (0635) 47609 
Tlx: 849357 

FAR EAST 
HONG KONG 
Silieonlx (H.K.) 
Ltd. 5th Floor 
Liven House 
61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 
Tlx: 44449SILXHX 

JAPAN 
Nippon Silieonlx Incorporated 
101 Oaigo Tanaka Bldg. 
4-4 lidabashi J..Chome 
Chiyoda Ku. Tokyo 102 
Tel: (03) 264-7905 
Tlx; 2322739 NSIXJ 

TAIWAN 
Silleonix (Taiwan) LTD. 
Nantze Export Processing Zone 
Kaohsiung 
Tel: 3612019 
Tlx: 785 712 35 

8-1 

~ .. -a. 
~ --a. 
CD 
en 
a -CD 
fit 

~ 
,,-
CD 
fit 

-



tit 
I» 
u 

!E o 
tit 
I» -a en 
I» 

'V -i 
'V -.. 
~ 

8-2 

Worldwide Sales Offices 
U.S. Representatives 

ALABAMA. Huntsville 135803) INOIANA. Fort Wayne 146856) NEW JERSEY. Teaneck 107666) TEXAS. Austin 17B753) 
Rep Incorporated Wilson Tech Sales, Inc. R.T. Reid Associates Electronics Marketing Assoc. 
11547 S. Memorial Pkwy. P.O. Box 11265 705 Cedar Lane 607 A Deen Avenue 
(205) 881-9270 (219) 424-5288 (201) 692-0200 (512) 837-0893 
Twx: 810-726-2102 

INOIANA. Indianapolis 146240) 
Twx: 710-990-5086 

TEXAS. Grapevine 176051) 
ARIZONA. Tempe IB5281) Wilson Technical Sales, Inc. NEW YORK. Endwell 113760) ElectroniCS Marketing Assoc. 
Quatra Associates, Inc. P.O. Box 40699 Tfl-Tech Electronics Inc. P.O. Box 487 
1801 S. Jen Tilly Lane 4021 W. 71st Street 3215 E. Main Street 403 E. Wall 
Suite C-14 (317) 299-3345 (607) 754-1094 (817) 481-7502/7503 
(602) 894-2808 Twx: 810-341-3264 Twx: 510-252-0891 Twx: 910-890-8659 
TWX: 910-950-1153 

IOWA. Cedar Rapids 152403) NEW YORK. Fayetteville 113066) TEXAS. Houston 177099) 
CALIFORNIA. San Oiego 192t26) Electromec Sales, Inc. Tri-Tech Electronics, Inc. ElectroniCS Marketing Assoc. 
Ohm Spun Elect. Inc. 1500 2nd Ave. S.E. 6836 E. Genesee Street P.O. Box 42388 
8660 Miramar Road Suite 205 (315) 446-2BB1 11450 Bissonnet. Suite 309 
Suite 205 (319) 393-5364 Twx: 710-541-0604 (713) 498-8120 
(619) 579-5070 Twx: 910-576-0232 

NEW YORK. Fishkill It 2524) UTAH. Salt Lake City 184115) Twx: 910-331-1185 
IOWA. Davenport 152B03) 

COLORADO. Englewood (80m) 
Tfl-Tech Electronics, Inc. Delta Sales Associates 

0.5.1. 14 Westview Drive 1800 Southwest Temple. Suite 405 
Delta Sales Assoc. 125 Kirkwood Blvd. (914) 897-5611 (801) 487-7571 
Bldg. H - Suite 220 (319) 322-4142 

E. ROCHESTER. NY 14445 WASHINGTON. Lynnwood (96036) 14 Inverness Dr. East 
(303) 741-0648 KANSAS. Wichita 167217) Trl·Tech Electronics, Inc. Blair Hirsh Co., Inc. 
Twx: 910-935-0717 0.5.1. 300 Main Street P.O. Box 2250 

CONNECTICUT. Cheshire 106410-0160) 
4502 Cherry (716) 385-6500 19410 36th Avenue West 
(316) 529-0114 Twx: 510-253-6356 Suite 106 

Scientific Components 
MARYLAND. Baltimore 121208) NORTH CAROLINA. Raleigh 127607) 

(206) 774-8151 
1185 South Main Street 
(203) 272-2963 Pro Rep Rep. Inc. WISCONSIN. Wauwatosa 153226) 
Twx: 710-455-2078 107 Sud brook Lane 7330 Chapel Hill Road Larsen Associates 

FLORIDA. Clearwater BCH 133515) 
(301) 653-3600 Suite 204 10855 West Potter Road 
Twx: 710-862-0862 (919) 851-3007 (414) 258-0529 

Perrott Associates 
MASSACHUSETTS. Tyngsborough 

Twx: 810-766-0822 Twx: 910-262-3160 
P.O. Box 3384 

OHIO. Cleveland (44143) 473 East Shore Drive Comp Tech, Inc. (01879) 
(813) 443-5214 1 Bridgeview Circle Arthur H. Baier Company 
Twx: 810-866-0328 (617) 649-3030 67 Alpha Park 

FLORIDA. Orlando (32807) 
Twx: 710-347-6661 (216) 461-6161 

MICHIGAN. Brighton 148116) 
Twx: 810-427-9278 

Perrott Associates 
OHIO. Dayton 145414) 7725 N. Orange Blossom Trl. A.P. Associates 

(305) 298-7748 P.O. Box 777 Arthur H. Baier Company U.S. CHIP 
Twx: 810-850-0254 9880 E. Grand River Ave. 4940 Profit Way DISTRIBUTORS (313) 229-6550 (513) 276-4128 
FLORIDA. Sunrise 133313) Twx: 810-242-1510 Twx: 810-459-1624 FLORIDA. Orlando (32807) Perrott Associates 
1371 Sunset Strip MINNESOTA. Burnsville 155337) OKLAHOMA. Tulsa (74133) Chip Supply Inc. 
(305) 792-2211 Electromec Sales Inc. Electronics Mktg. Assoc. 1607 Forsyth Road 
Twx: 510-955-9831 101 W. Burnsville Pkwy. 7917 S. 72nd East Ave. (305) 275-3810 

(612) 894-8200 (918) 492-0390 Twx: 810-850-0103 
GEORGIA. Tucker (30084) Twx: 910-576-0233 

OREGON. 8eaverton 197005) PENNSYLVANIA. Malvern (19335) Rep Inc. 
1944 Cool edge Road MISSOURI. Ballwin 163011) Blair Hirsh Co., Inc. Hybrid Die Technology 
(404) 938-4358 0.5.1. 9645 S.W. Beaverton Hwy. 111 Great Valley Pkwy. 
Twx: 810-766-0822 648 Hickory Knoll Ct. (503) 641-1875 (215) 296-5905 

(314) 227-7170 
TENNESSEE. Jeiferson City 137760) 

Twx: 510-668-6123 
ILLINOIS. Des Plaines (60018) 

NEW JERSEY. Marlton 108053) Electron Marketing Corp. Rep Incorporated 
3158 Des Plaines Ave. B.G.R. Associates P.O. Box 287 
Suite 35 3001 Greentree Exec. Campus 113 So. Branner Ave. 
(312) 299-2330 (609) 429-2440 (615) 475-4105 
Twx: 910-233-0183 Twx: 710-940-1358 Twx: 810-570-4203 

Siliconix 



Worldwide Sales Offices 
u.s. Distributors 

ALABAMA, Huntsville 135B031 CALIFORNIA, Woodland Hills 1913671 INOIANA, Carmel 1460321 MISSOURI. Earth City 1630451 
Hamilton/Avnet, #23 Hamliton/Avnet, #71 Hamilton/Avnet, #28 Hamilton/Avnet, #05 
4812 Commercial Drive 21050 Erwin Street 485 Gradle Drive 13743 Shoreline Ct. 
(205) 837-7210 (213) 883-0000 (317) 844-9333 (314) 344-1200 
Twx 810-726-2162 

COLORAOO, Englewood IB01111 
Twx: 810-260-3966 Twx: 910-762-0606 

ALABAMA, Huntsville 1358051 Hamilton/Avnet, #06 INDIANA, Indianapolis 1462501 NEW JERSEY, Cherry Hili 1080031 
Pioneer I Huntsvi lie 8765 E. Orchard Rd., Suite 708 Pioneer/Indiana Hamilton/Avnet, #14 
1207 Putman Drive N.W. (303) 740-1000 6408 Castleplace Drive One Keystone Avenue 
(205) 837-9300 Twx: 910-931-0510 (317) 849-7300 (609) 424-0100 
Twx: 810-726-2197 

COLORADO, Thornton 1802411 
Twx: 810-260-1794 Twx: 710-940-0262 

ARIZONA, Tempe 1852811 Wyle Distribution Group KANSAS, Overland Park 1662151 NEW JERSEY, Fairfield 1070061 
Anthem Electronics, Inc. 451 E, 124th Avenue Hamilton/Avnet, #58 Hamilton/Avnet, #19 
1701-1 E. Weber Drive (303) 457-9953 9219 Quivira Road 10 Industrial Road 
(602) 244-0900 Twx: 910-936-0770 (913) 888-8900 (201) 575-3390 
TWX: 910-950-0110 

COLORADO, Whealridge 1800331 
Twx: 910-743-0005 Twx: 710-734-4388 

ARIZONA, Tempe 1852811 Bell Industries MARYLAND, Columbia 1210451 NEW JERSEY, Fairfield 1070061 
Hamilton IAvnet, #04 8155 W. 48th Avenue Hamilion/Avnet, #12 Marshall Industries 
505 South Madison Dr. (303) 424-1985 6822 Oak Hall Lane 107 Fairfield Road 
(602) 231-5100 Twx: 910-938-0393 (301) 995-3500 (MO) (201) 882-0320 
Twx 910-950-0077 

CONNECTICUT, Oanbury 1068101 
(301) 621-5410 (DC) Twx: 710-989-7052 

CALIFORNIA, Anaheim 1928071 
Twx: 710-862-1861 

NEW JERSEY, MI. Laurel 1080571 Hamilton/Avnet, #21 
Zeus West, Inc. Commerce Drive, Commerce Park MARYLANO, Gaithersburg 1207601 Marshall Industries 
1130 Hawk Circle (203) 797-2800 Pioneer /Washington 102 Gaither Dr., Unit 2 
(714) 632-6880 Twx: 710-460-0594 9100 Gaither Road (609) 234-9100 (NJ) 

CALIFORNIA, Chatsworth 1913111 CONNECTICUT, Wallingford 1064921 
(301) 948-0710 (215) 627-1920 (PA) 
Twx: 710-828-0545 Twx: 710-941-1361 

Anthem Electronics, Inc. Marshall Industries 
21730 Nordhoff Street Village Lane MARYLAND, Gaithersburg 1207601 NEW MEXICO, Albuquerque 1871231 
(213) 700-1000 Barnes Industrial Park Marshall Industries Alliance Electronics 

CALIFORNIA, Cosla Mesa 1926261 
(203) 265-3822 16760 Oakmont Ave. 11030 Cochiti 5,E, 
Twx: 710-465-0747 (301) 840-9450 (505) 292-3360 

Avnet Electronics Twx: 710-828-0223 Twx: 910-989-1151 
350 McCormick Ave FLORIDA, Altamonte Springs 1327011 

MASSACHUSETTS, Burlington 10lB031 NEW MEXICO, Albuquerque 1871231 (714) 754-6111 Pioneer Electronics 
Twx: 910-595-1928 221 North Lake Blvd. Milgray Electronics Bell Industries 

CALIFORNIA, Cosla Mesa 1926261 
(305) 834-9090 79 terrace Hall Ave. 11728 Linn N,E 
Twx: 810-850-0177 (617) 272-6800 (505) 292-2700 

Hamilton Electro Sales, #29 
FLORIDA, FI. Lauderdale 1333091 

Twx: 510-225-3673 Twx: 910-989-0625 
3170 Pullman Street 

MASSACHUSETTS, 8urlington 1018031 NEW MEXICO, Albuquerque 1871191 (714) 641-4100 Hamilton/Avnet, #17 
Twx: 910-595-2638 6801 N.W. 15th Way Marshall Industries Hamilton/Avnet, #22 

CALIFORNIA, Culver City 1902301 
(305) 971-2900 1 Wilshire Road 2524 Baylor Drive 5.E 
Twx: 510-956-3097 (617) 272-8200 (505) 765-1500 

Hamilton Electro Sales, #01 
FLORIDA, SI. Petersburg 1337021 

Twx: 710-332-6359 Twx: 910-989-0614 
10912 W. Washington Blvd. 

MASSACHUSETTS, Woburn 1018011 NEW YORK, Buffalo 1142021 (213) 558-2121 or (714) 522-8200 Hamilton/Avnet, #25 
Twx: 910-340-6364 3197 Tech Drive No. Hamiiton/Avnet, #18 Summit Inc. 

CALIFORNIA, San Oiego 1921211 
(813) 576-3930 50 Tower Office Park 916 Main Street 
Twx: 810-863-0374 (617) 935-9700 (716) 884-3450 

Anthem Electronics, Inc. 
FLORIDA, Winter Park 1327891 

Twx: 710-393-0382 Twx: 710-522-1692 
4125 Sorrento Valley Blvd. 

MICHIGAN, Grand Rapids 1495081 NEW YORK, East Syracuse 1130571 (619) 453-9005 Milgray Electronics 
Twx: 910-335-1515 1850 Lee Avenue Hamilton/Avnet, #67 Hamilton/Avnet, #08 

CALIFORNIA, San Diego 1921231 
(305) 647-5747 2215 29th 51. 5,E. A5 1600 Corporate Circle 

GEORGIA, Norcross 1300921 
(616) 243-8805 (315) 437-2642 

Hamilton/Avnet, #02 
MICHIGAN, Livonia 1481501 

Twx: 710-541-1560 
4545 Viewridge Ave. Hamilton/Avnet, #15 

NEW YORK, Endwell 1137601 (714) 571-5710 5825 Peachtree Corners E-O Hamilton/Avnet, #66 
Twx: 910-335-1216 (404) 447-7500 32487 Schoolcraft Marshall Industries 

CALIFORNIA, Santa Clara (950521 
Twx 810-766-0432 (313) 522-4700 10 Hooper Road 

GEORGIA, Norcross 1300931 
Twx: 810-242-8775 (607) 754-1570 

Wyle Distribution Group 
MICHIGAN, Livonia 1481501 

Twx: 510-252-0194 
3000 Bowers Avenue Marshall Industries 

NEW YORK, Freeport 1115201 (408) 727-2500 4364B 5hakellord Road Pioneer /Michigan 
Twx: 910-379-6480 (404) 923-5750 13485 Stamford Milgray Electronics, Inc. 

CALIFORNIA, Sunnyvale 1940861 
Twx: 810-766-3969 (313) 525-1800 191 Hanse Avenue 

ILLINOIS, 8ensenville 1601061 
Twx: 810-242-3271 (516) 546-5600 

Bell Industries Twx: 510-225-3673 
1161 No. Fairoaks Ave. Hamiiton/Avnet, #10 MINNESOTA, Minneapolis 1554351 
(408) 734-8570 1130 Thorndale Ave. Industrial Components NEW YORK, Hauppauge 1117871 
Twx 910-339-9378 (311) 860-7780 5229 Edina Industrial Blvd. Harvey Military 

CALIFORNIA, Sunnyvale 1940861 
Twx: 910-227-0060 (612) 831-2666 40 Oser Avenue 

Twx: 910-576-3153 (516) 231-9200 
Hamilton/Avnet, #03 ILLINOIS, Elk Grove Village 1600071 Twx: 510-227-9869 
1175 Bordeaux Avenue GBL/Goold Electronics MINNESOTA, Minnetonka 1553431 
(408) 743-3300 610 Bonnie Lane Hamilton/ Avnet, #63 NEW YORK, Hauppauge 1117871 
Twx: 910-339-9332 (312) 593-3222 10300 Bren Road, East Marshall Industries 

CALIFORNIA, Tustin (926801 ILLINOIS, Elk Grove Village 1600071 
(612) 932-0600 275 Oser Avenue 
Twx: 910-576-2720 (516) 273-2424 

Anthem Electronics, Inc Pioneer/Chicago Twx: 510-224-6109 
2661 Dow Avenue 1551 Carmen Drive MINNESOTA, Minnetonka 1553431 
(714) 730-8000 (312) 437-9680 Pioneer /Twin Cities 
Twx 910-595-1585 Twx: 910-222-1834 10203 Bren Road, East 

(612) 935-5444 
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Worldwide Sales Offices 

NEW YORK, Melville (11747) 
Hamilton/Avnet, #20 
5 Hub Drive 
(516) 454-6000 
Twx: 510-224-6166 

NEW YORK, Port Chester (10573) 
Zeus Components, Inc. 
100 Midland Ave. 
(914) 937-7400 
Twx: 710-567-1248 

NEW YORK, Rochester (14623) 
Hamilton/Avnet, #61 
333 Metro Park 
(716) 475-9130 
Twx: 510-253-5470 

NEW YORK, Rochester (14623) 
Marshall Industries 
1260 Scottsville Road 
(716) 235-7620 
Twx: 510-253-5526 

NORTH CAROLINA, Greensboro (27406) 
PioneeriNG 
103 Industrial Ave. 
(919) 273-4441 
Twx: 510-925-1114 

NORTH CAROLINA, nalelgh (27604) 
Hamilton/Avnet, #24 
3510 Spring Forrest '<d. 
(919) 878-0819X210 
Twx: 510-928-1836 

OHIO, Cleveland (44105) 
Pioneer/Cleveland 
4800 E. 131st Street 

8-4 

(216) 587-3600 
Twx: 810-422-2210 

BRITISH COLUMBIA 
Burnaby (V5G 4J71 
RAE Industrial Elec. Ltd. 
3455 Gardner Court 
(604) 291-8866 
Twx: 610-929-3065 
Tlx: 04-356533 

U.S. Distributors (Cont'd) 

OHIO, Oayton (454591 
Hamiltoni Avoet, #64 
954 Senate Drive 
(513) 433-0610 
Twx: 810-450-2531 

OHIO Dayton (454241 
Pioneer/Dayton 
4433 Interpoint Blvd. 
(513) 236-99D0 
Twx: 810-459-1622 

OHIO, Warrensville Heights (4412BI 
Hamilton/Avnet, #62 
4588 Emery Industrial Pkwy. 
(216) 831-3500 
Twx: 810-427-9452 

OKLAHOMA, Tulsa (741291 
Quality Components 
9934 E. 21st Street So 
(918) 664-8812 

OREGON, Lake Oswego (970341 
Hamilton/Avnet, #27 
6024 S. W. Jean Road, 
Bldg. C. Suite 10 
(503) 635-8836 
Twx: 910-455-8179 

PENNSYLVANIA, Horsham (190441 
Pioneer Electronics 
261 Gibraltar Road 
(215) 674-4000 
Twx: 510-665·6778 

PENNSYLVANIA, Pittsburg (152381 
Pioneer !Pittsburgh 
259 Kappa Drive 
(412) 782-2300 
Twx: 710-795·3122 

TEXAS, Addison (750011 
Quality Components 
4257 KeUway Circle 
(214) 387-4949 
Twx: 910-860-5459 

TEXAS, Austin (7B7581 
Hamilton!Avnet, #26 
2401 Rutland Drive 
(512) 837-8911 
Twx: 910-874-1319 

TEXAS, Austin 17875BI 
Harrison Equipment Co., Inc. 
891O-A 1 Research Blvd. 
(512) 458-3555 

TEXAS, Austin (787581 
Quality Components 
2427 Rutland Drive 
(512) 835-0220 
Twx: 910-874-1377 

TEXAS, Dallas (752341 
Harrison Equipment Co., Inc. 
14282 Gillis Road 
(214) 239-2750 

TEXAS, Oallas (752401 
Zeus Components 
14001 Goldmark 
(214) 783-7010 

TEXAS, Houston (770631 
Hamilton! Avnet, #11 
8750 Westpark 
(713) 975-3500 
Twx: 910-881-5523 

TEXAS, Irving (75062) 
Hamilton! Avnet, #16 
2111 W. Walnut Hill Lane 
(214) 659-4151 
Twx: 910-860-5929 

CANADA 
REPRESENTATIVES 

ISLINGTON, Ontario (M9B 6E31 
Pipe Thompson. Ltd. 
5468 Dundas 51. West Suite 206 
(416) 236-2355 
Twx: 610-492-4367 

NORTH GOWER, Ontario (KOA 2TOI 
Pipe Thompson, Ltd. 
Rural Route #2 
(613) 258-4067 
Twx: 610-492-4367 

DISTRIBUTORS 
ONTARIO, Mississauga (L4V 1 M51 
Hamilton!Avnet. #59 
6845 Rexwood Drive 
(416) 677-7432 
Twx: 610-492-8867 

ONTARIO, Onawa (K2C 3P21 
Futu re Elec. 
Baxter Centre 
1050 Baxter Rd. 
(613) 820-8313 

ONTARIO, Nepean (K2E 7L51 
Hamilton! Avnet, #60 
2110 Colonade Road 
(613) 226-1700 
Twx: 0534971 

ONTARIO, Oownsview (M3H 5S91 
Future Electronics 
4800 Dufferin Street 
(416) 663-5563 

Siliconix 

TEXAS, Stafford (77477) 
Harrison Equipment Co., Inc. 
11100 W. Airport Blvd. 
(713) 879-2771 
Twx: 910-882-5153 

TEXAS, Sugarland (774781 
Quality Components 
1005 Industrial Blvd. 
At Bournewood 
(713) 491-2255 

UTAH, Salt Lake City (841191 
Hamilton!Avnet, #09 
1585 West 2100 South 
(801) 972-2800 
Twx: 910-925-4018 

WASHINGTON, Belevue (980051 
Hamilton! Avnet, #07 
14212 N.E. 121st Street 
(206) 453-5844 
Twx: 910-443-2469 

WASHINGTON, 8ellevue (980051 
Wyle Distribution Group 
1750 132nd Avenue N.E. 
(206) 453-8300 
Twx: 910-443-2526 

WISCONSIN, Milwaukee (532141 
Marsh Electronics, Inc. 
1563 South 101st Street 
(414) 475-6000 
Twx: 910-262-3321 

WISCONSIN, New Berlin (53151) 
Hamilton! Avnet, #57 
2975 Moorland Road 
(414) 784-4510 
Twx: 910-262-1182 

QUEBEC, Pointe Claire (H9R 5C71 
Future Elec. 
237 Hymus Blvd. 
(514) 694-7710 
Twx: 610-421-3251 

QUEBEC, SI. Laurent IH4S 1 M21 
Hamilton/ Avnet, #65 
2670 Sabourin Street 
(514) 331-6443 
Twx: 610-421-3731 
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