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PARTS NOT READILY AVAILABLE I N  EUROPE 

The following device types are classified asspecials (non-preferred parts). These devices are not  

read~ly available through European Sales Outlets. For further details and availability contact the Siliconix 
Sales Office or Franchised Distributor nearest you. 

2N 3368169170 

2N3684185186187 

2N3909 
2N4867AI68Al69A 
2N5078 

2N5515-24 
2N5555 

2N5556157158 

2N5653154 
2N5669170 

JANIJANTX Series 

J230131132 PN4416 

K114-18 PN5163 

K1837-18 U1837 
K210111112 (-18) U1994 
KK4416-18 
MFE823 

MPF102 

MPFlO8 
MPFlO9 

M P F l l l  

MPF112 

EUROPEAN HI-REL PARTS 

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

Type Number BS CECC Specification 

2N39701112 BS CECC 50 012-001 (ISSUE 1, JUNE 1978) 
2N40911213 BS CECC 50 012-002 (ISSUE 1, JUNE 1978) 

2N43911213 BS CECC 50 012~004 (ISSUE 1,APRIL 1978) 
2N48561718 BS CECC 50 012-005 (ISSUE 1, JUNE 1978) 

2N4859160161 BS CECC 50 012-005 (ISSUE 1, JUNE 1978) 
2N4856A17A18A BS CECC 5 0  012-006 (ISSUE 1. JUNE 1978) 

2N 4859AI60Al61A BS CECC 5 0  012-006 (ISSUE 1. JUNE 1978) 

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

The following examples illustrate how the FET Cross Reference and lndex should be used: 

Case (1) Recommended replacement offered by Siliconix is identical t o  lndustry Part Number. 

Industry Part Number Type and Classification Recommended Replacement 

2N3458 N JFET 2N3458 

Case 12) Recommended replacement offered by Siliconix is not  identical t o  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, i f  possible, be reviewed for  a 
completecomparison. Refer t o  appropriate page number listed under Data Sheet or Geometry 
column. 

Type and classification abbreviations are described as follows: 

CR (Current Limiter) JPAD (Plastic Pico Ampere Diode) 
D (Dual) N (N-Channel) 
DPAD (Dual Pico Ampere Diode) P (P-Channel) 
ENH (Enhancement-Mode Normally-Off1 PAD (Pico Ampere Diode) 
G (Gate) VMOS (Vertical MOSFET) 
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CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

IndusIw lyp.and Rec0mmend.d 2, Germelq 
Par8 Numbr CIarslllc.llon ReplaseMnt PW. Paan 

IN5283 CL N JFET CRO22 3.45 5.12 
lN5284 CL N JFET CR024 3-45 5-12 
IN5285 CL N JFET CRO27 3-45 5-12 
IN5286 CL N JFET CR030 3-45 5-12 
185287 CL N JFET CR033 3-45 5-12 

N JFET 
N JFET 
N JFET 
N JFET 
P JFET 

P JFET 
P JFET 
P JFEl  
P JFET 
P JFET 

P JFET 
P JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
P JFET 
P JFET 

P JFET 
P JFET 
P JFET 
P JFET 
N J E T  

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
P JFET 
P JFET 
P JFET 
PMOS ENH 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

P JFET 
N JFET 
N JFET 
N JFET 
N JFET 

lnduslq Typ. mnd R.commanded Geomelq 
Pad Numbar Clasdllcmtlon Raplacsmmnl Paom Page 

2113071 N JFET 2N4338 
2N3084 N JFET 2N3459 
2N3085 N JFET 2N3459 
2N3086 N JFET 293459 
2N3087 N JFET 2N3459 

CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

CL N JFET 
CL N JFET 
P JFET 
P JFET 
P JFET 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 
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Industry Typo and R~sommendad  gEt Ge0me1ry Industry Typo and Recommands4 $::, Qaammlry I Pan Numb.r CIassI I I~a l lon R.placem.nt p,, P w e  Pan Numb., CIasslllcatlon R.placemmnt , Page 

I 2N39W P JFET 2N3909 3-12 5-36 ~~~~ 

i ~ 3 9 0 9 ~  P JFET 293909 
2113921 0 N JFET 2N3921 3-13 5-17 
2N3922 0 N JFET 2N3922 3-13 5-17 
2113954 0 N JFET 2N3954 3 ~ 1 4  5-6 

2N3954A D N JFET 2N3954A 3-14 5-6 
2N3955 0 N JFET 2113955 3 ~ 1 4  5 ~ 6  
2N3955A 0 N JFET 2N3955A 3-14 5-6 
2N3956 0 N JFET 2N3956 3-15 5-6 
2N3957 D N JFET 2N3957 3-15 5-6 

2N3958 0 N JFET 2N3956 3-15 5-6 
2N3966 N JFET 2N3966 3 ~ 1 6  5-8 
2113967 N JFET 2N4221 
2N3967A N JFET 2N4221 
2N3968 N JFET ZN3685 

2N3968A N JFET 2N3685 
2N3969 N JFET 2N3686 
2N3969A N JFET 283686 
2N3970 N JFET 2N3970 3-17 5-3 
2N3971 N JFET 2N3971 3-17 5-3 

2N3972 N JFET 2N3972 3-17 5-3 
2N3993 P JFET 2N3386 
2N3993A P JFET 2N3386 
2113994 P JFET 2N3382 
2N3994A P JFET 2N3382 

2N4084 0 N JFET 2N4084 3-13 5-17 
2N4085 D N JFET 2N4085 3-13 5-17 
2N4091 N JFET 2N4091 3-19 5-3 
2N4091A N JFET 2N4091 
2N4092 N JFET 2N4092 3-19 5-3 

2N4092A N JFET 2N4092 
2N4093 N JFET 2N4093 3-19 5-3 
2N4093A N JFET 2N4093 
2N4117 N JFET 2N4117 3-20 5-29 1 2N4117A N JFET 2N4117A 3-20 5-29 

2 N 4 l l 8  N JFET 2N4118 3-20 5-29 
2N4118A N JFET 2N4118A 3-20 5-29 
2N4119 N JFET 2N4119 3-20 5-29 
2N4119A N JFET 2N4119A 3-20 5-29 
2N4120 P MOS ENH 3N163 

2N4340 N JFET 2N4340 3-24 5-19 
2N4341 N JFET 2N4341 3-24 5-19 
2N4352 PMOS ENH 3N163 
2N4381 P JFET 2N2609 
2N4362 P JFET 2N5115 

2N4391 N JFET 2N4391 3-26 5-3 
2114392 N JFET 2N4392 3-26 5-3 
2N4393 N JFET 2N4393 3 ~ 2 6  5-3 
2N4416 N JFET 2N4416 3-27 5-8 
2N4416A N JFET 2N4416A 3-27 5-8 

2N445 N JFET 2N5432 
2N446 N JFET 2N5433 
28448 N JFET 2N5432 
2N448 N JFET 295433 
2N4656 N JFET 2N4856 3 ~ 2 6  5-3 

2N4856A N JFET 2N4856A 3-29 5-3 
2N4656JAN N JFET 2N46561AN 5-3 
2N4856JANTX N JFET 2N4656JANTX 5-3 
2N4856JANTXV N JFET 2N4856JANTXV 5-3 
2N4857 N JFET 2N4857 3-28 5-3 

2N4857A N JFET 2N4857A 3-29 5-3 
2N4857JAN N JFET 2N4857JAN 5 3  
2N4657JANTX N JFET 2N4857JANTX 5-3 
ZN4657JANTXV N JFET 2N485lJANTXV 5-3 
2N4858 N JFET 2N4858 3-28 5-3 

2N4858.4 N JFET 2N4858A 3-29 5-3 ~ -~ ~ ~ 

~ N ~ E ~ & A N  N JRT 2 ~ 4 8 5 b l . 4 ~  5-3 
2N4858JANTX N JFET 2N4856JANTX 5-3 
2N4858JANTXV N JFET 2N4858JANTXV 5-3 
2N4859 N JFET 2N4859 3-28 5-3 

2N4859.4 N JFET 2N4859.4 3-79 5-3 ~ - - ~ ~~~ . -. . . 
Z N ~ U ~ ~ A N  N JFET 2N4859JAN 5-3 
2N4859JANTX N JFET 2N4659JANTX 5-3 
ZN4859JANTXV N JFET 2N4859JANTXV 5-3 
2N486O N JFET 2N486O 3-28 5-3 

2N4860A N JFET 2N4860A 3-29 5-3 
2N4860JAN N JFET 2N486OUN 5-3 
2N486OJANTX N JFET 2N4860JANTX 5-3 
2N486OJANTXV N JFET 2N4660JANTXV 5-3 
2N4861 N JFET 2N4661 3-28 5-3 

2N4139 N JFET 2N3822 
2N4220 N JFET 2N4220 3-22 5-25 
ZN4220A N JFET 2N4220A 3-22 5-25 
2N4221 N JFET 2N4221 3-22 5-25 
2N4221A N JFET ZN4221A 3-22 5-25 

2N4861A N JFET 2N4861A 3-29 5-3 
2N4861JRN N JFET 2N4861JAN 5-3 
2N4861JANTX N JFET 2N4861JANTX 5-3 
2N4661JANTXV N JFET 2N4861JANTXV 5-3 
2114667 N JFET 2N4867 3-30 5-27 

2N4222 N JFET 2114222 3-22 5-25 
2N4222A N JFET 2N4222A 3-22 5-25 
284223 N JFET 2N4223 3-23 5 ~ 2 5  
2N4224 N JFET 2N4224 3-23 5-25 
2N4267 PMOS ENH 3N163 

2N4867A N JFET 2N4667A 3-30 5-27 
2N4868 N JFET 2N4868 3-30 5.27 
2N4668A N JFET 2N4868A 3.30 5-27 
2N4869 N JFET 2N4869 3-30 5-27 
2N4869A N JFET 2N4869A 3-30 5-27 
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D N JFET 
0 N JFET 
0 N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFFT 

N JFET 
N JFET 
0 N JFET 
O N  JFET 
D N JFET 

N JFET 
N JFET 
N JFET 
N JfET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
D N JFET 

N JFET 
V MOS N ENH 
V MOS N ENH 
V MOS N ENH 
V MOS N ENH 

O N  JFET 
D N JFET 
0 N JFET 
D N JFET 
N JFET 

V MOS N ENH 
V MOS N ENH 
P MOS ENH 
P MOS ENH 
PMOS ENH 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

PMOS ENH 
PMOS ENH 
PMOS ENH 
P MOS ENH 
P MOS ENH 

N JFET 
N JFET 
N JFET 
N JFET 
N JFEI 

PMOS ENH 
P MOS ENH 
PMOS ENH 
PMOS ENH 
PMOS ENH 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
D N JFET 

11OU N JFET 2N3685 
115U N JFET 2N4340 
120U N JFET 2N3686 
125U N JFET 2N4339 
130U N JFET 2N3687 

2019A D N JFET 2N3955 
2080A D N JFET 2N5546 
2081A D N JFET 2N5546 
2093M N JFET 2N3687 
2094M N JFET 2N3686 

m - 
ii' 

I 
0 
3 

a ,979 5 , , , ~ 0 " , X  , " ' ~ r o o r ~ t ~ ~  

K 
1-5 





- --  

FET Cross Reference and Index (cont'd.) B 
Siliconix --- 

Industry Typs and ~acommendsd  G - m a t ~  
Pan Number C I a ~ s l f l u l l o n  Rap lac~man t  Page 

CRO2Z Thrv CR470 Rslaranred Under I N  Ssrler 

UPADl D PA0 N JFET DPA01 3-48 
OPAD2 0 PAD N JFET OPAD2 3-48 
DPAD5 0 PAD N JFET OPAD5 3-46 

DPAOlO D PA0 N JFET OPADIO 3-48 
UPADZO 0 PA0 N JFET DPAD20 3-48 
UPAD50 0 PAD N JFET DPADSO 3 ~ 4 8  
UPAD100 0 PAD N JFET DPAD100 3-48 
OU4339 D N JFET U235 

DU4340 D N JFET U235 
El00 N JFET J203-18 
El01 N JFET 1201-18 
El02 N JFET J202-18 
El03 N JFET J105-18 

El05 N JFET J105-18 
El06 N JFET 3106 18 
El07 N JFET J107 18 
El08 N JFET J108-18 
El09 N JFET J109-18 

E l l 0  N JFET J110-18 
E l l 1  N JFET J111-18 
El12 N JFET J112-18 
El13 N JFET J113-18 
El14 N JFET K114-18 

El 74 P JFEl J174-18 
El75 P JFET J175-18 
El76 P JFET J176-18 
El77 P JFET J177-18 
E2D1 N JFET 3201-18 

E202 N JFET JZ02~18 
E203 N JFET J203-18 
E204 N JFET J204-18 
E210 N JFET K210-18 
EZl1 N JFET K211-18 

E212 N JFET K212~18 
E230 N JFET J230-18 
E231 N JFET 3231-18 
E232 N JFET 3232-18 
E270 P JFET J270-18 

E271 P JFET J271-18 
E300 N JFET K300-18 
E304 N JFET K304-18 
E305 N JFET K305-18 
E308 N JFET K308-18 

E309 N JFET K3W-18 
E310 N JFET K310-18 
E400 D N JFET U4lO 
E401 0 N JFET U411 
E402 0 N JFET U4lO 

E410 0 N JFET U4lO 
E411 0 N JFET U41l  
E412 D N JFET U412 
E413 0 N JFET U410 
E414 0 N JFET ~ 4 1 1  

Industry 
Pan Numbs, 

E505 
E506 
E507 
EPAUSO 
EPAOlOO 

0 N JFET 
D N JFET 
0 N JFET 
D N JFET 
D N JFET 

CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 
CL N JFET 

CL N JFET 
CL N JFET 
CL N JFET 
DO N JFET 
DD N JFET 

DD N JFET 
00  N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
0 N JFET 
0 N JFET 

D N JFET 
D N JFET 
D N JFET 
D N JFET 
0 N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
PMOS ENH 

N JFET 
N JFET 
N JFET 
PMOS ENH 
D PA0 N JFET 

Recommended S",':, Geometv 
Replacsment Page 
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IMF3956 0 N JFET 2N3956 
IMF3957 D N JFET 2N3957 
IMF3958 0 N JFET 2N3958 
IMF6485 0 N JFET U405 
IT100 P JFET 2N5116 

11101 P JFET ZN5114 
IT108 N JFET 2115486 
IT109 N JFET U310 
171700 PMOS ENH 3N163 
IT1702 P MOSENH 3N163 

lTE500 CL N JFET J50O 
ITE501 CL N JFET J5Ol 
ITE502 CL N JFET J502 
lTE503 CL N JFET J503 
lTE504 CL N JFET J504 

ITE505 CL N JFET J505 
ITE506 CL N JFET J506 
lTE507 CL N JFET J507 
lTE3066 N JFET 1202-18 
ITE3067 N JFET 3201-18 

ITE3068 N JFET 1201-18 
ITE4117 N JFET 2N4117 
ITE4118 N JFET 2N4118 
ITE4119 N JFET 2N4119 
lTE4338 N JFET 3201-18 

lTE4339 N JFET J201-18 
lTE4340 N JFET J202-18 
ITE4341 N JFET J203-18 
ITE4391 N JFET PN4391-18 
ITE4392 N JFET PN4392-18 

ITE4393 N JFET PN4393~18 
ITE4416 N J E T  KK4416-18 
lTE4867 N JFET J230-18 
ITE4868 N JFET J231.18 
lTE4869 N JFET J232-18 

J105 N JFET J105 4-6 5-31 
J105-18 N JFET J105-18 4-8 5-31 
J106 N JFET 1106 4-8 5-31 
J106-18 N JFET J106-18 4-8 5 ~ 3 1  
J107 N JFET J107 4-8 5-31 

J107-18 N JFET 1107-18 4-8 5-31 
J108 N JFET JlO8 4-9 5-10 
5108-18 N JFET J108-16 4-9 5-10 
J109 N JFET J109 4-9 5-10 
J109-18 N JFET J109-18 4-9 5.10 

lndu.1~ ~ y p  and ~eeommendad  
Part Numb., Classlncatlan ~ e p l a c a m ~ n t  Sh'al G'E;w 

P.0. 

ID101 D PAD N JFET OPADlO 
IMF3954 0 N JFET 2N3954 
IMF3954A 0 N JFET 2N3954A 
IMF3955 0 N JFET 2N3955 
IMF3955A 0 N JFET 2N3955A 

N JFET 
N JFET 
N JFET 
N JFET J111-18 4.10 
N JFET J112 4-10 .- .- 

Indu8try l y p  and Recommended g2t Gmomely 
Pan Numb., Classltlcallon Replacemsnt Page Paon 

J112-18 N JFET J112-18 4 5-3 
J113 N JFET J113 4 ~ 1 0  5-3 
J113-18 N JFET J113-16 4 5 ~ 3  
J114 N JFET J114 4-11 5-34 
J174 P JFET J174 4-12 5-39 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

P JFET 
P JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
P JFET 

P JFET 
P JFET 
P JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
0 N JFET 

D N JFET 
D N JFET 
0 N JFET 
D N JFET 
D N JFET 

D N JFET 
D N JFET 
0 N JFET 
CL N JFET 
CL N JFET 

J502 CL N JFET J502 4-21 5-5 
J503 CL N JFET J503 4 21 5-5 
J504 CL N JFET J504 4-21 5-5 
J5D5 CL N JFET J505 4 2 1  5 5  
J506 CL N JFET J506 4-22 5-5 

1979 Siliconix incorporated 

1-8 
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FET Cross Reference and Index (contgd.) B 
Siliconix - - 

I"d".tr, 
P." Numb, I 

CL N JFET 
CL N JFET 
N JFET 
N JFET 
CL N JFET 

PAD N JFET 
PAD N JFET 
PAD NJFET 
PAD N JFET 
0 N JFET 

0 N JFET 
D N JFET 
D N JFET 
0 N JFET 
0 N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET J304-18 
N JFET J304-18 
N JFET PN4391-18 
N JFET PN4392-18 
N JFET PN4393-18 

N JFET KK4416-18 
N JFET PN4391-18 
N JFET PN4392.18 
N JFET PN4393.18 
N JFET PN4391-18 

N JFET PN4392-18 
N JFET PN4393-18 
N JFET K305-18 
N JFET K304-18 
N JFET K304-18 

PMOS ENH 3N164 
PMOS ENH 3N164 
PMOS ENH 3N164 
PMOS ENH 3Nl63 
PMOS ENH 3N163 

PMOS ENH 3N163 
PMOS ENH 3N163 
PMOS ENH MFE823 3-47 5-1 
N JFET 2N4416 
N JFET 2N4416 

N JFET 2N4093 
N JFET 2N4092 
N JFET 2N4091 
N JFET 2N4860 
N JFET 2N4859 

N JFET 2N4659 
N JFET 2N5434 
N JFET 2N5433 
N JFET 2N5432 
N JFET 2N3687 

N JFET 2N3686 
N JFET 2N3685 
P JFET 2N2608 
P JFET 2N2608 
P JFET 2N3329 

P JFET 2113330 
P JFET 2N3330 
P JFET 2N3331 
N JFET 2N4416 
0 N JFET 2N3921 

0 N JFET 2N3921 
D N J E T  2N3921 
0 N JFET 2N3921 
0 N JFET 2N3921 
D N JFET 2N3921 

N JFET 2N3623 
N JFET MPFl02 4-31 5-8 
N JFET 2N5457 
N JFET 2N5456 
N JFET 2N5459 

N JFET 2N5485 
N JFET 2N5486 
N JFET MPFlO8 4-32 5-8 
N JFET MPF109 4-33 5-25 
N JFET M P F l l l  4-34 5-25 

N JFET MPF112 4-35 5-8 
N JFET J309 
N JFET U310 
P JFET J174 
P JFEl J176 

m - 
ii' 
0 
3 
R' 



I FET Cross Reference and Index (cont'd.) 
- 

Industry 
P." Number 

NF510 N ~ F E T  i ~ 4 3 9 ;  
NF511 N JFET 2N4393 
NF520 N JFET 2113684 
NF521 N JFET 2N3686 

~ - . ~... 
NF523 N JFET 2N3686 
NF530 N JFET 2N4341 
NF531 N JFET 2N4339 
NF532 N JFET 2N4341 

NF533 N JFET 2N4339 
NF580 N JFET 2N5432 
NF581 N JFET 2N5432 
NF582 N JFET 2N5433 
NF583 N JFET 2N5434 

NF584 N JFET 2N5433 
NF585 N JFET 2N4859 
NF4302 N JFET 2N4302 
NF4303 N JFET 2N4303 
NF4304 N JFET 2N4304 

NF4445 N JFET 2N5432 
NF4446 N JFET 2N5433 
NF4447 N JFET 2N5432 
NF4448 N JFET 2N5433 
NF5183 N JFEI 2N5163 

NF5457 N JFET 2N5457 
NF5458 N JFET 2N5458 
NF5459 N JFET 2N5459 
NF5464 N JFET 2N5484 
NF5465 N JFET 2N5465 

NF5486 N JFET 2N5466 
NF5555 N JFET 2N5555 
NF5636 N JFET 2N5638 
NF5639 N JFET 2N5639 
NF5640 N JFET 2N5640 

NF5653 N JFET 2N5653 
NF5654 N JFET 2N5654 
PA01 PAD N JFET PAD1 3-49 
PA02 PAD N JFET PAD2 3-49 
PA05 PAD N JFET PAD5 3-49 

PAD10 PAD N JFET PAD10 3-49 
PAD20 PAD N JFET PAD20 3-49 
PAD50 PAD N JFET PAD50 3-49 
PAD100 PAD N JFET PAD100 3-49 
PI086 P JFET P1086 4-36 5 3 9  

P1086-18 P JFET P1086-18 4-36 5 3 9  
PI087 P JFET Pi067 4 ~ 3 6  5-39 
P1087~18 P JFET P1087-18 4-36 5-39 
PN4091 N JFET PN409l 4 ~ 3 7  5 3  
PN4092 N JFET PN4092 4-37 5 3  

PN4304 N JFET PN4304 4-38 5-19 
PN4304-18 N JFET PN4304-18 4-36 5-19 
PN4391 N JFET PN4391 4-38 5-3 
PN4391-18 N JFET PN4391-18 4-39 5-3 
PN4392 N JFET PN4392 4-39 5-3 

PN4392-18 N JFET PNd392-18 4-39 5-3 
PN4393 N JfET PN4393 4-39 5-3 
PN4393-16 N JFET PN4393-18 4 ~ 3 9  5-3 
PN4416 N JFET PN4416 4-40 5 ~ 8  
PN5183 N JFET PN5163 4-41 

PF510 P JFET 2N5018 
PF511 P JFET 2N5014 
SU2078 0 N JFET U425 
SU2079 0 N JFET U425 
SU2098 0 N JFET 2N5197 

SU2098A D N JFET 2N5197 
SU20968 D N JFET 2N5196 
SU2099 D N JFEI 2N5197 
SU2099A D N JFET 2N5197 
SU2365 0 N JFET U40l 

SU2365A 0 N JFET U401 
SU2366 0 N JFET U402 
SU2366A 0 N JFET U402 
SU2367 D N JFET U403 
SU2367A D N JFET U403 

SU2368 D N JFET U404 
SU2368A D N JFEI U404 
SU2369 O N  JFET U405 
SU2369A D N JFET U405 
SU2410 0 N JFET U424 

SU2411 G N JFET U425 
SU2412 D N JFET U426 
TO5902 0 N JFET 2N5902 
TO5902 D N JFET 2N5902 
TD5902A 0 N JFET 2N5902 

TD5903 D N JFET 2N5903 
T05903A D N JFET 2N5903 
TO5904 D N JFET 2N5904 
TD5904A D N JFEI 2N5904 
TO5905 D N JFET 2N5905 

TD5905A 0 N JFET 2N5905 
TO5906 0 h JFET 2N5906 
TD5906A 0 N JFET 2N5906 
TO5907 0 N JFET 2N5907 
T05907A 0 N JFET 2N5907 

705906 0 N JFET 2N5908 
105906A D N JFET 2N5908 
ID5909 0 N JFET 2N5909 
TD590'lA 0 N JFET 2N5909 
705911 D N JFET 2N5911 



FET Cross Reference and Index (cont'd.) 
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B 
Siliconix 

l n d ~ e t r ,  ~ y p e  and R ~ s o m m ~ n d ~ d  $2, G e ~ e t r y  
par! t4umb.r C 1 ~ ~ ~ i l l c r t l a ,  Raplacement p_, Pwa 

TD5911A D N JFET 2N5911 
TO591 2 D N JFET 2N5912 
TD5912A D N JFET 2N5912 
TlS14 N JFET 2N4340 
TlS25 O N JFET U401 

TIS26 D N JFET U402 
TiS27 D N JFET 6404 
TIS41 N JFET 2N4859 

' TiS58 N JFET J305-18 
TIS59 D N JFET U1837 

TIS73 N JFET PN4391-18 
11574 N JFET PN4392~18 
11575 N JFET PN4393-18 
TlS68 N JFET 2N5486 
TIXS41 N JFET 2N4859 

TIXSA2 N JFET PN4393~18 
TN4117 N JFET 2N4117 
TN4117A N JFET 2N4117A 
TN4118 N JFET 2N4118 
TN4118A N JFET 2N4118A 

TN4119 N JFET 2N4119 
TN4119A N JFET 2N4119A 
IN4338 N JFET 2114336 
TN4339 N JFET 2N4339 
TN4340 N JFET 2N4340 

TN4341 N JFET 2N4341 
TP5114 P JFET 2N5114 
TP5115 P JFET 2N5115 
TP5116 P JFET 2N5116 
U l l O  P JFET 2N2608 

U112 P JFET 2N2608 
U133 P JFET 2N2608 
U146 P JFET 2N2608 
U147 P JFET 2N2608 
U148 P JFET 2N2608 

U149 P JFET 2N2609 
U168 P JFET 2N2609 
U182 N JFET 2N4857 
U183 N JFET 2N3824 
U197 N JFET 2N4339 

U196 N JFET 2N4340 
U199 N JFET 2N4341 
UZOO N JFET U200 3-50 5-3 
U201 N JFET U201 3-50 5-3 
U202 N JFET U202 3-50 5-3 

N JFET 2N4391 
N JFET 2N4391 
O N  JFET U231 3 ~ 5 1  5 ~ 1 5  

U232 D N JFET U232 3 ~ 5 1  5-15 
D N JFET U233 3-51 5-15 

1ndu.t~ Type .MI RK0mmend.d 22, GeDmaIR 
P m  Number CIa~s l f lcat ion Rsplacemant P.0. 

U25O O N JFET 2N5904 
U250A O N JFET 2N5908 
U251 0 N JFET 2N5905 
U25lA D N JFET 2N5909 
U254 N JFET 2N4659 

U255 N JFET 2N4860 
U256 N JFET 2N4661 
U257 D N JFET U257 3-52 5-34 
U273 N JFET 2N4118A 
U273A N JFET 2N4118A 

U274 N JFET 2N4119A 
U274A N JFET 2N4119A 
U275 N JFET 2N4119A 
U275A N JFET 2Nd119A 
U280 D N JFET U231 

U281 D N JFET U231 
U282 D N JFET U232 
U283 D N JFET U232 
U284 D N JFET U233 
U285 D N JFET U234 

U290 N JFET U290 3-53 5-31 
U291 N JFET U291 3-53 5-31 
U295 N JFET U295 
U296 N JFET U296 
U300 P JFET 2N5114 

U301 P JFET 2N5115 
U3O4 P JFET U304 3-54 5-39 
U305 P JFET U305 3-54 5-39 
U306 P JFET U306 3-54 5-39 
U308 N JFET U308 3-55 5-32 

U3O9 N JFET U309 3-55 5 ~ 3 2  
U310 N JFET U310 3-55 5-32 
U311 N JFET U311 3-57 5-32 
U312 N JFET U312 3-58 5-34 
U32D N JFET U320 3 ~ 5 9  5-10 

U321 N JFET U321 3-59 5-10 
U322 N JFET U322 3-59 5-10 
U401 D N JFET UUOl 3.61 5-17 
U402 D N JFET U402 3 ~ 6 1  5-17 
U403 D N JFET U403 3-61 5-17 

U404 O N JFET U404 3-61 5 ~ 1 7  
U405 O N JFET U405 3-61 5 ~ 1 7  
U406 O N  JFET U406 3 ~ 6 1  5-17 
U410 0 N JFET U410 3-63 5-21 
U411 O N JFET U411 3-63 5-21 

U234 D N JFET U234 3-51 5-15 
U235 0 N JFET U235 3-51 5-15 
U240 N JFET 2N5432 
U241 N JFET 2N5433 1 U242 N JFET 2N5432 

Q 

U412 D N JFET U412 3-63 5-21 
U421 D N JFET U421 3 ~ 6 4  5 ~ 2 3  
U422 O N JFET U422 3-64 5-23 
U423 D N JFET U423 3-64 5-23 
U424 O N JFET U424 3-64 5-23 

(11 - 
r). 



I FET Cross Reference and Index (cont9d.) B 

lndusfv Typa and 
Part Numbar Clarslflsatlon 

Recommended 
Replacement 

U441 D N JFET 
US08 N JFET 
U1177 N JFET 
U1178 N JFET 
U1179 N JFET 

U1180 N JFET 
U1181 N JFET 
U1182 N JFET 
U1277 N JFET 
U1278 N JFET 

U1279 N J E T  
U1280 N JFET 
U1281 N JFET 
U1282 N JFET 
U1283 N JFET 

U1284 N JFET 
U1285 N JFET 
U1288 N JFET 
U1287 N JFET 
U1321 N JFET 

U1322 N JFET 
U1323 N JFET 
U1324 N JFET 
U1325 N JFET 
U1420 N JFET 

U1421 N JFET 
U1422 N JFET 
U1714 N JFET 
U1837 N JFET 
U1837E N JFET 

U1897 N JFET 
U1897-18 N JFET 
U1897E N JFET 
U1898 N JFET 
U1898~18 N JFET 

U1898E N J f E T  
U1899 N JFET 
U1899-18 N JFET 
U1899E N JFT 
U1994 N JFET 

U1994E N JFET 
U2047E N JFET 
U3000 N JFET 
U3001 N JFET 
U3002 N JFET 

U3010 N JFET 2N4341 
X U3011 N JFET 2N4340 

N JFET 2N4338 
N JFET 2N3687 

0 UC40 P JFET 2N2608 

I"d"Slr/ 
Pan Number 

Type and Recommended GsometR 
Classilloatlo" Raplacement 

P JFET 2N2608 
N J t t l  ZN3684 
N JFET 2N3685 
N JFET 2N4340 
N JFET 2N3686 

N JFET 2N3687 
N JFET 2N4416 
N JFET 2N3824 
N JFET 2N3824 
N JFET 2N4416 

N JFET 2N3822 
N JFET 2N4869 
N JFET 2N4869 
N JFET 2N4091 
N JFET 2N4392 

P JFET 2N2608 
P JFET 2N2843 
P JFET 2N2843 
P JFET 2N2843 
P JFET 2N2843 

P JFET 2N3331 
P JFET 2N5116 
P JFET 2N3330 
P JFET 2N3329 
P JFET 2N5114 

P JFET 2N5116 
N JFET 2N4417 
N JFET 2N4220 
N JFET 2N4220 
N JFET 2N4224 

N JFET 2N4860 
N JFET 2N3822 
N JFET J203-18 
N JFET 2N4416 
N JFET KK4416 18 

N JFET 2N4340 
N JFET ZN4340 
N JFET 2N4341 
N JFET 2N4340 
N JFET 2N4341 

N JFET 2N4340 
P JFET 2N3331 
N JFET 2N4860 
P JFET 2N3331 
P JFET 2N2808 

UC2130 0 N JFET 2N5452 
UC2132 0 N JFET 2N3955 
UC2134 0 N JFET 2N3956 
UC2136 0 N JFET 2N3957 
UC2138 O N  JFET 2N3958 
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FET Cross Reference and Index (cont'd.) f5 
Siliconix 
- 

VCR3P 
VCR4N 
VCRSP 
VCRGP 
VCR7N 

VMPl 
VMPZ 
VMP4 
V M P l l  
VMPl2 

VMP21 
VMP22 
V N 3 0 M  
VN30AB 
VN33AJ 

VN33AK 
VN35AA 
VN35AB 
VN35AJ 
VN35AK 

Induatw Type and Rssommanded ,",$ G ~ m s t w  
Pan Numbr  Classillcatlon Replacement 

Paw 

UC2139 0 N JFET 2N3958 
UC2147 0 N JFET 2N3956 
UC2148 0 N JFET 2N3956 
UC2149 0 N JFET 2N3956 
VCR2N N JFET VCRZN 3-68 5-3 

P JFET VCR3P 3-68 5-38 
N JFET VCR4N 3-68 5 ~ 1 9  
P JFET VCR5P 3-66 5-36 
P JFET 2N5116 
N JFET VCR7N 3-68 5-29 

Industry Typ. and Reoommendsd ,",::, G~ometry 
Part Number Clssslllcatlon Replacemant Pag. Page 

VN4OAF VMOS N ENH VN4OAF 
VN46AF VMOS N ENH VN46AF 
VN64GA VMOS N ENH VN64GA 
VN66AF VMOS N ENH VN64GF 
VNS6AJ VMOS N ENH VN66AJ 

VMOS N ENH 2N6657 
VMOS N ENH 2N6660 
VMOS N ENH VMP4 
VMOS N ENH 2N6656 
VMOS N ENH 2N6658 

VMOS N ENH 2N6659 
VMOS N ENH 2N6661 
VMOS N ENH VN30Ab 
VMOS N ENH VN30A8 
VMOS N ENH VN33AJ 

VMOS N ENH VN33AK 
VMOS N ENH VN35AA 
VMOS N ENH VN35AB 
VMOS N ENH VN35AJ 
VMOS N ENH VN35AK 

VN66AK VMOS N ENH VN66AK 
VN67AA VMOS N ENH VN67AA 
VN67AB VMOS N ENH VN67AB 
VN67AF VMOS N ENH VN67AF 
VN67AJ VMOS N ENH VN67AJ 

VN67AK VMOS N ENH VN67AK 
VN88AF VMOS N ENH VN88AF 
VN89AA VMOS N ENH VN69AA 
VN89AB VMOS N ENH VN89AB 
VN89AF VMOS N ENH VN89AF 

VN9OAA VMOS N ENH VN9OAA 
VN90AB VMOS N ENH VN9OAB 
VN96AJ VMOS N ENH VN98AJ 
VN96AK VMOS N ENH VN98AK 
VN99AJ VMOS N ENH VN99AJ 

VN99AK VMOS N ENH VN99AK 
WK5457 N JFET 2N5457 
WK5458 N JFET 2N5458 
WK5459 N JFET ZN5459 
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product information B 
Siliconix products are divided into three basic categories: Siliconix ~ 

Standard Products. Modified Standard Products. Custom Productr . Standard Products Al l  the part numberr 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 rtand- 
ard products i s  esrily done by referring to the data sheet part number. For example, a 
2N4391 ir rimply ordered by that number: "2N4391." It will also appear in that form on 
the price lists, published separately. 

m Examples of  Modified Standard Products are: 

Elecrrical Specials Devices with either tightened, relaxed andlor special electrical rpecificationr selected from 
a rtandard product. 

DPAD 
FN 
J 
JPAO 

Mechanical Specials Devices with standard or modified electrical specifications mounted in non-standard pack- 
ager or modified (lead formed) rtandard packager. Modifications andlor additions t o  rtand- 
ard marking are also considered mechanical rpecialr. 

High Reliability Specials Silicanix har a number of rtandard High~Reliability screening options that can be ordered 
as rtandard products. These aptionr include MIL-7506. High-Re1 process option details will 
be fuund in the inlroduclory srctiur~ 01 this data book. In addition. Silicanix ollerr certain 
JEDEC-registered FETr with JAN. JANTX, or JANTXV processing. Refer to any current 
Siliconix OEM price lirt for details on specific part numbers. I f  existing screening processes 
do not meet individual customer requirements, Siliconix can provide special additional  in^ 
rpectionr and controlr to meet the stringent demands. 

In all of the above carer [with the exception of JAN. JANTX, or JANTXV parts), a special part number is assigned 
which definer the part either by reference to curtomer'r printlsl or by associated rpecial requirements. Each rpecial 
product is proprietary t o  the customer, and i s  nor made available to other curtomerr. 

Curtom Productr Are designed to meet customer requirements not realizable by relection from standard 
partr; usually, there productr require rpecial 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, 2207 Laurelwood Road, Sanra Clara. California 95054, 
Telephone: (4081 988-8000 

FETsIPart Number Prefixes and Suffixes 

K 
KK 
M 
MEM 

Prsfix I XXX 

PAD 
PF 
PN 
SU 

XXXX 

u 
VCR 

VMP 
V N  
ZN 
3N 

Si Standard N~channel 
current Regulator 
Si Standard Dual JFET Diode 
Speclal N-Channel JFET 
Si Standard TO-92 Cared FET 
Si Standard T O 9 2  Cared JFET Diode 
Si Standard T O 9 2  Cared F E l  
Si Slandard TO-92 Cared FE1 
Si Standard MOSFET 
Si Standard MOSFET ~~ - 

Soecial MOSFET 
Si Standard JFET Diode 
Special P-Channel JFET 

Special PChannei JFET 
Si Standard FET 
Si Sfarldard N-and P~Channel 
Voltage Controlled Rerirron 
VMOS Power FET N-Channel 

Special N-Channel JFET 
Special T O 9 2  Cared FET 

Si S~andard TO-92 Cared FE1 

St Standard FET 

VMOS Power FET N-Channel 
JEDEC~Regirfered Device 

suffix 

-18 Sfd TO-92 Package with Center Lead Formed Toward Flat i n  TO-18 Pin Circle 1 
The above prefix llri doer not include some second source products supplied b y  Siliconix. Refer to FET Crorr Reference 
and Index or current price l i r t  for availability of these devices. 
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The "Product Specification," a short form version of technical data, will provide you direct 
reference to Siliconix part numbers and a condensed version of technical rpeeilicationr 

I I F  YOU ARE NOT FAMILIAR WITH THE FET PARAMETERS YOU NEED: 

1. Turn t o  page 2-2 "How t o  Choose the Correct FET for Your Application." Llsing this guide, deter- 
mine the important FET parameters. 

2. Next, turn t o  page 2-4 "JFET Geometry Selector Guide." Using this guide, choose the appropriate 
geometry. 

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

4. Now that you have the part number, you will find complete electrical specifications o f  these 
products tn the "Data Sheets" sections 3 and 4 of the catalog. 

I 1 IF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED: 

1. Turn t o  the "Product Specifications" pages2-6 through 2-16 t o  determine the proper part 
numberk). 

1 2: Double-check your choices against the data sheets, and select the part most suited for your appli- 

I cation. 
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I how to choose the correct FET for your application B I 



- 1 JFET geometry selector guide B 
Siliconix 
- -- - 

Once y o u  have chosen the major FET parameters, you wi l l  
f ind selecting the opt imum JFET geometry i n  easy. I f  you 

are familiar w i th  Field Effect Transistors. start your selec- 

t ion using the characteristic graphs on page 2 4 .  You wil l  

f ind the V G S ( ~ ~ ~ )  VI IDS$ graph the most meaningful, since 

i t  shows - in order of arcending aciive area - the complete 

line o f  Siliconix junction FETr. 

Togive you an ldea how thisguide works, let's f ind the most 

suitable geometry far a 70 ohm ON-resistance analog switch 

which wi l l  be required t o  operate as close ar 5 voltr  f rom 
the negattve power supply. The power supply restraint re- 
quires a maximum v ~ ~ ( ~ ~ ~ ~  o f  5 volts. Examining the 

RDS(onj vs VGSloffi figure. you wi l l  f ind the NC. NIP, and 
NVA geometricr meet the Ron and V G ~ ( ~ ~ ~ ~  requ8remantr. 

I n  order to  minimize your cost, choose the geometry having 

the leait chip area, that is the NC. You w i l l  f i nd  character- 

istic data and part numbers in the Geometry Characteristics 

section o f  the catalog. Below are the most important par am^ 

eter inter-relat~onrhips expressed in analytical form.  

loss 
Qfra = K -  Forward lrrnrcanducrance ar a funcrion o i  and V G ~ ~ ~ ~ ~ ~  a t  zero gate-source voltage 

V ~ S l o f f i  IK = 1 5 f o  2.5: tvpically = 2for N-channel lunction FETi 

Ofr = 9fso 11 - - VGS i Varletion ofgf,with gate bias 
'JGsIo~'~ I =  

utr = 9'30 Vi;DIIDSS variation of gfs with drain currenr I 
'DSS 

VGSloffi = Gate-Sourcecutoilvoitage in terms of IDSS and gfSo 
giro i 

~ ~~ ~ 

v~~ V ~ ~ ~ o f f i  1- D ~ ~ , ~  "oitage at which dralncurreni raturacer 
1 DSS 

1 
'DS - Reciprocal relationship between drain-source ierlrtance and forward traneonductance. Ac- 

9fr curate when VDS < VGS,~") i.e in the triode region 

~ V ~ ~ l o l ~ l ' 2  
'DS K = 1.5 10 2.5 Variation of drain rerirronce in tho triode region 

K ~ O S S  l v ~ s l o f f i  - VGSI 

ID = ~ D S S  (1 - l2 Varletion of drain current wlth gate-source voltage. The square law transfer characteristic. 
VGSIO!~~ 



JFET geometry selector guide (cont'd) 
Siliconix 

n-channel JFETs 
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JFET geometry selector guide (cont'd) 

p-channel JFET 
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Siliconix 

N&P-Channel Single JFETs I 



N&P-Channel Single JFETs 

NH 
NZF 
NZF 
NZF 
PS 
PS 
NZF 
NH 
NH 
NZA 
NZA 
NZA 
NZF 
NZF 
NZF 
NZF 
NH 
NH 

NZA 
NZA 
NH 
NH 
NH 
NH 
NH 
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NZA 
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NZA 
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NZF 
NIP ...... 

N 39 3 0  - 4 0  25 80 250 75000 200000 30 . NIP 



N&P-Channel Single JFETs 

150 NH 

2 I:: 1 





N&B-Channel Single JFETs 



N&P-Channel Single JFETs 
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Product Specifications (cont'd) I3 
Siliconix --- 
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DEVICE 

GEOMETRY 
lsDEt8on51 

~ q ~ m m m i n m i n m m m m m m m  
7 - - 

SATURATION 
' 

CURRENT 
I ~ A I  i c - - r m m m 8 8 a 8 8 8 8 8 m m m m m m % S 8 % g %  m m m m m m m m m m l n o "  .. z d d d d d d d d d d d d d d d d d d d d o d d d d d d  d d d d d d d d d d d d 0  

LOW LEAKAGE 
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N-Channel Dual JFEl 



Product Specifications (cont'd) 

low Leakage Diodes 

- - 

B 
Siliconix 

I Voltage Controlled Resistors 

I I Part 
Number 

P-Channel MOSFETS 

Part 
~~~b~~ 

- 
3N163 
3N164 
MFE823 

VCR7N N I 18 I 15 1 5.5 1 7.0 1 20 1 60 1 NC 

Package 
( l o -  I 

Paclew 
I T 0  I 

72 
72 
18 

Braahdown 
Voltag 

IVoltr. Min.1 

Threshold Voltage 
IVoltll 

Operstin9 
M O ~ .  

ENH 
ENH 
ENH 

Rcirtanra 
channel 
In. Mar.) 

250 
3W 
- 

Thrahold 
volts* 

IY~lt l .Mar. l  

5.0 
5.0 
6.0 

Min. I Max. I Min. I Max. 

Resistance 
IChann.1 nl Geometry 

LN*.g. 
charms( on 

i m ~ l  
Leaksgs 

Channelon 
I.A.M.X.~ 

- 

- 

20 

5.0 
3.0 
3.0 

Max, 

30 
30 
- 

Br.ohdown 
voltag 

Iv.lt.,Mar.l 

40 
30 
25 

Input 
caparitnnu 
(OF. Ma1.1 

2.5 
2.5 
6.0 

Rsvaul  
cawitance 
IpF. Mar.) 

0.7 
0.7 
1.5 

Geometry 

MRA 
MRA 
MRA 
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Product Specifications (eont'd) B 
Siliconix 

Current Regulator Diodes 

Peak operating 
voltage 

(Volts. Max.) TI NKL 

NKL 

NKL 

NKL I 
NKL 
NKL 1 
NKM 
NKM 
NKM 
NKM 
NKU 
NKM 
NKM 
NKM 
N KM 
N KM 
NKO 
NKO I N KO 
NKO I 
NKO I 
NKO 
I K O  1 NKO 
NKO 

NKO 
N KO 
NCL 
NCL 
NCL 
NCL 
NCL 
NCL 
NCL 
NCL 



- 

Product Specifications l!r 
Siliconix - - 

Detailed Technical Specifications for the VMOS Power FETr listed above are not included in this data book. 

Please contact your nearest Silicanix Sales Office for a VMOS Design Catalog. 
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Die Process Information B 
Siliconix ~ - -  ~~ ~ 

Silicanix ir a large volume supplier of die to the hybrid industry. Both military and industrial grader are available. Screen. 
ing includes 10W0 DC electrical probe and iOP6 visual inspection of each die. 

Physical Data 

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

Each die i s  parrivated with approximately 8.000 angstroms of non-crystalline glass. 

All die are gold backed. Gold backing i s  approximately 1.500 angrtromr thick. 

Die metallization ir deposited alummum approximately 12.000 arlgrtromr thick. 

Die Screening Criteria 

Electrical Probe - Die are 100% probed in wafer form at 25'C to DC criteria. 

Visual Criteria - Die are supplied with 100% vlrual sort to the criteria of MIL-Std.750 method 2072. 

Packaging 

Die are supplied in dust proof, anti-static waffle packs. lree illustration1 

&rernbly 

Chips supplied in waffle packs normally do not require cleaning. Wafers should be cleaned after sawing or scribing. 
and fracturing. 
Chips should be handied with a vacuum pick-up with protected t ip or with tweezers gripping the chip on its rider. 

When handling MOSFET chipr, particularly non-gate protected types, steps must be taken to prevent damage by 

static discharge. In some extreme carer, handling precautions may be necersav for junction FET chips. . Chipr can be die attached either euteetically or by conductive epoxy when lower temperatures are necessary. Gold 

rilicon eutectie occurs at temperatures between 385% and 425'~.  
Banding of wirer from chip pads to ports can be achieved by thermocompreirion 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 chipr and wafers. 

Wafer qualification to ""probed parameten - sample testing of purchased chipr to demonstrate capability to per- 
form at data sheet temperature extremes by use of LTPD techniques can be provided. 

Hot probe - Siliconix has a chip procerrorldistributor with hot probe capability available. 

Chip Packaging 

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

Chip and Wafer Processing /' r=AnR'EnTop 
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pc board layout and construdion for low leakage 
applications 

B 
Siliconix -- 

I n  order to  realize the fu l l  capabiiity of these devices in cir- 
cuits that are sensitive t o  very low currents, considerable 
care should be exercised in PC board layout and conrtruc- 
t ion technquei.  I f  proper care is not  taken. board leakage 
currents Carl easily become much larger than the leakagecur- 
rent5 of the der,icer themrelver, especially under conditlonr 
o f  h;gh temperatureand humidity. Enceiriveieakagecurientr 
can be produced by  poor quality boards, mcket leakage, poor 
board layout, imperfectly cieanrd boardr, or itnpioperly 
applkd ar cured protective coatings. 

I T  i r  imoonant t o  start w i th  quality PC boardr which have 
h8gh re~is t iv i ty  and low rusceptance t o  moisture. Boards o f  

tef lon or poiycarbaoate cornparitionexhibit thereartributes 
and are preferred. Glass-epoxy boards are less deilrable  he^ 

Cause they wi l l  absorb moli tuie, and if "red must be pro- 
rected wi th  a conformal coating. 

The use o f  sockets rhauld be avoided wherever poriibie s i n e  
the pin-to-pin isolation is often not  great enough to  prevent 
small leakage curlentr from occurring. These currents can 
r ignif ic int ly degrade device performance in low leakage 
applications. I f  rockets cannot be avoided use the highest 
quality ava~lable, preferably teflon. 

I n  laying out PC boardr. care ihouid be taken to  keep pinr 
and runs which are sensitive to veiy low currents *,.way from 
pins and runs which wi l l  be at significantly higher or lower 
voltages. The most common leakage current problems occur 
between pins sensitive to  low current level$ and nearby pins 
at or near one ot the supply voltager. Thur, i f  the isolation 
between crit8cal pinr and nearby high or low voltage pins is 
increased, leakage ir minimized, 

In  order t o  reduce leakage currents. i t  is very important that 
all PC boards and experimental breadboards be thoroughly 
cleaned wi th  a solvent after construction. A recommended 
procedure is to  wash each boaid in an ultrasonic cleaning 
bath o f  alcch01, trichioroethylene, alsome other commercial 
iolvent. and to  b low  dry wi th  compressed a!,. The purpose 
of this ir torpmove all skin 011s (the greatest cause o f  ieakage 
in improperiy clearled boardr1,rolder fluxer,and other fi lms 
and residues left over f rom the construction pracerr which 
can cauiegrorr leakage problems and erraticdevice behavior. 
especially at temperatures above 85°C. 

For best ierult i ,  t i ie thoroughly cleaned boards should be 
protected agalnst dirt, conductive films, and humidity by 
The application of a conformal coaiing. Ulerhane and Dow 
Cornlng'r R-4-3117 Silicone are easy to  use and offer :uffi- 
cient protection under most operating conditions. Epoxy 
results in a more durable coating butcare must be taken ro 
insure that i t  is cured proper1y;an improperly cured layer o f  
epoxy wi l l  make the high temperature leakage probiem 
worse. Union Caroide's Parylene also results in a relatively 
durable coating. 

The ultimate leakage protection method consists o f  printed 
circuit metaiization guard ringsdriven f rom a low impedance 
buffer amplifier whoreourput ir at the same potential as the 
pin being protected. This completely eliminates board rur- 
face leakage at c i i t ~ca l  pinr by  removing any difference in 
potential, but  i t  is di f f icult  t o  implement due t o  the extra 
buffer amplifier required and the tight PC board metaliza- 
fion spacings encountered. 







General Purpose Amplifiers BENEFITS 

JAN Approved Version Available 

p-channel JFETs Siliconix B 

designed for. Performance Curves PC PD .. See Section 5 

10-18 
Sse Ssrtian 7 

'ABSOLUTE MAXIMUM RATINGS (25'CI 

N 
z 

0) 

Gate-Drain and Gate-Source Voltage (Note 3). . . . . . . .  .30 V 
Gate Current. Forward Biased (Note 1). . . . . . . . . . . .  50 mA 
Total Device Dissipation IDerate 2 rnWI"C) . . . . . . .  300 mW 
Storage Temperature Range . . . . . . . . . . . . .  .-65 to +200°C 

'ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

*JEDEC Reglitered Data PC PD 

NOTES. 



Performance Curves PC P D  
See Section 5 

Small-Signal Amplifiers BENEFITS 

Low Supply Voltage Operation 
VGS(~H) Typically 1.2 V 

Ss. Y ~ f i o n  7 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain and Gate-Source Voltage (Note 3) . . . . . . . . 30 V 
Gate Current, Forward Biased (Note 1) . . . . . . . . . . . 50 mA 
Total Device Dissipation (Derate 2rnWPC) . . . . . . . 300 mW 
Storage Temperature Range. . . . . . . . . . . . . . -65 to +200°C 

PC PD 



I Small-Signal Amplifiers BENEFITS 

- 

pshannel JFETs siliconix B 

designed for. Performance Curves P C  
See Section 5 .. 

Analog Multipliers 
Modulators 

N 

0 z 
0 
N 
'0 

Ease of Amplifier Design 
IDSS & Gfs Closely Specified 

*ABSOLUTE MAXIMUM RATINGS (25'C) ~0.72 
Scs Section 7 

Gate-Drain and Gate-Source Voltage iNore 1) . . . . . . . .  20 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at (or below) 

25°C Free-Air Tem~erature (Note 2). . . . . . . . . .  300 mW Po 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 
Lead Temperature 

l1116" from case for 10 seconds). . . . . . . . . . . . . .  230°C 

/ *ELECTRICAL CHARACTERISTICS 125'C unlers otherwise noted) 

'JEDSC regmsterad data 

NOTES: 
1. Dueto iymm~lr!csi gpomefni.thera unlrr "lay b p a p r a t d  with rovrrr anddran reads nferchanged. 
2. Dsrafe linearly lo >7S"C treeair tempratweat raw of ZOmWfC 
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nmchannel JFETs - Siliconix B 

designed f o r .  . . Performance Curves NP 
S e e  Sec t~on  5 

Small-Signal Low Power 
Applications 

10-18 
*ABSOLUTE MAXIMUM RATINGS (25°C) 5.. ssetion 7 

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

Free-Air Temperature (Note 2) , , , . , , . 300 mW 
Storage Temperature Range . . . . . -65 t o  +175"C 
Maximum Operating Temperature . . . . . . 150°C 

*ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Comman-Source Forward 10W 4000 600 2500 300 2500 V D S - 3 0 "  lNoie31,VGs=O I= l kHz 
iimhn 
7 - 

common-source Out,,", 4 a - cm-c,dm 80 30 15 

V O S - ~ ~ V . V G S = O  
cummonsource OurDut 

g l  Cori ca~ae, tans~ I 3 3 3 f i l M H ,  

'JEDEC rcgrtored data. NP 

NOTES: 
1 .  Duo to rymmstrica, geometry, thore un,t. may boaper.ted Wlih rourco and drain load* interchanged. 
2 .  Derate lhnesriy to 150°C free-dmr temperature a1 rare of 2.1 m ~ l - C .  
3 To mlnim#ze healing on h ~ h  loss unitr. this parameter is measured duringa 2 ms interval 1W mr after power is  anplied (Not a JEOEC condltian.1 
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p-channel JFETs Siliconix B 
designed for.  Performance Curves PE 

See Section 5 .. 
Analog Switches 
Choppers 
Commutators 
Amplifiers 

I 

I *ABSOLUTE MAXIMUM RATINGS (25'CI 

Gate-Drain Voltage (Note 1) . . . . . . . . . . . . . . . . . . . . .  30 V 
Gate-Source Voltage (Note 1) . . . . . . . . . . . . . . . . . . . .  30 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to +20O0C 
Total Dissipation at 25'C TA (Note 21 . . . . . . . . . .  300 mW 

/ 'ELECTRICAL CHARACTERISTICS (25'C unless othurwise noted) 

BENEFITS 

Low Insertion Loss 
R D ~ ( ~ ~ )  <: 150 (2N3386) 

PE 
+JEOEC registered data. 

NOTE: 
1. Due io rymmetricai geomeay, unit, may be operated With rovrse and driiln lead$ interchanged. 
2. Derate linearly to ,175-C at 2 ~ W P C  
3. Pullewdrh - 2 mr, duty cycle $ 3% 

m - 
ii' 
0 
3 

0,979 S,l ironlx "Enrlloraled 

3-5 



2 1 Small-Signal Amplifiers 

00 a 

2 w Switches 
CY 

- - -  

n-channel JFETs Siliconix B 

designed for.  Performance Curves NP 
See Section 5 .. 

*ABSOLUTE MAXIMUM RATINGS (25'C) 

BENEFITS 

0 Operates from High Supply 
Voltages 

BVGSS > 50 V 

Gate-Drain or Gate-Source Voltage (Note 1)  . . . . . . . .  -50 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at (or below) 25'C 

Free-Air Temperature (Note 2) . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 

*ELECTRICAL CHARACTERISTICS ( 2 5 ' ~  unless otherwise noted) I 

commonsuurc. Farward 2500 iranrcon,.,c,ance 10.000 1500 6000 800 4500 Y ~ s = 2 0 V .  Y=s=O 

common-source ourpvr 
conductance 35 20 5 

'JEDEC Regmitered Dora. NP 

and dnlo eallr in f~ lchdngeo .  

a 1 9 1 9 S i l 8 i 0 n x  incorVorilte0 
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n-channel JFETs siliconix B 

designed for. Performance Curves NP .. See Section 5 

Small-Signal Low Noise 
Amplifiers 

"ABSOLUTE MAXIMUM RATINGS (25°C) 

BENEFITS 

Operates from High Supply 
Voltages 

BVGSS > 50  V 

Gate-Drain or Gate-Source Voltage (Note 1 )  . . . . . . . .  -50 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at (or below) 25'C 

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

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

ZU3458 2 N U 9  2NY60 
To* Condition, 

Min I Max / Min I Max I Min I Mar 

' JEDEC registend data. 

NOTES: 
1. Due 10 rymmeaica, geomst,", the,. unit, may b. oprarsd With rourc. and dram" io.d. ~nt~r.h.n*d 
2. O...,. ,\ns.r,y .. 2w0c tree-a,, rsmperatura ...... ot I 1  mWIeC. 
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In-channel JFETs siliconix B 

designed f o r .  . . Performance Curves NFA 
See Section 5 

Low Noise Amplifiers 

Choppers 

BENEFITS 

Operates from High Supply 
Voltages 

BVGSS > 50 V 

Switches 

.- .- 
Sss S.ction 7 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage (Note 2) . . . -50 V 
Gate Current or Drain Current . . . . . . . . 50 mA 
Total Device Dissipation 

(Derate 2 mW/"C to 175°C) . . . . . . . 350 mW 
Storage Temperature Range . . . . . . -65 t o  +200"C 

"ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

'JEDEC ielsterod data 
NFA 

NOTES: 
1. Not JEDEC reglrfered dais 
2. Due ?orymmtricol geome~ry. there units may be oppraad with rourc. anddrain laad$ interchanged. 



Small-Signal Amplifiers 
Oscillators 

-- - 

n-channel JFETs Siliconin -- B 
Performance Curves NRL designed for . . . See Section 5 

'ABSOLUTE MAXIMUM RATINGS 125°C) 

EJ 

o z 
00 
td d 

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 

11/16'' from case for 10 seconds) . . . 

I 'ELECTRICAL CHARACTERISTICS (25% unless otherwise noted) 

BENEFITS 

Operates from High Supply 
Voltages 

BVGSS > 50 V 

2111821 I ZN3822 
Ch.rrt.rirtic Unit 7.5, Conditaom 

Mi" I Max 1 Mi" I M.x 

1 -0 I -0.1 "A 
I'SS Gaze i l r u e r u  Cllrirnl V G $ = - ~ O V . V D S = O  

1 -0.1 1 "A 

commun-source 0"fIi"t 
901 Conducanra [Note 3) 10 20 

common-source Input 
C',r capac#la"- 

6 6 
- PF 

CornmonSource Reverse Transbr 
'=.I. ".,>rri,m- 3 3 

; 
'JEDEC Reg,sterrd Dam NRL 

NOTES: 
1. Due I0 lymmBtriS., WDmCIrY. these ""ll. may b..PO,l,Od W l l h I D Y r a a n d  drsln ,=ad, inter.h.nWd. 

2. Dersleilnearlv to 175'C I n s - a ~ r  t e m p e r a l u ~  at rareof 2 rnWfC. 
3 Th*X P.I."',e.Iar. m..l"r.d d"rl"ea 2 msrr intLr*d 1W mwr .u*r d-c oower ,.apPlrCd. 

m - 
ii' 
S 

O 1979 Silioanix incorpor.t#d 
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VHF Amplifiers 
Oscillators 
Mixers 

*) 

4 
CY 

BENEFITS 

- 

n-channel JFET Siliconix B 

designed for Performance Curves NRC ... See Seaion 5 

Low Noise 
NF  < 2.5 dB @ 100 MHz 

*ABSOLUTE MAXIMUM RATINGS 125*C) 
Ssa Sssrion 7 

Gate-Drain or Gate-Source Voltage [Note 1) . . . . . .  -30 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 rnA 
Total Device Dissipation at lor  below) 25°C 

Free-Air Temperature (Note 2) . . . . . . . . . . . . . .  300 rnW 
Storage Temperature Range. . . . . . . . . . . . .  -65 t o  +200°C 
Lead Temperature 11/16" From Case for 10Sec) . . .  300°C 

I 'ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

NRL .g . I t D E C  Reglltcred Dam 

NOTES: 

.- 2. 0sr.te llnoarl" to  l76-C tree-a,, lemperalurP at rate "I 2 mWI"C - 
3, There parameterr are measured d u r i n ~  a 2 mrec cnterual 100 mler altar d-c m a r  i s  appled. 



High Speed Commutators 
Choppers 

n-channel JFET Silicanix B 
Performance Curves NRL 

- 

designed for . . . See Section 5 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage ( N o t e  1) . . . -50 V 
Gate Current . . . . . . . . . . . . . . . 10 mA 

Total Device Dissipation a t  (or below1 25°C 
Free-Air Temperature (Note 2) . . . . . . . 300 mW 

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

(1116 from case for 10seconds) . . . . . . 300°C 

9 w 
0) 

BENEFITS 

Low Insertion Loss 

'drlon) < 250 
High Off-Isolation 

I ~ ( o f f )  < 0.1 nA 

I "ELECTRICAL CHARACTERISTICS (25'12 unless otherwise noted) 

10.72 
Ses Section 7 

)A : I BVGSS Gate-Soure Breakdown Voltagp -50 v IG = - 1  HA. VDS = 0 I 

Char.Lt.risti~ Min M u  Unit T e f  Condition. 

1 
Gats Rpuarx current IGSS 

2 :  

'JEDEC regirtend data. 

NOTES: 
I. Due 10rvmrnct~ical Nometry. theseunits may bcop~rafed with soureanddrain leads inrrrmanged 
2. oeratc lino.rly to 175-C free-a,, t.mpPnturs.t rsteo, 2 m w r c .  

I ~ [ ~ f f )  om," Cutoff current 

r,~,[,,~) D~ain8oureeON Rerinanse 

'&s CommonSourcc Inout Capacitance 

Cru  common-%urm Revsne Tranater capar~tance 

-0.1 "A 

0.1 

0.1 

250 

6 

3 

VGS ' -30 V. "0s - 0 
1 0 . 1  150°C #A 

"A 

PA 

R 

OF 

PF 

V o s =  ISV.VGS=-SV 

V G S = O V , ~ ~ = O  

V D S = ~ ~ V . V G S = O  - 
VGS=-SV.VDS=O 

,50DC 

f = l k H z  

f = l M n z  



*ABSOLUTE MAXIMUM RATINGS (25'C) 

% c) a 

Gate-Drain or Gate-Source Voltage (Note 1) . . . . . . .  20 V 
DrainSource Voltage . . . . . . . . . . . . . . . . . . . . . . . . .  -20 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at (or below) 

25°C Free-Air Temperature (Note 2) . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to t200"C 
Lead Temperature 1/16" From Case For 10Sec . . . .  300°C 

-- - 

p-channel JFET Siiiconix B 

designed for Performance Curves PC 
See Section 5 ... 

TO.72 
see ssstion 7 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) I 

.,EOEC reglrlered dofa 

Note, 

1 Due t o  rymrnetr8cal oeumetry, there unis may be operated w ~ t h  source and drain ieads mnterchanged 

2 Oerale i l c l ~ ~ i l ~  lo 175-C free-mi trlllprratuie rate of 2 mWiYC 

I 
0 1979 Siliconix lncorPDiafed 
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.. designed for. 
Differential Amplifiers 

monolithic dual Siiiconix - -  B - 
n-channel JFETs 

Performance Curves NNR 
See Section 5 

- 1 3  z 

s d 

BENEFITS 

Minimum System Error and Calibra- 
tion 

5 mV Offset Maximum (2N3921) 
Simplifies Amplifier Design 

Low Output Conductance 

'ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -50 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation 

(Derate 1.7 mWPC to 200°C) . . . . . . . . . . . . . . .  300 mW G, oa ' .yo e? 

Storage Temperature Range. . . . . . . . . . . . . .  -65 to +200°C 
D, Q" 

5, 
BOrrOM VISW 

/ 'ELECTRICAL CHARACTERISTICS (25% unless otherwise noted) 

- 
ii' 
0 
J 

1979 Siiiconix incorporaled 



In 7 matched dual 
8 1 n-channel JFETs ... 1 designed for m 

'ABSOLUTE MAXIMUM RATINGS (25°C) 
Any CaseTo-Lead Voltage. . . . . . . . . . . . . . .  
Gate-Drain or GateSource Voltage . . . . . . . .  
Gate-To-Gate Voltage . . . . . . . . . . . . . . . . . .  
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Device Dissipation 85°C (Each Side). .. 

Case Temperature (80th Sides). . 
Power Derating (Each Side) . . . . . . . . . . . . .  

. . . . . . . . . . . .  (Both Sides) 
Storage Temperature Range . . . . . . . . . . . . .  
LeadTemperature (1116" fromcasefor 10 sec 

vi 

1 
CI 

3 

. . . . .  250 mW 

..... 500 mW 

. . 2.86 mWPC 
... 4.3 mWPC 
-65 to  +125"C 

onds) . .  .3GU0C 

Low and Medium Frequency 
Differential Amplifiers 
High Input 
Impedance Amplifiers 

Perlormace Curves 
See Section 5 
BENEFITS 

High Accuracy & Stability 
Offset Lers Than 5 mV (2N3954.54A 
Drift  Less Than 5 PVPC (2N3954A) 

Wide Dynamic Range 
IG Specified @ VDS = 20 V 

Low Capacitance 
Ciss < 4 PF 

10-71 

*ELECTRICAL CHARACTERISTICS (25'12 unless otherwise noted1 

NFA - NOTE: 

8 1. .;S" ",-.ma ll..".,"e in ." ,.,a ,or. 

0 1979 Siiiconix inCorDoral 
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designed for. .. BENEFITS 

Wide Dynamic Range 
Low and Medium Frequency IG Spec~fied @ VDS = 20 v 
Differential Amplifiers Low Capacitance 

Ciss < 4 PF 
w High Input Impedance Amplifiers 

TO-71 

*ABSOLUTE MAXIMUM RATINGS (25'C) Sss SIctl0" 7 

-- 

matched dual -- Siliconix B 
n-channel JFETs Performance Curves NFA 

See Section 5 

Any Lead-To-Case Voltage. . . . . . . . . . . . . . . . . . . .  +1W V 
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -50 V 
Gate-To-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . .  tlOO V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation 85'C (Each Side). ....... 250 mW 

Case Temperature (Both Sides). . . . . . .  500 mW 
Power Derating (Each Side) . . . . . . . . . . . . . . . .  2.86 mW/"C 

(Both Sides) . . . . . . . . . . . . . . . .  4.3 mWPC 0 ,  2 0 , 0  O r  G I  

o>Q 

Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +250°C 
LeadTemperature 11/16 from case for 1Oseconds). . .  3W°C BOTTOM Ylel 

2 w 

rn 

*ELECTRICAL CHARACTERISTICS (25'C unless otherwise notedl 

mV 
VDS - 20 V. ID - 2W "A T - 2 5 ' ~  to -55"~ 

I I I 1 . 1  I I T = 2 5 ' ~  to 12SDC 

23 llt.11962 Tranwonductane~ Ratio 005 1.0 0.90 1.0 0.85 1.0 - f - I t H z  
lNoie 11 

'JEDEC rsgirtared darn 
NOTE: NFA 

1. &rum..rmall.r ".,us in nume..,or. 

m - 
ii' 
0 
3 
K 



w Analog Switches 
Choppers 
Commutators 

f 
# 

BENEFITS 

Low Insertion Loss. No  Offset 
Voltage 

R ~ S ( o n 1  < 220 
Short Switching Aperture Times 

Crss < 1.5 pF 
t(on) + t(off) < 5 0  ns Typical 

n-channel JFET Siliconix -- B 

designed for . a . Performance Curves NH 
See Section 5 

*ABSOLUTE MAXIMUM RATINGS (25'CI 
TO.72 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  .-30 V ~a section 7 

Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation 

(25'C Free~Air Temperature) . . . . . . . . . . . . . . .  , 300  mW 
Power Derating . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.7 mW/OC 
Storage Temperature Range . . . . . . . . . . . . . .  -55 t o  +200°C 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  +175"C 
Lead Temperature 

(1116  from case for 10 seconds) . . . . . . . . . . . . . .  .300°C 

( 'ELECTRICAL CHARACTERISTICS (25OC unless otherwise noted) I 

Turn ON Delay Time 3.0 20 
VDD - 1.5V 

Rim Time 10.0 1m 
W lo(.,,,) - 1.0mA 

 urn OFF Time I 1 30.0 1 IW nr V G S ~ O ~ I - o  SW circuit adow 

C noted ~ a p i y  to minimax on~yl .  IIIWTIYLSI UYILII(IYOFE 
-.rs rn NOTES: ~ l s l  n w l <  lom 8 1. PUI* testduralion<2 ml. 

M O O N  W A  n'Xr'MEt'n IWM8ESISTA"CE.Snn.rro.F 

Y 2. Non-JEDEC rwirtared parameters: 
(0" ewIY., ?U,sElOT* l", 

W L S I  O Y T I C I C L E  mx 
i'i UIOHI + tf = ton. l l l U T l l * U r U l C l  Ean 

.X 

T 
17 c 
18 

'JEDEC rsai%tetend ~ a n m ~ f e r s v n l e u o t h e r u i ~ e  "OD Nn 

... 
Turn OFF Os lN  Time lNol l21 I 10.0 

tf Fall Time [Note 21 20.0 

. . 
V ~ s l ~ f f l -  4 V 
R L -  1.2Skn 



n-channel JFETs Siliconix B 

designed for Performance Curves NC ... See Section 5 

Analog Switches BENEFITS 

Choppers LOW Insertion LOSS 

< 30 (2N3970) 

Amplifiers Good Off-Isolation 
I ~ ( o f f )  < 250 PA 

"ABSOLUTE MAXIMUM RATINGS (25°C) ~0.18 
So. section 7 

Reverse Gate-Drain or Gate~Source Voltage . . . . . . . .  .-40 V 
............................................... 
Total Device Dissipation at 25'C Case Temperature 

............................................. 
Stora.eTemperatureRan.e............. . 6 5  to+200.C 
Lead Temperature ................................................ 

VDS an Drain-Sourw ON Volt- 

k2i$! NC *lEDEC wirtered data. 
,WS"Trn"L#E saMPL,w's2arr 

NOTE: VIX 
110 ' R,aF.,MEa,s,' n4scTtMto.". 

rn 
,&,cT ,Msm,s~  ,".",Rsn,#,.Mee,nw 

1. Dsrate linearly a t  the rate of 10 rnwPc. ~ ~ ,uLs6 ~ w , " ~ c ~ m A c ~ T ~ N c ~  ,smr 
PULSE " * , S m w  



Amplifier Design Chart 
(CS for 3 dB Point a t  50 Hz) 

1 - -- 

APPLICATIONS B 
Siliconix - 



I n-channel JFETs ... designed for 
I w Analog Switches 

Commutators 
Choppers 
Integrator Reset Switch 

"ABSOLUTE MAXIMUM RATINGS (25%) 

Reverse GateDrain or Gate-Source Voltage. . . . . . . . .  -40V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Diaipation a t  25-C Case Temperature 

(Derate 10 mWPC) . . . . . . . . . . . . . . . . . . . . . . . . .  1.8 W 
Storage Temperature Range. . . . . . . . . . . . . .  -55 to +200°C 
Lead Temperature 

(1116" from case for 60 seconds). . . . . . . . . . . . . .  300°C 

1 *ELECTRICAL CHARACTERISTICS (25°C unless othemiae noted) I 

BENEFITS 

Low Insertion Loss 
High Accuracy in Test Systems 

RON < 30 P- (2N4091) 
HighOff-Isolation 

2N4091 2N4W2 2N4093 
Ch..acleristio Unit Tnt Cond i t l a  

Mi" Mar Mi" Mar Mi" M u  

BVGSS Gate-Source Breakdown Voifage -40 4 0  4 0  V IG = -1pA. VDS = O  

2w ZW ZW PA 
IDGO Oram Rsrarre Currant v ~ s = - ~ o Y . I ~ = o  

400 4W 4W nA ISO'C 

I ~ ( o f f )  < 200 PA 
High Speed 

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

Crss < 5 PF 

VDS(~,,) Draw-SourceON Voltage 

Iblonl V~sl~f f )  RL 

2 N 4 W  4 -8 7W 
"- 

!i 
8 
W 

'JEDEC registered date. 

NOTE: 
1. Pullewidth - 3W ur. duty wsle < 3% 



Ultra-High Input 
Impedance Amplifiers 

4 
E 
$ 
(Y 

Electrometers 
pH Meters 
Smoke Detectors 

- 

n-channel JFETs siliconix B 

designed for See Performance Section 5 Curves NT 

BENEFITS 

Low Power 
IDSS < 90 PA (2N4117) 

Minimum Circuit Loading 
IGSS < 1 PA (ZN4117A Series) 

'ABSOLUTE MAXIMUM RATINGS (25%) 10.72 
Sss SKtion 7 

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

(Derate 2 mW/"C to  175°C) . . . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to + 175OC 
Lead Temperature 

(1116" from case for I 0  seconds). . . . . . . . . . . . . .  255'C 

2 / 'ELECTRICAL CHARACTERISTICS (25% unless otherwise noted) 

'JEOEC re~irtsred data. 

NOTES: 
1. Dua to symmetrical gsomatry, thew units may ~ o o s r a a d  with roureeand drain leads interchanged. 
2. Thir plrsmcter is mearvred during a 2 m l  interval 100 mr after power ia8ppllad. [Not a JEOEC cond8rion.l 
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3 (Y 

I 
(Y 

-- -- 

n-channel JFETs Silicanix -- B 

designed for ... Performance Curves NRL 
See Section 5 

'Y (Y 
(Y u 
Z 
(Y 

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

rn Small-Signal Amplifiers BENEFITS 

rn VHF Amplifiers High Gain 
Low Receiver Noise 

rn Oscillators 
4 
C 

(Y 
(Y u 
(Y 

(Y 
(Y u 
(Y 

4 
2 

Figure 

Mixers 

*ABSOLUTE MAXIMUM RATINGS (25°CI 70.72 
Sse Ssctian 7 

Gate-Drain or Gate-Source Voltage (Note 1) . . . . . . . .  -30 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Drain Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 rnA 
Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 
Lead Temperature 

(11 la" from case for 10 seconds). . . . . . . . . . . . . .  300°C 

x .- 
0 " = 

'IEDEC registered dl.. NRL 

NOTES: 
1. DW to ryrnmet.,u, *ornotry. there ""la rn." bornrated With rourcr and drain led, interchangad. 
2. Derate 18ncarly to  175.t frro-a#r temprsture at rare of 2 rnWPC. 
3. Thew nararn.,err are rn..S".Ld during. 2 m..r ,"terra, 1W rn5sEaft.r d s  power iSr0pli.d. 

O ,979 Silisonix insorporalsd 



~p 

n-channel JFETs Sitieonix B 

designed for Performance Curves NRL ... See Seaion 5 

VHF Amplifiers BENEFITS 

Low Noise 
Mixers NF = 3 dB Typical @ 200 MHz 

Easy Tuning 
C ~ S < ~ P F  

*ABSOLUTE MAXIMUM RATINGS (25'C) 
10-72 

Gate-Drain or Gate-Source Voltage  NO..^......... -30 V a s  saction 7 

.............................................. 
Drain Cu r ren t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 rnA  
Total Device Dissipation a t  (or below) 25'C 

Free-Air Ternperafure(NoteZ...............300mW 
StorageTernperatureRange.............. -65 f0.20.C 
Lead Temperature 

(1116" from~a.efor10.econds...............300~C G-%. 

V~s=15v.Ig=I I 

oS= l5 " . v~~=o  

11 
- 
l 2  
- 
13 - 
14 

.JEOEC remrterad data. NRL 

NOTES: 
1 rills 7" rvmmalrlcal aomcriy. there unit. may be sma..ted with .ourerand drain leads interchmged. 

2. aerate linearly to 175-C free-air temprature at rat. of 2 mWI°C. 
3. These Darameian are maalvred during a 2 mres interua, 1W msecanar d-c power is  applied. 

G 
H 

E 
0 

gisr 
common sou.^ Input 
Conductance IOufpul Shorted1 

common-source outpur 
gos5 Conductance llnputShoried1 

Gpr Small Sfgnal Paver Gain 

NF Noise Figure 

--- 
10 

800 

2W 

5 

8W 

2W -- 

pmho 
" ~ ~ = I 5 V , v ~ ~ = O  

VDS-15V.VGS-0 .  
Rgn = 1 K 

f - 200 MHz 



- 

8 I H Small-Signal Amplifiers 

S 

f 
n / H Choppers - 

--- - 

n-channel JFETs - Siliconix B -- 

designed for ... See Performance Section 5 Curves NP 

BENEFITS 

Low Noise 
N F i l d B a t l  kHz 

Operation from Low Power Supply 

3 
CY 
O0 m 

Lead Temperature 
(1116" from case for 10 seconds) 

Voltages 
Voltag~~ontrolled Resistors V G S ( ~ ~ ~ )  < 1 v ( 2 ~ 4 3 3 % )  

Simple Biasing Design with Tightly 
Specified Parameter Tolerances 

3 : l  IDSS, Vp, gfs Ranges 
High Off-Isolation as a Switch 

*ABSOLUTE MAXIMUM RATINGS (25'C) b l o f f )  < 50 PA 

$ 
(y 

I *ELECTRICAL CHARACTERISTICS (25OC unless otherwire specified) 

. . . . . . . .  Gate-Drain or Gate-Source Voltage (Note 1) -50 V 
TO-18 

Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA see seetion 7 

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

. . . . . . . . . . . . . . .  Maximum Operating Temperature 175'C 

Ularactorirtis T r t  Conditions 

.X 
c 
0 .- - 
fi 

.JEDEC registered d a U  NP 

NOTES: 
1. Due t..ymm.troai geometry. there un,tr may kDWi.tOd with IoUrCP anddnin leads interchaowd. 
2. Wraa Ihnearly m 17s0Ctree-air femwrafure at rota of 2 mWfC. 
3. mare parameters are measured during B 2 mzec internal 125 miec i l~ssl and 625 mlrc ID+,~ after d-c power ir applied. 

[Not a JEDEC condition.] 

B 1979 Silisonix i n s o r ~ o r a t M  
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APPLICATIONS 

Amplifier Design Chart 
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$ I *ABSOLUTE MAXIMUM RATINGS (25'CI 

8 
r 

2 

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

(Derate 10 mW1"C). . . . . . . . . . . . . . . . . . . . . . . . . .  1.8 W 
Storage Temperature Range . . . . . . . . . . . . .  . 6 5  to +200°C 
Lead Temperature 

(1116'' from case for 60 seconds) . . . . . . . . . . . . . .  .300°C 

w Analog Switches 
w Commutators 
w Choppers 

Integrator Reset Switch 

fr 
Siliconix 

Performance Curves NC 
See Section 5 
BENEFITS 

Low Insertion Loss, High Accuracy in 
Test Systems rON < 30 (2N43911 
No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

High Off-Isolation l ~ ( ~ f f )  < 100 pA 
High Speed  to^ < 20 ns 

NC 
X .JEOECrrg<stereddala. .- 
C NOTE: 

0 1 .  Pul=tert required. ~ulyvridth - m p r . d u f y  c y c l e ~ 3 ~ .  

0 JUILINEICOSE .- - ",N @,SE,,MEO.". 

FALL TIMG I O I I S  INPYTRIJISTINCE YIII - PULSE DUTY C"CLl1X 

O 1979 Silisonix insomorl2ed 



n-channel JFETs ... Idesi~ned for 
1. VHF Amplifiers 

Mixers 

I *ABSOLUTE MAXIMUM RATINGS (25'CI 

Gate-Drain or Gate-Source Voltage, 2N4416. . . . . . . .  -30 V 
Gate-Drain or Gate-Source Voltage, 2N4416A . . . . . .  -35 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation (Derate 1.7 rnW/OC) . . . . .  300 rnW 
Storage Tern~erature Ranae . . . . . . . . . . . . . .  -65 t o  +20OSC 
Lead Temperature 

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

Performance Curves NH 
See Section 5 

BENEFITS 

Low Noise 
NF  = 3 dB Typical at 400 MHz 

Wide Band 
High gfslCisr Ratio 

TO-72 
See Section 7 

*ELECTRICAL CHARACTERISTICS (25OC unless otherwise noted) 

VDS- I 5 v , v ~ s = o v  

'JEDEC Regilter~d data 

NOTES: 
t .  Pulse test duration = 30011%. 



Siliconix 2N4856 2N4857 2N4858 2N4859 2N4860 2N4861 



- -  

n-channel JFETs Siliconix 8: 

designed for Performance Curves ... See Section 5 

1. Analog Switches 
I . Commutators 
1. Choppers / . Integrator Reset Switch 

*ABSOLUTE MAXIMUM RATINGS (25'C) 

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

Reverse Gate-Drain or Gate-Source Voltage. 
2N4859A-61A . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 30V 

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

(Derate 10 mWl°C) . . . . . . . . . . . . . . . . . . . . . . . .  1.8 W 
Storage Temperature Range . . . . . . . . . . . .  6 5  t o  +200°C 
Lead Temperature 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  300°C 

BENEFITS 
Low Insertion Loss and High Accuracy 
in Test Systems 

~ D S ( ~ ~ )  < 25 $1 (ZN4856A. 59A) 
High Off-Isolation 

ID(off) < 250 PA 
Short Sample and Hold Aperture Time 

Crss < 4 PF 
High Speed 

 to^ < 8 ns 

I *ELECTRICAL CHARACTERISTICS I25'C unless otherwise noted) 



f 
CI 

n-channel JFETs 
- 

B 
Siliconix 
-- - 

designed for . a .  Performance Curves Ns 
See Section 5 

% 
z 
CI 

a 
00 
rO 
00 
d 

CI 

00 
d 

i? 
'0 
00 

P 
~y 

s 
00 

P 
CI 

X 'r 
8 
R 

8 

Audio and Sub-Audio BENEFITS 

Amplifiers Ultra LOW No ise  
X,, = 8 nV/JHz Typical at 10 Hz - 
en = 2 nV l f i  Typical at 1 kHz 

*ABSOLUTE MAXIMUM RATINGS (25OC) 10.72 * M i o n  7 

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

(Derate 1.7 mW/OC). . . . . . . . . . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to +200°C 
Lead Temperature 

. . . . . . . . . . . . . .  (1116" from case for 60 seconds) .300°C 04: 
*ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Shgrt Circuit Equivmlmf Inout 

.,ED,, registered data. NS 

NOTES: 
1. Due 10 ~ymmefrical geometry, these units may beowrated with sour- and drain lssdr intsrchanged. 
2. Pulse tert duration = 2 mr. 

1979 Siliconix insornorated 
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p-channel JFETs -- Siiiconix B -- 
designed for ... Performance See Section 5 curves Ps 

Analog Switches 

Commutators 

Choppers 

"ABSOLUTE MAXIMUM RATINGS (25-C] 

Reverse Gate-Drain or Gate-Source Voltage 
(Note 1) . . . . . . . . . . . . . . . . .  3 0 V  

Gate Current . . . . . . . . . . . . .  .50 rnA 
Total Device Dissipation, Free-Air 

(Derate 3 mW/"C) . . . . . . . . . . . .  500 mW 
Storage Temperature Range . . . . . .  -65 t o  +200°C 
Lead Temperature 

(1116" from case for 60 seconds1 . . . . . .  300°C 

BENEFITS 

Low Insertion Loss 
ROS(~,,) < 75 C2 l2N50181 

No  Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 

'ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 1 

'JEDEC registered data. 

NOTE: 
1. Due to rymm'lr,col geometry ,hp.e "nitlmdy b. O D l n t t d  Wlth 

r*urcr and drain lead, ,",L,th.".rd 

" 0  "OD 
7 v I 

I 
SAMPLINGXWE 

R,5E,,WE<, ". R,S&T#MEO.*  I 
5,n mrr rlMG< $n. wsur lrslnnNcr lovrl 8 

PYLs.wIDT* lmns INPUTCA.*CITA.C., 5.F 1 
T REPET,T,OM VATE ,MHz 



designed for ... 
S 
2 
CY 

Performance Curves NNR 
See Section 5 

- 

'monolithic dual Siliconix -- B 

n-channel JFETs 

High Gain Differential BENEFITS 

Amplifiers Minimum System Error and Calibra- 
:ion 

5 mV Offset Maximum (2N50453 
Low Drift 

5 mV Drift Maximum (2N50453 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

10-71 
see section 7 

"? 9" 
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -50 V 
Forward Gate Current . . . . . . . . . . . . . . . . . . . . . . . .  30 mA 
Total Dissipation (25OC Free Air Temp.) . . . . . . . .  400 mW 
Power Derating (to 175'C). . . . . . . . . . . . . . . . .  2.67 mWPC 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to +200°C a. 6, o1 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  300°C J, 
01 

BOTTOM "IGW 

*ELECTRICAL CHARACTERISTICS (25'C unless otherwire noted) 

x .- 
C 
0 
U .- - 

CommonSourc~ Inout 

.JCDEC roglrt8red data NNR 

NOTES: NRL-0 
1. ~ndividusl FET ~ h ~ ~ o c ~ e r i ~ t i c r .  T ~ O  termnal* of me FET no- under tall arc oven-cirouitrd tor rhore m.siursment~.. 
2. lislume.,m.llor "a,". In numeralor. 

0 1979 S l i s ~ n , x  ,nroroorafsd 
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Analog Switches 

Commutators 

Choppers 

Integrator Reset Switch 

'ABSOLUTE MAXIMUM RATINGS (25'C) 

p-channel JFETs Siliconix B- 

designed for Performance Curves PS ... See Section 5 

BENEFITS 

w d 
d 

P 

Simplifies Series-Shunt Switching when 
Combined with 2N4393, its N-Channel 
Complement 
Low Insertion Loss in Switching 
Systems RON < 75 C2 (2N5114) 
Short sampleand Hold Aperture Time 

Crrr < 7 PF 

Reverse Gate-Drain or Gate-Source Voltage ~0.18 
see section 7 

(Note11 . . . . . . . . . . . . . .  30V 
Gate Current . . . . . . . . . . . .  .50 rnA 
Total Device Dissipation, Free-Air 

(Derate 3 rnW/"C) . . . . . . . . . . . .  500 rnW 
Storage Temperature Range . . . . . .  -65 to +200"C 
Lead Temperature 

(1116" from case for 10seconds) . . . . . .  300°C 

*ELECTRICAL CHARACTERISTICS (25% unless otherwise noted) 

'JEOEC ropirlered data. 

NOTES: 
I .  nus r o s ~ r n r n e t i ~ c ~ i  goomerry thaseuni~r may be operated w m  

source and drain lead, inrorohonged. 
2. Pulse Test PW 30Oyi. duly cycle C 3%. 



2 
CY 

01 
r 

2 
CY 

h 
01 

TO-71 
See seetion 

- 

monolithic dual Siiiconix B ~ 

n-channel JFETs Performance Curves NNP 
See Section 5 

designed for. .. BENEFITS 
Minimum System Error and Calibration 

¤ Differential Amplifiers 5 m v  Maximum offset (2~5196,  97) 
Low Drift 

H FET Input Op Amps 5 ~ V P C  Maximum (2N5196) 
Simplifies Amplifier Design 

Low Output Conductance 

CY 

01 - 
In z 
CY 

'ABSOLUTE MAXIMUM RATINGS (25%) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -50 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50mA 
Device Dissipation (Each Side), TA = 85°C 

(Derate 2.56 mWI°C) . . . . . . . . . . . . . . . . . . . . . .  250 mW 
Total Device Dissipation. TA = 85°C 

(Derate 4.3 mWl0C). . . . . . . . . . . . . . . . . . . . . . .  500 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to  +200°C 

X 
'2 
0 
0 .- - 
iii 

'ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

'JEDEC reqislcred dsra. NNP 
NOTES: NP-D 
1. &sum- smaIIervalut in nu -era-or. 2 Menured a i  end poinrr. Tq and Ts 

8 1979S841conlx incornarered 
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Low ON Resistance 
Analog Switches 

-- 

n-channel JFETs siliconix B 

designed for. .. Performance See Section 5 CUN~S NIP 

I Commutators 

g S 
13 

I Choppers 
I Integrator Reset Capacitors 

Low Noise Audio Amplifiers 

*ABSOLUTE MAXIMUM RATINGS (25'C) 

Reverse Gate-Drain or Gate-Source Voltage . . . . . . . .  .-25 V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 mA 
Drain Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400 mA 
Total Device Dissipation at 25'C 

Free-Air Temperature (Note 1).  . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range . . . . . . . . . . . . .  +35 to +150°C 
Lead Temperature 

(1116'' from case for 10 seconds) . . . . . . . . . . . . . .  .300QC 

BENEFITS 

Low Insertion Loss 
R D S ( ~ ~ )  < 5 C2 (2N5432) 

Small Error in Measurement Systems 
V D S ( ~ ~ )  < 50 mV (2N5432) 

High Off-Isolation 
ID(off) <Zoo PA 

High Speed 
Won)  < 4 ns 

Low Noise Audio-Frequency Ampli- 
fication 

en < 2 nV/+ at 1 kHz Typical 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

.JEDEC rlgisftred data. NIP 

NOTES: 
1. ~ e r a t e  ifnearly at the rate of 2.3 mWPC. 
2. Pulse tsrl rsqulred oulwwidth 3Mur. duty cycle <3%. ........ s & M P L , M e ~ o P s  

"I R,SE ,,MEOS". R,SG T,MEO,". 
F&LL ,,ME 0.75". ,NP", Rss,mANcE ,eM 

- - 
PULIEVIOT"2OD." INIUTCIPrnITANCE 1 1 D F  
N L 1 1 9 L T 1  mw 



matched dual - Siliconix B 

n-channel JFETs 
Performance Curves NFA 
See Section 5 :: s designed for ... 

ei 
ei 
2 

Tota Devce Dissipation 85°C [Each Sioel . . . . . . .  250 mW 
Casr Temperat~re [Botn S~arsl . . . . . .  500 mW 

Power Derat~nu ~Eacn S a?) . . . . . . . . . . . . . .  2.86 mW ' C  

Low and Medium Frequency BENEFITS 

Differential Amplifiers Minimum System Error and Calibra- 
tion 

5 mV Offset Maximum (2N5452) 

z 
ei 

- .  
(Both Sides). . . . . . . . . . . . . . .  4.3 mWIoC 

Storage Temperature Range . . . . . . . . . . . . .  -65 to  +250°C 
LeadTemperature (1116" fromcasefor 10seconds) . . .  300°C 

'ABSOLUTE MAXIMUM RATINGS (25'C) Simplifies Amplifier Design 

Any Lead-To-Case Voltage. +I00 V 
Output Conductance Less that . . . . . . . . . . . . . . . . . . .  1 lrmho 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . .  -50 V 
TO-71 

Gate-To-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . .  t 100 V see section 7 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50mA "." On. 



matched dual Siliconix B -~ -~ 

n-channel JFETs Performance Curves NS 
See Section 5 

designed for BENEFITS ... Ultra.Low Noise 
T n  = 8 n v m  at 10 Hz (Typical) 
T,, = 2 nvWFi; at 1 kHz (Typical) 

Differential Amplifiers Minimum System Error and Calibration 
5 m V  Offset Maximum 
CMRR > 100 dB 

*ABSOLUTE MAXIMUM RATINGS (25'C) 
TO-71 

sae section 7 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -40 V 
.............................................. 

Device Dissipation (Each Side). T A  = 85'C 07+ +G2 

........................................... 
Total Device Dissipation, TA = 85'C 

.........om.......................... , 3 7 5  m. 
-65 G>o s.................................... .....oO. 0 1  =2 

Lead Temperature D1 

81 
.1.1."............0........................00~. 80TTOM "few 

I l i T r l l N A T E i  

*ELECTRICAL CHARACTERISTICS 125'C unless otherwise noted) 

D,?'rnnl#.l Drlfc 
iN.t.3, 

'JEDEC rag#nrred dais 1 M ~ ~ r u n d  ar and moln?.. Tq T~ NS 
NOTES. 
I i.su,.rd, our . ld lh  - 1 0 ~ Y s ,  duty ry i l .  C ~ S .  4 CMRR= z ~ l ~ ~ ~ ~  (lYDO) .bvDO = 1 0 ~  
2 Ar r"mar rm.~r ra l "~  in nvmrncar ~ " O S I - V G S Z I  

I 
B 1979 Siliconix i n ~ o r ~ o r a l l  
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-- 

monolithic dual Siliconix -- B 

n-channel JFETs See Performance Section 5 Curves NNP ... designed for BENEFITS 
High l n ~ u t  Impedance 
i~ (50 P A  

General Purpose Minimum System Error and Calibra- 
Differential Amplifiers tion 

5 mV Offset Maximum (2N5545) 

'ABSOLUTE MAXIMUM RATINGS (25'C) ~0.71 
Sae Sactian 7 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  .-50 V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 mA 
Device Dissipation (Each Side), TA = 25°C 

(Derate 1.67 mWPC) 250 mW 
..+ kO2 

. . . . . . . . . . . . . . . . . . . . . .  
Total Device Dissipation, TA = 25'C 

IDerate 2.67 mW/"C) . . . . . . . . . . . . . . . . . . . . .  ,400 mW 
Storage Temperature Range . . . . . . . . . . . . . .  -65 to +200°C " o;z& '" 
Lead Temperature 01 (2 

(1116" from case for 30 seconds) . . . . . . . . . . . . . .  .300°C 5, 
BOTTOM VIEW 

'ELECTRICAL CHARACTERISTICS (25'C unless otherwise notedl 

x 
'E 
0 
.- - 
iTj 

.JEDEC registered data NNP 
NOTES: NP-D 
1 Arrumer smaller value in numerator. 
2. Measured a7 rnd points, Ti\ and Tg. 

0 1979 Sll lcOnlx incerporaled 
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General Purpose Amplifiers BENEFITS 

Low Noise 
Low Output Conductance 

- - 

n-channel JFETs Siliconix B - 

designed for ... Performance See Section 5 Curves NRL 

*ABSOLUTE MAXIMUM RATINGS (at 25%) 

h) 

01 z 
01 

01 oI 

Gate-Drain or Gate-Source Voltage (Note 1) . . . . . . . .  - 30V ~0.72 

Gate Current 10 mA Sse Sastion 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Device Dissipation 

. . . . . . . . . . . . . . .  (25'C Free Air  Temperature). 300 mW 
Power Derating ( t o  +175'C! . . . . . . . . . . . . . . . .  2.0 mWPC 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 
Operating Temperature Range. . . . . . . . . . . .  -65 t o  +I 75'C 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  240°C 

ut - 
ii' 
0 
2. 

*ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted! 

V O S = ~ ~ V . V G S = O V  

ommon- ource "0" apac1 an<< - I I 
10 

11 - 
12 - 
13 

*JEDEC reairtered d a u  NRL 
NOTES: 

1 1. Geometry ir rymmetrical. Unifs may bp operated with source arld drain ieadr interchanged. i 2. Pulse test duration<^ mr. 

C - Commonsouice Equivalenr Shors 
" Circuit lnpui Noise VoItdl~a 

NF Nore Figure 

35 

20 

1 

1 

35 

20 

i 

1 

35 1 20 

I 

nV 

dB 
VDS-  ISV.VGS=OV, 

BW = 1.0 Hz 

t = l o ~ z  

I - 1 0 0 H z  

f i  lOHz 

f = l M I H z  



designed for ... 
% 
8 

Performance Curves N C  
See Section 5 

-- - 

matched dual Siliconix - -- B 

n-channel JFETs 

Wideband Differential BENEFITS 

Amplifiers High Gain 
7500 pmho Minimum gfS 

Commutators Specified Matching Characteristics 

'ABSOLUTE MAXIMUM RATINGS (25°C) 10.71 

Gate-Gate Voltage i 8 0  V Ssa section 7 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . .  -40 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Device Dissipation (Each Side), T A  = 25'C 

(Derate 2.2 mW/"C) 325 mW 

..4 
. . . . . . . . . . . . . . . . . . . . . . .  

Total Device Dissipation, TA = 25'C 
(Derate 3.3 mWI0C) . . . . . . . . . . . . . . . . . . . . . . .  650 mW 

Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 07Cj: 
Lead Temperature 01 

=I  
01 4 

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  .300°C BOTTOMV~EW I I \LTI I IN4~~~ 

"ELECTRICAL CHARACTERISTICS (25% unless otherwise noted) 

.JEDEC iogiitered data. 

NOTES. NC 

i. pulse ait required. ~ u l s o  wjdih 300iis. d u ~ y  s y o 1 ~ ~ 3 % .  
2 Anurne8 rrnallerualue in nurneraror. 
3. M..rur.d .r end, Do,",*. Ti( and TB 



Imatched dual 
I n-channel JFETs 
Idesigned for ... 
1. Differential Amplifiers 

High lnput 
Impedance Amplifiers 

*ABSOLUTE MAXIMUM RATINGS (25'C) 
Gate-to-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . .  330 V 
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -40 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .10 mA 
Device Dissipation (Each Side). TA = 25°C 

(Derate 3 rnWIoC) . . . . . . . . . . . . . . . . . . . . . . . .  367 mW 
Total Device Dissipation, T A  = 25'C 

(Derate 4mWi"C) . . . . . . . . . . . . . . . . . . . . . . . .  500 rnW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +150°C 

I 'ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

I3 
Siliconix -- 

Performance Curves NT 
See Sect~on 5 

BENEFITS 

Matching Characteristics Specified 
High lnput Impedance 

IG = 1 p A  Max (2N5906-9) 

ANGSI-VGS? Gate-Source Voltaga D~ftsicntr l  
Drin lNalt2l  

4 , , I  I 0.2 I I 0 2 I I 0.2 I I 0 1  I rmha 



- 

Siliconix 22 
(Ye4 

'Use lower volisger for minimum IG 

APPLICATIONS 
. -- 

B 



matched dual 
n-channel JFETs .. designed for. 

Wideband Differential 
Amplifiers 

*ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-to-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . .  +80 V 
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . .  -25 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50mA 
Device Dissipation (Each Side), (Derate 3 mWIOC). . 367 mW 
Total Device Dissipation,(Derate 4 mWI°C) . . . . . . .  500 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +150°C 
Lead Temperature 

(1116'' from case for 10  seconds) . . . . . . . . . . . . . .  .300°C 

B 
Siliconix - - 

Performance Curves NZF 
See Section 5 

BENEFITS 

High Gain through 100 MHz 
sfs > 5000 gmho 

Matching Characteristics Specified 

'ELECTRICAL CHARACTERISTICS 125' unless otherwise notedl 

GalL-Soura Voltage Dlffsrenaal 

.JEDEC regir ter~ddat~.  NZF 
NOTES: 
1. Puliewidth <300ils. dufy cycle <3%. 
2. &rume. Imaller value in num.ra,ar. 
3. Measured a, end poinrr. TI\ and Tg. 

D 1979 Siliconix incoiporar, 
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X VEDEC registered data ~- MRA 

5 z " 
5 
z " 

.- 
C NOTE: 

8 1 .  Transient gate-source voltage JEOEC regirtered a% 3125 V. IAMPIINE ICOPS .- ",N R,SE ,,ME < 2  ". I,< 0 2 " .  - 5m1 WLS* WID." > mn, C,N< 2 .I 

;; r l , N > l O D m  

enhancement-type 
-~ Siticonix -~ B ~- - 

p-channel MOSFETs 
designed for. Performance Curves MRA .. See Section 5 

Ultra-High Input Impedance BENEFITS 

Amplifiers Rugged MOS Gate Minimizes Handling 
Problems 

Electrometers + I 5 0  V Transient Capabiliw 

Smoke Detectors • LOW  ate-~eakage 
Typically 0.02 p A  

pH Meters High OfClsolationas a Switch 

w Digital Switching Interfaces IDSS < 200 p A  

Analog Switching 
*ABSOLUTE MAXIMUM RATINGS (25'C) 

Drain-Source or Gate-Source Voltage 31\11........ -40 V 10.72 
Sae section 7 

Orain-Source or Gate-Source Voltage 3.164...... -30 V 
Transient Gate-Source Voltage . N o t e 1 ) . . . . . . . . . i 1 5 0 V  
Drain C u r r e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -50 rnA 
S t o r a g e T e m p e r a t u r e . . . . . . . . . . . . . . . . .  -65 t0.200.C 
Operating Junction Temperature. . . . . . . . .  -55 t0.150~. 
Total Device Dissipation 3" 

......................................... *"T' Lead Temperature 1116" From Case For 10Seconds. ,265"C 

*ELECTRICAL CHARACTERISTICS 125°C and Vns = 0 unless otherwise noted) 



Current Regulation 
Current Limiting 
Biasing 
Low Voltage References 

-- 

B current regulator diodes Siiicmix - - -  

designed for Performance Curves 
NKL NKM NKO See Section 5 ... 

ABSOLUTE MAXIMUM RATINGS (25°C) 

. . . . . . . . . . . . . . . . . . . . . .  Peak Operating Voltage 100 V 
Forward Current . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 mA 
Reverse Current . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Thermal Resistance BJC . . . . . . . . . . . . . . . . . . . . .  10O0C/W 
Power Dissipation at TC = 25OC . . . . . . . . . . . . . . . .  1.25 W 
Operating Junction Temperature . . . . . . . .  -55 to t150"C 
Storage Temperature . . . . . . . . . . . . . . . . . .  -55 to t200"C 

n 
;a 

13 ,, z 
BENEFITS 

Simple Two Lead Current Source 
Current Insensitive t o  Temperature 

Slmpllf~es Floatlng Current Sources 
No  Power Supplier Requared 

6 
C 
fQ 
5 

Changes 
Temperature Coefficient Better 
Than 1500 P P ~ P C  On Al l  Devices 

TO- I8  Package for Improved Current 
Control 

TO-18 
See Section 7 

n 
;a * 
8 

I ELECTRlCAL CHARACTERISTICS (25'C unless otherwim noted) 1 

. . NKL. NKM. N I O  



Current-Limiter Diode V-I Characteristic SYMBOLS AND DEFINITIONS 

A Anode (Drain) 

C Cathode [Source and Gate Shorted) 

m v * ,  , t F ,  ,MAX, IF Forward Current IAnade Poritivel 

IF! Current at a rpecified Terr Voltage. VF 

POV Peak Operating Voltage 
81 Current Temperature Coefficient 

8 R 8 IC Thermal Resistance Junction to Care 

EQUIVALENT CIRCUIT 

? ? ? 

"- 
BJA Thermal Resistance Junction to Ambient 

ZK Knee AC Impedance at rpecified VF. Z ~ r h o u l d  
be as high as possible and is rpecified ar a mini- 
mum. 

Zd Dynamic Impedance at rpecified VF. Zd is rpeci 
fied as a minimum. 

APPLICATIONS 
The current-limiter diode ir the electrical dual of the Zener diode. Constant-Current Supply 

or Current-Limiting Element 

Constant-Current Collector or Drain 
Timing Circuits H i ~ Z  Load Resirtorr - - 

T- 

Logic Circuit Pull-Up 

- - 

I Emitter or Source Biasing I 



enhancement-type -- Siliconix B - 

p-channel MOSFET 
designed for. Performance Curves MRA 

a m  See Section 5 

High-Input 
Impedance Amplifiers 

Smoke Detectors 
Electrometers 
pH Meters 

BENEFITS 

High Input Impedance 

IGSS = 30 Femto Amp Typical 

High Gain 

gfs = 1000 pmho Minimum 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain~Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V TO.18 
Sate-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  ,210 V ~ . e  section 7 

Drain Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 mA 

Total Device Dissipation a t  (Or Below) TA = 25'C 
(Derate 3 mW/"C to  +150°C) . . . . . . . . . . . . . . .  ,375 mW 

Oweratino Junction Temwerature. . . . . . . . . .  .-55 to +150°C P D  
Storage Temperature. . . . . . . . . . . . . . . . . . .  . -65 to +200°C 

Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  .265"C 

ELECTRICAL CHARACTERISTICS (25'C) 

Characteristic Min Max Unit Test Conditions 

1 IGSS G ~ ~ ~ - s ~ ~ ~ ~ ~  ~~~k~~~ current - la PA V G ~ = - ~ O V . V ~ ~ = O  - 
2 T BVDSS Drain-Source Breakdown Voltage -25 V I ~ = - l O p A . V ~ s = O  

3 VGS Gate-Source Voltage -2.0 -6.0 V VDS=-~OV.~D=-~OIIA 

4 1 lDss Drain Cutoff Current -20 nA v ~ s = - l O  V. VGS = 0 - C 
5 ID,,,,,) ON Drain Current -3.0 mA VDS = -10 V, VGS = l O  V 

Common-Source Forward = 
Tranrconductance 

1000 pmhos VDS =-lo V. ID = -2 mA, f = 1 kHz 
- Y 

N CommonSource Input 
7 A C i s  

Capacitance 
6.0 

- M pF  VDS = -10 V. VGS = 1 0  V. f = 1 MHz 
I Common-Source Reverre 
C Crss Transfer Capacitance 1.5 

MRA 



-a dual pico ampere diodes ,,, -- 

designed for. .. BENEFITS 
Verv H l q h  Off lsolatlon 

Clipping Circuits 1-PA Max (DPAD1) 
High Isolation Between Diodes 

Diode Switching 20 Femto Amp Typical (DPAD1) 
Matched Capacitances 

High Impedance Protection Compact Packaging 

Circuits 10-71 10.78 
Wins 2 and 6 Removadl IDPA01 Only1 

See Sactian 7  as section 7 

ABSOLUTE MAXIMUM RATINGS (25'C) 

Forward Gate Current, Each Side.. . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation @ TA = 25°C 

Derate 4 . 0  mWI"C to 125°C. . . . . . . . . . . . . . . . .  400 mW 
Storaoe Tem~erature Ranoe. . . . . . . . . . . . .  -55 t o  +125"C " 

Lead Temperature 
(1116" from case for 10 seconds) 

W7,OM "IGW eo7,m ",EW 
IIIITERNATI, 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

1 APPLICATION +V .V 

TEST CONDITION CHARACTERISTIC 

8 

- 
10 

11 
- y  

12 

13 

owrarional ~ m p l i f i e r  ~rotectian. lnput ~i f ferent ial  voltage limired to 0.a v 
lfypl by OPADS Dl and D2 Common mode input wllage limited by DPADS D3 
and Dqto  r 15  V. 2- 

Tyoical ramoleand hold circuit withclipping. DPAD diodes reduce offset voltages 
fed c a p ~ ~ i i i v e l ~  from the FET switch gate. 

0 ,979si,iconix incorporat 

3.48 

MIN 

D 

N 

M 
A 
T 

T Y P  

B~~ Reverse Breakdown Voltage 

VF Forward Voltage Drop 

CR CB~~cifance 

1 C ~ l - C ~ ~ l  Differential Capacitance 

MAX 

-45 

-35 

UNIT 

0.8 

0.1 

-120 

1.5 

0.8 

2.0 

0.2 

V 

pF 

OF 

l R = - l  "A 

I F = l m A  

VR = -5 V, f = 1 MHz 

VRl = V R 2 = - 5 V . f M H z  

DPADI. 2.5 

DPA010. 20, 50.100 

DPADI, 2.5.10.20.50.100 

DPADI. 2.5 

DPAD10.20.50. 1 W 

DPAD1.2.5.10.20.50.100 



low-leaks e Siticonix --- B - 
pico-amp %odes ... designed for B E N E F I T S  

Clipping Circuits 

Diode Switching 

High Impedance 
Protection Circuits 

A B S O L U T E  MAXIMUM R A T I N G S  (25°C) 

F o r w a r d  C u r r e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 m A  

Very H i g h  O f f - I s o l a t i o n  
1 pA M a x  ( P A D 1 )  

T o t a l  Dev ice D iss ipa t i on  . . . . . . . . . . . . . . . . . . . . .  300 m W  
ANOOE 

Sto rage  T e m p e r a t u r e  R a n g e . .  . . . . . . . . . .  -55°C t o  t125"C * Y ?\ 
L e a d  T e m p e r a t u r e  

C A s l L r n O  FOR PAD1.2.I 
(1116" f r o m  case f o r  10 seconds) . . . . . . . . . . . . . .  300°C C&TUOOE ONLY 

E L E C T R I C A L  C H A R A C T E R I S T I C S  (25°C unless o the rw ise  n o t e d )  

Charxter in is  I  in I ~ y p  I  ax I unit I ~ertconditions 

IR Reverse current 

I l < l P A  

?Am,, 

2N.393 
q" 

"OUT 

i CONTROL " ITNAI~ 

A P P L I C A T I O N  
Operational Amplifier Protection.lnput Differential Volraga limited Typical ssmple and hold circuit with clipping. PAD diodes reduce 
to 0.8 v INPI by PADS and 02 common mode input voltage offlcfvoltaeesfedcapacitivcly from the FET swirch gate. 
limited by PADS D3 snd D4 to *IS V. 

0 1979 Siliconlx insorporaT6 
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n-channel JFETs siliconix B 
designed for . e m  Performance See Section 5 curves NC 

Analog Switches BENEFITS 

Commutators Low Insertion Loss 
R D S ( ~ ~ )  < 50  (UZOZ) 

Choppers Good Off-Isolation 
I D ( o ~ ~ )  < 1 nA 

TO-18 
ABSOLUTE MAXIMUM RATINGS (25'C) see sction 7 . Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Device Dissipation at 25'C Case Temperature 

............................................ 
S torageTemperatureRange. . . . . . . . . . . . . .  -65 t0.200~. 
Lead Temperature 

( 1 1 1 6  f r o m ~ a s e f o r 1 0 s e ~ o n d s . . . . . . . . . . . . . . . 3 0 0 ~ C  Gd: G. 
ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

commonsource Revacre Transfer 
=r= cap.citanc. 8 8 8 V D S = O , V ~ S = - ~ Z V  

NOTE. NC 
1. Putre tort required. p ~ I $ ~ w # d t h  = 300jl$ec, duly cycle $ 3%. 



monolithic dual 
n-channel JFETs ... designed for 

- 

B 
Siliconix - 

Performance Curves NNP 
See Section 5 

Differential Amplifiers BENEFITS 

Good Matching Characteristics 

ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -50 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 m A  
Total Device Dissipation at 25°C 

(Derate 1.7 m W P C  t o  200°C) . . . . . . . . . . . . . . .  300 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 to +200°C 
Lead Temperature 

(1116'' from case for 10 seconds) . . . . . . . . . . . . . .  .300°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

VDS = 20 V. VGS - 0  

I I I 

Ch.r.n.rinis 
"231 U232 "233 U236 U235 

Unit 
Max Max Max Ma. MI. 

Test Condition, 

11~1-1~21 Difterenlal Gate Currant 1 10 1 10 1 >0 1 10 1 10 I nA IVOG= 2 0 V . I ~ = 2 W l r A  1 125.C 

IIOSSI-1~~~21 ~ a x u  

NOTES: 
1. Pulse twr rsqutred. p u l s e ~ ~ d i h  = 300111, ~ Y T Y  cycle < 3% 
2. Me...r.d .lend points. TA and TB. 

NNP 
NP~D 



matched dual 
n-channel JFET 

B 
Siliconix - 

designed for ... Performance Curves NZF 
See Section 5 

Wideband Differential BENEFITS 

Amplifiers 

ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-Drain or Gate-Source Voltage . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Gate Current 

Device Dissipation (Each Side), TA = 85°C 
(Derate 3.85 mWIoC) . . . . . . . . . . . . . . . . .  

Total Device Dissipation, TA = 85'C 
(Derate 7.7 rnWloC1 . . . . . . . . . . . . . . . . . .  

Storage Temperature Range. . . . . . . . . . . . . .  
Lead Temperature 

. . . . . . .  (1116" from case for 1Oseconds) 

High Gain through 100 MHz 
gfs = 5000 pmho Minimum 

Matching Characteristics Specified 

ELECTRICAL CHARACTERISTICS (25' unless otherwise noted) 

I ! I I 
IVGSI -VGS~~  Dltterenllai GateSourre Voltage 100 mY 

---- 

Cheracleristrr 

NOTES: 
I .  Pulre test required. pulie width = 300~3. duty cycle< 30* 
2. Asrumel smaller value in numeratDr. 

- - - -  - ~ 

Min Max Unit Tast COndifionl 

NZF 



ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-52 

- - 

n-channel JFETs eiticonix - -  

designed for m a .  See Section 5 

" 
Performance Curves NVA 

Analog Switches BENEFITS 
Ultra-Low Insertion Loss 

Commutators < 2.5 a ( ~ 2 9 0 )  
High Off-Isolation 

Choppers I D ( o ~ ~ )  < 1 n~ 

Reverse Gate-Drain or GateSource Voltage. . . . . . . . .  -30 V see section 7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gate Current 100 rnA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Drain Current 1.5 A 

Total Device Dissipation at 25OC 
Free-Air Temperature (Note 1 ) .  . . . . . . . . . . . . . .  500 mW 

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

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  300°C 

c 
21 
C ta 
9 
4 

1 ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 1 

I U200 I "29, 
Chsrecterinlc Unit Test Conditions I 

10 - 
11  

- A  I 2  - 

NOTES: NVA 

I .  Derare linearly a, the rare of 4 0 mwi-C 

2. Pulse fesr requred pulsewidth 300iis, duty cycles 3%. 

N 

- 
ii' 
0 
3 

O ,979 si,ic.nix ncorllorars* 
ii' 
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StnfiC OroinSoura ON 
'OSionl ~esinance 

rd,lvnl D ~ , ~ ~ s o Y ~ c ~  ON ~eristance 

CSGO Sourre Gale OFF Capocitsnce 

C o ~ o  DranGale OFF Capacitance 

1.0 

1.0 

2.5 

2.5 

30 

30 

2 

2 

7 

7 

30 

30 

1! 

R 

pF 

V G S = O V . I D = ~ O ~ A  

v G S - n . l O - o  i = i  *HZ 

Y s G = ~ ~ V . I D = O  

Y D G = I ~ V . I S - O  I - I M H I  



3 
In 

8 
3 

Low Insertion Loss 
RDS(~,,) < 85 C2 (U304) 

High Off-Isolation 
I ~ l o f f )  < 500 PA 

pchannel JFETs Siticonix B - 

designed for. .. Performance Curves Ps 
See Section 5 

rn Analog Switches BENEFITS 

El 3 

ABSOLUTE MAXIMUM RATINGS 125°C) 
TO-18 

sae Secfion 7 

Reverse Gate-Drain or Gate-Source Voltage (Note 1 ) .  . 30 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Total Device Dissipation, Free-Air 

(Derate 2.8 mWl0Cl . . . . . . . . . . . . . . . . . . . . . . .  350 mW 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +150°C 
Lead Temperature 

(1115" from case for 6 0  seconds) . . . . . . . . . . . . .  300DC E C  

rn Commutators 
rn Choppers 

/ ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 1 

X .- 
t 

8 .- - NOTES: PS 
1. Due70 iymmetrica, peomeriy these un,,nmay be operared with 

rourca*nddra,n leads interchanged. 

1978 Siiiconx incorpotated 
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- -- - 

n-channel JFETs Siliconix -- B 

designed for Performance Curves NZA * * *  See Section 5 

VHF Amplifiers 
Front End High Sensitivity 
Amplifiers 
Oscillators 
Mixers 

1 ABSOLUTE MAXIMUM RATINGS (25'CI 

. . . . . . . . . . . . . . .  Gate-Drain or Gate-Source Voltage -25 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 mA 
Total Power Dissipation at TA = 25°C . . . . . . . . . .  500 mW 
Power Derating to 1 50°C . . . . . . . . . . . . . . . . . .  4.0 mWi°C 
StorageTemperature Range. . . . . . . . . . . . . .  -65 to +150°C 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  300PC 

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 R Input Match Common Gate 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

common-Gate output 

common-Gat~Powar 

NOTES: 
1 .  Putre terrdurati"" = 2mr 
2 G.," ,Gpgl meerured a, omimum inout nois8 march 



450 MHz Common Gate Amplifier 
Noise Figure vs. Power Gain 

Comparison of Mixer IM 
Prototype Active Balanced Mixer' Characteristics 



1 W VHF Amplifiers 

n-channel JFET 
- 

fr 
Siliconix 

designed for ... Performance See Section 5 curves NzA 

1 w Oscillators 

c 
0 = 

I W Mixers 

I ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 rnA 
Total Device Dissipation (Derate 1.7 mWIoC) . . . . .  300 mW 
Storaue Tem~erature Ranae . . . . . . . . . . . . . .  -65 to +200°C 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  300°C 

BENEFITS 

High Power Gain 
16 dB Typ @ 105 MHz. Common- 
Gate 
11 dB Typ 6'450 MHz, Common- 
Gate 

Low Noise Figure 
1.5 dB Typ @ 105 MHz 
2.7 dB Typ @ 450 MHz 

Wide Dynamic Range-Greater than 
100 dB 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Gats o ever re current 

NOTE: 
1. Pulse re,, duration = 2 mr. 



1. VHF/UHF Common-Gate BENEFITS I 

% a 

Amplifiers 

Mixers 

-- 

n-channel JFET B Siliconix 

designed for ... Performance See Section 5 Curves NZF 

ABSOLUTE MAXIMUM RATINGS (25°C) 

High Power Gain 
10 dB Typical at 450 MHz. 
Common Gate 

Gate~Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25 V 10-52 

Gate Current 10 rnA sea section 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Power Dissipation at or below 25'C 

Free-Air Temperature . . . . . . . . . . . . . . . . . . . . .  500 mW 
Power Derating . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 mWl°C 
Operating Temperature Range. . . . . . . . . . . .  -65 t o  +150°C 
Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +150°C 
Lead Temperature 

l l l 16 " f r om case for 10 seconds) . . . . . . . . . . . . . .  .300°C 

ELECTRICAL CHARACTERISTICS I25'C unless otherwise noted) 

Ch.,.R.,i.,ic Mi" Ma.: ""it T.., c e d i , i ~ n r  

1 -0.1 "A - 
IGSS Gate Reverse Currant v ~ s = - 1 5 v . v ~ ~ - 0  

-0 l PA lSODC 

3 A ~ V G S S  Gare-Source Breakdown Voltap. -25 V IG = -1 PA. VDS - 0 - T 
4 1 V ~ s ( ~ f l )  Gate-Source Cutoff Voltaw -1 6 V V~s=10V,Ig- 1 nA 

NOTE: 
1. Pulre terr duration = 2 mr 

5 

6 - 

9 

- 
D 

I Y  
B~ 

(DSS Saiurarion ~ r a i n  ~ u r r e n i  I ~ o l e  11 

P p  Common-Gate Forward Trsnrconductance INote I I 

P~ Common-Gate Output Conductam 

Cgd Gne-Drain Ca~ecitancs 

C, Gale-Source Capacitance 

10 

WOO - 

30 

10.000 

200 

1.2 

3.8 

mA 

pmho - 
umho 

DF 

[IF 

- - -  

V D S = ~ O V . V G S = O  

V ~ ~ = 1 0 V , l g = l O m A  

VDG = 1 0 V ,  l o =  10mA 

f =  1 kHz 

f - 1 MHz 



VHF bffer Amplifiers 
IF Amplifiers 

-- 

n-channel JFETs Sitic~nix B 
designed for. .. See Performance -on 5 curves NIP 

5 8 
c 
W 

. -. 

ABSOLUTE MAXIMUM RATINGS (25°C) 
sas Sntion 7 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  .-25 V 
Gate Current.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 mA 

BENEFITS 

High Gain 
gfr = 120,000 pmho Typical 

Wide Dynamic Range 
Low tntermodulatian Distortion 

Total Dcvice Dissipation I25OC Case Temperature). . . . .  .3 W 
Power Derating (to 150°C) . . . . . . . . . . . . . . . . . .  24 mWPC 
Storage Temperature Range . . . . . . . . . . . . . .  -55 to +150°C 
Operating Temperature Range. . . . . . . . . . . . .  -55 to +150°C 
Lead Temperature 

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

R 
d 

C 

I ELECTRICAL CHARACTERISTICS (25°C unless otherwise notedI 1 

NOTES: 
I. A~moximately dovbln breuely  10'C incream inT~\ .  
2. RllY t.X, durarion * 2 m.. 
3. Noise figure ISSBl nod p a w  gain mserurd in circuit h o w n i n  Figvre 1. 
I .  Comvuled .r g',/c,,.. 

O 1979 Slllconix incorporated 
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T 1 - 6 T U R N S i 2 2 A W G m l S T E D  P&IR WlRE ON 0.375 INCH DIAMETER 
INDIANA GENERAL F625.902 TOROIDCORE. 

rY 

3 a 

50 MHz Power Gain and Noirs Figurs T a t  Circuit 

for U320.  U321 and U 3 2 2  
Figure 1 

--. - 

Siliconix a - 
OUTPUT 

50 0 



designed for.  . . 
Low Noise FET Input 

BENEFITS 

Minimum System Error and Calibra- 
tion 

5 mV Offset Maximum IU4011 

Amplifiers 95 dB Minimum CMRR' (U~O~-04)  
Low Drift with Temperature 

Low and Medium Frequency 10 I.IVI"C Maximum (~401.02) 

Amplifiers Operates from Low Power Supply 
Voltages I Impedance Converters  off) < 2.5 v 
Simplifies Am~l i f ier  Desian 

Precision Instrumentation output ~oriductance < 2 gmho 

Amplifiers Low Noise 
Z,, = 6 nVI f i  at 10 Hz Typical 

Comparators 
ABSOLUTE MAXIMUM RATINGS (29C) 
Gate-Drain or Gate-Source Voltage 
Forward Gate Current . . . . . 
Device Dissipation (each side) 

@ TA = 85'C derate 2.6 mWTC 
Total Device Dissipation 

@ TA = 85'C (derate 5 mW/"C) 
Storage Temperature Range . . 

TO-71 
Y e  Section 7 

ELECTRICAL CHARACTERISTICS (@ 25'C unless otherwise noted) BoTTa"VEw 

0 s - I O Y .  

"OTtI: 
I A opro.,m~ !w"dwb#asm rwaw I O ~ C , .  ..A 2 P.,...-, 6. -,,a n - ~ m . . . ~ . . v . ~ ~ ~ ~ < ~ ~ .  , cMRR-208-,o [-I . A .  on=,oV NNR 
L. M L ~ ~ ~ ~ . I . ~ ~ ~ ~ ~ ~ . . ~ ~ . T ~ ~ ~ T ~ .  NRL-D 
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a General Purpose FET Input OP Amp 

Typical S p s  for General Purpore FET lnput Op Amp* 

Common Mode Range . . . . . . +6.7 to -8.8 Voltr 
Worst Care Drift Referred to the lnput . . a ~Z#V/ 'C 
Broad Band Noise Referred to  

the lnput 10.1 to 1 kHd  . . . . . " 188 nV/Rmr 
Gain and Bandwidth . . . . . . . . (see graph) 

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

Siliconix 
Open Loop Gain and Frequency Response af Op Amp 

- I 

For futher design informarion, write for: I 
DESIGNING FET-INPUT OPERATIONAL AMPLIFIERS 
lAN74-31 

Describer the advantages of FET input operational ampli- 
fiers aver their bipolar transistor counterparts, Includes data 
on noise, leakage current, offset and drift. CMRR and slew 
rate. Detailed design information and several practical cir- 
cuits are included. 116 pagesl. 

I FET Input lnrtrumentation Amplifier I 



monolithic dual Siliconix i r  - 

n-channel JFETs .. designed for. Performance Curves NQP 
See Section 5 

FET Input Amplifiers BENEFITS 

Low and ~ e d i u m  Frequency LOW cos t  
Minimum System Error and Calibration 

Amplifiers 10 m v  Offset Maximum IU4101 

impedance Converters 70 dB Minimum cMRR ( ~ 4 1 0 )  
b Low Drif t  with Temperature 

Precision Instrumentation 10 FVI-C Maximum ( ~ 4 1 0 )  

Amplifiers • Simplifies Amplifier Design 
Low Output Conductance Comparators TO.71 

sac section 7 

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 rnWIoC 
Storage Temperature Range . . . . . . . . . . . . . .  -65 to +150°C 
Lead Temperature (1116" from case for 10 seconds) . .300°C 0 ,  o:za 7" c2 

0 ,  Q 5 ,  s 

BOTTOM VIEW 

ELECTRICAL CHARACTERISTICS (25-C unless otherwise noted) 

"OG - 20 Y .  ID = ZWPA 

Ratio INore 4) 

NOTES: NOP 
1. ADProxlmalal" d0ubl.r for every 10-c ,nrroar ," TA. 
2. Pulse f e n  duration - 300pioc;duty 3%. < CMRR =201ug10 [ l.-lVOD=IOV. 
3 Measured at  md oonci. T ~ s n d  Tg ~ I V G S I - V C S ~ ~ J  

0 1979 siiicanix incorpora,* 

3-63 



3 3 
G 
3 
d 
CY s 
C) 

3 

fl 

p~ ~ ~~ ~ 

monolithic dual Siliconix B 
Performance Curves NQT n-channel JFETs See *ion 5 

designed for . . . BENEFITS 

High Input Impedance 
IG = 0.1 pA Maximum (U421-3) 

Very High Input Impedance High Gain gfs = 140pmho Minimum 6' 
I ~ = 3 0 p A  (U421-3) 

Differential Amplifiers LOW Power supply Operation 
V G S ( ~ ~ ~ )  = 2 V Maximum (U421-3) Electrometers Minimum System Error and Calibration 

Impedance Converters 10 mV Maximum Offset 
90 dB Minimum CMRR (U421, U4241 

ABSOLUTE MAXIMUM RATINGS (25'C) 10.78 
Ses Sestic.n 7 

Gate-to-Gate Voltage . . . . . . . . . . . . i 4 0  V 
Gate-Drain or Gate-Source Voltage . . . . . . . -40 V ' Gate Current . . . . . . . . . . . . . . . 10 mA 
Device Dissipation (Each Side), TA = 25'C 

I- (Derate 3.2 mW/"C to 150PC) . . . . . . . 400 mW P W ,  P N W ~  

CY Total Device Dissipation, TA = 25°C 
(Derate 6.0 mWPC to 150°C) . . . . . . . 750 mW 

Storage Temperature Range . . . . . . -65 to t150"C 

.- - 7 ~ ~ ) ~ ~ ~ , ~ ~ ~ ~ # ~ d ~ ~ b ~ ~ f ~ ~ ~ . ~ ~  I V C , ~ . , ~ ~ ~ , ~ T ~ .  2. C M f l R - Z O l o l i ~  [n&$z~~zi] A V O ~ -  TOY. NOT a 2 McaiurM a$  md molnt$ Ti\. Tg and Tc. I caw 8.- not tonnsrw.  

0 1979 Siiiconix insorporaled 
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APPLICATIONS -- 

I% 
Siliconix 
- - 

Very Low Leakage FET Input Op Amps 

>N&l>*  @b" 
~ , E "  

'G = 0.1 PA at  V,, = 0 

Offset =Can be nulled to Ouolts 

Drlfl = C a n  be nulled to 2 pYPC 

Slew Rate = 0.5 Vlpr 

NOTE: Pin 4 lcare) ir isolated 
from the substrate and should 
be left floating. 

For more information see: 

DESIGNING FET INPUT OPERATIONAL AMPLIFIERS 
IAN7431 

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

Electrometer Amp i f e i  L144CI 
Instrumentation Amplifier 

Voltage Galn - 10 
Input Current = 0.1 PA 

Compensated Drift = 3 yVPC 
Nulled Offref - 0 m V  

CMRR = 80dB f ~ n i c a l  

Power Conrummion - ~ p p r o x .  30 volt x 120 "A - 3.6rnw 



-- 

matched dual - Siliconix B - 
n-channel JFETs ... Iderigned for Performance Curves NZA 

See Section 5 I 
1. Balanced Mixers BENEFITS 

Differentia! Amplifiers Low Noise Figure 
l o w  l M D  -. ...... - 

30 dBm Intercept Point 

ABSOLUTE MAXIMUM RATINGS 125°Cl 
TO-99 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25 V see section 7 

Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 rnA 
Total Continuous Power Dissipation at 

(or Below) 25°C Free Air  Temperature 
Derate 4 mWI0C t o  150°C.. . . . . . . . . . . . . . . . . .  500 mW 

Continuous Device Dissipation IEach Side) at 

..4 $-=. 
(or Below) 25°C Free Air  Temperature 
Derate 2.4 rnWIoC to  150°C . . . . . . . . . . . . . . . . .  300 mW 

Storage Temperature Range. . . . . . . . . . . . . .  -65 t o  +200°C 
Lead Temperature 

J1 
(1/16" from case for 10 seconds) . . . . . . . . . . . . .  300°C % o T ~ ~ ~ ~ , ~  

ELECTRICAL CHARACTERISTICS I25O unless otherwise noted) 

NOTES: NLA 
1 VHF nngleb8lmcod mixor dran load irnpadanre2k il 
2. Z~tone Ld-order IMD. 
3. Anume. rmsllsr valve in numerator. 
4. Pulse irri puiscw8dfh - 300pr,duiy c y r ~ <  Z?4 



.. designed for. 
VHF/UHF Amplifiers 

B matched dual Siliconix -- 

n-channel JFETs 

ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-To-Gate Voltage. . . . . . . . . . . . . . . . . . . . . . . . .  +50 V 
Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Package Dissipation 

(25'C Free-Air Temperature) . . . . . . . . . . . . . . .  350 rnW 
Power Derating . . . . . . . . . . . . . . . . . . . . . . . . . .  .2.8 mW/"C 
Storage Temperature Range . . . . . . . . . . . . .  .+35 to +150°C 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  .300PC 

C 

8 
C 

Performance Curves NZF I % 
See Section 5 1 - 
BENEFITS 

High Gain 
gfs = 4500 pmho Minimum 

Dual Version o f  5300 with Matched 
Gate-to-Source Voltage 

I ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 1 

NOTES: 
1. APPr~xlmrtsl" doubler tor .vary 10°C increase i"TA 
2. P Y l v  lest durateon = Pmpws, duty cycle<3%. 

NZF 



-- 

voltage-controlled Siliconix - -  B - 

resistor FETs ... designed for Performance Curves NC NP 
NT PC PE See Section 5 

Small Signal Attenuators 
Filters 
Amplifier Gain Control 
Oscillator Amplitude Control 

TO-18 TO-72 
see section 7 

ABSOLUTE MAXIMUM RATING (25'C) 

Gate~Drain or Gate-Source Voltage.. . . . . . . . . . . . . . .  .15  V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at T A  = 25°C 

(Derate at 2.0 mWI"C to 175°C). . . . . . . . . . . . . .  300 mW 
Storage Temperature Range . . . . . . . . . . . . .  ,755 to +175"C 

VCRZN 
VCR4N 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

N-Channel VCR FETs 

NC NP NT 

I P-Channel VCR FETa I 



APPLICATIONS vr3.0 VGS approaches V~s(,,ff). 'DS increaser very rapidly so 
that rd, control becomes very critical and u n i t - t ~ - ~ ~ i t  

s ,  7 . 5 "  @ 1 0 "  matching source resistance is almoit  a t  VDS imporrible. = VGS I n  = Fig. 0) varier 4. rdr(on) ar an inverse (drain- 

"-. VOLTS function o f  V G S ( ~ ~ ~ ~ .  I n  Fig. 5 rdl has a typical 0.7%IoC :2- ; temperature coefficient far P-channels which decreases as 
VGS approaches the zero t.c, point. N-channel devices - * m  have a typical 0.3%PC t . c  Specific bias voltage t o  set 

m w operation at the zero t.c. point varier, as doer V~s(,,ffl, 

v m  from device t o  device." 
>O .,m >d 

e 3 
? e 

7 D - 2 0 0  

M<"kNNEL CET 

N-Channel JFET Output Characteristic 
Enlarged Around VDS = 0 io' 

Figure t . 
6 

8 
.8 

@ -am 4oo ,86u R--,2 

100 1m 

0 # Z  0 .  a.6 o m  3 0  

".r".n.., 
Fig. 3 

~m 

FOUR F,XEO RGllSTOitl 

V-1 Chsracterirtic of Four Fixed R.,i,ton 
Figure 2 - 

2 I 

The VCR F E T  has an a-c drain-source resistance, evaluated L: 
? 

around VDS = 0, that iscontrolled by d-c bias voltage VGS 5 
2 

applied to  the high-impedance gate terminal. Minimum rd, ? 
occur$ when VGS = 0 and, ar VGS approaches the pinch-off 3 

> 
voltage, rapidly increaser. Comparing Fig. 1 and 2. for g ,o 

VDS < 50.1 vo l t  and VGS = constant, the VCR FET has a D 
r 

bllatetal characteristic wi th  oo offset voltage, just like a 3 I 

fixed resistor. However, when VDS > k0.1 volts, the VCR 
FET characteristic has noticeable curvature. 

' I  

This rerier o f  junction FETr ir intended for applications 
where the drain-source voltage is a low-level a-c rignal wi th  
no d-c component. Thus the FET operating point wi l l  O R L ~ W S O Y ~ C ~  w * ~ I ~ I I N C E  

swing symmetrically around VDS = 0. I n  the first quadrant. Fig. 4 

rignal distort ion depends on what extent the FET output 
characteristic deviates from a straight line or linear relation. . 106 r 
Besides the linearity problem in the th i rd  quadrant, when 3 
VGS ir near zero and vd, > 0.5 vo l t  rmr, the gate-channel y I" 

junction wi l l  become f.orward biased and cause additional 2 
curvature in the characteristic. Also, whenever the gate be- i ; 5x4 
comer forward biased due t o  any combination o f  VGS and 
vdr, it ceases t o  be a high-impedance control terminal for  G 

I iol 
the VCR. : 

L 
Fig. 3 presents a normalized p lo t  o f  rDS versus normalized c 7oz I a > a  z n  

VGS where V~s(,,ff) ii defined ar that value o f  VGS at V r s  n T ~ ~ ~ ~ U 1 E 6  VOLTAGE lYOLTIi 

ID/IDSS = 0.001. The dynamic range o f  r ~ s  is shown as Fig. 5 

greater than 1 0 0 : l .  For bertcontrol of rDS the normalized For further information an using FETr as voltage-variable 
VGS should lie between 0 and 0.8 V~s(,,ff) because as reiirtorr, consult Siliconix Application Note AN73-1. 

L. Evans; "Biasing FETr for  Zero DC Drift": Electro Technology, August 1964. 

0 1979 Sil iconix n c o r ~ o r a t a d  
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General Purpose Amplifiers 
Analog Switching 

n-channel JFET -- Siliconix B 

designed for . a .  Performance Curves NRL 
See Section 5 

'ABSOLUTE MAXIMUM RATINGS 125°C) 

Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . .  

% 
OD 
d 

9 

BENEFITS 

Low Cost 
Specified at 100 MHz 
Automatic Insertion Package 

Drain-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
10-92 

Reverse Gate-Source Voltage. . . . . . . . . . . . . . . . . . . .  .-25 V ~ s s  semion 7 

Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Continuous Device Dissipation 

at (or Below) 25°C Free Air Temperature 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200mw 

toraqe Temperature Ranqe . . . . . . . . . . . .  -55'C to +150° 

I *ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) I 

' IEDEC registered data 

NOTES; 

1. Oerate linearly to 12S°C Ifroe air temperature at a rate of 2 mWPCI.  
2. Pulse tested pulse width = 1W rnr.duty cycle< 10%. 

NRL 



n-channel JFETs -- pap Siliconix 

designed for b e .  performance See Section 5 Curves NRL 

B General Purpose Amplifiers BENEFITS 
Low Cost 

B Switches Automated Insertion Package 

'ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-92 

Sse Sastion 7 

)rain-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . .  25 V 
)rain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 V 
iource-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  25 V 
-otal Device Dissipation at 25°C.. . . . . . . . . . . . . .  310 mW 

.. Derate above 25'C . . . . . . . . . . . . . . . . . . .  2.82 mW/"C 4" 
berating Junction Temperature . . . . . . . . . . . . . . . .  135°C 
itorage Temperature Range. . . . . . . . . . . . . .  -65 to +150°C 8ommm ",- 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

DF Comrnon'Source Re- 
9 M c,., ~~~~~f~~ C ~ O ~ C # -  1.0 3.0 1.0 3.0 1.0 3 0  

,once - 
C 

vos - 15 V. "6s - 0 

0 NF Not= FlgYrC M 3.0 M 3.0 M 3 0  6 8  RG = 3 MSL < - I  kHx 
N B W i l  H Z  

'JEDEC reglrrered data 
NOTE: 

NRL 

1. Pulse test pul.ew,dfh = 2 mr. 



B n-channel JFETs Siliconix -- 

Performance Curves NH designed for ... See Section 5 

H 

w z 
P 
w P 

w VHF/UHF Amplifiers BENEFITS 

w Mixers Low Cost 
Completely Specified for 400 MHz 

W Oscillators Operation 
0 Low Error Analog Switch 

w Analog Switches Very Lit t le Charge Coupling 
Crss < 1.0 PF 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Gate Voltage. .25 V . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Source Gate Voltage. .25 V 10.92 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Drain Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 mA  ion 

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

Derate above 25'C . . . . . . . . . . . . . . . . . . . .  .3.27 mWIoC 
Operating Junction Temperature Range . . . .  . 6 5  to +135'C 
Storage Temperature Range . . . . . . . . . . . . .  ,335 t o  +150°C 
Lead Temperature 

(1116" from case for 10 seconds) . . . . . . . . . . . . . .  .240°C B ~ . ~ ~ ~ ~ , . ~  

:.o 
*ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

VI 
P w 
Ul 

t4 z 
VI 

a P 
aQ 

",,S - 15 V.  VGS - 0 

m 

NF Nolie Fcyure 

!!! - 
' JEDEC regmrtered data NH 

ii' 
NOTE: 

0 
7 PUlss Test PW 300P.  6ufy  rycle<3% 

3 
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1 Analog Switches 

In 

X 
1 Choppers 

- 
-- - 

n-channel JFET 
- Siliconix B -- 

designed for • See Performance Section 5 Curves NH 

Commutators 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate.Source Voltage. . . . . . . . . . . . . . .  .-25 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10mA 
Total Device Dissipation at (or Below) TA = 25°C . . 360 mW 

(Derate 3.28 mWPC to  135°C) 
Operating Temperature Range. . . . . . . . . . . .  ,755 t o  t135'C 
Storage Temperature Range . . . . . . . . . . . . . .  +5 t o  t150°C 
Lead Temperature 

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

BENEFITS 

Low Cost 
Automatic Insertion Package 
No  Offset or Error Voltages Generated 
b y  Closed Switch 

Purely Resistive 
Low Charge Coupling from Driver t o  
Load 

C,,$ = 0.8 pF Typically 

I 'ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Chala~terist is Min x Unit T r t  Conditions 

1 l ~ s s  GBTO Ileuene current -1 .o 
4 2  

VGS = -15 V. VDS = 0 
UA TA - (W'C - 

3 l o ~ o  D r a n  Leakage Current 
1.0 "a 
0.2 V D G - ~ ~ V . I S = O  

#A T ~ = I W ' C  

X .- 
B .- - 

VDS - 12v.vGs = - l 0 V  

VDD = 10 V.  ID,^,,) = 7 mA. R L =  1.21K S l  

VGSIO~I - 0. VGSIO~~I =-lo V 

'JEOEC registered data NH 

O 1979 S i l i s ~ n i x  incor~ormrsd 
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Analog Switches 
Commutators 

-- - 

n-channel JFETs -- i o n i x  B 

designed for ... Performance See Section 5 Curves Nc 

Choppers 

6 9 oo 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain-Source Breakdown Voltage . . . . . . . . .  
Drain-Gate Breakdown Voltage . . . . . . . . . .  
Source-Gate Breakdown Voltage. . . . . . . . . .  
Forward Gate Current . . . . . . . . . . . . . . . . . .  
Total Device Dissipation at TLEAD = 25'C.. 

Derate above 25°C . . . . . . . . . . . . . . . . . .  
Operating Junction Temperature Range.. . . .  
Storage Temperature Range. . . . . . . . . . . . . .  
Lead Temperature 

(1116'' from case for 10 seconds) . . . . . . .  

BENEFITS 

Low Cost 
Industry Standard Package 
Automatic Insertion Package 
Fast Switching 

t,ise < 5 ns (2N5638) 
Low Insertion Loss 

< 30 (2N5638) 
Short Sample and Hold Aperture Time 

Crss <4  PF 

TO-92 
Sea Section 7 

I *ELECTRICAL CHARACTERISTICS 125'C unless otherwise noted) I 

* JEOEC regmrtered data R L . ~ - ~ . B S < ~ # S O #  "DO 
NC 

. 1 0 V X  O.,"* 
NOTE: WPUT 

~ 0 ~ O " M S c W ~  8 

1 ?"Ire test PW < 300 /rr=. duty cysie h 3 0% '+- W."' - .,.",I=" r 1 
<$CO,E#> 

ICOPE 
0 

T..T...,~m,~ 3 
OR rllUIY116NT 

0 1919 Siliconix tncorporared 

4-5 

~ ~~ 

Ch.rrf.ri,,,c 
ZN-38 ZNS639 2N5540 

Mi" Max Mi" Max Mi" Max 
Tsm Conditionr 

I 
Gafo~Sovrce Breakdown 

' "G~s vollage -30 -30 -30 V IG=-IOW.VDS-O 



3 
CY 

/ *ABSOLUTE MAXIMUM RATINGS (25°C) 

- --- - 

n-channel JFETs Siiiconix - -- B 
designed for . a . Performance Curves NC 

See Section 5 
C) 

3 
VI 

CY 

BENEFITS 

LOW Cost 
Automatic Insertion Package 
High Speed 

'ON  OFF = 24 ns Max (2N5653) 
Low Insertion Loss 

R D S ( ~ ~ )  = 50 Max (2N5653) 

w Analog Switches 
W Commutators 
w Choppers 

TO-92 

Drain-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .30 V ~ s e  section 7 

Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .30 V 
Source~Gate Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . .  .30 V 
Forward Gate Current.. . . . . . . . . . . . . . . . . . . . . . . .  10 m A  
Total Device Dissipation at (or Below) T A  = 25'C 

(Derate 2.82 rnWIoC to 135'C). . . . . . . . . . . . . . .  360 mW 
Operating Junction Temperature Range . . . .  . -65  t o  +135"C 
Storage Temperature Range . . . . . . . . . . . . .  . 6 5  t o  +150°C s BOnDm "-I 

'ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

common-source Input 
10 10 

pF VGS = - I 2  V. VDS - 0 f - 1 M H z  common-source Reverse 
Tnnrter Csoariranrc 

3.5 3.5 ............ 
12 ?dlon) Turn-ON Delay Time 4.0 6.0 VDD - l O V .   ID(^,,) - 10 mA 12N55531 - - - 
13 S t r  Rire Time 5.0 -- -5 n3ec 

V G S , ~ ~ !  - 0 .  lo[on] = 5 mA 120156541 

14 v~ tdloff) 7"'"-OFF oelay ~ l m e  5.0 10 V G ~ ( ~ ~ ~ )  = - I 2  V, HL -925 n 12N58531 - 
15 t+ Fall Time 10 20 R I  = 1 . 8 5 ~  n ( 2 ~ 5 6 5 4 1  

-- 
O 1979 Siiiconix incorporated 
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VHF/UHF Amplifiers 
Mixers 
Oscillators 

n-channel JFETs -- siiiconix B - - 

designed for ... Performance See Section 5 Cuwes NH 

*ABSOLUTE MAXIMUM RATINGS (25°C) 

E 9 
ce 

Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V ~ 0 . 9 2  

Source-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V ~ s s  section 7 

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

(Derate 3.27 mWPC). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range.. . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds1 . . . . . . . . . . . . .  ,300"C 

BENEFITS 

Low cost 
Automatic Insertion Package 
Specified for 100 MHz Operation 

I *ELECTRICAL CHARACTERISTICS (25-C unless otherwise noted) 

E 9 



.. designed for. 
w Analog Switches 

w Choppers 

W Commutators 

-- 

B 
Siliconix - 

Performance Curves NVA 
See Section 5 

BENEFITS 

Very Low lnrertion Loss 
RDS(~,,) < 3 C? (J105) 

No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

NOTES: 
1. Ao,,ror,ma,~l" doubler for every 10°C ncreare n TI\. 
2 Pulre test duration = 3 0 0 ~ r .  duty cycle C 3%. 

Sse section 7 
ABSOLUTE MAXIMUM RATINGS 125'C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  - 25 V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . . .  360 mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1 116" from case for 10 seconds) . . . . . . . . . . . . .  ,300"C 

:D ;@ 
*no," ",.w B""om 

1-181 
ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

i 

ON Caparltance 

I 
10 tdlonl Turn On Delay Tlme 15 15 15 Swllchng i m e  T a i l  Corld ionr  - 

: I 1  

12 - 
13 

C f r  Rlre Time 

idioff)  Turn Oil Delay Tlme 

if Fail Time 

20 

15 

20 

20 

15 

20 

20  

15 

20 

- 
J105 1106 J107 

VOO 2.5" 1 5 V  1 5 V  
V6s(,tfl 1 2 V  7 V  5 V  
R L  50!L 5 0 n  5012 



Analog Switches 

Choppers 

--- 

n-channel JFETs Siliconix - fr 
designed for Performance See Section 5 Curves NIP ... 

BENEFITS 

LOW Cost 
Automated Insertion Package 
Low Insertion Loss 

L L  

3; 
a,, 
e m  
d L  

High isolation Resistance from 
Driver 

Commutators R D S ( ~ ~ )  < 8 (5108) 
No Offset or Error Voltages Generated 
by Closed Switch 

Low Noise Audio Amplifiers Purelv Resistive 

Fast Switching 
 on) + t, = 5 ns Typical 

Low Noise 
- 
en = 6 nVI@ at 10 Hz, Typ (5110) 

c 

s 

AESOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 rnA ~ a e  ~ e e t i ~ ~  7 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  rnW 

Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

sn,,em",m Boc,m"~w 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 1.181 

GS,o", - i Z V  -7"  -5" 

NOTES: NIP 
1. AnD'Dximatei" doublesfor sveiy i O C  inrr.sre ~ " T A  

2. PvlraTertduration 300 pi: duty ~ Y c l e  3%. 



n-channel FETs 
- 

B 
Siliconix 
- -- 

designed for ... Performance See Section 5 curves NC 

Analog Switches 

Choppers 

Commutators 

BENEFITS 

Low Cost 
Automated Insertion Package 
LOW Insertion Loss 

RDS(O~)  < 3 0 n  (5111) 
No  Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

Fast Switching 
~ D ( o ~ )  + tr = 13 ns Typical 

Short Sam~ le  and Hold Aoerture Time 

ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-92 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  -35V see section 7 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 m A  
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  ,360rnW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  ,300"C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

J,,, ,',,2 J,,, 

"3 "OD 10" 10" 10" 

VGS,~,', -12 " -7 " -i V 

R L  800 11 1.600 12 I.2W I t  

NOTES: NC 
1 ,  ADproximatelv doubler for every 10°C increase in TA. 
2 .  Pulse Test duration 300~9: duty cycle < 3%. 

I I 
%1 1979 Siliconix incorporated 

4-10 



I Analog Switches BENEFITS I 

- 

n-channel JFET Silicanix B 

designed for. .. See Performance Section 5 Curves NZF 

I Choppers 

C 

I Commutators 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  -25V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"Cl. . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

No  Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

Very Fast Switching 
t ~ ( ~ ~ )  + tr = 6 ns Typical 

Short Sample and Hold Aperture Time 

Bornom v,- 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise notedl 

Switching Time Tert Conditions 

." 
NOTES: NZF 
1. A P ~ r o ~ i m a l ~ l "  doubler for every 10'C increase in TA. 
2. Pulse tart  duration = 3W p: dutv cycle C 3%. 

!! - 
fY 
0 
3 

O 1979 Silicanix incorporated 

ii' 
4-1 1 



-- - 

p-channel JFETs Siliconix B 

designed for Performance Curves PS ... See Section 5 

I Analog Switches 

Choppers 

I Commutators 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage (Note 1). . . . . . . . .  30V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds1 . . . . . . . . . . . . .  .300°C 

BENEFITS 

Low Cost 
Simplifies Series-Shunt Switching when 
when Combined with 51 13, its N-Chan- 
Channel Complement 
LOW Insertion Loss 

RDS(~,,) < 85 (5174) 
No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from Driver 

Short Sample and Hold Aperture Time 

-=.-... 
Fast Switching 

td(on) + tr = 7 ns Typical 

10.92 
See Saction 7 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) *-v- 

1.181 . 

VDS - 0, "GS - 10 Y 

Gala ON Ca acitancr 

J174 ,176 2116 J11  

1 1  R L  5 6 0 0  1 2 K n  5 6 f i i l  l O K  

3 rs ~ ~ i i  ,#me 10 20 20 25 "GS,on, O V  0" a v  0) 

NOTES: 2 Aoorox#matey doubler for every 10-C lncrrare in TA PS 
I .  ,? rymm.tr,ra~ unltr may b. w ~ h  ,ourre and dran lnterrbanged 3 ?"ire test duratton - 300 Y,, duly ryrie < 3% 

0 1979 Siliconlx incorOora' 

4.12 



- -  

n-channel JFETs Siliconix f5 - 

designed for.  .. See Performance Section 5 Curves NP 

I ABSOLUTE MAXIMUM RATINGS (25'C) 

C L  

88 , , 
Sk 

General Purpose Amplifiers BENEFITS 

Gate-Drain or Gate-Source Voltage (Note 1) . . . . . . .  -40 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation at 25°C Ambient 

IDerate 3.27 mWI"C1. . . . . . . . . . . . . . . . . . . . .  ,360  mW 

L 8 
m m  

Ooeratng Tenlperatdra Range. . . . . . .  .-55 10 1351C 
Storage Ternperarbre Range. . . . . . . . . . . . .  5 5  to 150 C 

High Input Impedance 0 
IG = 35 pA Typical 

Good for Low Power Supply Opera- 
t ion 

Lead Temperature Range 
(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

NOTES. 
i Geometry l i  rymmetr,ca, ""ill may bo o0lrat.d "4th iourco and drain lea*, lnl.rihangPd 
2 AOP'oxm.l.l" doublsr ,or every 70-c ,ncres,e n TA. 
3 Pulse lei, durallon - 2 mr. 

s ~ , , ~ m  vmw m~"- v,." 

1-16] 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Y cornmvn source ovtpuc ' N ~ ~ n d u r l a n c e  1 3 5  10 

4 common source in"", 
M Ci,i Csparltanre 

OF 

"0s- 2OV.YGS = 0 

V ~ S - ~ O Y . V G S = O  10 

- 

I - I MHz 

I =  1 kHz 

; 
- .  

,,,, c ~ m m 0 " S ~ " r c ~  Re"..- 
i.anr,er CaDacranco 

z,, ~ o u j v a e n t  Short c,rculc 
,"put Nalre VoltsgP 5 5 5 

"V - 



-- I n-channel JFETs Siliconix B I designed for. .. performance Curves NP 
See Section 5 I 

General Purpose Switching BENEFITS 
r Very Low Leakage 

TO-92 
Saa section 7 

ABSOLUTE MAXIMUM RATINGS 125°C) 

Gate-Drain or Gate-Source Voltage (Note 1). . . . . . . .  -25V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 m\n//"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

",- Born. YII 

1-18) 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

VDS = 20 v. vGs = 0 

Common-Source Reverse 

Transfer Capacitance 
1 

Equivalent Short-Clrcuit 
10 

"" 
VDS = 10 V. VGs = 0 f = l k H z  

lnout Naire Voltaoe .%z 
NOTES: 

1 .  GeometrY 85 rymm0lrlcal. Unltr may b. owrated Wlih source and drain lead3 lnlerchangDd 

Z. i \ ~ ~ ~ o ~ ~ m s t e l y  doubles for every lbc  increare in T* 

3. Pul,e text duration = 2 mr. 



- -- 

n-channel JFETs Siiiconix B - - 

designed for. .. Performance Curves NzF 
See Section 5 

I General Purpose Amplifiers BENEFITS 
High Gain . 

GFS = 7000 gmho Minimum 
(J211, J212) 

High Input Impedance 
IGSS = 100 p A  Maximum 
Cisr = 5 pF Typical 

ABSOLUTE MAXIMUM RATINGS (25'C) 

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

(Derate 3.27 mWI"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range.. . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1 116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

TO-92 
Sas section 7 

NOTES: NZF 
1. APPrOXimlPl" doYble.foreYPrY 10.c i"Er.slO ",A. 
2. Pulse test d"r.ron - Zrn.. 



Audio and Sub-Audio 
Amplifiers 

Y QO 

I: 
q . 

9 

I ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate~Drain or Gate-Source Voltage (Note 1 ) .  . . . . . .  .-40V 
Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 m A  
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mWI"C1. . . . . . . . . . . . . . . . . . . . . .  360 mW 
Operating Temperature Range.. . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10seconds) . . . . . . . . . . . . .  .300"C 

- -- - 

n-channel JFETs Siliconix B 

designed for. .. Performance Curves NS 
See Section 5 

BENEFITS 

Ultra Low Noise 
en = 8 nV/f i  Typical at 10 Hz - 
en = 2 nV/,/Hz Typical at 1 kHz 

/ ELECTRICAL CHARACTERLSTICS (25'C unless otherwise noted) I 



--- 

~=channel JFETs Siliconix - B -- 

designed for ... Performance Curves Ps 
See Section 5 

General Purpose Amplifiers BENEFITS 

Low Cost 
Automatic Insertion Package 
High Gain Amplifiers 

gfs = 14,000 pmho Typical (J271) 
Low Noise 

% = 6 n v m a t  1 kHz Typical 

I ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain 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 mlN 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

ELECTRICAL CHARACTERISTICS (25OC unless otherwise noted) 

Vos = -15 V. VGS - 0 

Equmvaleni ShorLClrcuit 
6 6 

nv 
l n w t  ~ o i r e  voltage VOS=-IOV. I D =  ~ o s s , ~ i ~ ,  I = 1 LHZ 

NOTES: 
1. Geometry is  rymmelrlcal ""ill may b. noeraled with rource and d,.," lead, ,n,erchang.d 
2. Aporoxlmafely doubler for every 10SC incieare in TA. 
3. Pulse test duration = 2 mr. 



VHF/UHF Amplifiers 
Oscillators 
Mixers 

H v 

ABSOLUTE MAXIMUM RATINGS (25'C) 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . .  .-25 V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 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 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

--  

n-channel JFETs - Siliconix B -- 
designed for . o m  See Performance Section 5 Curves NzF 

BENEFITS 

High Power Gain 
20-23 dB Typical at 100 MHz, 
Common-Source 
17.5-20.5 dB Typical at 100 MHz. 
Common-Gate 

Low Noise Figure 
1.3dB Typical at 100 MHz 

High Dynamic Range 
Greater than 100 dB 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise specified) 

X .- = 
O 
.(1 - .- .- 

NOTES: 
1. !DSS and V G S S , ~ ~ ~ )  "e selected tnfo 5 ranges and labaled sccordng to above tabla. 
2. Pulse test PW < 300 pr, duty cycle < 3%. 



n-channel JFETs S i l i c ~ i x  B 

designed for.  .. Performance Curves NH 
See Section 5 

VHF/UHF Amplifiers BENEFITS 

Oscillators Characterized for Operation at 100 
and 400 MHz 

Mixers Low Noise 
NF = 1.7 dB Typical at 100 MHz 

10-92 
Sos Ssrtion 7 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  -30 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 rnA 
Total Device Dissipation at 25°C Ambient 

IDerate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  .360 rnW 
Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . . .  -55 to 150°C 
Lead Temperature Range :o 11/16" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

m%m",*w 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted1 

f = i W M H z  
V ~ ~ - 1 5 V , I g = 5 r n A  

f = 400 MHz 

NOTES: 
I. Aporox8malely doubles for every IO'C increase in TI\. NH 
2. P3.r test duration = 2 mr. 



. 
Forward Gate Current. . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at 25°C Ambient 

lDerate 3.27 rnW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range.. . . . . . . . . . . . .  - 5 5  t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

% 
a 
0 

a 
0 

l Easily Matches t o  75 S7 Input 

~ 

n-channel JFETs -- Siliconix B 
designed for. .. Performance Curves NzA 

See Section 5 
BENEFITS 

VHF/UHF Amplifiers l Industry Standard Part 

Oscillators 
I n  Low Cost Plastic Package 

l High Power Gain 

Mixers 11 dB Typical at 450 MHz 
Common.Gate 

l Low Noise 
ABSOLUTE MAXIMUM RATINGS (25°C) 2.7 dB Typical at 450 MHz 
Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . V . W i d e D y n a m i ~ R a n . e  
Source-Gate Voltaqe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greater than 100 dB 

TO-92 
see section 7 

4 ..o 8oc,m",.w 

I ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) I 

X .- 
c 
0 
0 .- - NOTI NZA 

. 
B 1 9 7 9 5 i i c o n i x  insormoratsd 

4.7n 



n-channel JFETs Siliconix B - 

current regulator diodes 
designed for. Performance Curves NCL .. See Section 5 

1. 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 t2096 

Generator  TO-^^ 
See Smction 7 

ABSOLUTE MAXIMUM RATINGS (25'C) 
m.ODk 

Peak Operating Voltage. . . . . . . . . . . . . . . . . . . . . . . . .  .50 V 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 mA 
Reverse Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation at 25°C ~ m b i e n t  4 

(Derate 3.27 mW/"Cl. . . . . . . . . . . . . . . . . . . . .  ,360 mW cATMomE 

O~eratina Temperature Ranqe. . . . . . . . . . . .  .-55 t o  135°C - 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

V L  Limating Voltage [Note 31 

NOTES: NCL 
1. Pulse test dursrlon - 2 mr 
2. MaxmrnumV~ where i~ < 1.1 I F I ( M ~ ~ )  ~sguman~eed.  Current-Limiter D~ode  
3. Minimum Y F  requredto inlure IF > 0.9 IPI,M,,I. V-l Charactel irric 

# / I  i 



- 

n-channel JFETs Siiiconix B 

current regulator diodes 
designed for. .. Performance Curves NcL 

See Section 5 
BENEFITS I 

Current Regulation LOW cost 
Simple Two Lead Current Source 

Current Limiting Simplifies Floating Current Sources 
No Power Supplies Required 

Biasing Good Operating Current Tolerance 

Linear Ramp and Staircase ?20% 
TO-92 

Generator See So.3i0n 7 

ABSOLUTE MAXIMUM RATINGS (25'C) 
&W""k I 

Peak Operating Voltage. . . . . . . . . . . . . . . . . . . . . . . .  .50 V 
Forward Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 m A  
Reverse Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mWPC). . . . . . . . . . . . . . . . . . . . .  ,360  rnW 
Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 1 0  seconds) . . . . . . . . . . . . .  .300"C 

X .- s 
8 .- - 
iii 

ELECTRICAL CHARACTERISTICS (25°C onless otherwrre noted) 

NOTES: NCL 
1. Pulse ,err duraton = 2 mr 
7 Mlximum "F whpro I F  i 1 1 l r , , ~ ~ ~ )  "gY"'"leed Current-Limiter Diode 
3. Mnmmum VF requmred IO "sure IF >0.9 ~ F ~ ~ M , ~ ~  V ~ I  Character8rtlc 

yp *--- ~. ' .IVF 
Ir/ 

0 ,979 Slliconir ,"sorooraft 
4.77 



low-leaka e 
pico-amp %odes ... designed for 

High Impedance Diode BENEFITS 

Switching LOW cost 

High Dynamic Range Log Amps 
High Isolation Protection 
Circuits 

-a 
Siliconix - -- 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Forward Current. . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation . . . . . . . . . . . . . . . . . . . .  .360 mW 
Storage Temperature Range. .-65°C to +135"C 

* 
. . . . . . . . . .  

Lead Temperature 
(1116" from case for 10seconds) . . . . . . . . . . . . .  300°C 

:D 
m a m  "," 

A Also Available As EPADSO. 

0. 100.200.500 ITO-1061 

mmm ",.* 

ELECTRICAL CHARACTERISTICS (25°C) 1 ~ 0 - ? 0 6 1  

NOTE: 
1. The JPAD woe number denom i n  maximum reverse current value in pim amw. 

Dwice~ with In valuer intermediate to thore shown are also available on requert. 



Analog Switches 

i Choppers 

QO 

E 

1 Commutators 

- - 
-- 

n-channel JFET Siliconix -- B 

designed for.  .. See Performance Section 5 Curves NzF 

I ABSOLUTE MAXIMUM RATINGS (25'C) 

BENEFITS 

No  Offset or Error Voltages Generated 
b y  Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

Very Fast Switching 
t~(,,,,) + tr = 6 ns Typical 
- 

Short Sample and Hold Aperture Time 

Cgd(0ff) <= pF 
Cgs(0ff) < 2 PF 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -25 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 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  .30OSC 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Kt14  
Charartenstic Unit Test Conditions 

Min I Typ I Max 

Gale Reverse Current (Nore > I  1 I 1 nA VDS=O,VGS=-ISV 

Switching Tims Test Conditions 



In-channel JFET Siliconix B I designed for ... 
1. VHF/UHF Amplifiers 
1. Mixers 

Oscillators 

ABSOLUTE MAXIMUM RATINGS (25°C) 

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 

IDerate 3.27 mWI"C). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds1 . . . . . . . . . . . . .  .300"C 

Performance Curves NH 
See Section 5 i 
BENEFITS 

Specified for 200 MHz 

1-18) 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise notedl 

Operation 



QO . General Purpose Amplifiers 
7 
r 

QO 
r; 
CY 

I ABSOLUTE MAXIMUM RATINGS (25°C) 

n-channel JFETs I3 
Siliconix - --- 

designed for. .. Performance Curves NzF 
See Section 5 

. . . . . . . . . . . . . .  Gate-Drain or Gate-Source Voltage. -25V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 m A  
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

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

BENEFITS 

High Gain 
GFS = 7000 gmho Minimum 
(K211-18, K212-18) 

High Input Impedance 
IGSS = 100 p A  Maximum 
Cis* = 5 pF Typical 

I ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) I 

X .- 
c NOTES: NzF 



VHF/UHF Amplifiers 

Oscillators 

Mixers 

n-channel JFET s i l e i x  B 

designed for. Performance See Section 5 Curves NzF .. 

ABSOLUTE MAXIMUM RATINGS (25°C) 

X 
0 o 

s e 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  -25V 
Gate Current (FWD) . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/"CI. . . . . . . . . . . . . . . . . . . . .  ,360  mW 

Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from care for 10 seconds1 . . . . . . . . . . . . .  .300°C 

BENEFITS 

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

Low Noise 
NF = 2 dB Typical at 100 MHz 

High Dynamic Range Greater than 
100 dB 

/ ELECTRICAL CHARACTERISTICS ( 2 5 ° C ' u ~ l e ~  otherwire noted) 

NOTES: NZF 
1 .  approx~matdy doubles f o r ~ v o r y  10DC mnsrerro  in^^. 
2. Pulse f.stdur.fion - 2 mr. 
3. TYPiCal vaIue110r PerlormanE. a? 1W MHz 10 osumrnon-gateclreult 

operatlng3 dB bandwidth ir  2 MHz. 

O ,979si , i ronix incoroorsfsd 
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00 

6 

$ 

.. . . . . . . . . . . . .  Gate-Drain or Gate-Source Voltage. -30V 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gate Current. 10 m A  

- - 

n-channel JFETs B Siliconix - - 

designed for. m e  See Performance Section 5 Curves NH 

00 

8 
Y 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mWIOC). . . . . . . . . . . . . . . . . . . . .  ,360  mW 

Operatino Temperature Ranqe. . . . . . . . . . . .  .-55 to 135°C 

. VHF/UHF Amplifiers . Oscillators . Mixers 

ABSOLUTE MAXIMUM RATINGS (25°C) 

- 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

I ELECTRICAL CHARACTERISTICS (25'C unless otherwise notedl 

BENEFITS 

Characterized for Operation at 100 
and 400 MHz 
Low Noise 

NF = 1.7 dB Typical at 100 MHz 

NF Noire Figure 
IStngle Sidabondl 

0 .- 
ijj 

NOTES: 
1. ~ p ~ ~ o ~ ~ r n ~ t e l y  dauble%tor every 10-C i n c a a r  i n T ~ .  NH 
2. puir. nrtdur.lion = 2 rnl. 

B 1979 S i l r o n l x  lnsorDor*rsd 
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n-channel JFETs Siliconix - B- -- 

designed fo r .  .. Performance See Section 5 Curves NzA 
- 

VHF/UHF Amplifiers 
Oscillators 
Mixers 

'ABSOLUTE MAXIMUM RATINGS (25°C) 

BENEFITS 

Industry Standard Part 
I n  Low Cost Plastic Package 

High Power Gain 
11 dB Typical at 450 MHz 
Common-Gate 

Low Noise 
2.7 dB Typical at 450 MHz 

Wide Dvnamic Ranse 

Drain~Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V ~ r e a t e r  than 10ddB 

Source-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V Easily Matches t o  75 a Input i 
Forward Gate Current.. . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  ,300"C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

TO-92 Lead-form 
See Section 7 

NOTE NZA 
1 PYI3D 1111 PW 1OoYI d"8" cYII. \ 3% 

0 1979 Siilconlx Incarnoiar~d 
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VHF Amplifiers 
Mixers 

OD 

2 
f 
Y 

I ABSOLUTE MAXIMUM RATINGS 125"Cl 

n-channel JFET B 
Siliconix 

designed for ... Performance curves NH 
See Section 5 

BENEFITS 

Low Noise 
NF  = 3 dB Typical at 400 MHz 

Wide Bandwidth 
LOW cost 

tecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10mA 
a1 Device Dissipation at 25°C Ambient 

(Derate 3.27 rnWI0C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
peratiny Temperature Range. . . . . . . . . . . .  .-55 t o  135'C 
oraye Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 

ead Temperature Range 
(1/16"from case for 10 seconds) . . . . . . . . . . . . .  .30O"C 

so,,om ",.w 

1-181 

P " l 5 ~  lest duration = 3M)iir. 

X .- - 



n-channel JFET 
- 

fi 
Siliconix 

designed for. .. 
VHF/UHF Amplifiers 
Mixers 
Oscillators 

ABSOLUTE MAXIMUM RATINGS (25°C) 

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 mWPC). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 to 135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10seconds) 

- 

Performance Curves NH 
See Seaion 5 

BENEFITS 

Low Cost 
Automatic Insertion Package 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

Gste~Sourse Cutoff 

NOTE: NH 
1. Pulre test PW = 3~ rr: duty cycle < 3%. 

common-source Forward a 0 R e ( ~ f s l  Transconductance 1600 - 
Y Common~source ournut 

Rs(~od Conductance 

common-source lnpur 
R e ( ~ i s l  conductance 

CommonSaume Input 
c,ss C s P ~ l f s n c e  

C.,$ 
Common-Source Rwerre 
Transfer capacitance 

- A  

lo 
- 
11 
- 
12 

"mhos 

200 f = l W M H z  
V r , ~ - 1 5 V . V ~ s = 0  

a00 
. 

7.0 

PF ~ = I M H Z  

3.0 

Y 
C 



VHF/UHF Amplifiers 

Mixers 

Oscillators 

QO 

2 
5 

I ABSOLUTE MAXIMUM RATINGS (25°C) 

n-channel JFET Siliconix B 
designed for rn rn . Performance Curves NH 

See Section 5 

Drain~Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Source~Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Forward Gate Current. . . . . . . . . . . . . . . . . .  10 mA 
Tola, Device Diss~parion at 25.C Ambcnt 

(Derate 3.27 rnW C I .  . . . . . . . . . . . . . . . . . . . . .  360 mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

BENEFITS 

Low Cost 
Automatic Insertion Package 

TO-92 
Sse section 7 I 

Tranr~onductance 

common Source Reverse 

NH 
1. Pulse rest. pulrs width = 300rrr. duty cycle $ 3%. 

0 1979 5 , l E O n i X  inForoOlaled 



General Purpose Amplifiers 

Analog Switches 

-- 

n-channel JFET B w  
Siliconix - - 

designed for.  .. Performance curves NRi. 
See Section 5 

ABSOLUTE MAXIMUM RATINGS (25°C) 

3 
3 
3 

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 m\YI"C). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

BENEFITS 

Low Cost 
Automatic Insertion Package 

Characteristic T a t  Conditions 
I I I I I I 

Gate Reverse Current I 4 . 0 1  1 0  nA V G S = - ~ S V . V D S = O  14 SI:S;__ Gate-Source Breakdown mc On I , - -  .- ",,  - -  I 

1-1 I; lgo' Conductance I 4" ,D 

- 
3 - 
4 

5 

7 

Noise Figure 0.04 2.5 1 d~ I I 

A 
T 

.9 
v ~ ~ = 1 5 v . v ~ ~ = O  

f - l M H z  

common-source Input 
capacitance 

NOTE: 
1. Pulse test PW 6 630 mr. duty cycle c 10%. 

NRL 

D"bss vo~tage 1 z D  

4.5 

I() - 
ii' 

Si' 

-" 

.- 

V ~ s ( ~ f f )  Gate-Source Cutoff Voltage 

IDSS Saturation Drain Current 

Cammon.Souree Farward 
9fs Trsnlconducfance 

Common~source output 

7.0 

4 . 2  

0.5 

800 

PF 
Common-Source Reverse 
Tranlfer CaDaCitanca 

-8.0 

24 

6WO 

-- 

1.0 

v 

mA 

"mho 

3.0 

1 ~ - - 1 " P X . V D S - U  

VDS= 1 5 V .  ID = 1 0 p A  

Vos = 15V.  VGS = 0 (Note 1) 

f = 1 kHz 



General Purpose Amplifiers BENEFITS 

Analog Switches LOW Cost 
Automatic Insertion Package 

r = 
$ 

ABSOLUTE MAXIMUM RATINGS (25°C) 

n-channel JFET - Siliconix B - 
designed for. m a  See Performance Section 5 Curves NRL 

TO42 
Sas section 7 

Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .20V 
Source~Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .20V 
Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .  .20V 
Forward Gate Current. . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  ,360 mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  ,300"C 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

I C h a r a c t ~ r i n i ~  I Min I Tvo I Max I Unit I Tsst Conditions I 
1 - 
2 

5 
4 

5 - 
6 

7 - 

X .- 
0 .- - 

p~ 

IGSS Gate-Reucns Current 

BVGSS Gate-source ~reakdown Voltage 

v ~ s i ~ f t ,   ate-source curoff voltage 
loss saturation orain current 
gfs Common-Source Foward Transconductance 

go. CommonSourceOut~~f C~nducfance 

cisr common-source Input camcitance 
Common-Source Reverse Transfer 

C n s  ~ . ~ . ~ i ~ ~ ~ ~ ~  

: 
A 

: 
C 

D 

- .  
; 
I 
c 

NRL 

NOTE: 
1. Puise text PW < 630 miec. duty cycle C 10%. 

0 1979Si l iconlx  incorporated 
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2 0  

-0.5 

0.5 

5W 

0 1  

10 

4.5 

1 0  

1 0 0  

-10.0 

20 

nA 

v 

m~ 

"mho 

PF 

VGS = - l O V .  VDS - 0  

IG = - ~ O P A .  vos = 0 

VDS - lo  v. 10 - 1 PA 

VDS - 10 V. VGS = o i ~ a t e  11 

v,,s - 10 v. VGS =o  
f = l k H z  

- 

f = l M H z  



VHF/UHF Amplifiers 
Mixers 
Oscillators 

n-channel JFET 23 
Siliconix 

designed for ... See Performance w o n  5 Curves NH 

BENEFITS 

Low Cost 
Automatic Insertion Package 

3 w 
n 
4 

4 13 

TO-82 
9. S.sfi0" 7 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Source-Gate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .  .25 V 
Forward Gate Current. . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Dwice Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  .360 mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C :D 0 0 

mom vmw 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

NOTE: 
1. Pulse test PW = 3Wiis. duty cycle < 3%. 



QO o r  
3~ -a 
0 . 

0 n a 

( ABSOLUTE MAXIMUM RATINGS (25°C) 

- 

pchannel JFETs Siliconix B 
- -  -- 

designed for. .. Performance Curves PS 
5ee Section 5 

a 
L 7 

;% 
a 

Gate-Drain or Gate-Source Voltage (Note 1 ) .  . . . . . . . .  30V 
Gate Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 m A  
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
, Operating Temperature Range.. . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

. Analog Switches 
Choppers 
Commutators 

BENEFITS 

Low Insertion Loss 
R D S ( ~ ~ )  = 7552 Maximum (P1086E) 

No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 

*,,m"Bw 8 0 " o m " , ~  

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 
1-18) 

X 'c 
i .- - 

NOTE: PS 
1 Due to ~yrnmerrical geometry, there unlrr mny be operated with 

SoYrceand dm," lead. interchanged. 

o 1979 ril lsonix insorporo~sd 
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n-channel JFETs 
- -- 
B 

Siliconix -- - ... designed for 
Analog Switches 
Commutators 
Choppers 
Integrator Reset Switch 

Performance Curves NC 
See Section 5 
BENEFITS 

Low Insertion Loss 
High Accuracy in Test Systems 

RON < 30 s7 (PN4091) 
~igh-0if-isolation 

 off) < 200 PA 
High Speed 

t.;.. < 10 ns IPN40911 . 
Short Sample and Hold Aperture Time 

(ABSOLUTE MAXIMUM RATINGS (25°C) 

Reverse Gate-Drain or Gate-Source Voltage. . . . . . . . .  -40 V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  ,360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300mC 

I ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

NOTE: 
1. P~llew8dfh - 300~3, dufy s ~ s l n C  3% 



- -- 

n-channel JFETs - Siliconix B 

designed for. .. Performance curves NP 
See Section 5 

General Purpose Amplifiers BENEFITS 

Low Cost 
High Input Impedance 

IG = 35 PA Tvoicallv - . . 
Low Noise 

Zn = 5 nVIf lTypical ly @ 1 kHz 

ABSOLUTE MAXIMUM RATINGS (25°C) 

TO-92 
See Sestion 7 

Gate-Drain or Gate-Source Voltage (Note 1) . . . . . . .  -30V 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300°C 

:LECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

NOTES: 
1. G~ometr" iIIymmPlrC.I "nlr, may be opc,atrd wltn rouroe and dram" leads lnierrhanged. 
2 AD(lrOximetely doubles for ."pry 10°C increaxe n Ti\ 
3. Pula, re., d"ra,lon = 2 ma 

O 1979 Siliconix ~ncorporiltl 
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-- - 

n-channel JFETs Siliconix B 

designed for ... See Performance Section 5 Curves NC 

I Analog Switches BENEFITS 

Commutators 
Choppers 

Low Insertion Loss 
No Offset or Error Voltages Generated 
by Closed Switch 

Purely Resistive 
High Isolation Resistance from 
Driver 

Low Cost 

ABSOLUTE MAXIMUM RATINGS (25°C) ~ 0 . 9 2  
see section 7 

Reverse Gate-Drain ar Gate-Source Voltage . . . . . . . .  .-40 V 
Forward Gate Current. . . . . . . . . . . . . . . . . . . . . . . .  50 mA 

/ Total Device Dissipation at 25°C Ambient 
I (Derate 3.27 mWI"C). . . . . . . . . . . . . . . . . . . . .  ,360 mW 

Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116'' from case for 10 seconds) . . . . . . . . . . . . .  ,300"C 

/ ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

NC 
NOTE: 
1 Vulva test requred. V V ~ S P  wmdth - 300~8, duly T V C P  - 3%. 



VHF Amplifiers 
Mixers 

d 
Z 

BENEFITS 

Low Noise 
NF  = 3 dB Typical at 400 biHz 

Wide Band 
High gfs/Ciss Ratio 

n-channel JFETs 3 
Siliconix -- 

designed for.  .. See Performance Section 5 CUN~S NH 

I ABSOLUTE MAXIMUM RATINGS (25°C) I 
Gate-Drain or Gate-Source Voltage.. . . . . . . . . . . . . .  -30V 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gate Current. 10 rnA 
Total Device Dissipation at 25'C Ambient 

. . . . . . . . . . . . . . . . . . . . .  (Derate 3.27 mWTC). 360 rnW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 

. . . . . . . . . . . . .  Storage Temperature Range. .-55 t o  150°C 
Lead Temperature Range 

. . . . . . . . . . . . .  (1116" from case for 10 seconds) .300°C 

T 0 ~ 9 2  
see section 7 

Y ~ ~ = ~ ~ V . V G S = O V  

"~~=I5v .vGs-OV 
common-soume output 1000 4000 

common-source Forward 
.......a..... 4000 ... 

.o - 
i7i 

NOTE,: 
1 .  pulse test duration = 300111 

O ,979 S,llson!x incoroorate* 



Low and Medium Frequency 
Amplifiers 

ABSOLUTE MAXIMUM RATINGS (25°C) 

n-channel JFET 
-- Siliconix - a- 

designed for. .. 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .  -25V 
Gate Current (FWD) . . . . . . . . . . . . . . . . . . . . . . . . .  10 rnA 

w Z 
ir: a 

Total Device   is sip at ion at 25°C Ambient 
(Derate 3.27 mWI"C1. . . . . . . . . . . . . . . . . . . . .  ,360  mW 

Ooeratina Ternoerature Ranse. . . . . . . . . . . .  .-55 to 135°C - .  
storage Temperature ~ange.. . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

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

BENEFITS 

Low Cost 

1 *ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

9 gOs Common-Source Output Conductance 200 

*lEDEC registered data 

pmho 

OF 

da 

LiL 
fi 

l o  

m - 
ii' 
0 
2. 
X 
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V, 
A 

f=lMHz 

f = 1 kHz 
NEW = 150 Hz 

11 Clr. Common-Source Input Capacitance 20 

VDS = 15 V.  V G ~  - 0  9,s 
common-sourcs Forward 

Tranrconducfance 

l2 

13 

14 
Y ~ s - 1 5 V .  l ~ = l  mA 

18W 

R G =  150kR 

I = common-source Reverre Transfer 
Crls cspac\tance 

N F  ~ o m m o n ~ ~ a u r c e  spot ~ o i i e  ~ igure  

FN 
EqulValenf Short c,rcu,t Input Noise 
Voltage 

5.0 

3.0 

50 



n-channel JFET 
- 

B 
Siliconix 
- - 

designed for.  .. See Performance Sedion 5 curves NH 

VHF/UHF Amplifiers 
Mixers 
Oscillators 

I ABSOLUTE MAXIMUM RATINGS 125°C) 

BENEFITS 

Specified for 200 MHz Operation 

TO-92 
Sos section 7 I 

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

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . .  , 360  mW 
Operating Temperature Range. .-55 t o  135°C 

6 - 4 1  

. . . . . . . . . . .  
Storage Temperature Range. . . . . . . . . . . . . .  .-55 t o  150°C 
Lead Temperature Range 

(1116"from case for 10 seconds) .300°C 
:D 

. . . . . . . . . . . . .  
Mmm V," 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 



-- 

n-channel JFETs 
- Siliconix B -- 

designed for ... Performance curves Nc 
See Section 5 

1. Analog Switches BENEFITS 

Choppers 
Commutators 

Low Insertion Loss 
< 30 R (U1897E) 

No Error or Offset Voltage Generated 
by Closed Switch 

Purely Resistive 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate-Drain or Gate-Source Voltage . . . . . . . . . . . . . . .  -40V see section 7 

Gatecurrent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10mA 
Total Device Dissipation at 25'C Ambient 

(Derate 3.27 mW/"C). . . . . . . . . . . . . . . . . . . . . .  360 mW 
Operating Temperature Range. . . . . . . . . . . .  .-55 t o  135°C 
Storage Temperature Range. . . . . . . . . . . . . .  .-55 to 150°C 
Lead Temperature Range 

(1116" from case for 10 seconds) . . . . . . . . . . . . .  .300"C 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) b"~","*w h"-"- 

8978 U1696E U 
3v 3 v  

GSloff l  1 2 V  - 8 V  4 . V  
R L  43On 700n l l w n  

6.6 mA 4 mA 2 5 m A  

NOTE: NC 
1. P"1.. ,st P"I..Width = 3W ".id"f" cycle < 3%. 

Q 1979 Siiiconix i n c ~ r o o r a t e  
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VHF Amplifiers 
Mixers 

B 

I ABSOLUTE MAXIMUM RATINGS (25°C) 

-- - 

n-channel silicon JFET -- Siticonix B -- 
designed for ... Performance See Section 5 Curves NH 

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

(Derate3.27 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 10 seconds) . . . . . . . . . . . . .  .30OSC 

BENEFITS 

Low Noise 
N F  = 3 dB Typical at 400 MHz 

Wideband 
High GfE/Ciss Ratio 

Specified for Operation at 400 MHz 

10.92 
Sbe section 7 

NOTE: 

x 1.  Pulse test dura~ion = 300 "3. 







enhoncement-type 
whonnel MOSFET 

. Analog and Digital Switching 

General Purpose Amplifisrs 

Smoks Delactarr 

- 

B 
Siliconix 
- -- 

BENEFITS: . Hi G.t.TI.~isnt VolUg. Br-k- 
down Eliminstas N e d  for Gats 
PlOtRti". Diode 

Ultra-High input Impedance . Low Lsakags . Normally OFF 

TYPE PACKAGE PRINCIPAL DEVICES 

PERFORMANCE CURVES (25'C unless otherwise noted) 

Output Characteri~tim Transfer Characteristic 

Low-Level Output 
Characteristics 

Common-Source. Short-circuit, 
Output Admittance vs 

Drain Voltage 

Common-Source. Short-circuit, 
Forward Transadmittance ur 

Drain Current 

lo(o", - O R l N  ON CURWlNT im*, 

Common-Source. Short-Circuit, 
Output Admittance vs 

Drain Current 



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

Drain-Source ON Resistance vs 
Gate-Source Voltage 

Low-Level ON Drain-Source 
Voltage vr Gate-Source Voltage 

V G S  E l j T l ~ W Y A C E  VOLTAEE ,"DLTIl " G I  O & T I ~ S O Y R C E  VOLTAEE IVOLTI, 

Capacitance vr Gate-Source Drain-Source Leakage Current vr 
Voltage Temperature 



1 n-channel JFETs 
derigncdtol... I3 

Siliconix 
• Anslog Switch- BENEFITS: 

%a,, 
• Cornmutaton • No Off rst  or Error Vo l tage  Gsn~ra fsd  

t-saa, • Choppars by Closed Switch. Purely Reirf iva. 

i . Integrator R.Wt Switch High Isolation Rsrirfancs From 
Driver . High Off-lrolation l ~ , ~ ' ~ ,  < 100 PA 

High Spssd < 2 0  ns 

TYPE PACKAGE PRINCIPAL DEVICES 
. L L ~ , w ~ ~ , ~ " ~ ~ " ~ " ~ " ~ ~  
~ A . L ~ , ~ ~ ~ s ~ o ~ s ~ ~ M ~ ~ L ~ ~ ~ ~ ~ ~ s ~  Single TO-18 2N3970-72, 2N4091-93. 2N4391-93 

2N485661, 2N4856A-61A. U20002. UCR2N 
Dual TO-71 2N5564-66 
Single TO-92 ZN563840.2N5653-54. J111~13. PN4091-93. 

PN430204. PN4391-93. UlR97-99 
T o 4 2  Lead~form J111-18- J113-18, PN4302-18 -PN43M-18. 

PN4391-18 -PN4393-18.U1897-18-U1899~18 
Single Chip Al l  of above single devices 
Dual Chip 2N5566 CHP 

PERFORMANCE CURVES (25°C unless otherwise noted) 

Output Characteristic Output Characteristic Output Characteristic 

m 

$ 7- a ,so . 
i : -20 : ,a0 

2 2 
9 80 
0 

i so 3 .. 
z 

m - 40 Y 40 P i o  

"01- DRAIN-SOURCE VOLTAGE <VOLTS1 Y D s O m a # N  l O U R c ~ Y O L l b O E  <VOLTS> YDSPRIINJOUICE VOLTAGE ,YOLIE, 

m 

- 
$,a 3s r " - - * - * * : ,m z : "0 :a 
= 

$ m ; rn 
0 B 

40 'la * 10 

YES - GATE IOYrlCS V o l T i l r E  ,VOLTS, Y G J  CAT/so"PCI  "OII&CL lYOLTSl "oiG-i,E l O U I I C ~ V D L T . I G E  l Y O l T I ,  

Transconductance Characteristics Transconductance Characteristics Transconductance Characteristics 

$ 2 0  F '0 

- - 
: ,5 $ a 

$ : 
g > o  

a 
2 70 

3 ; 
9 = 
2 = 0 5 

P 
P 

B 
P 

-2 -4 4 -8 4 
YCI G a T E  SOURCE YOLTaCE iYDLTSl YGP OATESOURYS COLTAEE lVDLTIl VEI  E A T S  SOURCE VOLTACE iVOLTSi 



1 PERFORMANCE CURVES (Cont'd) 125-C unless otherwise noted) 

Common-Gate Input Admittance vr ON Rerirtance vs Ambient Common-Source Capacitances 
Frequency Temperature vr Gate-Source Voltage I 

I Common-Gate Forward Gate Operating Current Equivalent Input Noise Voltage 
Transadmittance vr Frequency vr Drain-Gate Voltage and Noise Current vr Frequency I 

I Common-Gate Reverse Transfer 
Admittance vs Frequency 

Drain Current & ON Rerirtanee vr 
Gate-Source Cutoff Valtaqe 

Leakage Current vr 
Ambient Temperature I 

.X 

6 .- - 
iii 

Common-Gate Output Admittance Common-Source Output Conductance 
ur Frequency vs Drain Current 

>m 1.0 

f - 
5 z - 
- 
g 30 P 
: $ g 9 0 1  

8 
b 
2 - 0  2 
: a 
'i P 

0.- 
-0 n 50 7* 1111 201 

001 
0.1 1.0 I D  ,La rmo 

I - TeeCIUENC" ,*"I IO.DII*IIICYRRENTIn/Li 

0 ,979 Siiiconix inaornorsxd 
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n-channel J E T  
current regulator diode 
designedfor... . current R.gu1atie.n . current Limiting . siaring 

TYPE PACKAGE 

Single TO-92 
Single Chip 

PERFORMANCE CURVES (25°C unless otherwise noted) 

Dynamic Impedance vr 
Limiter Current 

Limiting Voltage at 0.9 ID vr 
Limiter Current 

- 

B 
Siliconix - - 

BENEFITS: . Simpis Two Lead Current Source . Simplifia. Floating Current Sources 
No Power supp1ias Rsquired . Low Cost 

PRiNClPAL DEVICES 

J500-505.1506~511 

1500CHP-505CHP. J506CHP-511 CHP 

Knee Impedance vr Limiter Current 

I S  LlMlTrRCURrlSNTlmAl 

Capacitance vr Forward Voltage 

Typical Variation of ID with Temperature 
Steady State and Pulsed Value 



n<hannel JFET 
des&dfor... Siliconix B 
. Low and Msdium Frequency Single BENEFITS: 

and Differential Amplifien . Wide Dynamic Range . High Input lmpedanc. Amplifisrr IG Specified @ VDG - 20 V 
LOW cspritanee Ci, < 4 p F  . Low ovtpvt Conductance 

TYPE PACKAGE PRINCIPAL DEVICES 

Dual TO-71 2N3954.2N3954A. 2N3955.2N3955A. 2N39568. 
2N5452-54 

Single TO-72 2N36ffl-7 
Dual Chip 2N3955CHP. 2N3956CHP-8CHP. ZN5454CHP 

I Single C h b  ZN3684CHP-7CHP 

I PERFORMANCE CURVES (25°C unless  otherwise noted) 

Output Characteristic Output Characteristic Output Characteristic 
- 0  s.0 6.0 

0.9 

a 0.8 e 4.0 

; 0.7 
- 

z i : as g 3.0 3 1.0 
= E = 0.3 2 2 " 
; 0.4 $ 2 0  ; 2.0 
= c 
0 OI 0 

5 0.2 5 7.0 

0 ,  

0 1 8 12 16 20 0 1 a 12 16 20 0 4 B 12 18 20 

v m  ORAIN~EOUrlCE "OLTAri  ,VDLTSi Ym - I)IIAIN.sOUnCs YOLTAGS VOLTS, v m  onr,,,Jwacr VorrrrE ,"OL,S, 

I Transfer Characteristics 

Transconductance Characteristics 

Static Drain-Source 'ON' Resistance 
Transfer Characteristics vr Gate-Source Cutoff Voltage 

Tranrconductance Characteristics 

E low 
E. 
'u 
2 
2 1.w 

8 
'200 

0 

2 saa 
2 
0 ; 0 -,.o 3 . 0  -3.0 4.0 

v,?. EITE.SWRCEVOLTL(IS IYOLTII 

'ON' Resistance vr 
Ambient Temperature 

7 5 

7.4 : T . 3  

: i . 2  
0 is '.' 
2 >.o 

: 0.3 

: r a  

% 0.7 

0.e 

0.5 
-56 -15 21 16 1- $45 

T-TEMSES&T"RE I.<, 



" ~ / o , , /  - E I - T L S O Y I C E C U T O ~ F " D L I I \ G ~  ("OLIS, V _ -  DRAINSOYRCIVDLi l iOl  lVDLiSi  ID - ORJIINCURRINT hl\i 

Common-Source 
Drain Current and Transconductance Forward Transconductance Leakage Currents vs Ambient 

us Ambient Temperature vs Drain Current Temperature 1 

PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
Drain Current and Transconductance Common-Source Output Conductance Common-Source Output Conductance 

YI Gate-Source Cutoff Voltage vr Drain-Source Voltage vr Drain Current 

3.5 8 '0" - 
,A f 

Y I., 

3.x 
S 

+ 2 ,c 
7.3 

. 
( 0  

z 

5 @ : 0 s  

2 0.8 : ,m 
3 a7 5 

0.6 z 
0s 

B 
M 7 s  a sr rw i.5 10 

T .TEMPIRIT"RI  PC, o m  o., , o  30 T -  T l M I l R l r U a r  PC, 

2 
5: 

I lo -DRAIN CURPENT lnA, 

Gate Operating Current vr Common-Source Input Capacitance Equivalent Input Naire Voltage and 
Drain-Gate Voltage vr Gate-Source Voltage Noise Current vr Frequency 



PERFORMANCE CURVES (25'C unless otherwise n o t e d )  

Drain Current & Transconductance 
Output Characteristic vs Gate-Source Voltage 

m z m  'MOP 

,8 - 
b 0" 

z >e 5 24 *Ill ' B r 34 3 u g 
: '2 I I S  ,800 2 
$ 90 

2 
5 8 3 >z 
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V ~ D ~ A J N . ~ " ~ e r  YOLTADE ,VOLTS, "_,*,/ EArIsOUmCE CUTOFF YDLIAEI IYoL,~, 

I z 

'ON' Resistance & Output Conductance 
vr Gate-Source Cutoff Voltage 

ea ,Lw 

8 
: a 240 s 
z P 2 s ,so d 
2 . 

e 2. ,a 2! 
Z : - 
a ,, P ' 2 
2 

0 -2 4 4 -8 

VsSIO1,, - GITESOUICS LYTDFF WiTAGG ,VOLTS, 

- -- 

~ h a n n e l  JFET 
desigldfor... fr Siliconix 

VHFIUHF Amplifisn BENEFITS: . Orcillafon . Low Noise . Mixers NF = 3 dB Typical Q 400 MHz 

• Low Input Capacitance High Spa4 • Widebsnd 
Switch High gfJCia Ratio 

TYPE PACKAGE PRINCIPAL DEVICES 

Single TO-72 2N3968.2N4416-16A 
Single TO82 ZNY1846.2N5555.2N5668-70. MPF102, MPF108. 

MPF112. PN4418. 

.L,wm*w,om ,w ,="ms J304-5. U1837. U1994 
,a,, ~ M C W S , ~ ~ " " ~ . ' ~ " G ~ # ~ ,  Single TO-92 Leadform KK4416-18. K304~18. KK305-18, K1837-18 

Single Chip Ail of the above devices 

I Common-Source Forward Common-Source Output Conductance 
Transfer Characteristics Transconductance vr Drain Current vr Drain Current 

Common-Source Output Conductance Orain Current,Tranrconductance and 
Transconductance Characteristics vr Drain-Source Voltage 'ON' Resistance vr Ambient Temperature 



S Parameterr S11 Common-Source Common-Source Input Admittance Gate Operating Current 
vr Frequency vr Frequency vs Drain-Gate Voltage 

PERFORMANCE CURVES (Cont'd) (25'C unless otherwise noted) 

~ , , O  
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vr Frequency 

+ 9 0  

. 
u ,so 

: .9 740 I 
0 

- " la 2 
z 
P 8 110: 

:: ,>a 
Y 7  

m 
1m- 

i: 

2 W 2  

d 80 - 
70 

- .5 80 
TW m ,m 500 700 ,m 

+ -  FREe"ENG",MHZ, 

S Parameterr S12 Common-Source 
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Common-Source Forward 
Transadmittance vs Frequency 

Common-Source Reverse 
Transfer Admittance vr Freouencv 

Common-Source Capacitances 
vr Gate-Source Voltage 

Gate Current us Ambient 
Temoerature 

5 Parameters S22 Common-Source Common-Source Output Admittance Equivalent loput  Noise Voltage 
vr Frequency vs Frequency vr Frequency 1 
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PERFORMANCE CURVES (25°C 

Output Characteristic 

n-channel JFET 
de*gnedfor... 

Low ON Rsrirtanes Analog Switch- . COmmutatoll . Choppen . Integrator Reset capesiton 

Low Noise Audio Amplifiers 

TYPE PACKAGE 

Single TO-39 
Single TO-52 
Single TO-92 
Single TO-92 Lead-form 
Single Chip 

unless otherwise noted) 
Drain Cutoff Current vr 

Ambient Temperature 

BENEFITS: Siiiconix * I  . Low l n ~ r t i o n  L O S  . Small Error in Measurement Syrfemr 
VDS,.~) < 50 mV IZN54321 . High Mf-I.olafion IDl0ff) <ZOO PA 

High Spsd fd(on) < 4 ns . Low Noire Audio-Frsq Amplification 
e~ < 2 nv/&i;at 1 kHz 

PRINCIPAL DEVICES 

All of the above devlcer 

Common-Source Capacitance vr 
Normalized Gate-Source Voltage 

I O N  Rerirtance vr Ambient Equivalent Input Noise Voltage and 
Transfer Characterirticr Temperature Noire Current v r  Frequency 

,K 

5 - $ .w $ 3  i s  1'" 
i' 
= - :s 

s Y :  3 ,m ,o->.; 

Em 2 3 - m " 
m 

2 S 2 

= ?  = 
d ? 

5 xw z $ 0.8 
0 

' Y ." B 10 
10-" 5 

S z 
, m  ja ., 

f 2 
10--* 

7- TEMPIRATURS I-C, 
>o ,m ,K >D% >WK 

V G S E A T I J O Y I I C S  YOLTAOI ,VOLTS, ,- SRS",,S"C" ,".I 

I Forward Transconductance 
vr Drain Current 

Resistance vr Normalized 
Gate-Source Voltage 

Gate Currents vr 
Drain-Gate Voltage 1 



PERFORMANCE CURVES (Cont'd) (25'C unless otherwise noted) 

Input Admittance Common Gate 
vr Frequency 

Output Admiftance Common 
Gate vr Frequency 

>m 

a 
- 
: -0 
2 

9 
2 ,  
a 
E 

*.I 
-0 m 70 ,m 2m 

I- FIIeOYENS" IUHI, 

Forward Tranrfer Admittance Common 
Gate vs Frequency 

C I -  FAIOYEIK" IMH. 

Gain Intermodulation Characterirticr 
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Reverse Transfer Admittance Common 
Gate vs Frequency 

Drain Current & 'ON' Resistance 
vr Gate-Source voltage 
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n-channel J E T  
current regulator diode 
a*grrdtor... 

Current Rsgulatian . currant Limiting . B i ~ i n g  . LOW VoltsgC Retsrsnea 

B 
Siliconix 
- -- 

BENEFITS: 

Simpla Two  sad current Source . Curls", 1n.an.itive to  Temperature 
Changes. Tem,,erst"re Coaffieianf 
Better Than O.t5%PC On All Osvicn . 10-18 Pahkags for Improved Current 
contra, . Simplifia Floating Current Sources 

No Power Supplier Required 

TYPE PACKAGE PRINCIPAL DEVICES 

Single TO-18 12-leadl CR022 Thru CRO62. U508 
Single Chip CR022CHP Thru CRO62CHP 

PERFORMANCE CURVES (25'C unless o the rw ise  n o t e d )  

Dynamic Impedance vr Knee Impedance vr Limi t ing Voltage @ 0.8 IF vr 
Regulator Current Regulator Current Regulator Current 

l F R E 0 Y L A T O I 1  CUmllrNT la*, IF - REOULIITO. CURRENT ,,,A, I F - R r L i " L I T O I C " R I I E N T  hi\, 

Temperature Coefficient Temperature Coefficient 
-55OC < T j  < 25-C vs 25'C < T i  < 125'C us Thermal Resistance vr 

Regulator Current Regulator Current Power Dissipation 

/ Capacitance ur Forward Voltage I 
NOTE: IF, Regulator Current is specified under pulse conditions. 
I n  operation. final current wi l l  be a function of junction tempera- 
ture. IF (steady state1 = I F  x I 1  + 81 (Ti - 25"C)l where 81 is the 
temperature coefficient of l ~ a n d  T j  is the junction temperature. 

Tj mav be found by  T j  = Tamb + Oj.,Pn = Tease + Uj.,PD. Tj must 

not exceed 150'C. 1 or 1 is thederating factor for all devices. 
8,-c Oj., 



n-channel JFET 
current regulator diode 
des'kmedfor... - . current Ragulation . current Limiting . niaring . Low Voltage RDfsrsncs. 

B 
Siliconix 

BENEFITS: . Simple TWO Lead cunsnt source 

Current lnrsnritive to Temperature 
Changes. Tempersture Coefficient 
Better Than 0.15%PC On All Device. . T 0 ~ 1 8  Package for Improved Current 
Control . Simolifier Floating Current Source. 

No Power Supplies Required 

TYPE PACKAGE PRINCIPAL DEVICES 

Slnglr 10-18 12-lead) CR068Thru CRt5O 
Single Chip CR068CHPThiv CRtSOCHP 

PERFORMANCE CURVES (25°C unless o the rw ise  n o t e d )  

Dynamic Impedance vs Knee Impedance vr Limit ing Voltago @ 0.8 IF vr 
Regulator Current Regulator Current Regulator Current 

ir - IIEEULhTOR CURRENT In*) 

Temperature Coefficient 

-55OC < T i  < 25°C vr 
Regulator Current 

/ /  - REOYLATDR CURRENT IRA, 

Temperature Coefficient 

25'C < T i  < 125'C vr 
Resulator Current 

Thermal Resistance vr 
Power Dirrioation I 

Capacitance vr Forward Voltage I 
i m - NOTE: IF. Regulator Current ir specified under pulse conditions. 
u I n  opra ion,  final current wi l l  be a function of junction tempera- 
3 75 ture. IF !steady $tatel = IF x I1 + 01 (Tj - 25'C)I where 91 is the 

4 fernpelamre coefficient o f  IF and Ti  is the junction temperature. 
3 ro 

Tj  may be found by T i  = Tamb + IJ~.~PD = T,,= + Bj.,PD. Tj must 

not exceed 15VC. 1 or 1 is thederating factor for all devices. 
Bj.C Bj., 



n-channel JFET 
current regulator diode 
desimdtor... - . cvrrsnt Ragulation . currant Limiting . Biasing . Low Voltage Reference5 

-- - 

B 
Siliconix 

BENEFITS: . Simpla Two Lsad Current Source . Currant lnrsnritivs to TemperaturB 
Changar. Tsmperaturs coafficient 
&ttar Than 0.15%PC On All Deviea. 

TYPE PACKAGE PRINCIPAL DEVICES 

Single TO-18 IBleadI CRlSO Thru CR470 
single Chip CRISOCHPThru CR470CHP 

PERFORMANCE CURVES (25°C unless otherwig n o t e d )  

Dynamic Impedance vr Knee Impedance vs 
Regulator Current Regulator Current 

IF - AEEYLATORCYRRLNT irnlil 

Temperature Coefficient 
-55OC < T j  < 2 P C  vr 

Regulator Current 

10-18 Pssksgs for lmpravsd Currant 
controi 
Simp1ifi.r Floating Current aurcer 

No Power Supplia. Required 

If - REGUL/\rnR CURRENT ,"A, 

Temperature Coefficient 
25-C < Ti < 125°C vr 

Regulator Current 

Limit ing Voltage @ 0.8 IF ur 
Regulator Current 

Thermal Resistance vr 
Power Dissipation I 

Capacitance vr Forward Voltage 

2s 

= 20 - NOTE: IF, Regulator Current is specified under p u l s  conditions. 
I n  operation. final current wi l l  be a function of junction tempera- 

$ 36 ture. IF (steady state) = IF x [ l  t 01 (T j  - 25'Cll where81 is the 

: temperature coefficient o f  IF and T, is the junction temperature. 
5 l o  

Tj may be found by Tj = l a m b  + aj.,P~ = T.... + aj<PD.Tjmusf 

not exceed 150DC. 1 or 1 is thedsrating factor for alldevices., 
S~.C 

Y F  F(lRWAIILI"OLTAGE,Y~LTII 

J 
W 1979Sll#sonlx incorporated 
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monolithic 
dual mhannel JFET 
asignedfor... 

Low and Medium Frequency Ampli- 
fisrr . Impedance Converts" . Precision inrtrvmentation Amplifier. . comparator. 

TYPE PACKAGE 

Dual TO-71 
Dual chi0 

PERFORMANCE CURVES 125°C unless otherwise noted) 

Output Characteristics Output Characteristics 

Low VGS(offl Unit Medium V G ~ ( o f f j  Unit 
x m  5 0  

,em 4.5 

-,em a 1 0  
2 ; 'Ua 2 ,., 
z 
:"a, g 3.0 " 5 'ma * 5 ' 5  

2- 2 0  ; 2 2 , s  
am 0 l o  

2m 

Z 1 6 8 10 12 ld  16 i s  20 0 2 4 8 ,o > >  >. ,@ >8 20 

" 0 s  DRAINbOUI)CE "OLTAGI ,VOLTS, VDI - ORAINIOUI1CL YOLTliDE ,VOLTS, 

~ -~~~~ 

B 
Siliconix ~ 

BENEFITS: . Minimum System Error and Calibra- 
tion 

5 m V  Offset Maximum 1ZN51961 . Low DriU With Tsmoerature 
5 " V P C  Maximum 12N51961 

PRINCIPAL DEVICES 

2N5196-9. ZN5545-47, U231~35 
2N5199CHP. U232CHP-35CHP 
2N5547CHP 

Output Characteristics 
High VGS(affl Unit 

za 

-8  

a 7s 
5 '" 
g 12 
E 
2 10 

2 - 8  

2 
0 1 

1) 2 4 6 8 10 ( 2  3 1  i s  i s  20 

V ~ I D R l l l ~ ~ S o U R C E " o L T 4 0 1  ,VOLTS, 

I Transfer Characteristier Transfer Characteristics Transfer Characteristics 

Low VGSIO~~I  Medium VGSIO~~I  High V ~ ~ ( o f f ~  

Transconductance Characteristics Transconductance Characteristics Transconductance Characteristics 

Low V ~ ~ ~ ~ f f ~  Medium V ~ s ( o f f j  High V ~ ~ ( ~ f f ~  

I v,, - GATE sourlcr V O l i a U r  IYOLISI  yes - GATESOURCE VOLTAGE lYDLTJi YGS - CATE l ~ U I C E Y O I T b O E  ,YO, TI5 I 



PERFORMANCE CURVES (Cont'dl (25°C unless otherwise noted) 

Static Drain-Source O N  Resistance Normalized ON Resirtan- and gf, vr Gate-Source 
vr Gate-Source Cutoff Voltage vr Ambient Temperature Cutoff Voltage 

TEMPsRAT"ll6 PC, 

Common Source 
Comrnon~Source Output Conductance Common-Source Output Conductance Forward Transconductance 

vs Drain-Source Valtase YI Drain Current vr Drain Current 

"DsI ) * i l ,NW"i lCs"oLTl lOE,YDLTE,  I D D . A , N C U R R l N T  lm*l D - D ~ A I N C U P R E N l , n 4 1  

Gate Leakage Currents vr Gate Leakage Currents vr Capacitance vr Gate-Source Voltage 
Ambient Temperature Diain-Gate Voltage 

Equivalent Input Noise Voltage 
vs Frequency 



monolithic 
dual n-channel JFET 
designedf or . . .  

B 
Siliconix 

. FET Input Amplifiem BENEFITS: . Low and Madsum Flequency Amplifisrr . Minlmum System Error and Calibra- 

m impedance convanerr tion 

Precision Inrtnlmentation Amplifies 5 m V  Offref Maximum IJ4011 
9 5 d B  Minimum CMRR . comparatorr . Law Drift With Tem~era fure  
10icViOC 15401) . Simplifie Amplifier Oerign 
output Conductance i 2 r m h o  

TYPE PACKAGE 

Dual 1 0 - 7 1  
Dual Chtp 

PRINCIPAL DEVICES 

2N3921~2 .  2N4084-5. ZN5045~7 ,  U 4 0 1 ~ 6  
ZN4086CHP. 2N5046CHPd7CHPP 
U403CHP~06CHP 

PERFORMANCE CURVES (25°C unless otherwise n o t e d )  

Output Characteristics Output Characterist~cs Drain Current and Trvnsconductance vr 
Low VGs(aff) Uni t  (-1.5 V i  Medium VGSioff) Unit (-2.2 V )  Gate-Source Cutoff  Voltage 

I Transfer Characteristics Transfer Characterirticr Forward Transconductance 

Low V G S ( ~ ~ ~ ~  Uni t  (-1.5 V i  Medium V G S ( ~ ~ ~ )  Uni t  1-2.2 V i  v i  Drain Current 1 

YrJ r A T E I O U I C E  IYOLTI, vgs GATE SOURCE YOLT40I  YDLiS,  ur - 
5' 
0 



2 I PERFORMANCE CURVES (Con't) (25'C unless otherwise noted) 1 
l Transconductance vs Gate Source Voltage Transconductance vr Gate Source Voltage Output Conductance 

Low VGSloffj Unit I - 1 .5V)  Medium VGs(off) Unit 1-22 V )  vr Drain Gate Voltage I 

I Gate Operating Current Gate Operating Current Equivalent Short Circuit input Noise 

vr Drain Gate Voltage YS Ambient Temperature YS Frequency 

I Capacitance vr Gate Source Voltage Capacitance vr Drain to Gate Voltage I 



"..~.,~o..c",~o~c~w..~. , . , ,  n-channel JFET 
designed for... B 

Siliconix . Small Signal Amplifiers . Choppers 

Voltap-Controlled RIIinorr 

TYPE PACKAGE 

Sngle TO-18 

Dual T 0 ~ 7 1  
Single TO92 
Single TO92 Lead-form 

Single Chw 

PERFORMANCE CURVES (25°C unless otherwise noted) 

Output  Characteristic Output Characteristic 
5s 2 0  

45 - 8  - - 2 '0 5 ,s - . 35 
5 ' 

"10 E > >  
3 - .25 $ ," . . - 20 2 o a  

7 15 
0 

0,s 

O la  0 - o a  

n a z  

0 2 4 a a -0 > 2  ,4 1e 38 ZD 0 2 . 8 0 10 ,2 14 ,8 > s  20 
V D S  D R A I N ~ S O U R C ~ V D i i A O ~  ,VOLTS, Y O $  DR&,N~SO"RCE VOLTAGE IYaLTS, 

Transfer Characteristics Transfer Characteristics 

~- 
BENEFITS: 

Law Noise N F  < 1 dB at  1 kHz . Operation From Low PowerSupply 
Voltages. V ~ s ( ~ f f )  < 1 V 12N43381 . High OKlrolatian A5 a Switch 

ID(OW) < 50 P A  
High Input Impedance 

PRINCIPAL DEVICES 

2N3368-70. 2N3436-8, 2N345840, 
2N4338-41. VCR4N 
2N5196-9. U231-5. 2N554547 
J201-203. J204. PN4302-04 
J201-18 -203-18, JZ04-18. 
All of fhe above 
PN4302-18 -4304~18 

Output Characteristic 
2 0  

,.a 
? , 8  

c , 4  

2 - 0  

$ 0 8  

9 0 s  

O o a  

0 2 

0 2 4 s B 30 >2 34 > e  7s 20 

YOS - D r l \ l N ~ I D U R C I  "OLTAEE ,VOLTS, 

Transfer Characteristics 

YOS- BATE-SOURCE YOLTAEE lVOLTSi "0s - Omr SOURCE VOLTACE i Y O i T l i  YES- OATL-SEURCE YOLTAEL IVOLTS) 

Transconductance Characteristics Transconductance Characteristics Transconductance Characteristics 

,em 

,m s 
,Irn g 
IrnO 2 

c= 
aoo $2 

5' - g  
loa g " 
200 2 

0 
- 7 0  .oa 4 6  4 4  - 0 2  0 



1 PERFORMANCE CURVES (Contrd) I25'C unless otherwiss noted) 

I Drain Current and Tranrconductance ON Reristance & Output Conductance 
Output  Characteristic vr Gate-Source Cutoff  Voltage vs Gate-Source Cutoff Voltage 

Common-Source Output Conductance 
Transfer Characteristics vr Drain Current 

Common-Source Capacitances vr 
Transconductance Characteristics Gate-Source Voltage 

I'W ; 

moo 6 
q 

zsw 6 

'Om p 
B 

>roo 8 

,ow 3 
% I" $ 
. 

Gate Operating Current vr 
Gate Currents vr Ambient Temperature Drain-Gate Voltage 

VC 8 , 0 , , ,  UATt  I O U R C I C U T O ~ ~ Y O L T A G ~ I Y U L T S ,  

ON Resistance vs 
Ambient Temperature 

> . 5  

; 3.4 

: 1 2  
u 
% 1.2 

7 ,  

? 1 0  

; 09 
7 0 8  - 
h 0.7 - 
"3 
P 0.6 

0,s 
4 8  -75 2s 85 705 ,a5 

I T E M P E r l l T U l l E  I-C, 

Cammon-Source 
Forward Transconductance 

vr Drain Current 

Equivalent Input  Noise Voltage and 
Noise Current vr Frequency I 



monolithic 
dual n-channel JFET 
derignedtor... 

Gencrsi Pvrpow Differential Amolifierr 

s3 
Siliconix - 

BENEFITS: . LowCo* . High Input lmpsdanss 

TYPE PACKAGE 

PERFORMANCE CURVES (25'C unless otherwise noted) 

Output Characteristics 
Low VGS(off) Unit 

m 
am 

->em 
4 ; ,dm 
z 
;"OD 

2 'On 

; m 
= 0 em 

"m 
m 

0 2 a 6 8 -0 >z 3, -6 -8  20 

V m D R I \ , N S O " R C E  YOLTADE iVOLTS, 

Ourput Characteristics 
Medium VGSloffi Unit 

s.0 

a5 

q 4.0 

3.3 

L 3.0 

2 '3 
; 2.0 
= 
0 1.5 

P I 0  

0 2 4 8 10 12 11 16 i s  so 
VDS- DRAIN-SOUIICEYOLTIOE lVOLTSl 

PRiNClPAL DEVICES 

Output Characrerirricr 
High V G S ( ~ ~ ~ )  Unit 

ZQ 

98 

z -6 

; >4 

$ 32 
a- : 30 

; = 
9 " 
5 1 

i) z . 6 a 10 12 11 16 / B  20 

"08 - DR64V~SOYRCL VOLTAGE ,VOLTS, 

Transfer Characteristics Transfer Characteristics Transfer Characteristics 

Low V ~ ~ l a f f l  Medium V ~ ~ l o f f i  High V ~ ~ ~ o f f l  
~e a n  3e 

,. 3.5 3. 
. 
0 

- 
,.I , 1.0 , ,* t 

s P 
9.0 g 2 5  2 10 2 

z z 2 

0 s  : 2.0 : 8 : = z = 
0.8 9 '" 4 s = 2 
or T 7.0 r 4 p 

2 2 - 
o.> 0,s 

, . 6 , l . , Z . , . O . 8  6 4 - 2  0 4 0  -36 -3.0 1 1  4 0  1 . 5  / o  - 5  0 a0 -15 -10 1 s  2 0  I 5  -10 -0.5 0 

V _ T * T E ~ S O " # C I  VOLTAT5 <VOLTS, Y y - C ~ T t - ~ R C L V O L T M ~  ,"O<,S, Ym -Ek,COUSel Y O L T a S  ,"aLT%, 

Transconductance Characteristics Tranrconductance Charaeterirtics Transconductance Characteristics 

Low V ~ ~ ( ~ f f i  Medium VGSIO~R High V ~ ~ ( o f f i  
2 4 x 0  2 rn 

S lrm 
5 iam : 3.0 

S m Y -00 
2 : aao 2 = a ,500 $ .om 6 3000 

5 Em 2 nw 
e zOn 

g '0" 8 "0 
< g ,, 8 - 5 .. * 

f O 2 - 4  - 8  8 -10 1 Z  1.4 1 6  

VQI - CIITI.SOYI1CI VOLTATT ,VOLTS, yes- OATISOURCI  VDLTAes ,VOLTS, YCS. OIIIS-SOURCE Y O I T a O I  ( " D i n ,  

O , 9 7 9 5 , , i c o n i x  ,ncoroararsd 
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- 

PERFORMANCE CURVES (Cont'd) (25'C unless otherwise noted) PI I 
Static Drain-Source O N  Resistance Normalized ON Resistance 

vs Gate-Source Cutoff Voliaqe vr Ambient Temperature - 
g,m 
: so. " 2 800 

E roo 
B 
z 800 z 
: 540 

g 400 
0 2 a00 

2 zoo 

& 300 
n 

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

- UnTiSOUnCLCUTerF YOLTAFE 
IYOLTEJ 

Common Source Output Admittance Common-Source Output Conductance 
vs Drain.Source Voltage vr Drain Current 

I Leakage Currenr vs Ambient 
Temperacute 

Gate Operating Current 
vr Drain-Gate Voltage 

I Equivalent Input Noise Voltage 
YS Frequency 

loss and gfs vr Gate-Source 
Cutoff Voltage 

"GS(r',l B I T S  Y)YHCI  CUTOFF " O L I I G I  
iYOLTI, 

Common Source 
Forward Transconductance 

vr Drain Current 

Capacitance vr Gate-Source Voltage 



monolithic 
dual n-channel JFETs 

. Low Lsakags FET Input Op Amps . pH Meters . Els~trornet~rr 

TYPE PACKAGE 

Dual TO-78 
Dual  chi^ 

BENEFITS: . Ultra-High Input 1mpedanca 

Good Voltage Gain . LOW Noise 

PRINCIPAL DEVICES 

U4276 
U 4 2 Z C H P .  U 4 2 3 C H P .  U425CHP. 1 
U 4 2 6 C H P  

PERFORMANCE CURVES (25°C unless otherwise noted) 

Output Characteristics Output Characteristics 

Low V G S ( ~ ~ ~ ]  Uni t  1 1 0 V I  High VGS(offl Unit 12.5 V i  
IDSS Yr Gate Source Cutoff Voltage 

- 
4 

I Y O I  DRAIN PoYRCr YOLT..EI lY0LiBl  

Transfer Characterirticr 
Low VGS(offl Unit 11.0VI 

9 24 

a20 - 
< 
; Olb 
6 
5 0.>2 
u 
z . 
2 00s 
0 

O o o l  

0 0 2  O l  0 6  0 . 8  1 

V C S  047E SOURCE YOLTAOI  lVDLTEl 

Tranrconductance vr Gate Source Voltage 

Low VGS(off) Unit I1.OV) 

YDS. D ~ I I I I S O " I I C E V 0 L T I O l  ,VOLTS, 

Transfer Characterirticr 
High VGS(,,~~] Unit (2.5 V i  

1.00 

,200 

5 I.." 

z : %oa 
" 3 : - 
B ua 
0 - 200 

D 0 1  0 8  1 . 2  1 . 6  1 2 . 4  

vGS - EATS Source VOLTAOE ~YDLTBI 

Transconductance vr Gate Source Voltage 

High Unit 12.5 V l  

YESIO",. o ~ T E 6 o Y ~ C L F " T D r r  VOLTI IOI  l Y D i T I l  

Forward Tranrconductance vr 

Gate Source Cutoff Voltage 



On Resistance vr 
Ambient Temperature 

SLmO 

? 
x ,OW 

u 

& 2mo 
* w 

z 

L > O O O  
b 

=- 

m 1 0  0 20 6" I W  140 

T T r M ' L m n T U I I I  I ' C I  

+ u z 

Leakage Current vs Temperature 

-PERFORMANCE CURVES (Cont'd) (25-C unlesr otherwise noted) 

Forward Transconductance vs Output Conductance vr Capacitance vr Drain Gate Voltage 
Drain Current Dram t o  Gate Voitage 

Equivalent Input Noise Voltage vs 

Freauenc~ 

Gate Operating Currenr 

rr Drain-Gate Voltage 



nshannel JFET 
dedgmdfor... 

Small Sigml Amplifiers 

VHF Amplifiers 

hcillston . Mlxsrr . Svrltshs 

TYPE PACKAGE 

Single TO-72 

PERFORMANCE CURVES (25°C unless otherwise noted) 

Output Characteristic 
z.0 

7.6 

- 
i 1.z 

2 
5 0.8 z 
0 0 1  

"OD - DRAINSOURCE YDLTliOr lVOLTIl 

Transfer Characteristic 
-5 

_ I2 
< - 
z = 
= 
2 
z 6 
< 
B 
; 3 

0 $ 0  2 . 0  1 . 0  4 0  

"a. T A T I Y R C r  YOLTIGE ,YOLmI 

Outout Characteristic 

Transfer Characteriifics 
m 

>e 
2 

3 z  

z' 
2 " . 
2 
_b ' 

" G S E I I , I S O U R C E  YOLTI\EL ,"OLrn, 

~ 

B 
Siliconix -- 

BENEFITS: . Wid* Input oynsmic Range 
High IG Breakpoint Voltage . High Gain . Low lnwnion L o u S w I t ~ h a  

PRINCIPAL DEVICES 

2N38214.2N4220~2.2N422OA-22A 
2N4223-24. 2N5556-58 
ZN3819.2N5457-9. MPFIO9. M P F l l  I 
2N3921-2.2N4084-5.2N5045 7. U 4 0 1 6  
All of ?he above excepr 2N3819 

Drain Current & Transconductance us 
Gatesource Voltage 

- m "" 
- 

d 
6 i s  a m  5 

5 0 

z 12 ,m = 
4 L 
5 @ 

g 
20M 6 

= Fi 
2 < 4 ,m g 
3 r 

5 
1 i -3 0 -5 s 7 e 

- EATI~SOURCE curorr volraar ,worn, 

Leakage Currents vr 
Ambient Tem~erature 

'ON' Rerinance vs 
Transconductance Characteristics Tranrconductance Characteristics Ambient Temperature 



I Gate Operating Current Common~Source Reverse Transfer 
vs Drain-Gate Voltage Admirtance vr Frequency 

$ 
Z 

Static Drain-Source 'ON' Resistance vr Common~Source Forward 
Gate-Source Cutoff Voltage Tranrconductance vr Drain Current 

PERFORMANCE CURVES (Con'tl'(25'C unless otherwise noted) 

Equivalent lnput Naire Voltage and Noise Common-Source Output Admittance 
Current us Frequency vr Drain-Source Voltage 

Comman~Source Output Admittance 
vs Drain Current 

Common-Source lnput 
Admittance vr Frequency 

Common-Source Output 
Admittance vs Frequency 

Drain Current and Transconductance 
YS Ambient Temperature 

, .3 

1.4 
2 

i 3.3 - - 2  
ie e "  

10 

5 0.3 
Y 0 s  

: 0 7  
a 
> 0.8 

* B  
15 ' 1 6  21 85 10s 116 

T- TSMISRIITUIII CC, 



* . . r , s . ~ . s , ~ G w . ~ .  ~ 

.."ou.na..-..m,~.. n-channel JFET 
de*gnedfor... 23 

Siliconix - 
• Low Noire Amplifian BENEFITS: 

Single and Differentiel Arnplifien . Simplifier Amplifier Design . Low OYfPYt COnd"ct.nCe . Law l / f  Noire 

TYPE PACKAGE PRINCIPAL DEVICES 

Dual TO-71 2N5515-24 
Single TO-72 2N48679.2N4867A69A 
Sinple 70-92 1230-32 

.L,n,~*"%nm,",m"* 
Single TO-92 Lead-form J230-18 -232.18 

, A z L m M ~ ~ ~ o w s ~ ~ ~ c c , ~ ~ ~ ~ , ,  Dual Chip 2N5518CHP-9CHP. ZN5523CHPdCHP 
Single Ul ip All of the above single devices 

PERFORMANCE CURVES (25OC unless otherwise noted) 

Output Characteristics Output  characteristic^ Outpul Characteristics 

V m  DPAINSOURCG VOLTAOE (YDLTII "01-DRAIN-SOURCE YDLTAGE iVOLTSl YDI - DRAlN~EOYRCI  VOLTATE IYeLTI I  

Transfer Characteristics Transfer Characteristics Transfer Characterirticr 

3 0  

- 8 

- 
b 

: s 
2 5 .  
B 

2 

0 1 I 1 4 I 

"'8 - TATL.SOUIICE VOLTAGE lVDLTIl 

Transconductance Characteristics Transconductance Characteristics Tranrconductance Characteristics 



PERFORMANCE CURVES (Cont'd) (25'C unless otherwise noted) 
Saturation Drain Current and 

Forward Tranrconductance Common-Source Output Conductance Common.Source Output Conductance 
vr. Gate-Source Cutoff Voltase us Drain-Source Voltage us Drain Current 

Drain Current & Transconductance Common-Source Forward Common-Source Capacitance 
vs Ambient Temperature Transconductance vr Drain Currem ur Gate-Source Voltage I 

T.TIIPIIIA,"rlEl-C, ID-oR41NCYRRINT lmA, "0s- GATr~YI"IIC6 YOLTAEE ,VOLTS, 

Static Drain-Source 'ON' Resistance Approximate Noise Figure vr Equivalent Input  Noise Voltage and Noise 
vr Gate-Source Cutoff Voltage l n ~ u t  Noise Valtase Current vr Freauencv 

Drain-Source 'ON' Resistance Leakage Currents vs Ambienr Gate Operating Current vr 
vr Ambient Temperature Temperature Drain-Gate Voltage I 

r - TIIPERATYRE P C ,  
YD0 - L1RA,*."liE YOLTAor IYDLTI, I 



I PERFORMANCE CURVES (25°C 

Output Characteristic 
,w 
m 

L 80 

10 
$ r 
: 54 
5 a0 
r 
0 50 

0 m 

0 , I , . I I 8 S , ~  

V ~ - D R L I N - I O U R C E Y D L T * O I  IVOLTI, 

Transfer Characteristics 
>w 

z 80 
a 

; 80 

2 
$ w 

0 m 

0 ~ 0 2  -0.4 -0.8 -0.8 .,a ~ 1 2  

Y l i E  E4TE.Y)"IICE VOL7ADt lYOLTI, 

Tranrconductance Chsracterisficr 

n-channel JFET 
*for... 

Ultra-High Input lrnpsdencs A m ~ i i f i a n  
E I~c t r~mafsr .  

pH M.t.r. 

Smoke Det~ctorr 

TYPE PACKAGE 

Single 1 0 ~ 7 2  
Dual TO-78 

unless otherwise noted) 

Output Characteristic 

Tranrfer Characterirticr 

a 200 - 
i : tro 
> 

O ro 

0 D A  4 1 . 2  , e  
VW - n I T S  SOURCEYDITAEE lYDLTI, 

Tranrconductance Characteristics 

- 

I3 
Siliconix ~- ~- -- 

BENEFITS: . Low Pow.. 
I m S < 9 0 p A  (ZN41171 . High Input lmpadancr 
10 <I  pA lZN5906-091 

PRINCIPAL DEVICES 

2N4117-9. ZN4117A-9A. VCR7N 
ZN5902-9 

Output Characteristic 
500 

.ss 

am 
a 

350 
z : 300 

: EO 
$ zm 
0 1m 

0 loo 

50 

0 I z I I 5 B 1 8 e 1 0  

YDI- D R A I N I O U R C I  VDLTiiCE I Y D L n ,  

Transfer Characterirticr 
800 

- 
2 ma 
* 
" 
2 4ar 

L 
2 
! 200 
0 

s ., -2 .a .a .b 

"0%.  G*Ts~sOYRCr VOLTAGE IVOLiS, 

Tranrcor~ductance Characferirticr 

ur - 
ii' 
0 
3 
E' 



5 1 PERFORMANCE CURVES (Cont'd) ( 2 5 T  unless otherwise noted) 
Common-Source I Drain Current & Transconductance ON Resistance & Output Conductance Forward Transconductance 

vr Gate-Source Cutoff Voltage vr Gate-Source Cutoff Voltage vr Drain Current I 

I Leakage Currentr vr Ambient 
Temperature 

Leakage Currenrr vr Common-Source Outout Conductance 
Drain.Gate Voltage vr Drain Current 

->m 
. 
P 
5 

-,m -1m 

$ $ 
5 .>a 

* 
z -,o 

k 
= 
5 2 % '" 

-,.o - > a  
z a 

.&I -0.3 0 7 
0 ?5 W 76 100 125 150 0 , o > o m , o m  10 >m ,m 

7 -  TTMPellllTUI1E PC, vDr - m ~ ~ w o ~ T r  VDLTAOE WDYTS~ I ~ - O ~ A ~ N C U R R C I T  I ~ A I  

Equivalent Input Noire Voltage and Noise 
Current vs Frequency 



nshannel JFET 
de*gnd tor. . . 

TYPE PACKAGE 

Single TO-52 
Slngle TO92 
Single TO-92 Lead-form 
Single Chip 

£5 
Siliconix 

BENEFITS. 

. High Mf-Isolation 

PRINCIPAL DEViCES 

U290-1 
J105-7 
JlO5-18- 107-18 
U290CHP-1CHP. JIOSCHP-7CHP 

PERFORMANCE CURVES (25'C unless otherwise noted) 

Saturation Drain Current and 
Drain-Sour- 'ON' Resistance vr Draw-Source Resistance vr Normalized 

Output Characteristic Gate-Source Cutoff Voltage Gate-Source Voltage 

I Drain-Source 'ON' Resistance vr Leakage Currents vr Equivalent Input Noire Voltage vr 
Ambient Temperature Ambient Temperature vr Frequency 

>.5 32 

" , A  ; ,., - - 
w ,.z 

4 -30 $ 2o - - a < $ 1  5 6 
2 , o  = 

> ~ , O  - 8 

? 0.9 m $ . 2 0 8  - w a 
$ ~ . > O  P ; 0 7  = z rr 0 ,  

0 6  - 0 ,  
0 2s 50 jJ / D  ,?I 130 .&5 .,a z5 e6 ,m ,a# 10 rm ,x ,on ,mr 

T-TrMPERAl1lREl.CI T-7EMPIRAT"RE I C ,  I- TREOUGNC" I"., 

I Leakage Current vs 
Drain-Gate Voltage 

Common-Source Capacitance 
vr Gate-Source Voltage 

" . - ,. ," ~" ~ . .. .. 

I " DE-D. AINEaTEY DLTl.E, Y OLTS, V G S  OATS-SOURCE VOLTAOE IVOLTJ, 



~p 

n-channel JFET 
designed for. . . 

Siliconix B 
~ -- - - . VHFIUHF Amplifiers BENEFITS . Front End High Sensitivity Amplifiers . Industry Standard 

• Opillatorr High Power Gain . Mixerr 16 dB at  100 MHz. Common Gate 
11 dBat 450 MHz. Common Gats . Low Noise 
3 dB Noise Figure a t  450 MHz . Wide Dynamic Range 
Greater Than 1W dB . 75 Ohm Input MnGh Common Gate 

TYPE PACKAGE 

Slnole TO-52 

PRINCIPAL DEVICES 

U308~10 

PERFORMANCE CURVES (25°C unless o the rw ise  no ted1  

Drain Current & Transconductance ON Resistance & Output Conductance Common-Source Output Conductance 
vr GattSource Cutoff  Voltage vr Gate-Source Cutoff  Voltage vs Drain Current 

I Gate Operating Current vs Equivalent Input Noise Voltage 
Drain-Gate Voltage vr Frequency 

Junction Capacitance vr 
Gate-Source Voltage I 



unless otherwise noted) 

Forward Reflection Coefficient 
Common Gate Input Admittance Common Gate Input  Admittance Common Source 

E 

I Forward Transmission Coefficient Forward Transfer Admittance Forward Transfer Admittance 
Common Gate Common Gate Common Source I 

I Reverse Tranrmirrion Coefficient Reverse Transfer Admittance Reverse Transfer Admittance 
Camman Gate . Common Gate Common Squrce I 

I Reverre Reflection Coefficient 
Common Gate Output Admittance Common Gate Output Admittance Common Source 



n-channel JFET 
designedfor... . High Frequency Amplifier. . Mixerr . Oai11ator. 

TYPE PACKAGE 

Single TO-52 
Dual 10-78 
Dual 70-71 
Single Chip 
Dual Chip 

Siliconix ---- -- 
BENEFITS . nigh vower Gal" . Law Input Capacitance 

PRINCIPAL DEVICES 

U312 
2N5911-12. U257 
U44041 
U3IZCHP 
ZN5912CHP. U257CHP 

PERFORMANCE CURVES (25'C unless otherwise noted) 
Saturation Drain Current and 

Common-Source Output Conductance Forward Transconductance vr 
Output Characteristic vs Drain Current Gate-Source Cutoff Voltage 

I Transfer Characteristics 
Leakage Currents vr Equivalent input Noise Voltage 
Drain-Gate Voltage v i  Frequency I 

Tranrconductance 
Charaeterirticr 

Forward Tranrconductance vs Common-Source Capacitances vs 
Drain Current Gate-Source Voltage 1 



PERFORMANCE CURVES (Cont'dl (25°C unless otherwise noted) 
Input Admittance us Reverse Transfer Admittance Forward Tranrfer Admittance 

a 
Frequency - vs Frequency - vr Frequency 

Output Admittawe vr 
Frequency 
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P ..mov.mr*.-.nz.. p-channel JFET 
designdfor... B Siliconix - . G.n.rsl Pvrpae Arn~lifi.,, and 

Aftenuaton 

TYPE PACKAGE PRINCIPAL DEVICES 

Single TO-18 2N2608.2N2608JAN. 2N2843 
Single TO-72 2N3329-32.2N39W. VCRSP 
Single Chi0 2N2608CHP. 2N2843CHP. 

2N3329CHP-32CHP. 2N3909CHP 
VCRSPCHP 

I .  PERFORMANCE CURVES (25'C unless otherwise noted) I 
I O u t ~ u t  Characteristic 

I Transfer Characteristic 

Gate Reverse Current vs Drain Current & Transconductance 
Ambient Temperature us Gate-Source Voltaoe I 

Common-Source Capacitances C0mmon.Source Output Conductance 
vr Gate-Source Voltage vr Drain Current 

Equivalent Input Noise Voltage 
Noire Figure vr Generator Resistance Noise Figure vr Frequency vr Frequency I 



" . . s ,%.~" . ,~cmac .  
9een-c~"mm~..,o.~ p-channel JFET 
I ITT desisnedfor... - Ganerrl Pvrpop Ampliflen 

PACKAGE 

Single TO.18 
Single Chip 

PERFORMANCE CURVES (25OC unless otherwise noted) 

Output Characteristic 
Gate Revsrre Current vr 
Ambient Temperature 

-- 

I3 
Siliconix 

PRINCIPAL DEVICES 

2N2609.2N2609JAN. 2N2644 
2N2609CHP. 2N2844CHP 

Drain Current & Transconductrncc 
vs Gate-Source Voltage 

Common-Source Capacitance Common-Source Output Conductance 
Transfer Characteristic vr Gate-Source Voltage vr Drain Current 

Equivalent Input Noire Voltage 
Noise Figure vs Generator Rerirtanee Noise Figure vr Frequency m Frequency 
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~ . . ~ . L ~ ~ . c " ~ ~ n ~ ~ ~ . . c ~  
s ~ m m o ~ n m ~ ~ ~ s . ~ , c A L  p-channel JFET 

dsipedfor... B 
Siliconix 

General Purpass Amplifiers BENEFITS: . Switchs . Wide Range of Transsondustsncs I 
..E 

rm,,,, TYPE PACKAGE PRINCIPAL DEVICES 

Single TO-72 2N3382.2N3384.2N3386. VCR3P 
Single Chip 2N3382CHP-86CHP. VCR3PCHP 

PERFORMANCE CURVES (25'C unless otherwire noted) I 
output Characteristic 

Common-Source Capacitances 
vr Gate-Source Voltage 

Transfer Characteristics 
Equivalent Input Noise Voltage 

vr Frequency 

Tranrconductance Characteristicr 
Drain Current & Tranrconductance 

vr Gate-Source Voltage 
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p-channel JFET 

1 
deGgnedfor... . Analog Swifchss 

! . C o m m ~ t a f o l  . ChopPsrr 

*.,,, Integrator Rsret Switch 

N P E  PACKAGE 

- Singls 7 0 ~ 1 8  
Sinale TO-92 

~~ ~~~ 

B 
Siliconix 

BENEFITS: . Law Insertion Lorr in Switching Systems 
RON C 75 n 12N51141 

Short Sample and Hold b e r t u r e  Time 

C.U < 7 PF 
High Mf-Isolation < 500 P A  

PRINCIPAL DEVICES 

ZN5018.19. ZN511416, U 3 0 4 6  
J174-7. J270-1. P10ffi-87. P10ffiE 

,#,,,, 

. ~ ~ b , M ~ ~ ~ , a ~ , , . , w ~ s ,  Single TO92 Lead~form 
o ~ ~ ~ ~ s , o v s , ~ ~ , ~ . , " ~ , ~ ~ , ,  

J174-18-177-18.J270-18271-18 
P1086-18 -87.18 

Single Chip 2NS018CHP-19CHP. 2N5114CHP-16CHP 
U3WCHPGCHP. P1086CHP-87CHP 

PERFORMANCE CURVES (25OC unless otherwise noted) J27OCHP~27ICHP 

Common-Source Output Conductance Equivalent Input  Noire Voltage and 
Output Characteristic vr Drain Current Noire Current vr Frequency 

Saturation Drain Current and 
Common-Source Capacitance Drain-Source O N  Resistance 

Transfer Characteristics vr Gate-Source Voltaqe vs. Gate-Source Cutof f  Voitaae 

Transconductance 
Characterirticr 

Gate Operating Current 
vr Drain-Gate Voltaoe 









INTRODUCTION 

The basic principle of the field-effect transistor (FET) has 
been known since J.E. Lilenfeld's patent o f  1925. The theo- 
retical description of a FET ,nude by Schockley in 1952 
paved the way for development of a classic electionicdev~ce 
wirichprovides the designer with the lmeansby which he can 
accomplish nearly evcry circuit function. Tlrc field-effect 
transistor earlier was known as a "unipolar" tiansistur, and 
the term refers to  the fact that current is transported by 
carriers of one polrrity (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 typicalapplications. 

The following list of FET applications indicates the versa 
tility of the FET family: 

Amplifiers Swircha Currenl Limirers 
Small Signal Chopper-type Volrage-Controlled 
Law Distortion Analog Gate Resisrors 
High Gain Commutator Mixers 
Low Noise OsciNotors 
Selective 
D.C. 
High-Frequency 

In fact, FET technology roday allows a greater packaging 
density in large-scale integrated circuits (LSI) than would 
ever be possible with bipolar devices. 

(Alrhough there is nu industry-accepted definition of LSI. 
apparently when the equivaient circuit of an IC contains 
more than 1,000 active eletnents(500gates) 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 I) may be divided 
into two main branches, junction FETs(JFETs) and Insula- 
ted Gate FETs (or MOSFETs; meral-oxide.silicon field-effect 
trcnsisrors). Junction FETs are inherently depletion.mode 
devices, and are available in both P. and N-Channel can- 
figurations. MOSFETs are available in both enhancement "I 

depletion modes, andexist as both N- and P-Channeldevices. 
The two main FET groups depend on different phenomena 
for their operation, and will be discussed reparateiy. 

This very wide range of FET applications by no meansimplies 
that the device will replace the more widely-known bipolar 
transistor m every case. The simple fact is that FET chaiac- 

superior (and wmetimes cheaper) circuits. This comment 
applies ndt only to  networks employing discrete devices and 
conventional components such as resistors and capacitors, FET Family Trm 

1 but also extends t o  both linear and digitalintegrated circuits. ~ i g u r e  I 

0 
3 
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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 far the majority carrier 
flow. The magnitude of this current is controlled by a volt- 
age applied to  a gore, which is a reverse-biased PN junction 
formed along the channel. Implicit in this deicription 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 bipolu t ran~  
sistor is always some value greater than zero. The FET is a 
highinput resistance device, while the input resistalce of tile 
bipolar transistor is comparatively law. If the channel is 
doped with a donor impurity, N-type material is formed and 
the channel current will consist of elections. If the channel 
is doped with 11 acceptor impurity, P-type material will be 
formed and the channel current willconsist of holes. NChan- 
"el 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-Channei counterparts. 

epitaxially (single-crystai condensation surface) onto mono- 
crystalhe 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 suriace is etched so that an 
acceptor-type impurity can be diffused through into ;he 
silicon. The resukingcross-section is shown in Figure ZC,and 
demonstrates how a P-type annulus has been formed in the 
layer on N-type silicon. Figure 2D shows how a further 
sequence af  oxide growth,etchmg, and diffusion can produce 
a channel of N-type material within the substrate. 

In  addition to the channel material, a FET conta"1s two 
ohmic (non-rectifying) contacts, the source and the droin. 
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 certaLi FET applications, such as amplifiers, an asym- 
Junction FETs are particularly suited to manufacture by metrical geometry is preferred for lower capacitance and 
modern planar epifaxiiial processes. Figure 2 shows this pro- improved frequency response. In these cases, the souice and 
cess in an idealized manner. First, N-type silicon is deposited drain leads should not be interchanged.) 

IBI N-fvoe rlllcon layer de- 
p"l,nd elllfaxlally 

ICI lmpuriw diffused in lo 
Its., iwlarion region 

10) More impurlw diffused 
in to complete irolatlon 
and form N-type channel 

1s) Finalformtaken by FER 
with N-wpe channel em- 
bedded in P-wpe rub- 
*rate 

Idealized Manufacture of an N-Chmnel Junction FET 
Figure 2 

F i u r e  ZE 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 tu the source, tiken the 
applied voltage (VDS) 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 gradieni 
established MI1 form a depletion layer, where almost all thc 
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 ieast-depleted area a between 
the gate and ,he source. Because the flow of current along 
the channel from the(positive) drain to  the(negatiue) 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. Thir limiting current is known as lDSS 
(Droin-tu-Sowe current with the gate Shorred to the 
source). Figure 3B shows the almost complete depletion of 
the channel under these conditions. 

Figure 3C shows the output characteristics of an Nchannel  
JFET with the gate short-circuited to  the source. The initial 
rise in ID is related to the buildup of the depletion layer as 
VDS increases. The curve approaches the level of the limiting 
current IDSS when ID begins to  be pinched of/. The physical 
meanlng of this term leads to one definition of pinch-off 
vultoge, Vp, which is the value of VDS a t  which rhe maxi- 
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I A l  N-channel FET worktng below raturation IVGS = 01. 
IDepleflon rhown only in chooml region). 

Is1 N-channel FET working in raruration retion IVGS - 01 

"F YOS- 

ICI  ldealtzed output characerirfic for VGS = 0. 

In Figure 4, consider the case where VDS = 0, and where a 
negative voltage VGS is applied to the gate. Aeain, a deple- 
tion layer has built up. If a small value of VDs were now 
applied, this depletion layer would limit the resultant cham 
"el current to a value lower than would be the case for 
VGS = 0. In fact, at a value of lVGSl > lVpl the channel 
current would be almost entirely cut off.This cutoff voltage 
is referred to as thegate cutoff voltage, and may be expressed 
by the symbol Vp or by VGS(off). VP has been widely used 
in the past, but VGS(off) is now more commonly accepted 
since it eliminates the ambiguity between gate cut-off and 
drain pinch-off. VGS(off) and Vp, strictly speaking. are 
equal in magnitude but opposite in polarity. 

The mechanisms of Figure 3 and 4 react together to  provide 
a fnrnilv of ol~ tnu t  characteristics as shown in Fierue 5 A  - 
The area below the pinchoff voltage locus is known as thc 
triode or "belaw pinchof?' region; the area above pinchofl 
is often referred to  as the pentode or saturation region. F E l  
behavior in these regions is comparable to  that of a 
grid vacuum tube, and for this reason FETs operating in the 
saturation reglon may be used asexcellent amplifiers. Notc 
that in the "below pinchoff' region both VGS and VDs 
control the channel current, while in the saturation regior 
VDS has little effect and VGS essentially controls ID. 

Figure SB relates the curves of Figure SA to  t l ~ e  actual cir 
cuit arrangement, and shows the number of meters whid  
may be connected to  display the conditions relevant to an) 
combination of VDS and VGS. Note that the direction ol 
the arrow at the gate gives the direction of current flow fol 
the forward-bias condition of the junction. ln  practice, how 
ever, it is always reverse-biased. 

1A1 Family of output characterirticr for Nshannel  F E T  

IBlCircult arrangement for N-channel FE1 

TheP-Channel FET works in precisely the same wav as does 
I/c the N-Channel FET. In manufacture, the planar process is 

essentially reversed, with the acceptor impurity diffused 
N-chanwl FET Shoring Dq la t ion  om TO 

GatcSource Vdtlp. IvDs = 01 first onto N-type silicon, and the donor impurity diffused 
Fieun 4 later to form a secondN-tvoe re6onmdleave a P-tvoe chm-  



nel. In the P-Channel FET, the channelcurrent is due to hole 
movement, rather than to  electron mobility. Consequently, 
all the applied polarities are reversed, along Mth  their direc. 
tions and the direction of current flow. Fieure 6A shows the 
circuit arrangement for a P-Channel FET, and Figure 6 8  
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 cons~sts essentially of a chan- 
nel of semiconductor material along which a current may 
flow whose magnitude is a function of two voltages, VDS 
and VGS. When VDS is greater than Vp, tho channcl current 
is controlled largely by VGS alone, because VGS is applied 
to  a reverse-biased junction. The resulting gate current is 
extremely small. 

I / ,Ns"LA,!wn &- L A V E R  

1 S"es,RA,e 

iA1 Idealized c r o r c ~ e t i o n  through an Nxhannel dwletian 
~ p e  MOSFET 

I IBI Circuit a r r a n g e m n l  for N-zhannel depleflon MOSFET 4-3 1 I 1.C 6: "maF-; 
Y G S _ O  

IAl Cmrcuit arrangement for P-channel FET  
4 "  

4 s / 2  16 Y e L T I  

"0s- ""s- 

ICI Famlly of output characteristic$ for the Siliconix 
2N3631 N-channel dwleflon MOSFET 

Figure 7 

in a manner similar to the N-Channel junction FET when a 
voltsge of the correct polarity is applied to the channel, as 
in Figure 78. 

I-l"oi "Pi 1vc.l Output characteristics of an N-Channel MOSFET are shown 
in Figure 7C. Because there is no junction involved, VGS 

I B I  ~arn i ly  of outputcharacterirt,crfor ~ s h a n n e l  FET can be reversed without engendering a gate current; the gate 
may be made either positive or negative with respect to  the 

Figurs 6 
source. Under these circumstances, still more free electrons 
will be attracted to  the channel region, and ID will become 

MOSFETs 
greater than IDSS. This mode of operation is represented by 
tho higher members of the family of ourput characteristics. 

The metal-oxide-silicon FET (MOSFET) depends for its Because the application of a negative gate voltage causes the 
operation on the fact that it  isnat  actually necessary to form channcl to  bc depletedoffreoebctrans- thus reducing ID - 
a semiconductat junction on the channel of a FET in order the device just describedis called adepletion-modeMOSFET. 
to achieve gate control of the channel current. Instead, a 
m e t d i c  gate may be simply isolated from the channel by a The foregoing has established that the depletion-mode 
thin layer of silicon dioxide,asshownin Figure7A. Although MOSFET is a "normally-ON device: when VGS = 0, a con- 
the bottom of the insulating layer is in contact with the P- ducting path exists between source and drain. In many cir- 
type silicon substrate, the physical processes which occur at cuits a "normally-OFF" device would be useful, a condition 
this interface dictate that free clcctrons will accumulate at which leads to  the concept of an enlmnce,,rent-,nodeMOS- 
the interface, spontaneously forming an N-type channel. FET. In the latter deviee,an increasing voltage applied to the 
Thus a conducting path exists between the diffused N-type gate will enhance channel conduction, and depletion will 
source and drain regions. Further, the MOSFET will behave never occur, ID being zero when VGS = 0. 
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If a constant (negative) gate voltage, is applied, 
then an essentially.unifonn PChannei depletion layer will 
be induced, as in Figure 9A. If a negative drain voltage is 
applied, tlren current, ID, will flow through the drain. As 
lVDSl increases, ID also increases. However, the voltage 
between the drain and the gate decreases, so that the thick- 
ness of the channel at the drain end is reduced as in Figure 
9B. Therefore, the relationship of ID versus VDS will even- 

A P-Channel enhancement-mode MOSFET is shown in Fig- tually reach a limiting value when VDs = VGS, and the 
"re 8. Here, an acceptor impurity has been diffused into an channel becomes pinched off. This condition is shown in 
N-type substrate to form P-type sowce and drain regons. Figure 9C. 
No conducting charnel exists between the source and the 
drain, because no matter how the drain-source voltage is 

Ihfferent values.of VGS give rise to limiting valuer of lD,so 
applied one of the PN junctions will always be reverse-biased. that the family of output curves wluch was On the other hand, if a negative voltage is applied to the shown in Figure is realized. Characteristics of depletion. 
gate, a field will be set up in such a direction as to attract mode MOSFETs also come for the same reason, 
holes into the upper layer of the substrate and produce a 

except that members of the output characteristics family 
P - ~ Y P ~  channel. A family of output characteristics for a also for VGS values of rera or reversed polarity, The 
typical MOSFET is shown in Figure RC. The idealized 

PChannel enhancement-mode MOSFET is currently the 
cross-section illustrated in Figure 8A may be used ta show most popular member of the FET family in current use,and 
how the characteristics of Figure 8C come about. Refer is in fact the basic element in many LSI integrated circuits. 
to Figure 9 for an extension of this phenomenon. 

1 S"&sT.ATE ,O..OO", 

IAl Idealized crau-raction through a P-hannel enhancement 
MOSFET 

D 

Y 

16) Circuit arrangement for Pshannsl enhancement MOSFET 

VBS. .I " 

9 V 

ICI Famlly of oumur cnaracteriaticr tor s Pshsnnel eonancr 
m m t  MOSFCT 

In principle it is possible to manufacture the remaining two 
members of the MOSFET family, the PChannel depletion. 
mode and the N-Channel enhancement-mode devices. Be. 
cause of the spontaneous formation of an NChannei at a 
siticon/riticon-dioxide mterface, the fabrication processes 
involved become quite difficult on a volume production 
bada. Much work has gone into the develo~ment of ~ractieal 
MOSFET processes f i r  these devices, and ~ ~ h a n n e l  deple- 
tionmode types are now becoming generally available. 



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 
indude: 

Low noise 

No thermal runaway 

Low distortion and negligible intermodulation 
products 

High input impedance at low frequencies 

Very high dynamic range (> I00 dB) 

Zero temperature coefficient Q point . Junction capacitance independent of device current 

The transfer function of a FET appraxlmates to a rquare- 
law response, and the jecond and higher-order derivatives of 
g, are near zero; thus strong second and negligible higher- 
order harmonics are produced. Intermadulation 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 101° to 
10'' II. In practice, the input impedance is limited by the 
value of the shunt gate resistor used in a self-bias comman- 
source circuit configuration. At RF frequencies, the input 
impedance drop is proportiunal to the square of the fre- 
quency; for example, in a 2N4416 FET, the input impedance 
would be 22K II at 100 MHz. Also, the input susceptance 
increases linearly with frequency, since it is a simpie 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 paint (zero TC paint) 
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 osc~llators usrng low-frequency crystals and 
multiplier stages. 

Major parameters include: 

IDSS - Drain current with the gate shorted to  thi 
source 

VGS(offl - Gate-source cutoff voltage 

IGSS - Gate-to-source current with the drain shorte< 
to the source 

BVGSS - Gate.to-source breakdown voltsge with thf 
druh shorted to  the source 

gfs - Common-source forward t rai~sconducta~ce 

C - Gate-source capacitance gs 

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 nubscrip! 
identifies the source terminal as a node point for voltage 
reference or current flow. However, when using triple sub 
script notation, an "r" far the third subscript does not refel 
to  the FET source terminal. It is an abbreviation for "short 
ed" ,  and signifies that all tcrminvls not designated by t h ~  
first two subsc"pts must be tied together andshorted to  the 
common terminal, which is always the second subscript 
Therefore, the term lGSS refers to the gate-source currenl 
with the drain tied to the source. 

Recaiise of the typical low input and output admittance 01 
the PET, four-pole admittance equations are commonly used 
to describe electrical characteristics of the FET: 

When Y 1 l ,  Y21 ,  Y i Z  and Y22 are defined as the input 
reverse transfer, forwrrd transconductance, and outpul 
sdmittaaces respectively, Equation 1 reduces to 

For a three-lead FET, 11 usually corresponds to the gate- 
source terminal and 22 corresponds to  the drain-source 
terndnal(i.c.. the device is connected m the common-source 

FET Terminology and Parameters mode). Thus' 

Any introduction to the nature, behavior, and apphcations 
o f  fieldeffect transistors requires that certain questions be 

ii = yis vgs + yrs Vdr answered on FET electrical quantitiei and parameters i n  (3) 
particular, tile most important parameters, and the means b = Yfs vgs + YOS "ds 
by which they can bc mcarumd. Thc fuUowing discussion 
will define specific FET parameters and their associated 
subscript notations, and present baac test clrcuits and Here, the second subscript for the y parameters designates 
results. the source lead as the common or ground terminal. 
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I D s s  - Drain Cunent a t  Zen, Gate Voltage (ID a t  VGS = 0) 

By itself, lDSS merely refers to the dram current that will 
flow for any appliedVDS with the gate shorted ta the source. 
However, when a particular value for VDS is given, equal to 
or greater than Vp (see Flgure 10),IDSS indicates the drain 
saturation current at zero gate voltage. Some FET data 
sheets label IDSS for VDS greater than Vp as ID(,,) 

- . "". 
Yes  DRAIN SOURCT VYLTAEE lYOLTSi 

FET ID n V g  Output Ch8ractsrbtics 
Figure 11 

FET Charactsrisic at VGS = 0 
Figure 10 

V ~ s ( ~ f r )  - Gate-Source Cutoff Voltage 

The resistance of a semico~lductor channel is reiated to its 
physicaldimensions by R = pLIA, where 

p = resisti\ity 
L =length of the channel 

A = W x T = cross-sectional area of channci 

In the usual FET structure, L and W are fixed by device 
geometry, while channel thickness T is the distance between 
the depletion layers. The position of the depletion layer can 
be varied either by the gate-source bias volfage or by the 
drain-source voltage. When T is reduced to  zero by any com- 
bination of VGS and VDS, the depletion layers from the 
opposite sides come in contact, and the a-c or incremental 
channel resistance, rDS. approzches infinity. Asearlier noted, 
this condition is referred to as "pinch-off' or "cutoff' be. 
cause the channel current has been reduced to a very thin 
sheet, and current will no longer be conducted. Further 
increases in VDS(up to  the junction reverse-bias breakdown) 
will cause little change in ID. Accordmgly, the pinch-off 
region is also referred to as the peatode or "constant-cur- 
rent" region. 

In Figure 10, pinch-off occurs with VGS = 0. In Figure I I ,  
VGS controls the magnitude of the saturated ID, with in- 
creases in VGS resulting in lower valuer of constant ID, and 
smaller values of VDS necessary to reach the "knee" of tile 
curve. The current scale In Figure 11 has been normalized to 
a specific value of IDSS. 

The knee of the curve is important to the circuit designe 
because he must lu~ow what minimum VDS is needed a 
reach the pinch-off region with VGS = 0. When appropriatt 
bias voltage is applied to the gate, it  will p h c h  off the uhan 
nel so that no drain current can flow; VDS has no effec 
until breakdown occurs. The specific amount of VGS tha 
produces pinch-off is known as the gate-source cutoffvoltage 

V ~ ~ ( o f f ) .  

VGS(ofn Test Procedure 

Although the magnitude of VGS(afn isequal to  the pinch. 
off voltage, Vp, defined by the pinch-off knee in  Figure 1 0  
rapid curvature in the area makes it difficult to  define an) 
precise point as Vp. Taking a second derivative ofVqS/IC 
would yield a peak corresponding to the inflection pomt al 

the knee, which approximates Vp. However, this is not  i 

simple measurement for production quantities of devices. A 
better measure is to approach the cutoff point of the IC 
vcrsusVGS characteristic. Thisiseasier than trying to  specif) 
the location of the knee of the ID versus VDS outpui 
characteristic. 

A typical transfer charactenstic ID versus VGS is shown ir 
Figure 12. The curve can be closely approximated by 



u","L,,. 

picture of the parameters of Figure 12, care must be taken 
that leakage currents do not result in an error in the VGS(off) 
reading. Typically, at room temperature, 1 percent of lDSS 
1s sllU well above leakage currents but is low enough to give 
a fairly accurate value of VGS(off)- 

m 

a 

A typical circuit for measuring VGS(off) is shown in Figure 
13. At VGS = 0, the value o f  lDSS can be measured. Then, 
by increasing VGS until ID is 0.01 percent of IDSS, the value 
of VGS(off) is obtained. From a production standpoint. it 
is more convenient to specify ID at some fixed value (such 
as I nA), rather than as a certain peicentage of IDSS. Thus 
a pinchaff voltage specification may be @"en as indicated in 

Equation 4 and Figure 12  indicate that at VGS =VGS(off), IGSS - Cat-Source Cutoff Current 
1, = o. I,, a prac1icai dcvice, this cannot be truc brcause of 

The input gate of  a PEhannel FET appears as a simple PN 
lekage  currents. If ID is reduced to less than 1 percent of thus the input dc input characteristic is analogous 
IDSS. VGS 'ill be within l o  percent V G ~ ( o f f )  t o  a diode V-I curve, as is shown in Figure 14. 
indicated by Equation 4. If I D  is reduced to 0.1 percent of 
IDSS, the indicated VGS(ofn emor wiU be reduced to about 
3 percent. For a true indication of Vrri,.r~i. and a realistic 

Table I 

P-Channel FET Input Gafa Characteristic 
Figure 14 

In  the normal operating mode, with VGS positive for a P- 
Channel device, the gate is reverse-biased to a voltage be- 
tween zero and VGS(off)- This resilts in a d . ~  gate.source 
resistance which is typically mure than iOOM 12. The gate 
current is both voltage- and temperature-sensitive. Figure 
IS shows this relationship for lGSS versus temperature and 

VGS. 

CirrUit for Measuring VOS{OFF, 
Figure 13 

Table I 

Typical Pinch-Off Voltsge Sweifimtion 

Charaslsrinir Min Max Unicr 

"GSioff, G ~ ' ~ - r o " r i e  ~ i l l ~ i l ~ ~ l l  VY1t.9. "I .  

V D S = - 5 V . I D = - l  PA 1 4 Volts 

Another method which provides an indirect indication of 
IGSS "I Temperature 

the maximum value of VGS(off) is shown in Table 11. The ~ i g u r e  15 
characteristic specified is ID(oEf), whereas the parameter of 
interest is VGS = 8 volts. The specification does say that the 

If the gate-source junction becomes forward.biared, (nega. maximum VGS(off) is app~o"mately 8 volts, but no pio- 
live voltage in a P-Channel device) or if VGS exceeds the vision is made for stating a minimum VGS(off), as was done 

in Table I. Therefore, another test must be made if reverse.biar breakdown for the junction, the input iesistance 
will then become very low. 

VGS(off) (,,,in) i s t o  be specified. 

I The FET is normailv ooerated with a slight reverse bias I 

X 

. . " 
applied to the gate-source; hence a good measure of the d-c 

Tab,. I, 

Indicalion of Marvrnurn Vp 
input characteristic is to check the gate current at a value .- of gate-channel voltage that is below the junction break. 
dawn rating. In device evaluation, there are three common 
measurements of gate current: IGDO, IGSO, and the com. 
bined measurement IGSS. These measurement circuits are 

~ h ~ , ~ e . ~ i n i .  I r..t c..dit,... I M;., I M.X 1 unit 

shown in Figure 16. 

vDS - -12 v. -10 PA 



The question is, should lGDO and lGSO be measured 
separately, or will one measurement of IGSS suffice? One 
thing is certain: lGSO + 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 VG is greater than VGS(ofD, the difference between 
(IGSO + IGDO) and IGSS is small; therefore, the mearure- 
ment of IGSS IS a reahstlc means of controlling both IGDO 

and 'Gso. 

In a circuit, VGD may be biased between zero and BVGDS. 
while VGS will be between zero and VGS(,ff): therefore, 
IG is not necessarily the same as IGSS 

BVGss - Gate-Source Breakdown Voltage 

FET input terminals have been previously described ashaving 
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 aPChannel FET. If 
an N-Channel device is being evaluated, the diodes would be 
reversed. In mast 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- 

T h r ~  Common Mssruremenf of 0.1. Current 
Figure 16 

dble to consider the gate.source junction breakdown and 
the apparent drain-source breakdown ( is . ,  in Figure 17, 
when thighnegative voltage is applied fromdrain to  source, 

Some device manufacturers use a BVGDO rating, which 
means they are only chedting diode CR,. A better method 
is to use a BVGSS rating (gate-source breakdown with the 
drain shorted to the source), because it checks both CRI  
and CR,, m addition to exposing the weokesr breakdown 
pathalong the entire gate-channel junction. The BVGSS test 
also allows the user tointerchange source and drain lead con- 
nections without worry about devise b recdown ratings. 

Admittedly, a BVGSS test will reject same units wlUch 
might pars a BVGDO test; the number rejected, however, 
will be insignificant compared to the advantage of providing 
symmetrical operation. 

Test Procedures for BVGSS 

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). 

A Umful FET Equivslant Circuit 
FJur. 17 



The interrelation of gfs to the parameters lDSS and 
VGs(oFF) should be noted. Equations 4, 6 and 7 describe 
the value of ID and ais in a FET for any value of VGS 
between zero and VGS(OFF). 

3 
u 

(6) 
Table IV 12N33291 

Ch.r.cts.,Ric 

(7) 
yir Common-rourse VDS = -1OV.  umha 

forward transfer ID = - I  mA 
admittance I = 1  kHz 

gy, - Transconductance Specifications for gfs are shown in Tables 111 and IV. Note 

Transconductance, gf,, a measure of the effect gate that there is a difference in the test conditions specified for 

voltage upon drain current: the N-Channel2N3823 and theP-ChmnelZN3329. The gate 
voltage for the 2N3823 is established as zero. This means 

ND 
that gfs is measured at ID = IDSS, as in Table Ill. 

gfs = av,, , VDS = C0"Strnt (5 )  

where gf,, is the value of gf, a t  VGS = 0 and lDSS 1s the 
value of ID at VGS = 0. With these equations, the value of 
gfs can be calculated with a fair degree of accuracy (?O per- 
cent) if lDSS and VGS(off) are known. 

Figure 19 shows normalized curves for ID and gf, as func- 
tions of VGS in a P-Channel FET. These curves were ob- 
tained from actual measurements on typical diffused &an- 
nel FETs, such as the 2N2606. The curves agree very well 
with Equations 4 and 6 until VGS(off) "approached. For 
there curves, VGS(off) was assumed to be the value of VGS 
where ID/lDSS = 0.001. 

The test conditions shown in Table IV specify a certain 
value for ID (-I mA far the 2N3329). This means that for 
each unit tested, VGS is adjusted until ID equals the speci- 
fied value. The conditions specified in Table 111 simplify 
testing of the gf arameter by eliminating the necessity of 

s ? adjusting VGS- Ftgures 20 and ? I  show typical test setups 
for the two methods. 

Nornulizd curues tor ID Md* 
es Functionl of VGS 

Figure 1 9  

The drain current of a JFET operating in the triode (below 
pinch-off) region can be accurately predicted by using Equa- 
tion 8, where 

M 
l ~ / l r i o d ~  = lDss(&J (8) Tat Circuit far qf, with ID W r i i i e d  

Faun 21 
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Junction FET Cal~ci tances The incremental channel current is given by the transcon- 

Associatedwith the between the gate and the than. ductance, gfi, multiplied hy the incremental gate voltage. 

nel "f a FET is a capantance ,,,hose value geometric For the small signal, vg,, this is manifested in the equivalent 

dlstnbution functions the applied voltages VGS and d'cuit by the current generator gfsvgs. Notice that the con- 

VDS, Because of the of dealing with such a ventional direction of flow of this current is such that id 

distributed capacitance, a simplification is made so that two flowsinto the FET, in a "pasitive" direction. 

lumped capacitances, Cg, and Cgd, exist between the gate 
and the and drain, respectively, (A much smaller Many circuits can be designed around the equivalent circuit 

capacitance, cd,, also exists between the drain and the for the junction FET. The actual values of gfs adn Ids can 

from device package; ths be measured as previously mentioned; there remains only 
header enough so it can be the requirement to establish the methods of determining 

for most purposes.) Cgs and Cgd. 

Data sheets quote Cg, 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 Cg, and Cgd as the result a f  changing condi- 
tions of VDS, VGS and temperature. If these data are not 
presented, an estlmate of inter-electrode capacitance values 
may be made by assuming that these values vary lnverneiy 
with the square root of the bias voltage. The temperature 
variations will be very small, because they depend on the 
-2.2 mVIoC 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 peiforma~ce may be predicted. 
Such an equivalent circuit is shown in Figure 22. 

First, assume that the FET is in operation and that thedrain 
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 

Second, assume that the gale and source are short-circuited 
to a-c in s similar manner. A capacitance measurement be- 
tween thc drain and the source will nc,w gwr 

Cdss (or COSSI "Cgd (101 
The alternative rymbolsC,,, and C,,,, simply refer 10 mea- 
surements made at the input (gate) and  the output (drain) 
rerpeclivcly. An alternative symhol i b r  Cgd 1s C,,,, which 
refers to the "reverse"capacl1ance. 

'0 
-&A- In data sheets. it is curtumarv to state (= Cicr) Co,, and .-- "-- 

Cdss (= Cass). CCss i s  often gwen in place uf Cuss because 
if Cds < Cuss, which is usually the case, then C,,, - C,,, 
Equations (9) and ( l o )  can be used in those instances where 
it is necessary to extract Cgs and Cgd, as in 

Cgs = Ciss - Cgd = Cirs - Crss (11) 

I 
0 I I I 0 s 

and 

Nor& b=c' . . * .cd 
C ~ ~ ~ C ~ ~ W , - C + , . C . , ,  Cgd =Crss (121 

lncnmsntat Equiralant Circuit for the Junnion FET 
~ i p u r e  22 Remember that all capacitance measurements should be 

made at the same biaslevels,since the eapacitancesare func- 
tions of applied voltages. To indicate the order of the capa- 

The equivalent capacitance from the gate to  the source.Cgs, citances to be found in a junction FET, consider the values 
is shunted by a very large input resistance, rg,, with both of given in the data sheet for the ~i l i~, , , , i~  ~ 2 0 2  ~ . ~ h ~ ~ ~ ~ i  
these parameters being characteristic of a reverse-biased FET, They are given as 
junction. Similarly, the equivalent capacitance from the gate 
to the drain is shunted by the very large resistance rgd (For Ciss (at VDS = ?O V and f = I MHz) = 5 pF  max. 
most purposes, rg, and rgd may be neglected, and the gate 
impedance of the FET treated as pure capacitance). At the and 
drain side o t  the equivalent circuit the small capacitance 
Cds- which stems from the header material- is shunted by Crss (at VDS = 20 V and F = 1 MHz) = 2 pF ma\. 
the incremental channel resistance, rds This resistance is 

I capable of wide variations, depending on bias conditions. Hence,at a drain-source voltage of 20 V and a frequency of 
Since the equivalent circuit is fundamentally relevant to the I MHz, Cg, = 5 - 2 = 3 pF  maximum. Even though the FET 
pinch-off or saturated condition, rds will be on the order of is physically symmetrical, bias conditions have forced the 
mesohms. capacitances to  be unequal. 
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APPLICATION NOTE 1 

- - 

33 
Siliconix -- - 

Audio-Frequency Noise Characteristics 
of Junction FETs 

D z 
? 
P 

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 far the circuit designer t o  know the salient noise 
behavior of the FET, and how those characteristics mily he 
specified by production-oriented test parameters. 

Defming FET Noise Figure 

factor, a source resistor RG, with a thermal noise voltagt ~. 
eT, is added to the circuit. 

A noise factor (F) may be defined as 

Total available output noise power 
F = 

Noise power at output due to thermal noise of Rc 

or 

Nuise Dower uutnul due lo R r  + noise Dower oul - 
For analysis, it is convenient to represent noisein a FET put due to FET 
by assuming that an ideal noise-free device has twoenternsl 

= 
Nuise power output due t o  RG 

noise sources, eN a n d i N .  These noise sourer are clluserl 
or 

to have the same output as would an actual noisy FET. An 
equivalent circuit is shown in Figure I Noise power output due to FET 

F - I t  
Noise power output due to RG 

or 

Gain X noise power of FET referred to input 
NOI8E F R E E  FE, 

Gain X noise power due to RG mfq RL F = l + o r  Noise power of FET referred t o  input 

F = l +  
l lN Noise power due to RG 

1 i r  

The thermal noise voltage across RC is(') 

- 

e~ = J4kTRG% (1) 

I Rsprs~nting Noise in an Ideal FET 
Figure 1 where k = 1.380 x 1023 JoulesIoK (Boltzmann's Constant), 

T = temperature in 'K. and B = bandwidth in Hz. Therefore 
noise power due t o  RG is 

- 
4kTR B A noise factor (F) is a Figure of Mecit uf a device with 

e~ _ G= 4kTB - - 
respect to the resistance of a generator. To calculate a noise RG RG (2) 

@ - 
ii' 
0 
3 -. 



The nuise power of the FET referred to the input is 

When expressions far the noise puwer of both the FET and 
RG are substituted, the noise factor beconles 

A noise figure (NF) expressed in dB indicates the presence 
of added noise puwer from the FET or another active 
device. The noise figclre is always given with reference to a 
standard, specifically the gerlerator resistance RG: 

I N F =  10loglU [F] ( 5 )  

I The noise figure of the FET is 

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. iN n~ethod re- 
mains ar the best way to quantitatively express thc noise 
characteristics of the FET itself. 

Describing Junction FET Noise Characteristics 

Junction FET eN and & characteristics are frequency- 
dependent within the audio noise spectrum, and take a form 
as shown in Figure 2. 

I FPIOUENC" I"., 

Charasmridicr of Junction FET Noirs 
Figure 2 

where RN e 0.67/gfs, the equivalent 
resistance for noise. The kN, except in the l / f n  region, 
clusely approximates the equivalent thermal noise voltage 
of the channel resistance. 

In the so-called l / f n  reginn,hN is expressed as 

-~ 

e N  = \/4KRNB(1 + vE) (8) 

where n varies between 1 and 2 
and is device- and lot-oriented. 

The characteristic bulge in hN in the l / f n  region has been 
observed to some extent in all junction FETssubmitted to 
test. The breakpoint or corner frequency shown as f l  in 
Figure 2 is lot- and device design-oriented, and vanes from 
about I 0 0  Hz to 1 kHz. 

As indicated in Equations (7) and  (8 ) , eN is inversely pro- 
portional to the square root of the transconductance of the 
FET (yN a 1 1 6 ) .  eN can be lowered by a factor of 
l / f l  if N devices with matched electrical characteristics 
are connected paialiel. For exampla, when 

let 
.. 
e~~ = ~ N Z  (10) 

and let I 

Thus. I 

From Equation (7) 
- 

e N I  = \/4kT(0.67/gfSl)B 

and 
- 

cNTOTAL = ~ . 6 7 / 2 g , , , ) ~  

Thus, 

- 1 - 
eNTOTAL = JZ- e N l  

- 
eN,  the equivalent short circuit input noise voltage (with A second way to achieve low% is to use a device with a 
the eikeption of the l / fn  region), is defined ad2) large gate area. Empirically,hN is inversely proportional to 

- 
the square of the gate area ( i N  a I / A ~ ~ ) ,  independent of 

eN=- (7) gfr. This large gate area philosophy has been followed in the 
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design of the Siliconix 2N4867A FET, and noise perfor- 
mance of the device is dircusscd latcr in this Application 
Note. A major advantage of this type of design is thatTN is 
significantly lowered and& also remains at a low value. 

The equivalent open-circuit input noise current,TN, with the 
exception of the shot noise region s h a m  in Figure 2, is due 
t o  thermally-generated reverse current in the gate channcl 
junction. It is defined as 

where q = I .602 x 
coulomb (the magnitude of the clcctron 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. 
Lance. I1 ia pussible fur the measured gate current t u b e  due 
t o  conductance stemming from contamination across the 
leads of the semiconductor package. 

At higher frequencies, as in the shot noise region show in 
Figure 2, can be approximated as being equal to the 
Nyquist t h e r  11 noise current generated by a ~es i s to r : (~ )  

where Kp is the real part of the 
gate-to-source input irnpedanre. The breakpoint or corner 
frequency f2 in Figure 2 is lot- and device design.oriented 
and can vary from 5 kHz t o  50 kHz. 

Another form of noise found in junction FETs is know as 
"pupcorn" or burst noise; the term popcorn noise was urigi- 
nsted in the hearing aid inditrtry hecause of noise or level 
shifts which are present in input stages, and which resemble 
the sound ofcorn popping. 

1 I q) '- I 
c " ~ ~ T m " c ~ ~ o M  8s 

I 
4 "  

SUsLDr"ENCL05Url  I 
WIT*  SELF CONJJIINLD BAT,ES,GS , 

T r f  Circuit to Measure Popcorn Noire 
Figure 3 I 

The graph in Figure 4 shows "moderate" burst noise ob- 
sewed in a group of junction FET differential amplifiers 
which were measured in the test circuit. 

Popcorn noise is a form of random burst input noise cur- popcorn ~ o i w  in ~ i f fe rsnt ia l  ~ rnp l i f ie r r  

rent which remains at the same amplitude, and which is con- Figure 4 

fined t o  frequencies of 10  W 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 @e"tingPoint Considerations 

noise are not completely identified, but are believed lo be Unlike bipolar transistors, where& and& chaiacter~sticr 
caused by intermittent contact in aluminum-silicon inter- vary dlrectly with change in collector current ( I r ) ,  slmilai 
faces and by contamination in thc oxidation procesier. characteristics in junction FETs will vary only sliehlly a! 

drain current (ID) is varied. This is true so long as the FET 
A test circuit to measure popcorn noise in differential is biased so that the drain-source voltage is greater than the 
junction FET amplifiers is shown in Figure 3. In practice, pinch-off voltage (VDS > Vp or  VGS(off)). 
popcorn noise is evaluated on an engineering basis, and not 
on  a productiun-line basis. No correlation between l / f n  Tile in junction FETs will be luwest when the device: 
noise at 1 0  Hz and popcoin noise has yet been found in are operated at VCrS = 0 (ID = lDSS), where transcondiic. 
junctiorl FETs. However, if the amplitude of the burst is tance (gfs) is at its highest value. This will be true oniy if 
large and occurs frequently, then l / f n  nilise voltage (eN) device dissipation is maintained v e y  low in relation to the 
is masked and difficult t o  evaluate at I 0  Hz. total dissipation capability of the FET. 
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- 
eN Change = l o  Variations 

Figure 5 

' 

< 

mc optimum (lowest)& in dep~rtiun-oludc junciiult FETS 
should occur at VGS = 0 (ID = IDSS). 1" practice, very 
little change will be seen in& when the operating point i s  
changed. provided that the drain-gate voltage is maintained 
belaw 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. 

The curves in Figure 5 illustrate changes in eN as the oper- 
ating drain current (ID) is varied. Note that the lowest% 
did not  occur at VGS = 0, because of high power dissipa- 
tion and a resultant rise in junction temperature at the 
operating point. 

VDE - DrlllN OATS YoLTAGr IYOLTI I  

Gats Operating Currant vr Drain-Gate Voltaw 
Figure 7 

Gate Currents vr Drain-Gate Voltage 
Figure 8 

Characteristics o f e N  a n d i N  at Low Temperature 

Three equations presented earlier ( (7). (16) and (17) ) 
show that eN a n d i N  are temperature dependent.% and& 

,011 * are proportional t o  fi, and both will be reduced if the - 
5 temperature is lowered. In Equation (16), iN is propor- 

tional to 6, lG will halve for each temperature drop of 
,a->i 10  to I IDC. PN is also proportional t o  JRN, where RN - 

P 0.67/gf,. Thus when gf, is increased, which is typical of 3 junction FETs operating at low temperature, eN will 
,O~lS 

10 700 i n  'OX ,OOX 
also lower. 

9 -  FRE~"ENc","z ,  
In Figure 9, gt, has been plotted vs temperature for a sili- - 

iN charasteristic, as ~unst ion  of c rain-c ate voltage con junction FET, and the iow temperature limilation 
Figura 6 caused by a dropaff in gfs is clearly shown. 

I 
1 In circuit design, particular attention must be paid to drain- - 
g a t e  voltage (VDG) to minimize gate current (IG) under P m o o  

operating conditions. The critical drain-gate voltage (IG A 

breakpoint voltage) can be anywhere from 8 to 4 0  V, i 
$ -00 

depending on device design.(4) Gate operating current (IG) 
u a 

should not he considered equal to gate reverse current d 
y a000 

(IGSS) in linear amplifier applications. lGSS is only an indi- c 

cation of reverse-biased junction leakage under non-oper- 
ating conditions. The Curves in Figures 7 and 8 show how 2 2ma 

IG breakpoint is related t o  basic device des ia .  Device P 
designs with a high gf,/Ci,, ratio have low breakpoint volt. G o ,on Zoo m a  

ages, typically at VDG = 10  V, whereas high il devices T T E M S E ~ A T U R E  tnlo 

(p = rds ' gfs). have much higher IG breakpoints, typically 
sfs " TBrnPB"'"" 

V D G = 2 0 - 3 0 V .  ~ i g u r e  9 
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In connection with the plot of gfs vs temperature, note 
that the relationship can vary from approximately 0.2% to 
I% per degree C. The gf, slope depends upon the basic de- 
sign of the PET, and upon the proximity af the drain cur- 
rent operating paint to ID=, the zero temperature coeffi- 
cient point. 

The major application for junction FETs at low tempers- 
ture is in charge-sensitive amplifiers.(s) For best performance 
in this type of application, a high gf,/Cb, ratio is required. 
Recommended Siliconix FET types far such applica- 
tions are the 2N4416 (NH geometry) and the U311 
(NZA geometry). 

Test Measurements 

By definition, iN andTN are referred to the input of the 
device under teat. To measure CN, the tesl circuit shown in 
Figure 10 will prove useful. 

An alternate method of peiformhg 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 far measuring and determining 
NF with various values of RG in FET and bipolar devices 
with selectable test condirlnns. The measuring system hasa 
constant gain of 10,000. The analyzer records output naise 
at selected frequencies between 10 Hz and 100 kHz in the 
device under test, with the scale shown as the actual output 
divided by 10,000. This is then the output noise referred to 
the input. The equivalent bandwidth fur testing is 1 Hz. 

There are c e r t l n  instances where the test circuit or the 
Transistor Noise Analyzer are not adequate to measureeN 
at certain frequencies over certain bandwidths in the l / f n  
region. The rms noise over a bandwidth from flow to fhi& 
where there is a l / f n  characteristic over the entire range, 
can be computed as 

- 
e ~ =  known].  Ifk,,, . 111 (1811 

Figure 11 represents this equation graphically. For example, 
- 
eN known = 7 0 x  1r9 V l f i a t  1 0  Hz. How much noise is 

the band from 4.5 to 5.5 Hz? The noise has a liflcharsc- 
teristic over the entire range. Thus 

- e N =  I ' 7 0 x l ~ 9 ] .  [ I O I " ( ~ ) ]  112 Volts (19)1 

following procedure be used to make the 4.975 Hz is the mean center frequency where f,,,, 

(flow ' fhigh)'l2. 

1. Set tunable filter to required flow and fhigh; Ad- 

just oscillator to mean center frequency (f,,,,,, = 

[flaw ' fhighl 

2. Set V,,, to  100 mV with Switch 1 m positions 
ComputeVhl=  I ( T ~ ~ ~ = I W ~ V = ~ ~ ~ ~ .  

106 

"0"tl 3. Measure VOutl. Compute overall gain as A, = - =  
"in1 

4. Set Switch I to  positian@and measure VOut2. 

Compute Vh2, the equivalent short-circuit input 

noise voltage (xN), using A, from Step 3. Vin2 = 

Vout2_- -- 
e N  rn volts over bandwidth flow to  fhlsh. Compufing rmr Noire over a Bandwidth 

A, Figure 11 
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iN measurements are difficult to implement at best. At fre- 
quencies below fZ  in Figure 2, iN is assumed to have a con- 
stant level or "white" noise characteristic which may be 
correlated to  gate current, IG. From Equation (16) 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 computed& 
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) 

whereeTZ is the thermal noise of 
the generator resistance Rc and <iZ 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 tha t lNZ can be cal- 
culated if kNZ,  eT2 and total noise kni2 are known. The 
difficulty here is that in MOS or junction FETr, the Rc 
must be very large to  detect the anticipated small value of 
- 

iN. However, when Rc is very large eT2 is much greater 
than TN2 . RG?. For example, over a 1 Hz bandwidth at 
25'C, if RG is equal to 100 M a ,  then 

When a 10 p F  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 toiNZcomputed 
from measured gate current readings. 

At frequencies above 100 Hz direct computation ofTN via 
the capacitor method becomes unwieldy because of the 
rapid decrease in capacitor reactance at these frequencies. 

In calculatinglN at higher frequencies, an alternate method 
is to measure (Rp) the real part of the gate-source impe- 
dance of the FET.(') When R is measured at various ire. P 
qurncies, 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 accurarely up to  
2OOK 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 Type 2N4117A. 
For frequencies between 100 Hz and 20 MHz,iN must be 
extrapolated, as is shown in Figures I 2  and 13. For FET 
types with lower Rp (such as the Siliconix 2N4393)iN can 
be computed down to 2 MHz, and hence extrapolated'& 
between I00 Hz and I00 kHz i s  more accurate. 

1 M O K  10-12 ~ n t i c i p a t e d i ~  is = 
0 5 '  
w - 

iN = 1 0 ~ ~  ~ m p e r e s l a -  (23) 
s 

3 1mr 
4 

,a-'l E 
2 

and " z 

$ >o< lo-" S 

- 
i 

iN2 = lw3O ~mperesI-/E. (24) F 9 
3 

= ,I( ,0-l5 
0 ,  1 50 100 ,K 

Thus 3 -  rnlOUINC" ,I**., 

- LOW ~raqusmy ~ i m i t  tor ca~cv~atsd% 
iN2.  R~~ = 1016 = 1 0 1 4  V!&. (25) 

Figure 12 

.- 
8 u .- - 
iii. 

10--3 

. R~~ is much less thankT2, which renders - ,  
this method af  findingiN impractical for most common 
MOS FETs or junction FETs. ,,,. : 

" c z 
An improved method of measuringTN2 is to substitute a 

= 
z 

low-loss m i c a  capacitor for resistor RG. The mica capacitor ,r,s 2 
E 

by defmition daesnot have equivalent thermal noise voltage, 5 
and thus Equation (21) becomes 8 

10-76 
0 ,K ,x * M K  ,WOK 

z,,~z = e N 2  + i N 2 .  x C 2  (26)  j - rrlroUeNCv ,H.J 

~ x t ~ ~ ~ ~ ~ ~ t ~ d &  n ~raqusncy 
(where XC = capacitive reactance) Figvrs 13 

O 1919 S i l r o n x  incorD0rar.d 
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The following are representative &,& curves for Siliconi~ J-FET products. Of particular importance is the geometry 
which by its design governs the basic noise diaracterirtics of product types derived from it. 

NC NFA 

, ,"t",,kWC" ,".I 

NIP NP NRL 
1.~13 

i' 

z 0 

7 0 ~ "  :: 
" c 
: 
3 

- 0 ~ ' s  s 
$ 
El 

1 0 ~ 7 s  
I0 la)  ,I In* 3a)n 

10-16 
10 ,m 1K 'OK qmJ( 

t FReoUsNC" I"., 

FET Nois Charrcfsrinisr by Gsornstw 
Figuro 14 



CONCLUSION 
Contemporaiy junction FETs have noise voltages (iN) 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 (iN) and are preferred over bipolar devices in most 
audio-frequency applications where low.naise performance 
ir a design requirement. 

When bias points are properly selected, as described in this 
Application Note, the excellent low-noise characteristics of 
high gt, junction FETs can be realized. 

The culves shown in Figure 14 are representative oreN and - 

iN performance of Silicanix 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 dertved from it. Keaders are invited 
to refer to the Siliconu 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 can readily be 
made.TN can be guaranteed at frequencies below I W  Hz by 
measuring the DC operating gate current (IG). When IG is 

known, iN can be extrapolated from frequencies belav 
100 Hz to predict noise performance at frequencies tc 
I00 kHz. 
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A PPLICATION NOTE 

FETs for Video Amplifiers 

'NTRODUCTION 

[he field-effect transistor lends itself well to  video amplifier 
~pplications. Gain bandwidth products in excess of 250 MHz 
nay be easily achieved using simple one or two transistor 
:ircuits. DC input resistances in the tens of megohms range 
nay also be easily achieved while input capacitancesmay be 
ignificantly reduced to less than 1 pF by well known circuit 
echniques. Video amplifiers have applications in communi- 
:ations and pulse amplifying circuits and normaUy operate 
~p to 100MHz. 

3ehavior of FET Input Resistance 

I prime FET parameter, input impedance, has a large effect 
n determining the frequency response of a FET video am- 
dilier. I t  is not a simple RC network but one in which the 
eal and imaginary paro are a furrctivrr of frequency. 

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 

1 

Fig".. 2 

where 

rhe voltage generator source resistance R, and the FET C, = R, 1Yi,, . -. 
nput impedance Z,,, form a frequency sensitive sttenua- 
ion network. The larger the Rg, the worse will be the fre- - w 2 [ ~ 1 ~ l  (I t w2TZ2) t T2C2 ( I  + w2TI2)] 

pency  response, and vice versa. Examining this in greater I - ( W ~ T ~ T ~ ) ~  t w 2  ( T I 2 +  ~ 2 ~ )  
(1' 

ietail, consider the input equivalent circuit of a FET con- 
lected in the common source configuration, and 

%, and Rgd = b u k  series gate resistance - w [ C l ( l  + ~ ~ T ~ ~ ) + C ~ ( I  t w 2 T I 2 ) ]  

Cs, and Cgd = bulk series gate capacitance I - ( W ~ T ~ T ~ ) ~  + -2 ( T ~ ~  t T ~ ~ )  
(2 

G0s3 = output conductance 

% where &,2+-om 

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). 



/A, $8) 

Figure 4 

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 
R, on the frequency response is shown in Figures 6. 9, 11, 
13 where various amplifier configurations are investigated. 

Circuits to  Consider 

Five video amplifier circuits are considered. They are: 

Common-Source Cullfiguration 

Shunt-Peaked Common-Source Configuration 

Source Follower 
Caseode Amplifier 

FET and Bipolar Cascade 

Common-Source Circuit' 

The circuit of Figure 5 features high input impedance and 
high voltage gain. The drain resistor is set at 560 ohms to - - - 
maintain good bandwidth which, with SCbohm generator 
impedance, is determined primarily by the drain load com- 
ponents. These are: 

R D = 5 6 0 R  (4) 

CT = C g d + C D t C S  (5) 
Cgd = 2.0 pF, CD the VTVM probe, ?.O pF, and CS is 
circuit stray capacitance of 3 pF. 

C T = 2 t 2 + 3 = 7 p F  (6) 

- 
7 x  1~~~ x 560 

w3 = 255 x lo6  

f3 =3Y MHr 

The low frequency vollage gain for this configuration is 
given by: 

where I 
gfs = 15 mmho when ID = 12 mA, the quiescent current 

R ~ =  560 n (13) 

R s = 4 7  Cl (14) 

Measured Performanee 

Figure 6 shows the frequency response of the circult. 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 MHr. 

r~lOYENC"IM*. I  

Figure 6 



Effect of inmasing Generator Impedance The response of an input signal of frequency f, will then be 

If  the gcneratur resistance Rg is increased to IK ohm, the buosed tu nn extent depending on the loaded Q of the 

input time constant of the is increased, ~h~ bandwidth tuned circuit; the loaded Q in tuin is dependent on the 

of the amplifier is now determined primarily by the input unloaded Q of inductor L, Rg and the FET input resistance. 

time constant which consists of generator impedance 
(Rg = IK ohm) shunted by Ci, ( see Figure 7). 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 capecitunce C is the parallel 
combination of CBd plus stray and load capacitances. f o r  a 
flat response, the LL circuit e tuned to the 3-dB frequency 
of the resistance loaded circuit of Figure 5. (See Appendix.) 

C STRAY. 

Favrs 7 

where 

= (5.9 x 3.5) + (0.6 x 10) + 3. (15) F W r e  8 

Cin = 30 pF 'I6) The required value of L is: 

RD2C 

(17) 
L = ----, and for the circuit in Figure 8. 

2 
(24) 

(18) = 0.78 LLH (25) 

I Thc corresponding 3-dB frequency is given by: where I 
I 

(19) 
R~ = 560 n 

W3 = --- 
( 2 6 )  

C1nRg 
= Cgd + C ~ t r a y  + C~~~~ PROBE (27) 

1 = - 109 - .- ('O) C = 1 . 2 + 1 . 3 + 2 . 5 = 5 p F  
3 0 x  10-l2x lo3 - 3 0  

(28) 

f3 - 5.3 MHz (21) Due to the low circuit Q (about 5), the value of L is 
not critical. 

which agrees closely with the measured bandwidth as shown 
in Figure 6. The 3-dB bandwidth shown in Figure 9 now extends to 

67 MHz giving a gain bandwidth product of: 
Shunt-Peaked Common.Source Circuit 

The frequency response of the resistance-loaded common- 67 x 4.2 = 28 1 MtIr (29) 

source circuit may be significantly extended by shunt peak- 
ing at the gate and/or drain. Consider first the gate circuit. 28 

Here an inductor may be connected in shunt with the gate 24 

and set to such a value that it forms a tuned circuit with the . 90 

FET input capacitance. The frequency of resonance is = 

determined by: ,a 

2 > z  
1 5 

f 
0 - (221 S 8 

2 n G  

where 1 1 10 100 1m 

FwrnUrNC" in*., 

Cin C ~ t r a y  + C ~ i l l e r  (23) ~ i s u r e  9 

@ 10711Siiicooix i n ~ o i o o r a r i  
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When Rs is bypassed by a 0.1 capacitor, the low frequency 
voltage gain is given simply by: 

= 15 x x 560 

= 8.4i l8.5 dB) 

The gain bandwidth product tends to remain constant 
whethcr RS is bypassed or not and this effect is shown in 
Figure 9. 

Souree-Follower Circuit2 

A 1300 is used in the FET source-follower circuit, Figure 
10, because of its low input capacitance and high gf, which 
remains high at the frequency range of interest. A source 
follower exhibits a high input impedance and low output 
impedance. The real part of the output impedance is the 
reciprocal ot gt, which is independent of frequency u p t o  
about 600MHz. The inpur capacitance isCgd + C (I - AV) PS which. in this case. is approximately 1.5 pF manrmum. The 
input capacitance is also independent of frequency and 
independent of load when the load is larger than the output 
resistance R,. 

The frequency response is dependent mainly on the gener- 
ator internal impedance. For example, when Rp is increased 
to l K o h m  the bandwidth falls to 80MHz. 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 
high frequency will go negative, particularly if the source 
resistor is large. For example, with the circuit in Figure LO, 
the input resistance is high at 10 MHz but in the negative 
resistance region at 100 MHz. However, when RS is 1000 
ohms, the input resistance is real a t  this frequency. 

The voltage gain of a source follower is #"en by: 

Thus AV is almost independent of RS when RS is large. 
Using typical values for the 1300 (or 'A 2N5917) in Figure 
10, the drain current is 3 mA, gf, is 5 mmho and RS 4700 
ohms, 

AV = 0.96 

which is near the measured value of 0.94. Measured perfor- 
mance is shown in Figure 11. The output resistance of this 
source follower is given by: 

and in this circuit, R, was measured a t  165 ohms. The 
source follower is a useful versatile circuit which may be 
used as an impedance converter, level shifter, buffer stage. 
or as an input circuit to an op amp or feedback amplifier. 

Caseode 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 thoselisted for the common. 
source circuit. An extra advantage exists in the cascode 
circuit, namely the low input capacitance: 

where AV is the voltage gain from Q1 gate to  Q1 drain 
which is essentially unity. Cis, for the U257 dual FET is 
5 p F  and Cdg is 1 pF, therefore 

Gin = 5 + 1 = 6 pF, excluding strays of 4 pF  I 
Thus Miller effect is minimized and a good gain bandwidth 
product is achieved. 



Figure 13 shows caseode frequency response. The voltage 
gain at low frequency is 15 dB (n 5.6) and the bandwidth is 
24.5 MHz with a generator impedance of 50 ohms. Gain 
bandwidth product is 137 MHz. 

FET and Bipolar Cascade 

The FET and bipolar transistor combination of Figure 14 
makesagoodvideo amplifier hecacrse the FET input provides 
the voltage gain thus obtaining a superior gain bandwidth 
product. The feedhack capacitor a-c couples the emitter lo 
the drain. The a-c voltage at the gate isnearly equal to that 
at the source. This source voltage is d-c coupled to the bale. 

This produces an a-c voltage at the emitter whose amplitude 
is a h o ~ t  to that at the bnse. Tlms at  the FET, 
vp " V, c vd and all three signals are in phase. In this way 
Miller effect capacitance is largely eliminated. 

The frequency response of this circuit is controlled hy the 
output time constant if ft of the transistor ismuchgreater 
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 I000 MHz. 

Several video amplifier configurations are considered. The 
cvmmm-source circuit is considered first: in  the example, 
the low frequency gain is 4.5 and the 30-dB bandwidth 
44MHr(gain bandwidth 197 MHz). By shunt peaking in the 
drairl circuit. rair~ bandwidth is increased to 260MHr. The . 
simple source-follower circuit gives a gain near unity with 
GBW almost 300MHr and an output resistance of llgi,. 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 I I dB and 
bandwidth of 9 0  MHz is achieved. 



Common Source Stage 

3 

0 
h 

a 

Caseode 

- 

APPENDIX 

Selection of Video Amplifier Designs with 
Performance Summary 

Nore. AII output voltages measured with Boonton 91C VTVM. 

I Derics R~ R~ R~ R~ Gain dB 'in 
S1 Bvo- a n oF MHz MHz 

Common-Source Circuit 
.,-w 

- 

- - - -35" - 

Bypased PF MHz MHz MHz MHz 

50 2.7 8.5 27 73 50 3.5 20 70 
50 x 5.6 15 11.5 27 151 1K 0 3.5 11 2 11 38.5 

1 K 2.7 8.5 9 9.5 73 50 1 5  11 37 130 

1 K x 5.6 15 11.5 9.0 51 1K 15 S5  11 2 17 6 0  

a 1979 S111SDnlx Incorporst. 



Shunt-Peaked Common-Source 

2N4393 

Stage 
J300 

BW GBW 

MHz MHz 

BW GBW 

MHz MHz 

L == Gain dB 
BW GBW I 2 W Byparsed MHz MHz 

Common-Drain Common-Emitter Stage 

*35" - *>5" - 

R~ Cin BW GBW 

10.1 i(FI pF MHz MHz 

Rg G a i n d B  Cin BW GBW 

rI pF MHz MHz 



Source-Follower Circuit 
*,S" 

t 

=in Ro BW GBW 
Gain stray PF Total PF n Mnz MHZ 

1K 0.92 2.2 2.7 165 55 50 

Nore. R, - output r.Si8tance of the rourse follower. 

Derivation of Input Admittance Terms 

where I 

Dual Rg Offset IMaxl 

FET 12 llnput to Output1 mV MHz MHz 

U257 50 

U232 50 10 0.98 85 83 

I K  10 0.98 13 12.7 

The response below shows thc "normal" 3-dB frequency 
withoutpeaking-fl. It isnow required to raise the response 
at f l  by 3 dB to achieve a maximally flat respunse.There- 
fore, under these conditions the total impedance seen by 
the drain at f l  must equal the impedance seen by the d r l n  
at f,. Also at f l ,  XC= RL. Substituting for XCin Equation 5: 

\ ,  
( I  - w Z ~ I ~ 1 ~ I ~ 2 )  + s(CIRI +C2R?) 

wL 2 

Derivation of Shunt Peaking Formula 

The equivalent circuit of the drain load is shown in the Fig- RL2 - 2wLRL+ w 2 ~ 2  + RL2 = R~~ + 0 2 ~ 2  (7) 
ure below. The total impedance seen by the drain is given by: 

R~~ = 2wLRL (8) 

and 
TO m a , N  I R ~ ~ C  

f l  =- 
L = 

277 RLC " ' 2 
(11) 
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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 1. The advantages 
and d~sadvantages of selniconductor devices currently used 
in various mixer circuits are shown in Table 11. 

Why an Active Mixer? 

Active mixing suggests high-level rnixing capability. lligh 
level )nixing in turn infers that active mixers outperform 
passive mixer circuits in ternis of wide dylvhrnic range and 
largc-signal handling capability. Additionally, the active mix- 
er offers improved conversion efficiency over the passive 
mixel, permitting relaxation of the I F  amplifier gain require- 
ments arid even possible elimination of the customary RF 
amplifier front end. 

A PPLlCATlON NOTE 

FETs in1 
Balanced Mixers / 

Ed Oxner 

Initial evaluation of the active FET mixer will imply a dis- 
advantage because of local oscillator drive requiremcnts; 
bipolar devices in low-level mixers require very little drive 
power. However, in high-kvel )nixing this disadvantage is 
overcome in that drive requiremcnts at such mixing levels 
are generally the %me, no matter whether bipolar or FET 
devices are used. 

Why FETs for Balanced Mixers? I 
The performance priorities uf niudern communication sys- 
tems have stringent require~nents for wide dynaroic retgr, 
supprernio~~ of intermvdulation pruducta, and the effects of 
cross-modulation. All of rhe foregouig paramccerr must be 
considered before noise figure and gain arc takcn into 
BCL'oUII1 

Since FETs have inlierent transfer characteristics approxi- 
wilting a square-law response, their thrd-order intermoduia- 
tion distortion products are generally much smaller than 

I Table I Table I 1  I 

m - 
ti' 
0 

DEVICE 

Bipolar 
Tranr,r*ar 

Oiode 

JFET 

OusibColF 
MOS FET 

ADVANTAGES 

Low Norre Flguie 
elgh Gain 
Low D.C. Poww 

Low Noise Figure 
Hlgh Power Yendfing 

Hlgh Burn-out Level 

Low Nocre Flgure 
Converrlon Gem 
Excellent IM l l rod~cls  
square Law Character,rt,c 
Excellent overload 
High Burn-out Level 

LawlM Diltoltion 
AGC 
square Law cnarasterirt,c 

DISADVANTAGES 

High IM 
t a i v  Overload 
Subiect to B v r n ~ o r  

High L.O. Drlve 
lntertace to I F .  
Converrlon Lori 

Optimum Convorrlvo G.8" not 

pol lb ie  st OPflmum Sauare 
Law Rsrponre Levei 
High L.O. power 

HlghNolle Figure 
Poor Burnout Levst 
Unstable 



A secondary advanraee derives from available conversion The end result of thls averaging (detection) is the canceila- 
gain, so that the FFT mixer becornes rimultaneourly eijuiv- tion of the noise which originated in the local os~illatur, 
alent to both a demodularor and a preampiif~er. providing that the miner balance is precise.(l) 

C 

z a 

First Order Balanced Mixer Theory 

Essential details o f  balariced mixer operation, including sig- 
nal conversion and local oscillstor noise rejection, are best 
illustrated by signal flow vcctor diagrams(Figure I). 

those of bipolar transistors. Harrnunic disturtian and cross- aliead an additional one-half of the I F  cycle, FET "A" is 
mudulat~un effects are tlurd-order-dependent, and thus are agarn ON, but the noise component has advanced 180- 
greatly reduced when FETs are used in active balanced (dift) thruugh the coupling structure, and is now "out of 
mxers. phase". The process continually repeats itself. 

Sngnal and Noirr Vecton 

Figure 1 

Energy conversiun into the ~rttermediatc frequency (IF) pars- 
bandis the major concern in mixer uperaliun. In the follow- 
ing analysis, both the signal and noise vectors are shown 
progressing (rotatatg) at the IF rare (wdt): the rerulttng 
wave occurs through vector addition. 

The analysis of local oscillator noise rejection (Figure I) 
assumes, for simplicity ofexplanation, that nokse is coherent. 
Thus at some point in time ( t l )  the noise component (en) 
is 'in phas"  with the local oscillator vector (elo) and FET 
"C (the rectifying elenlent) is ON: the JFET mixer actsas 
a switch, with the lucal oscillator nctlng as the switch drive 
agnal. 0ne.halC cycle later, at time t2, the signal flow is 
reversd for both the local oscillatar vector and the noire 
component, FET "C is OFF and FET " B  is ON. Movlng 

The analysis of the conversion of the sigrral to the I F  pass 
band is similar, but the signal is injected into the coupling 
structure at the equipotential tap. Thus ar time t2, the signa! 
vector (e,) is "out of phase" with the local oscillator vector, 
elo. The resulting envelope develops a cyclic progression a1 

the I F  rate, since the signal is "demodulated" by the mix in^ 
action of the FETs. 

A schematic of a proioiype balanced miner is shown in 
Figure 2. Design criteria. in order of priority, include the 
f o ~ ~ ~ w i n g :  

(I) Intermodulation and Cross.Modulation 

(?) Conversion Gain 

(3) Nolse Figure 

(4) Selecting the Proper FET 

(5) Local Oscillator Injection 

(6) Designing the Input Transformer 

(7) Designing the I F  Network 

Intermodulation and Cross-Modulation 

A basic aim in mixer design is to avoid the effectsof inter- 
modulation product distonion and crossmodulation. Pan 
of the problem may be resolved by using a balanced mixer 
circuit. 

The active transfer functiun of  the FET is represented by a 
voltage-controlled current source. Fur both crossmodula- 
lion and intermodulation, the amount of distortion is pro- 
portional to the aniplitude of the gate-source voltage. Since 
input puwer is proportional to input voltage, and inversely 
proportional to input impedance, the best FET IM and 
cross-modulatiun performance is obtained in the common- 
gate configuration where the impedance is lowest.(2) 

When JFETs are used as active mixer elements, it is impur- 
pant that the devices be operated in their square-law region. 
Operation in the FET rquare-law region will occur with the 
device in the depiction mode. Considerable d i s to r t io~~  will 
result if the FET is operated in the enhancement mode 
(positive, for an N-channel FET); by analogy, the problems 
dncountered are similar to those whlch arise when positive 
drive is placed on the grid of a vacuum tube. 

Squaie.law regrun operation emphasizes the importance of 
estahlishng proper drive levels fo r  both quiescent bias and 
the local oscillator. The nlaxlmum conversion transconduc- 
lance, g,, is achieved at about Bm of the FET gate cutoff 
voltage, VGSjoffj, and amounts t o  about 25% of tlte forward 
transconductance,gf,, of the FET when used as an amplifier. 



Prototypa Active Balanced Mixer 

Figure 2 

S i n e  conversion gain (or loss) must be considered. it is load impedance is high. then distortion will deveiop. How- 
cunlrrion to equate voltage gain A,, as: ever, if proper ateps are taken to prevent drain load distor- 

tiun, the varactur effect will also be inhibited. 
A, = ~ , R L  (1) 

where g, is the conversion transconductance and RL s the 
FET drain load. 

An attenlpt to achieve rnaximutzi conversion gain by indis- 
criminately increasing the drain load resistance willadversely 
affect any design priority concerning distortion -. particular- 
ly intermodulation product distortion, 

Distortion takes different forms in mixers. Most obvious is 
that distortion which will occur if the FET is driven into 
the enhancement mode, as noted earlier. A more pernicious 
form is drain load distortion. And finally, there is the ro- 
called "varactor effect." 

The must frequent cause of poor mmei performance stems 
from siunal overloadin. in the drain circuit. Excessive diain - 
load impedance degrades the inteimodulation characteristics 
and produces unwanted craasmodulation signals.C3) A char- 
acteristic of the FET br laced  mixer is that the correct 
drain load impedance is inversely propurtional t o  the value 
of the conversion transconductance. Figure 3 shows the 
improvement in IM characteristics obtained in the prototype 
miner with the drain load impedance reduced to 1700 11 
from 5000 n. Specifically, the dynamic load line must be 
plottedsa that thesignalpeaks of the instanfaneouspeak.lo- 
peak oulput voltage are not permitted to enter into the non- 
sarurated ("triode") region of l h e  FET. Suitahle and unsuit- 
able drain load lines are shown in Figure 4. Load impedance 
Selection is quantified in Equations 18 through 20. 

Distortion from the "varactureffect" is ufsecundary impur- 
tance, and arises from an excessive peak voltage signal 
swing, where the changing drain-to-source voltage can cause 
a change in parasitic capacitance, C,,,, and give rise to har- 
m o n i c ~ . ( ~ )  A FET tends to be voltage-dependent when the 
drain voltage falls appreciably below 6 volts. If the source 
voltage (from the power supply) ir also low and the drain 
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and conversion transconductance is defined as(6) 

r 

4 
h 
.) 

where wi = the inrermediate frequency and wr = the signal 
frequency. 

Conversion Gain Figure 5 shows plots of normalized conversion trans- 
In a FET, fonvard transconductance is defined ad5) conductance, g Jgfs versus normalircd quicsccnt bias, VGS/ 

VGS(offi, for different oscillator injections. 

The effects of time-varying local oseillatar voltage, V2, and 
the much smaller signal voltage, V l ,  must be considered: 

vgs = V1 cos w l t  t v2 cas w2t (4) 

For quare law operation(?) 
Normalized p.lgt s. V G S / V G S ( ~ ~ ~ )  

v 2  + VGS V G S ( O ~ ~ )  (51 I fmm "FET R F  Mixer h l i g n  Tmhnique''.S.P. Kwok, 

WESCON Convention Rkord 119701 811, p.2.l 

Drain current is approximately defined by@' Figure 5 

Noise Figure 

Like the common-gate FETamplifier, the common-gate FET 
balanced mixer is sensitive to generator resistance, R~.(")  
A change of n decade in Rg can produce a noise figure varia- 
tion of as much as 3 dB. 

IDS- gfso (complex Taylor expanson) (9) 
2 v ~ ~ ( o f f )  

I whlch can be reduced to 

/ a n d  the conversion transductance is 

Equation I1  suggests that g, increaser without limit as V2 
increaser without limit. However, to  avoid operation of the 
FET in the "triode" region, the peak-to.peak swing of V2 
should not exceed VGS(,,ff). 

Thus 

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 cliteria for the 
FETs in the circuit are high forward transconductance, and 
a value of power-matd~aource admittance, gUs, which slosc- 
ly matches the output admittance of the coupling trans. 
former. In the common-gate configuration, match points fur 
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. 



How to  Select the hoper FET 

Conversion efficiency is determined by conversion trans 
conductance, g,, which in turn is directly related to  such 
FET parameters are zero-bias saturation current, IDSS, and 
the gate cutoff voltage, VGS(,ff): 

Equation 15 appears to indicate that FETs withhigh lDSS 
are to be preferred. However,lDSS andVGS(off) are 'elated, 
and Figures 7A and 7B show that devices from a family 
selected for high lDSS do ,tor provide high conversion trans- 
conductance, but actually produce a lower value of g,. 

R s l f  ionship of 1 ~ s ~  and V G ~ [ ~ ~ ~  

F'mure 7 

however, that conversion transconductance, gc, can never 
be more than 25% of forward transconductance. Thus as 
tradeaff onsiderations begin, the first sacrifice to  be made 
will be the degree of achievable conversion gain. Intermod- 
ulationperformance will follow with the third tradeoffbeing 
amillable noise figuxe. Table I l l  lists a numbel of possible 
alternatives to  the U310. 

'Similar devices are also available in plastic packager: 
U310 Id3101 
2N5397 1K300-181 
2N4416 12N6486. K301-I81 

Local Oscillator Injection I 
l a w  IM distortion products and noise figure, plus best 
conversion gain, will be achieved iT lhc vullagr swing uf 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 VGS(off) is a d.c. voltage. 

Localoscillator injection can be made either through a brute- 
foice drive into the IFET source through the hybrid input 
transformer, or through a direct-coupled circuit to the IFET 
gates where less drive will be required for the desired voltage 
swing, Two circuits to obtain direct gate coupling are sue 
gested in Figure 8. 

- +  p*z'o --- 

GATESTIED IN PARALLEL - L2 RESONANTES WITH Cg 

8 .  

Bert mixer performance is achieved with "matched pairs" 
of  JFETs. Basic considerations in selecting FETs for this 
application are gate cutoff voltage, VGS(offl, for good con- 
version transconductance, and zero-bias saturation cuirent, 
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 
00th categories; common-gate forward transconductance is 
20,000 pmhas rnax at Vns = 10 V, In = I 0  mA, and -- - 
f =  1 kHz. 

GATES DRIVEN PUSH-PULL 

There is, of course, the possibility that FET cast is a major SOURCESTIED TOGETHER 

consideration in evaluating the active balanced mixer ap. b. 
proach - the Pdmiliar price/performance tradeoff. If this is 
the case, there are a number of other Siliconix FETs which ~ l t e r n a t e  Formsol L.0, lnjsction 

will prav~de suitable alternatives to  the U310. Remember, figurs 8 

c 
0 

3 
0 , 9 7 9  s~, !co" ix  !"co,Po.a,~ 

ii' 



The source-injection method is used in the design of the 
piesrnr mixer to mainrain rile inherent stability uf a cum- 
mon-gate circuit. A minor disadvantage with the direct- 
drive method is that the required gate-ro-source voltage 
swing requires considerable local osciilator input power. 
For source injection through the transformer. best mixer 
performance e obtained with a local oscillator drive level of 
+ I 2  to +I7  dBm across a 5 0 o h m  luad. 

Conversely, direct coupling t o  the FET gates occurs at a 
higher impedance level and less local oscillator drive power 
is requited. The functional tladeoff resulting when rile gates 
are tied together is that shunt susceptance requires some 
form of conjugate matching, and thus brings about an uli- 

desirable reduction of instantaneous miner bandwidth. 

I Designing the Input Transformer 

4-Po* Hybrid with Phare and lwlation 

Figure 9 

Five criteria are Important to the deslgn of the hybrld input 
A transformer using ferrite cores and meeting there five 

coupling transformer for best mixer performance. The impc- 
requirements is derived from elementary transmission.line 

dance transformer must theory (Figure 10). Transmission line transformers have a 

(1) Consist uf four siogie-ended terminals, fur the local low-frequency cutoff determined by the falloff of primary 
oscillator. the inout sienal and FETs A and B reactance as frequencv is decreased. This reactance is deter- . - . . 

mined by the xr ies indi~ctance of the transmission line con- 
(2) Offer a match between either input to a symmetri- 

ductors. On the other hand, high.frequency performance is 
cal balanced load 

enhanced bv minimirine the ohvsical leneth of the trans- - . ,  
i 

" 

(3) Provide as much  sola at ion as possible between the mission line. Minimizing overall line length while maintain- 
slanal and local oscillator uorts(Fieure ')) ing suitable reactance can be accom~lished by using a 

high-permeability cure material such a; a feirite.(12j The 
(4) Maintain a differential phase of 180' across the 

transformer constructed for the balanced FET mixer closely 
synlmetrical balanced loads 

resembles the balanced 4 p a r t  unsymmetrical 180' hybrid 

( 5 )  Introduce the least possibic alnount of loss device described by ~ u t h r o f f . ( ~ ~ )  

Hybrid lnpvt Coupling Transformar 

F'mura 10 
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Although Ruthraff does not discuss the method of dcter- 
miningthe windinglengthofbifilar wire, a solutiori isoffered 
by ~ i t z a l i s . ( l ~ )  The Pitralis definitions for wire length ace 
as follows (Figure 11): 

7200" 
mx length = -- (mchea) (16) 

fupper 

20 RL 
mi" length = -- (inches) 

(1 + F/!lOl flower (17) 

,where RL = the load impedance. ii/$, = the relative 
permeability of the ferrite at the lower frequency, and n = z.-2zU OPTNMUM 

a fraction31 wavelength determined by the amount of allow- 
able phase error. z s = z y  OPT~MUM 

Selection of the feirite core material is determilied rndnly 
by performance requirements. A prime consideration for 
wideband performance is the temperature coefficient of the .m m > a  >a 

ferrite, which must have a low loss tangent over the required LINBTH OF WIRE 1 lo, 

temperature range, is . ,  high Q. 
b. 

In addition, an important design factor involves the relative  ora aid coil winding ~ a t a  

permeability uf the core, since inductance of a conductor is ~ g u r e  11 

proportional to the perrneabikty o f  the surrounding me- 
dium.(15) A high permeability material placed close to the 
transmission line conductors acts upon the enteliral fringe Designing the IF Network 
field present, appreciably magnifying the inductance and 
providing a lower cutoff frequency, power transferred The IF network perfarms two important functions in the 

from input to  output is coupled directly through the di- FET balanced muter circuit. It provides for clprimu~n lnalch 

electric medium separating the transmissionline condcutors; between the FETs and the IF  amplifier, and it effectively 

thus rclotivcly cross.section ferrite material can by~'a5ses lhe circuit RF c o m ~ o n e ~ i t s  (stgnal and local 
operate in an unsaturated state at impressively high power 
levels. For the FET balanced miner, ferrite core material 
with a permeability of 40 provides satisfactory In network d e s i s ,  it is esreiitial that the RF and local orcil- 

from 50 to 250 Figure a lator signals be sufficiently isuiated lion> the intermediate 
lower transmission line impedance, Z,, is to  be piereired frequency signal to maintain rejection levels of at least 

over a higher =,. Both 500hm and 100ohm transmission 20 dB. If this isolation is not maintained, conversion ~ a i i i  

lines are required for the mixer transformer; twisted pairs "Oi" figure are degraded. 

will provide satisfactory results. A characteristic impedance 
of 45 obtai,,ed turnr-per-inch of .Belden The simplest technique tbr  design of the I F  network is to 

NO. 24 AWG enamel wire, while 3% turns.per.inch of N". Us the well-known pi (4 match structure from each FET 

24 (7x32) Belden plastic covered wire Z, = 
drain to a common balanced output transformer net- 

ohms, cure is wound with 2 inches of p,upei w o ~ k . ( ~ ' ) T h i s  pi match technique is especially suitable for 

twisted pair, with minimax lengths calculated from a n*mow-band intermediate frequency output, serving three 

data(Formulae 16, 17). useful functions. First, it serves to achieve the proper drain 
load match between the FETs and the I F  structure. Second, 
it provides the very necessary isolation of the intermediate 

As with aU broadband transformers, the coil has a, inlierent frequency signal. And third, it serves as a simple filter to 
palasitic inductance which must be capacitor-compensated provide a monotonic decrease in impedance as frequency 
(C2, C4, Figure 2).(16) A trim capacitor is required at the departs from the IF  center frequency, f,,.(18. 19) This third 
two input ternunals, and is adjusted only once to optimize function, shown in Figure 13, prevents the drain load impe- 
the differential phase shift across the symmetrical balanced dance from skyrocketing out of control and giving rise to  
PETS. Phase match of the hybrid structure may be tracked distortion products. 
to within ?2  degrees (about 180') to 250 MHz. Effective 
resistance transformation is useful from 50 to 550 MHz Selection of the dynamic drain impedance value in the IF 
(Figure 12) - but phase track beyond 250MHzmny show network is a critical point in deslgn uf the structure. Inter- 
too much deterioration. modulation product distortion and crossmodulation will be 
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son - 200n sa~un 

Figure 12 

both af(ecrcri by the ilistanta~rrous peak-to-peak output 
voltage of ine FtTs,  if tile value of the dynaniic drain impe- 
dilrhcc alluws illcrc rigi~al pcaka ru c~rlcr cillrei li,c piocli-ilff 
voltage or breakdown voltage regions of tlic trann~tors.(~') 
If the unpedancr is too high, the dynamic rangc of the miner 
will be sevelely lirnired; if the irrrpednnce is too low, useful 
conversion gain will be sacrificed. 

A first-order appruninialion to establish the proper load 
~mpedsnce may be obtained when 

For the U310 FET, the optinrum drain load impedance i! 
established a t  slightly less than 2000 ohms, with sufl'icienl 
lucal uacillatur drive arid gale hirs dcfern~irrcd fro111 the con. 

version lransmnductance curve in Figure 5. 

The output IF coupling structure is an 800-ohm CT tu 50. 
ohm trifilar-wound transformer (Relcom BT-9 or equivalent) 
'The pi (n) match into this transformer provided a dynami< 
drain load impedance of 1700 ollmr on each PET; excellen! 

id = LDSS 1 - ~.-"~f_- 
2 

X .- [ 'G%"$ 

5 and 
U .- - Pi Inl Match Filter Funnnn 

vgs= V G S + V i  SL" Wlt (20) Figure 13 
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IM performance was obtained. Value of operating. 0 was 
established at 10 as the best compromise to insure that tile 
toleratice of the pi match components would permit tile IF 
output to  peak within rlre allowabie bandwidth at the asso- 
ciated IF amplifier. A Q of more than 10 would result i l l  a 
greatly restricted bandwidth, while a Q of less than 10 wouid 
result in excessively high capacitance, excesrivcly low induc- 
tance, and unsatisfactory filter performance. 

Table IV  

Mixer Performance 
1 1 8 . 5 d ~ r n l  *3dBm I +I dBmf ) I  

lfhe level for an unwanted 

~ ~ 

I 
d 50250 MHz Mixer Performance Comparison 

I Tests of the operational prototype FET balanced ritixer 
ilgna'whenthe der'redr'gnai 
f i r s t  e x ~ e r i e o c e r  compre.r,cn! 

demonstrated that the active mlxei has several characteris- 
tics superlor to those o f  passive mixer counterparts. There Co"Ye'sio* Gain I : +2.5dBf -6dB + l e d 8  

i comnar~sons are made in Table IV (meusuremeots of all i ~ i ~ ~ ~ . ~ ~ d + b ~ ~ d  woire F ~ o , , ~ ~  B 

Charactarsrtie 

Inscrtlan loss measurements on the IF network amounted to 
3 dB in the center of the passband, while insertion loss on 
the hybrid assembly measured i .2  dB. The rierwork exhibited 
a Q af 10. Gain and noise figures were measured over tile 
full 5 0 2 5 0  M H I  bandwidth, with a single-mdehand #wise 
figure ranging from 7.2 dB at 50  MHz to 8.6 dB at 250 
M H z  Conversiun gait, was a flat t 2 . j  dB, 

lnlermodulaflon l n f e i s e ~ f  Point 132 dBm +28 dBm +I2 dBmf 

JFET 

.~ ~~- ~~~ .- ~ ~ 

'Two-tone third-order intermoddation is expressed in terms 
of the iritercept p ~ i n t . ( ~ l )  With two signals 300 kHz apart, 
the balanced miner slipprervd lhird~order products-89 dB 
wltli both signals at -10 dBm, representing an intercept 
~ o i l l r  of t 3 2  dBm. 

Figure 14 shows a cornparison of third-order IM product: 
emanating from both the JFET balanced nUncr and a typi 
cal liw-level double-balanced diode rnixcr, under rimila~ 
operating conditions. Noise figure and intercept point an 
shown at various bias and local oscillatur drive levels it 
Flgure 15. 

Schottky 

I three mixers were made under laboratory conditions). 50MHz I - II 
- - - 

The performance o f  thc active miner is clearly superior to 
that of the diode mixers, contributing overali rystem gaw 

arcas ciiiical to telecom~nun~cations practice, acid reducing 
arruciated aniplifier requirements. 

Btpolar 

. . - -. 



Nois8 Figure and Intercept Point Performanes 

Figure 15 

C0.VCL USIOS (8) J. Watson, INTRODUCTION TO FIELD-EFFECT 
TRANSISTORS, Siliconix, Inc., Sanra Ciara, Ca., 

The reason for using riie three-core bifiivi trimrformer 95054(1'170). p. 18. 
(F~:uie i 1.4) in  t h a  tutorial article stemmed from the rela- 
tive una ly t i~a i  simplicity o i  aucii a design. An nireinarlve (9) Op, cit., ECOM0503-P005-G821. 
t r ~ n i i o r m e r  is the single-core irifiiai-wound dssign. TIE 

(10) Op. cit., "Nun-Lmear Dialorlion and \lining Processes deiuiitronr for wire lenrths (Equarro~ls 16 and 17) a le  
in FCTb," p. 21 I?. 

equaiiy applicabie to trlf~iar as they are ioi bifilar. 
(1 1) Op. cit.. "High-Frequency J F t T  Ctiaracteiiratio~i." 

(12) 0. Pitzalis and  T. Couae, "Broadband Transformer 
Design for RF Transistor Power Arnplifieia," ECOhI~ 
2989. July 1968. Aisa in Proc. Electronic Colnponent 
Conference (1968). 

K C.,k'LK E2VCE.S (13) "Same Broadband Tranaiormers," C.L. Ruriiroff, 

(1) Found, R.V., MICROWAVE SIIXERS, MlT Rad. Lab. Roc. IRE, Vol. 47, Aug. 1969, pp. 1337-1342 (Fig- 
Serter. Vol. 16, Ftgure 6.14, p. 274 (1948). ure 7(b). 

( 2 )  "lligh-Frequency JFET Chardcteirzntlonand Applica- 
tions,'' 1.B. Cornpton. DESIGN ELECTRONICS. 
Maiclr. 1970. 

13) "Tire Suiid State Receiver," W. Sabin, QST, July 
1970, pp. .35-43. 

(4) Penfield, P.. and Kafusr, R., VARACTOR APPLICA- 
'~LONS,MITPress,Cambriii~e,Msss.,(1962), pp. 73ff. 

(5)  "Non-Linear Distortion and Mixing Processes it, 
FETS." J.S. Vogrl, Proc. of IEEE, Vul. 55. Nu. 12 
1967, pp. 2109-21 16. 

( 6 )  "UHF FET Mixer of High Dynamic Range," ECOM- 
0503-P005-G821 (1'16'9). (Available from U S .  Army 

(7) Op cit.. ECOM0503-P005-G8?i. 

! 

(14) Op. c i t ,  ECOM-2989, July 1968. 

(IS) Up. cit., tCOM 2989, p. 6. 

(16) Op. cit., ECOM 2984, p. 7.  

(17) ARRL HANDBOOK, American Radio Relay League. 
Sewington. Colin. (1970) p. 49. 

(18) "Reactive Loada The Big Miner Menace," P. Will. 
MICROWAVES, April 1971, pp. 38-42. 

(19) Op. cit., "The Sulid Siate Receiver." 

(20) "D~stortioa lii FET Arnphfierr," J. Slierwin, ELEC- 
TRONICS, Dec. 12, 1966. 

(21) "Don't Cueis The Spurious Level," F.C. McVay 
ELECTRONIC DESIGN, Feb. 1 ,1967,  pp. 70-73. 



A PPLlCATlON NOTE 

B 
Siliconix 

-- 

FETs As 
Voltage-Controlled Resistors 

D z 
Y 
? 
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INTRODUCTION I 
The Nature of VCR' Figure 1 details typicai operating characteristics of an N~ 

A v"ltage.controlled (VCR) be dEfined as a Channel JFET. Must arnphfication ur switching operations 

three.terminal variable resistDi where the value of FETs occur in the constant-current (saturated) region, 

between two of rhe terminals i~ by 
* o m  as Region 11. A close inspection of Re$on 1 (the un- 

potential applied t o  the third. saturated or pre-pincholf area) reveals thar the effective 
slope indicative uf conductance across the channel f rom 

A junctiun field~effect (JFET) may be defined as drain to source is different for each value of gate-source bias 

a fiel*.cootro~ed malority carrier dcmce ,,,liere conduc. The slope is reiatively constant over a range uf 

in [he channel between the and the applied drain voltages. nl long as the gate voltage is also 

modulated by a tiarisverse electric fieid. The tield is con- 'lid 'he drain "Itage is low. 

trolled by a combination of gate-source bias voltage, VGS, 
"DE = "4s- YGSIII!~ 

and the )let drain-source voltage, VDs; 
-iL"""""""' 

Under certain operating cunditiuns, the resistance o f  the 
drain-source channel is a functio~t of the gate-source voltagc 
alone and the IFET will behave as an aliiiost pure ohmic m ~ u n ~ r ~ o w  
resistor.(') Maximum drain-source current, l D S S  and mini- 

- 

nlum resistance, rDS(onl, will exist when the gate-source 0 

voltage is equal to zero volts(VGS=O). If the gate voltagc is 
increased (negatively for NChannel JFETs and positively 
for P-Channel) the resistance will also increase. When the 
drain current is reduced to a point where the FET is no 
longci conductive, the maximum resistance is reached. The 
voltage at this point is referred to as the pinchoff or cutoff vDS(vi 

yoitage and is symbuli~ed by VGS = VGS(off). Thus the TvoicaI N-Channsl JFET Operating CharsEterini= 
device functions as a voltage-controlled resistor. ~ i g u r s  1 

0 1919 511150nX incorODrdTed 
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Resistance Properties of FETs Typical rDs curves for several Siliconix N-channel JFETs 

The unique resistance-controlling properties of FETS can be are plotted in Figurc 4 . c 4 ) ~ h e  graphs are usefulinestimating 

deduced from Figure 2, which is an expanded.scale plot of ~ D S  values at any given value of V G S  AU q~an t i t i e s  given in 

the encircled area in the lower ieft.hand corner ,,f ~i~~~~ 1 ,  Figure 4 are for typical units, so some variation should be 

~h~ output characteristics all pass the origm, near expected for the full range of prvductiul~ devices.lt i s  there- 

which the" become almost straieht lines so that the incre. for deisrable to convert Figure 4 to a normdired plot. TlUs 
" 

mental value uf channel resistance, rd,, is essentially the same 
as that of d.c. resistance, rDS, and is a function of v ~ ~ . ( ~ )  

Figure 2 shows extension of the operating characteristics 
into the thirdquadrant for a typical N-Channel JFET. While 
such devices are normally operated with a positive drain- 
source voltage, small negative values of VDS are possible. 
Thls is because the gate-channel PNiunctioe must be slightly 

"" 
applied to the gate. Minimum rDS, usually expressed as 
rDS(on), occurs at VGS = 0 and is dictated by thegeometry 
of the FET. A device with a channel of small cross-sectionai 
area willexhibit a high rDS(,,) and a law loss. Thus a FET 
with liigh lDSS should bc C ~ O S C O  wilere design requirements 
indicate the need for a low rDS(",,). 

" 1  

lncrsmental Oraln-Source Rerirtance for Typvcal N-Channel FETs 
Figure 4 

Ivar been dome in Figure 5. The resistance is normslircd to 
its specific value at VGS = 0 V. The dynamic range of rDs 
is shown as greater than 100: I ,  although for best control of 
rDS umge oi  1U: 1 is normally used. 

N.Chsnnel JFET Output Characteristic Enlarged Around VDS = 0 Siliconlx offers a family of FETs specifically intended for 
Figure 2 use as voltage-controlled iesistors. The devices are available 

Figure 3 extends the rd, characteristics of a FET to a corn- in bolhN-ChannclandP-Channel configurations (Figures 6A 
parison with the performance of 4 fined resistors. Note the and 68) and have rDS(un) valuer ranung from 20  il to 
pronounced similarity between the two types of dewces. 4,000 (Figure 7). 

Cornparimn of FET and Resistor Characteristics I 



Normalized r h  Data 
Figore 5 

I 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 elemeiits 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 apphcatlon o f  a FET VCR is shown in Figure 8 1 the circuit for a v~l taxe  divider a t t e n ~ a t o r . ( ~ )  

Simple Attenuator circuit 
Figure 8 

The output voltage is 

"in 'DS 
"OUT = K+I 

DS 

I t  is assumed that the output voltage is not so large as t o  
push the VCR out  of the linear resistance region, and that 
the rDS is "01 shunted by the load. 

The lowest value which vOuT can assume is 1 
"in 'DS(on) 

"OUT(min) = R + rDS(on) 



A number uf other FET VCR applications are shown in o 1 o 
Figures 9.16. I 

- 
u 

Voitap~-Tuned Filter Octave Range w i th  L o w e t  Frequency a t  JFET 

V = ~ ( ~ f f )  and Tuned by R2. Uppsr Frsqvency is Controlled by R, 

Figure 9 

The htghest value is 

vO1lT(max) = "in (3) 

since r~~ can be extremeley large. "01 

Electronic Gain Control 
Figure 10  

Cascaded VCR Attonuat08 
Figure 11 

VCR Phsre Adrancs Circuit 
Figure 13 

VCR Phase Retard Circuit 
Figvrs 14 

P-Channel VCR Photomultiplier Load Required L o w  Photomultl- 
plisr Anode Current IUrually < 1 v A l  lmplier that VCR wi l l  Always 

Perform in Linear Region Near origin 



Signal Distortion: Causes 

Figure 17A repeats the FET output characteristic curves of 
Figure 2 ,  to show that the bias liner bend down as VDS 
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 distortionencountered inVCRcircuits; 
note that the distortion occurs in both the first and third 
quadrants. Distortion results because the channel depletion 
layer increases as VDS reduces the drain current, so that a 
pinch-off conditionis reached when VDS = VGS - VGS(,tn. 
Figure 1 7 8  shows how the current has an opposlte efiect 

N-Channel JFET Output Chararterinic Enlarged Around VDS-0  
Figure 17A 

Reducing Signal Distortion b z 
The majority o f  VCR applications iequire that signal dir. Y 
tortian be kept to a minimum. Also, numerous applications v 
require large signal lrandling capability. A simple feedback d 

technique may be used'to reduce distortion while permitting 
large signal handling capability; a small amount of drain 
signal is coupled tu the gate through a resistor divider riet- 
work. as shown in Figure 18. 1 
The npplication of a part of the positive drain 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 VGS 
bias curves. On the negative halfcycle, 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,unleis theVDS=VGS-VGS(off) 10cusir 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 tu provide 
minimum loading t o  the cacuit: 

Typically, 4 7 0 K  SL resistors will work well for most applics- 
tions. R1 is selected so that the ratio of rDS(on) llRL to 
[(rOS(",,) l l R 3  t R I ]  gives the desired output voltage, or: 

The feedback technique used in Figure 18 requires that the 
gate control voltage, VGC, be twice as large as VGS in Fig- 
ure 178 for the same rDS value. Use of a floating supply 
between the resistor junction and the FET gate will over- 
come this problem. The ciicuit is shown in Figure 19, and 

Figure 178 allows the gate contrul voltage to be the same value as that 
voltage used without a feedback circus, while preserving the 
advantages t o  be gained through the feedback technique. 

in the third quadrant, rising negatively with an increasingly 
negative VDS. This is due to the forward conduction of the Appendix A t o  thin ApplicatianNote is an analytical approx. 
eate-ta-channel iunction when the drain simal exceeds the imation of VCR FET distortion chaiacteristics. both calcu. " ~~ 

negative gate bias voltage. latcd and measured. 



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 cunditions are shown both 
with and without feedback. Figure 20 shows a two-volt 
pe&-to-peak signal on the VGS = 0 V bias curve, with the 
VCR operating in the first and third quadrants. The VCRis 
operated without feedback. 

VCR7N wlth No Fedbark 
Figure 20 

VCR7N wifh No FadbacL 
Fig".. 22 

The forward-biased gate-drain PN junction may be seen at 
approximately -0.6 V, and bending of the bias curve is 
apparent in the third quadrant. The photo also demonstrates 
the cornmiison between a fixed reslstor (the linear line 
superimposed on the bias curve) and the distortion apparent 
in the VCRwithout feedback compensation; the VCR ag la l  
is unusable with tlic indicated amount of distortion. I 
111 Figure 21, the same VCK7N FET is shown operating with 
the addition of the feedback resistors. Distortion has been 
reduced to lens than 0.570, and the characteristics of the VCR 
are now closely comparable to those uf a fixed resistor. 

In Fisures 22 and 23, the same VCR FET characteristics are 
shown, with VGS adjusted for higher rDS. No feedback net- 
work is employed in Figure 22, and measured distortion in 

greater than 8%. In Figure 23, the feedback resistors have 
been added and distortion has been reduced tu less than 

VCR7N with Feedback 
Figure 21 

VCR7N wifh Feedback I 



Some degree of non-linearity will be experienced in both 
the first and third quadrants as VGS approaches the FET 
cut.oif voltage. For this reason, it is important that the 
feedback resistors be of equal value so that the non-lineari- 
tier likewise will be equal in both quadrants. Figure 24 
shows a curve of distortion vs R21R3, in both quadrants. 

Abstract - An anaiytical approximatiun a i  FET char- 
acteristics fuipusitive and negative voltages is present- 
ed. The distortion in an application as a controlled 
altenuatur is calculated, and a method of reducing 
distortion by a iactor of more than 50 is described. 

It  has also been shown that FETs withhigh pinch-off voltage 
require larger drain-to-source voltages to produce drain cur- 
rent saturation. Therefore, FETs with high VGScnff) will 
have a larger dynamic range in terms of applied signal am- 
plitude, whiie maintain~ng a linear resistance. I t  is advar~ta- 
geous to select FETs with high VGS(off) (compatible with 
the desired rDS value) if iarge signal levels are t o  be 
encountered. 

A P P E N D l X A  - From proceedings of the IEEE, Oc- 
tober, 1968, pp. 17l81719 .  

Cuntrulled resistors are used in oscillators, controlled am- 
nlifiers. and at tenuat~rs . (~s ' )  The oorrible control runue is 

D 
2 
Y 

-. 

I I 
2 0  z 5  

much larger fur field-effect transistors (FET) than for other 
0 2  0.4 0 6  0.8 > a  2 5  elemeritr with comparable time constants (e.g., diodes). The 

V R r  
signal-to-noise ratio is considerably improved. 1 

Dirtortion ur R ~ / R Q  
Figure 24 

Distortion resulting from changes in temperature are also 
minimized by the feedback resistor technique. rDS will 
change with terrlpeiature in an inverse manner to the belrav- 
iur of FET drain current. Table I presents the result o i  VCR 
laboratory performance tests of distortion vs temperature. 
The VCR7N again was employed. Signal level was 2 V peak- 
to-peak. 

Table I 

7.rnPnIYm W , t h ~ " I  eeldbld W,,h F * d b d  

IDS - IoE,.n, IDS - IOIDSID", .DI - lDS,O", ' 0s .  10'1)li~"l 

<a E% 

* 25 >,a >6% <0.5% <O.%% .? 
- E6 3.8% 3.2% <O.% <0.5% 

Comparison  stw wen  ath he ma ti-1 Approximation of FETCharac- 
aeterirticr ISolid Lines1 and Measured Curves (Broken Lines1 for 

a Typical N-Channel JFET 
Figure 25 

SUMMARY 

This Application Note has presented a briei description of 
Figure 25 siiuwr ideaii~ed and real FET characteristics. In 

the use of junction field-effect transistors as voltage-con- 
region A(above pinch-off) ID is independent a f  vDS:c8) 

trolled resistors, including detans of operation, characteris- 
tics. limitations. and aoolications. The VCR is caoable of . . 
operation as a symmetrical resistor with no DC bias voltage 2 
in the signal loop, an idsd characteristic for many appli- 

=lDss (, - %) cations. 

Where large signal-handling capability and minimum distor- 
tion are system requirements, the feedback neutralization Region B, where VDS < (VGS - V p )  is the so-called triode 
technique for VCRs is an important tool in  achievingeither region. (In the following discussion all the signs (+, -) will 
or both e n d s  be valid for N-Channel FETs.) The characteristics cui be 

-. - 
ii' 
8 
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(2) 
-- 
- ( ~ P I ~  

This is the rame function that can be found by a simple 
+ RgDS t 

analysis based on semiconduct~r tlleoly. The iess negative 
of the two vultagcs across thejunction(VGS, VGD) controls 
the channel conductance. Under the condition that the FET 
is symmetrical (drain and source interchangeable), the fol- 
lowing consideration is true. If VGD were the controlling 
voltage and VDS < 0, ID < 0. then the characteristics 
would be the same as in the first quadrant: 

C 

(j 

Z 
4 

Since the controlling voltage for both regions (B and E) is 

V ~ ~ i  I 

approximated by a quadratic function, of which the maxi- where ~ D S  is the differential conductance at the origin; 
~ n ~ u m d n d  ~ S C C D L I ~  puint(the origin) arc known. Thc approxi- when VGS = 0, then ~ D S  = guSS. Thc attcnuntion for the 

mation is circuit of Figure 2 q a )  is 

2 
v G ~  - v~~ 1 V 2 =  --- 

~ D = ~ D S S  [t-w ) V l  l + R s ~ s  

(7) 

Substituting (4) into (3), we get (2); the same approxima. 
tion can be used in B and E. The limits of region E where 
(2) is val~d are VGD = 0 and VGD = Vp. The characteristics 
in region D can be found from ( I )  with the same consider- 
ation: 

The mathematical approximation is compared with the 
measured characteristic in Figure 25. In the regions C and F 
the junction is forward biased. The characteristics are depen. 
dent on the internal resistance of the gate voltage source 
since gate current flows. 

The FET as a controlled resistor works in region B and E. 
The higher the resistance, the more nomiinear are the char- 
acteristics. For most applications this is undesirable. Based 
on the simple approxlmation(Z), the relation between distor- 
tion, control range, and maximum to minimum attenuatiun 
will be described for a simple voltage divider [Figure Zqa)]. 
Most applications can be based on thissimple example. The 
conducta~rce in any point of region B or E is 

- 
,b, 

(a1 Controllnd JFET Ananu@tor. (bl Controlled Affsnuator with 
"Fsedback" Making Characteristi- Linear and Symmlltriul 

Figure 26 

To reduce (7) to  a more tractable form, the following in- 
equality is introduced: 

V1 R S ~ ~ ~  << 
2 v p  11 + RSDSI 

so that (7) can now be approximated by the expansion 

Only the second harmonic will be considered for the distor- 
tion since the third is much smaller. For small distortion 
(d << 1 and RgDSS >> I), 

V1 R S ~ ~ ~  d = -  (9) 
4 IVpl + &DSI 

If V2 is held constant, 



Distortion as a Function at  VGSIVGS(.,~~) for Two Diffsrant 

V 2 1 V ~ ~ ( . f f ) .  la1 Thaorefical for Figure 26lal. Ibl  Measured with 

Circuit of Figure 261al. Is1 Maarured with Circuit of Figurs 261bl 

Figure 27 

Figure 27 shows a comparison of measured and calculated 
distortion. If VGS approaches Vp, the above restrictions are 
violated; the expression for the distortion can no longer be 
applied. If VDS < 0, VGS = 0,  then the FET works in region 
F; the diitoitioli will be higher than predicted. From (lo)  
we get for a prescribed tnaximum distortion a maximum 
amplitude as a function of VGS: 

then (13) used in (2) giver i I 

There are several means of reducing distortion. By connect- 

Tlie ieaulling cl~a~astrr is t is  is linear arrd syrrarl~lrical in B 
and E. The improvement in distortion performance can be 
seen in Figure 27. A distortion of 12 percenl for V2  = 0.1 
Vp at VGS = 0.8 Vp is reduced through linearization to 0.1 
percent. Figure 2 q b )  shows a possible circuit. The frequency 
range of the cuiitrolled signalmust be much higher than that 
of the controUingsignalVH to keep the direct interference of 
VH on V2 smd1. R j  is set for minimum distortion. If V2 
and VH are in the same frequency range, a high impedance 
amplifier must be used. V2 is at the input; the output is 
connected lo the FET gate. The amplification is approxi- 
mately 0.5 (adjustabie). The control voltage is introduced 
th rou~h  a secolld input so that no direct interference with 
V2 OCCU'S. 

ing two identical FETs in antiparallel or antireries, non- 
linearities can be canelled out to a certain extenl. A better 
linearization is possible by using one FET with "feedback". 
It has been shown abuve thal the cliaiaclcrislics would be 
symmetrical if VGD were the control voltage in the third 
quadrant. By adding 0.5 VDS to  the control voltage, the two 
voltage VGS and VGo interchange when VDS changes sign: 

For a given dm,, and V2,,, the ratio o f  minimum to REFERENCES 
maximum attenuatioll is 

(1) J. Watson, INTRODUCTION TO FIELD-EFFECT 
TRANSISTORS, Silicunix, Inc. Santa Clara, Calif. 

A,in =,"= I I ~ ~ D S S  ~- 4dmax lVpl 95054(1970), p. 58. 

*ma, "2max- "2rnax (12) (2) "FETs As Volfage-Variable Resistors," Carl D. 
+ RgD5s 4=vpl  odd, ELECTRONIC DESIGN, Sept. 13, 1965, 

pp. 66-69. 

Y 
Y 

valid only for m > I .  Note that the maximum distortion is (3) Op. cit., AN INTRODUCTION TO FIELD-EF- 
FECT TRANSISTORS, p. 22. 

reached only for minimum attenuation. Examoles: 

I (4) "FETs As Voltage-Controlled Resistors," Siliconix. I 
inc., Santa Clara, Calif., 1966. 

d,,,x = 10 percent VZmax = 0.001 Vp m = 400 
(5) Op. cit., AN INTRODUCTION TO FIELD-EF- 

dm,, = I percent V2,,, = 0.01 Vp m = 4 FECT TRANSISTORS, p. 61. 

(6) W. Gosling, "Voltage Controlled Attenuators Using 

Although these relations are only first-order approximations, Field.Effect Transistors," IEEE Trans Audio, Vol. 

they give a good estimate of FET attenuator characteristics. AU-13, pp. 112-120, Sept.-Oct., 1965. 
maximum amplitude is to Vp. FETs with (7) J.S. Sherwin, "Voltage Controlled Resistors 

high Vp are desirable for attenuator applications. Unfortun. (FET)," Solid State Design, pp. 12.14, Aug. 1965. 

ately, the majority of commercially available FETs are made (8) L.J. Sevin, "Field-Effect Transistors," New York, 
with low Vp for use in amplifiers. MeCraw-Hill, 1965. 

m - 
ii' 
3 
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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 can- 
stant current source. An adjustable current source may be 
built with a FET, a variable resistor and a small battery, 
Figure I.  Far good thermal stability, the FET should be 
biased near the zero T.C. p0int.l 

Field-Enact 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-offvoltage VGS(ofi). The FET may be biased to operate 
as a constant current source at any current below its satura- 
tion current IDSS. 

For a given device where lDSS and VGS(off) are known, the 
approximate VGS required for a given ID is 

= V G ~ ( o f ~  - (&) DSS 'Ik] (1) 

where k can vary from 1.7 to 2.0, depending upon device 
geometry. The series resistor RS required between source 

I and gate is 

A change in supply voltage, or change in load impedance, 
will change ID by only a small factor because of the low out- 
put conductmce gOSS. 

The value of go,, is an important consideration in the accu- 
racy of a constant current source. As go,, may range from 
less than 1 fimho t o  more than SO fimho according t o  the 
FET type, the dynamic impedance can be greater than 
I megohm to less than 20K. This corresponds t o  a current 
stability range of 1 fiA t o  50 PA per volt. The value o f  g,,, 

toward cut-off. The relationship is 

where I 
when I 

So as VGS +VGS(ofn. goss+zro. For best regulation, ID 
must be considerably less than IDS% 

It is possible to achieve much lower go,, per unit ID by 
cascading two FETs as shown in Figure 2. 

a r ~  = AV~sg,,s (3) C a u d e  FET Current Source 
FSure 2 
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Figure 2 in redrawn in Figure 3 for the condition VGSl = 0. The best FETs for current sources are those having Ion( 
gates and consequently very low g,,,. The Siliconix 2N486L 

, exhibits typical go, = 1 pmho at VDS = 20 V. A single 

hr q-: 2N4869 adjustable in from the circuit 5 MA of to Figure 1 mA 4 will with yield internal a current impedanct source 

0, yo greater than 2 megohms. 

eon, "d.9 - -vp2 
- -ma!%., 

,.I cb, fluta sm ,, RS = lMR, 2W 

C '  

gfs2 / i0 = i2 + Vgs2gfs2 = Vds2goss2- i0 (7) 
- 

Miunable Current Source 

Now, ID is regulated by Ql  and VDSl = -VGS2. The d-c If VDG<2VGS(off), the go, will be significantly increased 
value of Ill is controlled by RS and Ql.  However, Q I  and and circuit go willdeteriorate. For example: A 2N4340 ha: 
Qz both affect current stability. The circuit output canduc- typical go, = 4 gmho at VDS = -20 V and VGS = 0. A) 
tance is derived as fallows: VDS " -VGS(off) = 2 V, go,, " 100 pmho. 

1 When 

RS + O as in Figure 2 

The cascade circuit of Figure 5 provides a current adjustable 
(8) from 2 #A to  1 mA with internal resistance greater than 

10 meeohms. 

(11) 
Cawads FET Current b u r r e  

Fipvr. 5 

(12) For each circuit discussed, go,, is represented by the fol. 
lowing equations: 

'g 
.Y - 
iii 

go,, 
2 

8, = - (15) 
Z ~ O S S  + gfs + RS (gfs2 + gossgfs + go,?) 

80,s 
2 

= - 
sfs ( 1  + RsgfJ  

(16) 

In either case (RS = 0 or RS # 0), the circuit output cnn- 
ductance is considerably less than the go,, of a single FET. goss 

2 goss 
2 

g o - g f s  
In designing any cascaded FET current source, both FETs 

go gfs (1 + Rsgfs) 

must be operated with adequate drain-gate voltage VDG 
REFERENCES 

T:iz> VGs(,,f~, preferably Vm > 2 VGS("fo (1,) 
( I )  "Biasing FETs for Zero DC Drift," Evans, L., 

Electroteehnology, August 1964. 
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Wideband UHF Amplifier with 
High-Performance FETs 

r - - 

B 
Siliconix 
- - -  

DESIGN IDEA 

Ed Oxner 

- 0  - 
1! 
b 

A new freedom in UHF amplifier dcsign is possible with The amplifier circuit in Figure 1 is designed for 225 MHz 
high-performance "Super FETs" such as the Siiiconix U310 center frequency, 1 dB bandwidth of 50  MHz, low input 
Junction FET. Typical advantages include a dosely-matched VSWK in a 75.ohm system, and 24 dB gain. Three stages of 
75 ohm input for extremely low return loss in cable systems, U310 FETE are used, in a stra~ght forward design. 
and high spurious response rejection with the 3rd order lhrl 
intercept measured at t29 d ~ . ( ' )  Typical parameters are taken from the U3 I0  data sheer: 

Additionally, the high common-gate forward transconduc- Forward Transconductance 14 mmhos 
lance of the U3lO (20,000 gmho maximum) makes it possi- 
ble to design an amplifier with wide bandwidth and good Input Admittance at 225 MHz gig, I 3  mmhos 

gain, s i n e  the figure of merit (gm/C) of the FET is 2.35 x bigs 4 inmhus 

lo9  typical - higher than any other known UHF Junction Output Admittance at 225 MHz rags 0.27 mmhos 
F E T ~  bogs 2.6 rnrnllos 



Input match is simplified because the FET input (real) imp* Three cascaded synchronous single-tuned stages are used to 
dance is nearly 77 ohms. A coupling capacitor is used in the achieve the desired gain, and thus stage bandwidth and Q 
amplifier, rather than a tuned circuit, and thus the values are determined:(2) 
may be determined: 

- 

where: 

Bandwidth of 3 ~ t a ~ e s ( ~ ) =  
Bandwidth of 1 Stage 

l and 
Cp= 1.47 pF I 

I CT = 4.4 pF (CT = Cp + Cig$ (;)= 1.122(1 dB) I 
Figure 2 shows that the measured input VSWR in the 75- BIW ( I  dB) = 98 MHz 

ohm system indicated an available bandwidth considerably 
greater than that required for the amplifier design criteria. Q =  1.15 

200 MHz 

400 MHz 

Elanchard Chsn ( I n v a d  Circle Impdmce Chinl 
Fiaurs 2 



With a FET output impedance of 3700 ohms shunted by 
npprvximrtely 2.5 pF (with 0.5 pF allowed for stray capaci~ 
tance), the total parallel resistance necessary to obtain the 
desired bandwidth is: 

The tank circuit impedance appearing in shunt with the FET, 
is therefore calculated to be about 365 ohms. From this, the 
inductance is: 

with a turns ratio of 2.3: 1 to match to 75 ohms. Since each 
stage is designed for 75 ohm input and output, three cas- 
caded stages complete the amplifier design. 

The computed voltage gain per stage is approximately 
gfs Rtin 0' 2.22 (7 dB). Measured gain for all three stager is 
24 dB. The U310 FET in the final stage operates at lDSS, 
and thus accounts for the higher measured gain. The gal"/ 
bandwidth response of theamplifier is shown in Figure 3. 

The 3rd order spuriousintercept point is plotted graphically 
in Figure 4,(4) The importance of a high intercept point 
bewmer apparent in a crowded high-level area of the spec- 
trum where signal purity is of utmost priority. 

REFERENCES 

(1) "Don't Guess the Spurious Level," ELECTRONIC 
DESIGN, February 1, 1967, pp. 70-73. 

(2) REFERENCE DATA FOR RADIO ENGINEERS, 
4th ed., p. 242, ITT Corp., New York, N.Y. 

(3) Valley and Wallman, VACUUM TUBE AMPLI- 
FIERS,MIT Rnd. Lah.Series,Val. 18, pp. 172-1 73. 

(4) Op. cit.,"Don't Guess the Spurious Level." 

I 200 MHz 225 MHz 250 MHz 
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Design of a VHF Oscillator 

The important de@ considerations for best oscillator performance inclode 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 selves as an effective filter fur the sideband noise energy. 

The oscillator design is somewhat extraordinary for a circuit employing a FET. The FET chosen was the Siliconix U310, which 
has a forward transconductance value higher than 18 mmho at zero bias (VGS= 0). The oscillator basically consists of two co- 
axial resonators, one for the FET source and the other for the drain. O~cillation isestablished by capacity coupling between 
the two resonators; output coupling is derived from the magnetic coupling which exists at the upen ends of the reson'dtors. 
Optimum resonator Q in achieved by designing the coaxial resonators for a characteristic impedance of 75 ohms. The oscilla- 
tor circuit is s h o w  in Figure 2, and construction details are shown in Figure 3 

The technique to establish the proper resonator length for the desired frequency is somewhat tricky, and requires a firrt-order 
approximation of the anticipated capacitive frinang which derives from both the FET and the feedback network.AshOrt Cir- 
cuited coaxial transmission line is theoretically resonant at a quarter-wave length of the resonating frequency, except for the 
effects of fringe field capacitsnce. At resonance 

If the fringe capacitance is known, XC can be calculated as 

From this, the resonator length can be determined as 

xc = tan 01 (3) 

In making these calculations, a Smith chart is invaluable, as is shown in the following illustration: 

Frequency of oscillation = 760 MHz 
FET bigs (from data sheet) = 16 mmho 
Capacitance from bigs Cgn = 3.4 pF  
M o w  for stray capacitance and 

the feedback network Cs = 1.5 pF 

4 . 9 p F  

Thus = j 0.57 (normalized to 75 C2) 

Locate 0.57 on the Smith chart. The wavelength toward the load = 0.081 A. Since a wavelength at 760 MHz is 39.5 em., then 
the resonator cavity length is simply 

39.5 x 0.081 = 3.20 cm (1.26 inches) (4) 
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1 ~ a n c ~ u s i o n s  I 

In the completed FET coaxial oscillator circuit, the output couplingloop consists of a single turn made fast to  the cavity by 
the BNC flange and the PET itself. Although the feedback network appears somewhat crude, it can be replaced by a small 
trimmer capacitor for similar operation. 

Measured performance of the oscillator is s h o w  in Table IA: AM noise measurements in a 10 Hz bandwidth are shown in Ta- 
ble IB. 

0 

t3 
13 

AM Noise Measurement 

Oscillator Measured Performance @ 2 c C  Frequency Displaced From Canier 

16.2 18.2 500 Hz -139 
t6.6 t15.2 t18.3 t 2 0  1 kHz -143.5 

Frequency(MHz) 725 742.7 754.7 762.9 -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 ofthe b i k e  diagram to show frequency us 
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability. 





TECHNICAL A RTICLE 

James Sherwin 

INTRODUCTION 

Engineers aftendesign 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 tu 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 dc drain resistors. 

Constant-current bias, which is best suited to low- 
drift dc amplifier applications such as source followers 
and soure+coupled differential pairs. 

Self bias (also called source bias or automatic bias), 
which is a somewhat universal scheme, particularly 
valuable for ac amplifiers. 

The Qpoint 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 30Vand  adrain resistance, RD, of 39K CI are being used. 

The quiescent drain-to-source voltage, VDSQ. is I5 V, 
allowinglarge signalexcursions a t  the drain. Maximum input 
signal vanations of ?O.L V will produce output voltage 
swings of +7.0 V - a voltage gain of 35. 

Reorintad From ELECTRONIC DESIGN. Mau 24.1970. June 7.1970. 

Fllure 1. A large dynamic range is provided by the operating paint 
at VOSQ = 15  V. I ~ Q  = 0.39 mA and VGSO = -0.4 V. The output 
rhmocteristics me for a typial 2N4339. 

The constant-voltage bias circuit (Figure 2) is analyzed by 
superimposing a Bne for VGG= constant on the transfer 
characteristic of the FET. 

Figurn 2. constant-voltage bia3 i, maintained by the VGG supply e l  
shown on this typical 2N4339 franear curve. Input signal eg mover 
the load line horizontally. 



The transfer charaeteristicisaplot of ID vs VGS for constant 
Vnr. Since the curve doesn't change much with channes in 

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 inputvoltage, gate-source signal voltage, 
and output signal current calculations may be made 
graphically. 

1 The heavy vertical line at Vr.~ = -0.4 V establishes the Q 
point of Figure 1. Na voltaG;s dropped across resistor RG I 1  

becauss the gate current is essentially zero, R~ serves main. Faurn a Partial bvpasring of the current source IFigure 31 lowers 

ly to isolate the input signal from the VGG supply. 
the circuit gain by tilting the ac load line from the l he 

capacitor drop lubfracfr from eg. 

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 biasline then develops the output signal current 
as shown in Figure 2. 

The constant-current bias approach (Figure 3) for establish- 
ing the Q-point of Figure 1 requires a 0.39-mA current 
source. For an ideal constant-current generator, input signal 
excursions merely shift the bias line horizontally and p r e  
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. 

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: 

It is clear from Figure 4 that the input signal only shifts the 
operating point by an amount equal to Vg,, 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 Qpoint by 
applying the voltage dropped across the source resistor, Rs, 
to the gate. Since no voltage is dropped across RS when 
ID = 0, the self-bias load line passes through the origin. Its 
slope is given by -l/RS. Therefore, the desired Q.puint is 
established by setting -l/RS = IDQ/VGSQ 

'\Y+ 
~ b u r e  x conrtsnt.current bias fixer the output vo~lsgetor any RO. ! . < A. go 
HDIICB, input rignalr cannot affect the output unless the current yo$ IVOLTII 

source is bypassed. 

Fiure 5. The self-bias load line p a w s  through the origin with a 

If an ac ground is provided by a bypass capacitor across the dope -1IRs. Bvpsssing Rs will neepen the slops and inc~sare the 

current source, a vertical ac bias line will be established. gainof thecircuit. 

Input signal variations will then translate the ac bias line 
horizontally, and signal development will proceed as with Signaldevelopment is the same as in the case of the partially 
constant-voltage biasing (Figure 3). bypassed constant-current scheme except that the load line 

is a dc bias line. Signal degeneration is described by Equa- 
Should the bypass capacitor not provide a sufficiently low tion 1 with XC replaced by RS. The ac gain of the circuit 
reactance at the signal frequency, the ac bias line will not be can be increased by shunting RS with a bypass capacitor, as 
vertical. It will still intersect the transfer curve at the Q- in the constant-current case. The ac load line then passes 
point but with a slope equal to -(l/XC) = -wC (Figure 4). through the Q-point with a slope - (l/ZS) = <wC t l/RS). 
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The circuit is biased automatically at the desired Q-point, Biisingiar Device Variations I s 
A fourth biasing method, combining the of can. device characteristics. The problem is illustrated in Figure 7 

stant-currentbiasingand self biasing, is obtained by combin- 
ing the constant-voltage circuit with the self-bias circuit "0s -0  

(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 ca -0.4" 

may be drawn through the selected Q-point and given any 
desired slope by properly choosingVGG. (The bias line inter- 

-0.B" 
cepts the VGS axis a1 VGG.) The larger VGG is made, the 
larger RS will be and the better will be the appruximatiun 
to constant-current biasing. 

O 1 0 2 0 a U ) m  

WOO 
Yo$ ,YDLTII 

*"OD *"DO " 0 0 

OUTPUT I$+ 

YI)I,"OLTII 

V o S - I ~ "  rA Figure 7. The wide variations in device performance shown by fhi. 
pair of output chsracterirticr make clear the diwdvantager of con- 
stantvoltage biasing. 

where two limiting sets of output characteristics, represent- 
ing the actual min-max spread of the Siliconix ZN4339, are 

% . s x  presented. Limiting characteristics like these are not nar- 
0.4 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 

- 1 6  i t  4 8  - 4  O -04 -0.8 ' I 2  .16 
,,.. ,,,-, , extremes. The problem is much more easily approached by .*>,." .,<, ."- 

using the set of limiting transfer characteristics of Figure 8. 
Fisure 6 All three combination-bias circuits are eauivalent. They (See next page,) 
edd mnrfantuoltame olaranil to the relfSbi.3 cireult to establish a -~ 
reasonably flat load line without ranificing dynamic range. Attempting toestablish suitable constant-voltage bias candi- 

lions for a production spread of devices is practical only for 
All three circuits in Figure 6 are equivalent. Circuit 6 ( a )  circuits with very small values of dc drain resistance - for 
requires an extra power supply. The need far an additional example, circuits with inductive loads. As the constant- 
supply is avoided in q b )  by deriving VGG from the drain voltage bias plot uf Figure 8 reveals, constant gate bias causes 
supply. R1 and R2 are simply a voltage divider. To maintain a significant difference in operating IDQ for the extreme 
the high input impedance of the FET, R1 and R2 must limit devices. At VGS = -0.4 V, the range of IDQ is 0.13 to 
bath be very large. 0.69 mA, and VDSy for a @"en R D  will vary greatly for 

most resistance-loadedcircuits. For the example of Figure 1, 
Very large resistors cannot always be found in the exact ratio with RD = 39K S l  and VDD = 3 0  V, VDSO varies from near 
needed t o  derive the desired VGG in every circuit applica. saturation (5 V) to 25 V. 
tion. Circuit 6(c) overcomes this problem by placing a large 
RG between the center point of the divider and the gate. An apparently excellent method of biasing is the constant- 
This allows R I  and R2 to be small, without lowering the current method of Figure 3. Biasing in this manner fixes the 
input impedance. operating drain current for all devices and sets VDSQ to 

VDD - lDQRL for any device in the production spread. 
One point of caution worth remembeting is that asVGG is VGS automatically finds a value to set the appropriate 
increased, VS increases, and VDS decreases. Therefore with IDQ = constant for all devices. For the constant-current 
low VDD, there may be a significant decrease in the allow- bias plot of Figure 8, with IDQ = 0.39 mA, VGS would 
able output voltage swing. range from -0.1 1 to -0.67 V. 
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Figure 8 The advantages of combination biasing. when one is working with a spread of device characreristicr, are made obv iou~  by plofting 
the load liner for the various iyoer of biasing on a pair of limiting transfer curver. 

Output characteristics are not needed as long as IDy is this bias condition is 0.25 mA to  0.32 mA. A similar mini- 
chosen to  be below the minitnum IDSS. With KD = 39K C? mum difference in IDQ could be achieved with RS = 6K $2 
and VDD = 30 V, VDSO is 14.8 V for all devices. and VGG= 0, (a self-bias condition) but the operating points 

would be pushed toward the toe of the transfer characteris- 
The disadvantages of the constant-current method are that ti,, and allowable signal input would be reduced. 
it  allows nu signal to be developed unless the current source 
is bypassed and, as we shall see, it lacks the flexib~lity 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 ""bypassed or dc cir- 
cuit;, some compromise must be made between the gain 
lossdue to current feedback degeneration and the advantage 
of current stabilization achieved with high RS. 

The upper load line allows vpS = i1 .8 V (limited hy IDSSA), 
while the lower line allows a vg, of only A07 V (limited by 
VGS(ofl)A). (The subscript letters A and B refer to the min- 
imum and maxlmutndevices, respectively.) The combination 
circuit allows almost ideal operation over the full production 
spread of devices. Even with RD = 62K a, the VDSQ would 
range only between I 0  and 15 V. 

An appropriate choice of IDQ limits can be made by using 
the pair of limiting transfer curves, F~~ example, for R~ = For this circuit, RD should be chosen to allow the largest 

1K C l ,  the load line shown on the self-bias curve of Figure Output signal swi"g for IDQ midway the two 

8 is established. The maximum l D  is 0.52 and the ,,,in. extremes of 0.25 and 0.32 mA; namely 0.285 mA. Setting 

imum lD is 0.24 m ~ .  The operating range of vDSy may be the voltage d r u ~  across R D  at one-ha1f of ( V ~ ~  - 
calculated for any value of vDD and R ~ .  clearly, for 2 V ~ s ( ~ f f ) ~ ~ )  O r  14 V, yields RD = (14 Vi0.285 mA) = 

R n  = 39K R. the maximum-limit device (device B) would 49K n. 
" , ~~ 

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 devices. However, such It is helpful. m any design, to  know the effect of tempers- 

a in l n y  imposes severe limitatiuns on ,he cir. lure variations on the transfer curves and transconductance 

cuit design. characteristics. Ideally, minimum and maximum transfer 
characteristics would be plotted at three temperatures: 

A better approach is illustrated by the combination-bias above, below, and at room temperature. Then the design 
curve of Figure 8 with VGG = 1.2 V. The range of IDQ for would take all types of variation into account. 
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Minimize the Gain Variations 

Lzavirrg RS unbypassed Ilclps rcducc gain varialiorla ~ I O T I ,  

devlce t o  device by providing degenerative current feedback. 
However, this method far minimizing ga"~ 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 trorscon- 
ductanm curves (Figure 9). 

F i v r e  9. Gain variations are minimized when the load line i s  de- 
signed to lnterrect the pair oi lhmizing transfer curve5 ifopi af point3 
of equal gts Ibottoml. 

As Figure 9 shows, it is possible to find an RS and a VGG 
that will set lDQA and lDQB to values so that g f , ~  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 bypas: capacitor. 

/ The design procedure is as follows: 

' 4  
Step 5. Travel vertically up t o  the maximum limit I b 

As Figure 9 demonstrates, it )nay be somewhat inconvenient 
toperformstep 6graphically. An algebraic solution can then 
be cmploycd instcad. Thc source resistance is givcn by 

Rs = ( V ~ s ~ ~  - v ~ s ~ ~ ) l ( l ~ ~ ~  -IDQA) (2) 
I 

Step 6. ~ o n s t ~ u c i  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. 

and the bias voltage is I 

@ 

Care should be taken to maintain the proper algebraic signs 
in Equations 2 and 3. (For n-channel 17CTs, VGs is negative 
andlD is positive. For p-channel units, the signs arc reversed.) 

If the transconductance curves of Figure 9 are not available, 
gf, can be determined by simply meaauring the slope uf 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 Vc;S axes. The 
slope and gf, are given by: 

= g f ~ = ~ ~ ( i n t e r c e ~ r ) /  - V ~ ~ ( i n t e r c e p t )  (4) 

In designing a constant-gain circuit, simply set the straight- 
edge tangent t o  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 Q D .  

Desiping Without Output Curves 

Although the transfer characteristic has been seen to be 
extremely valuable in designing a bias circuit, i t  cannot bc 
used tographically establish VDSQ However. if a set uf out- 
put curves is not available, VDSQ can be determined or 
selected from the transfer curve by using the follow- 
ing procedure: 

" "V' 
Step I .  Select a desired I DOA below IDSSA. A good VGSO andgfsD from the transfer curve. 

Step I .  Establish Rq m d  limitlne values uf I I , ~ .  

value, allowing for temperature variations. is Step 2. Establish VDD ss available, but in nu case 
6W3 of IDSSA. This will allow for decreasing greater than BVGSS nor less than several 
lDSS due t o  temperature variation and for t i m e ~ V ~ ~ ( , , ~ ~ ) .  There are special cases where 
reasonable signal excursions in load current. Vnn will be below this limit. but in no  case 

/ 

Step 2. Enter the transfer curves st IDOA s 
0.6 lDSSA 10 3 "A) t o  s ~ n d  VGSOA. T ~ I S  
VGSQA x 0.2 V for the 2N4339. 

"" 
should instantaneous vdg be allowed t o  fall 
below ?'xVGS(ofn if minimum distortion is 
to be achieved. 

Step 3. Drop vertically at VGSQA to thc minimum Step 3 Set VDSO approximately midway between 
limit transconductance curve to find gfrQA. VDD and 2 xVGS(off); lower if large output 
The value as read from the plot is appioxi~ signals will not be handled. 
mately i000pmho.  Step 4. Select RD to give the appropn~te  VDSO- The 

Step 4. Travel across the gf, plot to the inaximum formula is: 
curve t o  find VGSQB at the same value of 
gfs- This is VGSQB z -0.7 V. RD = [(VDD- VDSQ)/O.S ~EQA + ~ D Q B ]  -Rs ( 5 )  

l!! - 
ii' 
0 
3 
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In the example of Figure 8, this procedure would have By considering 1 0  circuits, which represent virutally every 
yielded VDSQ=(3@3)/2 = 13.5 V and RD =(30 - 13.5)10.5 source-follower confguratlon, the designer can obtaln con- 
(0.52 t 0.24) mA - IK a = 42.5K R. sistent circuit performance despite wide device variations. 

Step 5. Check to ensure that with this RD, device B There are two basic connections for source followers: with 
is not  in a saturated condition - VDQB = and without gate feedback. Each connection comes in 

VDD - IDBQ R D  > 2VGS(off, + R~ lDBQ several variations (Figure 10). Circuits 10(a) through 10(e) 
havenogate feedback; their ,"put impedances, therefore. are 

Decrease Rn if this condition is not met. equal to Rr. Circuits IMD throueh 1Mk) emolov feedback - u . . - . .  . . 
to  their gates to  increase the input impedance above RG. 

An alternate method, that selects RD to provide a specitied 
voltage gain, follows Steps 1 and 2 above and then proceeds Before getting into the details of bias-circuit design, note 

I as follows: several general observations that can be made about the I 
drcuits of Figure 10: 

Step 3. Determine required stage gain, A,, and set 
RD = Av/gfsQ. Circuits a, d and f can accept only positive and small 

negative signals, because these circuits have their 
Step 4. Calculate VDSQ to ensure that the criteria source resistors connected to  ground. The other cir- 

of Step 2 are not violated: 
cuits can handle laree oasitive and neeative simais - .  - 

(6) 
limited only by the available supply voltages and 
device breakdown voltage. - I 

Srep 5. If necessary, change lDQ, vDD, a"d/or 
Circuits c, d, e ,  h, j, and k employ current sources to 

R n  to obtain an ootimum comoromise. mm 
tmpruve 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, 

1 FETSOURCE-FOLLOWER CIRCUITS VGS(off) and a lower zero gate-voltage drain current, 1 
IDSS, than QI.  

Too little knowledge of biasing methods for FET amplifiers 
sometimes keeps en@neers from making use of Circuits e. gr h and k employ a source resistor, Rs, 

FETs in circuit desims. The common-drain amolitier. or which may be selected to set the quiescent output 

I 
. . 

source follower, is a particularly valuable configuration; its voltage equal to zero. 

high input impedance and low output impedance make it Circuits e and k use matched FETs. Rq is selected to 
very useful for impedance transformations between FETs set ID near the specified low-drift operating current. 
and bipolar transistors. The input-output offset is zero. 

U = F*um 10. Virtually every practical wurckfollawer configuration ir represented in this collection of ten circuirr.  he configurations in rhe 

ijj fop row do not employ gate feedback: the corresponding ones in the bottom raw do. 
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Bissing Without Feedback is Simple 

The no-feedback c~rcuita of Figure 10 (circuits 10(a) throueh I 1we)use simqle biasing,tec&iques (see the earlier article). 
Circu~t I q a )  1s a self-bus configuration; the voltage drop 
across RS biases the gate (whichdraws essentially zero cur- 
rent) through resistor KG. Smce no gate-to-source voltage, 
VGS, can be developed when ID = 0, the self-biasload line 
passes through the origin (Figure 1 I). For the 2N4339 FET, 
whose limiting transfer characteristics are used throughout 
thisarticle, the quiescent drain current is seen to tie between 
about 0.25 and 0.55 mA when a IK CI source resistur is 
used. The quiescent output voltage lies between +0.25 and 
+0.55 V. 

Figurs 11. Self biasing IFigure 10al user ihevoltasedropped across 
the source resistor. RS to bias the gate. The load line parses through 
The origin and has a slope of -1iRs. 

Circuit I q b )  is another example of source-resistor biasing 
with a -VSS supply added. The advantage aver circuit I q a )  
is that the signal voltage can swing negative to appraxi- 
mately-VSS. Two bias lines are shown in Figure 12, one for 
VSS = -15 V and the other VSS = -1.6 V. For the first case, 
the quiescent output voltage lies between +0.18 and t0.74 V. 
For the second, it lies between +0.3 and +0.82 V. 

Figure 12. Adding s VSS r u p ~ l v  fo the self-bias circuit [Figure 10bI 
allow5 if to handle large negative rignalr. The load line's intercept 
WiTh the VGS-axis ir at VGS = -vss.  Bias liner are shown for 

V s s = - 1 5 V a n d  Vss- -1 .6V.  

'The bias load line lor circuit 1 q c )  is just a horizontal h e  
(ID = constant). The quiescent output voltage is between 
+0.15 and 0.7 V for In = 0.3 mA. 

Circuit 1qd) i s  similar to I q c )  except that the VGS = 0 out- 
put characteristic of FET Q2 is used as a current source. As 
seenin Figure 13, Q 2  does not supply constant current when 
its VDS gets very small. This technique should therefore be 
used only to bias FETs whore VGS(off) is significantly high- 
er than the equivalent VGS(off) of the current-socrce 
PET diode. 

I YDS-16V 
> 5  

Y L ~ I Y O L T S I  

Figure 13. FET 0 2  doesn't behave like an ideol current murse when 

its V ~ S  gets very small [Figuie 1 M I .  Therefore, (11 should haves 
significantly larger V G S ( , ~ ~ )  than 02 doer. 

ApairofmatchedFETsisUsedin the circuit of Figure I q e ) ,  
one as a source follower and the other as a current source. 
The operating drain cuncnt (InQ)is set by RS2, as indicated 
by the load line of Figure 14. The drain eunent  may be any- 
where from 0.20 t o  0.42 m h ,  as shown by the limiting 
transfer characteristic intercepts; however, VGSl = VGS2 
because the FETs are matched. 

I v m = , 5 v  
- 5  

VGSIYDLISI 

~ i g u n  14. ~ h i r  load line ir ret by R s ~  and 0 2  which actr asacur- 
renl murce i ~ i g u r e  loel. !f i ts components are properly matched. 
the circuit will have TWO or near-zero offset. 

Since IDI  = lD2 and VGSl = VGSZ, choosing RS1 = RS2 
will ensure that the voltage from point A to B equals the 
voltage point from point C to D (Figure I q e )  ). This source 
follower, therefore, exhibits zero or near-zero offset. If the 
FETs are temperature-matched at the operating ID, the 
source follower will exhibit zero or near-zero tempera- 
ture drift. 

Biasing With Feedback Increases Em 

Each of the feedback-type source followers (Figure I q f )  
through I q k )  ) is biased by a method similar to that used 
with the nonfeedback circuit above it. However, in each 
case, RG is returned to a paint in the source circuit that 
provides almost unity feedback to the lower end of RG. If 
RS is chosen so that RG is ieturned to zero dc volts (except 
in circuit lqf), then the lnput/output offset is zero. R1 is 
usually much larger than Rs. 



Circuit I q f )  is useful principally for ac-coupled circuits. RS circuit i(h) differs from that of Figure I q g )  (Figure 16) in 
isusually much less thul  RI  to provide near-unity feedback. that the load line is prlcctly rial. In Figure I 6  the load lire 
The bias load line is set by RS (Figure 15). The output load is almost, but not quite, flat; it  has a slope of -1150k. 
line, however is determined by the sum of RS t R1. The 
feedback voltage VFB, measured at the junction of R~ and Circuit 1%) is similar to 1 q h )  except that the output is 

R1. IS determined by the intercept of the R~ + R~ load line taken from the top of Rs to reduce the output impedance. 

with the vGS axis. r h e  quiescent output voltage is RS must be trimmed if the circuit is to  work at all properly. 

VFB - VG* In Figure 17, the constant-current load line represents a 
0.3-mA current source, and the effect of a IK Cl 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 

15-11. 
VGS axis sets the voltage at the junction of RS and the cur- 
rent source (VPB). For RS = 1K Cl ,  VFB will be between 
-0.1 V and +0.45 V. Since VFB appears at the gate, it must 
be zero if the dc input impedance of the circuit is to  
be preserved. 

- 0 4  -0.8 tl2 *ll 
VOliYor,r, 

Fiure 15. The bias load line i s  ~ e f  by RS but the output load line ir 
determined by RS + R i  when gate feedback is employed (Figure 
1Ml.  The feedback Vfb i s  determined by the intercept of the 
RS + R l  load lineand the VGS axis. 

In the circuit of Figure IWg), RS can be trimmed to provide 
zero offset. As the curves show (Figure 16), RS will be 
between 670 ohms and 2.5K a. RS is much less than R1. 
The source load line intercepts the VGS axis at VSS = . ,  ,., .oa -.a .,z .,e 

-VGG=-15 V. vES ~ Y O L T B ~  

YCSI"0LTSI 

Fieurs 16. RS can be trimmed to provide zero offief a t  some point 
between 670 ohms and 2.5K R lFlgure lOgl  The source load line 
intercepts the VGS axis at VSS = VGG = -15 V. Note that this load 

line is not perfectly flat. I t  has a slope of -1150K. bscaure the cur- 
rant raurce is not perfect; it has s finite impedance. 

Circuit I q h )  is almost the same as Iqg);  the difference is 
that resistor R I  is replaced by a current source. Since an ideal 
current source has infinite impedance, the bias curve of 

Figure 17. I f  RS is not trimmed so that the load line passes through 
the origin. a voltage will appear a t  the gate causing a reduction in dc 

input impedance. The increments1 lnpuf im~edance will not 
beaffected. 

This can be done by tiimming RS, as shown dashed in Fig- 
ure 17. The biasing then becomes the same as for cir- 
cuit I q h ) .  

Biasing for circuit 1Nk) is identical to that far circuit 1 q e )  
(Figure 14) except that feedback is added to raise the input 
impedance... 
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APPLICATION NOTE 

Walt Heinzer 

INTRODUCTION 

b 

For analog switches, Vertical MOS (VMOS) transistors give And since the drain-to-source channel is purely resistive 
you a neariy ideal combination of characteristics-without while ON, you get iow distortion. 
the tradeoffs required by the more conventional com- 
ponents. These devices are now available from two Ameri- VMOS transistors in analog switches offer several more 
can suppliers: Siliconix and its licensee, Semtech. advantages, including 

Unlike the c o m m ~ n l y  used N-channel JFETs. VMOS chips 1.8 ON resistance, which results in low insertion loss 
that handle mare than a few hundred mllliamps are also in low-impedance systems 
small enough for economical production. Smaller chips 
lead to lower Inherent capacxtances. Moreover, thc basic 2 0 A DC current capability-paralleling three VMOS 

VMOS structure provides lower ON resistance. devices increases this capability t o  6.0  A and unlike 
other devices, paralleled VMOS do not  require power- 

Swr>c arralug bwitchrs uac relays, bipulal 1,ansibluls and baliast resistors 

even triacs. Although electromechanical relays offer the . 3 A peak current, which makes VMOS super for driving 
lowest ON resistance initially, their ON resistance will capacitive lines and quickly charging and discharging 
vary with current and degrade with use. Also, relays suffer capacitors in high speed AID converters, sample and 
from mechanical limitations. hold circuits, and integrators 

Bipolar transistors require base-drive current that causes 60 dB isolation at 10 MHz and 500 nA DC leakage in the 

offset in the switched analog signal. Triacs are only suitable OFF state 

fur switching raw power; for analog switching, they intro- . Enhancement-mode with a 0.8 to 2,0 
duce too much offset and non-linearity although they threshold, which gives VMOS direct compatibility with 
easily handle high power. CMOS and TTL. And the logic gates aren't loaded by the 

VMOS. 
VMOS Offers High Performance 

Linear ON resistance, which results in low total harmonic 
VMOS devices aren't limited by any of these disadvantages. and intermodulation distortion 
They can switch 10 W,  linearly, aver a wide dynamic range. 
In addition, VMOS input impedance is very high, and only What's more, all these capabilities come.in a TO.2OZAP 
input voltage (no current) turns the transistors OFF or ON. package. 

Reprinted with perrnisrioo from ELECTRONIC DESIGN.OHsyden Publishing Co.. Inc. 1977. I 



Examine the output characteristics of a low resistance 
VMOS device like the Siliconia VN46AF. A look at the 
transfer characteristic in Figure IA reveals that varying the 
gate-to-source voltage from 0 to +I0  V switches the 
VN46AF from OFF to ON-with a 3 ON resistance. 
From thc curve you can see that the device turns OFF 
well before zero volts, which eases interfacing with logic. 

In  the VN46AF schematic in Figure IB, note that the body 
and source are internally connected. Figure 1C and ID, 
respectively, show simplified models of the VN46AF's OFF 
and ON states. Diode D l  is the body-to-drain PN junction. 
When the VN46AF is OFF,  its drain current vs drain-to- 
source voltage characteristicr(Figure It) is essentially the 
cutve forD1.  

The breakdown for D l  is 4 0  V,  and the diode exhibits 
forward conduction for drain~lo-source potential as low as 

0.6 V. This diode therefore constrains the analog voltage, 
which a simpie switch (one W O S  transistor) can handle, 
to between 0 . 6  and t 4 0  V. 

When the VN46AF is ON, a 2 R resistance is in parallel 
with D l .  Maimurn continuous currcnt in either diroction 
is 2.0 A, even though the diode is forward-biased for 
currents over 0.5 A. 1 
One VMOS Device Makes an Analog Gate I 
VMOS characteristics are put to goad use in the analog 
switch of Figure I F .  In the ON state, the gate of the 
VN46AF is positive with respect to the source. In the 
OFF state, the gate-to-source voltage is zero. The 2.0 A 
capability and the 3 I7 ON resistance of the VMOS 
transistor can be fully exploited in this circuit. The input 
signal, however, is restricted to positive voltages and must 
always be greater than the output voltage. Othewise,OFF 
isolation is impaired. 

Both ON and OFF switching takes 200 ns: charge feed- 
through during the ON-to-OFF transition is 8 0  pC with 
a 50 load. Charge transfer is, of  course, especially impor- 
tant in sample and hold systems. For example, 80 pC into 
0.01 WF causes an offset of 8 mV. 

SIhematic Symbol of VN46AF 
Figurs 1 B  

ON STATE 

Equivalent ON Condition 
lvos = 10  V I  

Fig",a 1 D  

Equivalent OFF Condition l V ~ s =  01 
Figure 1C 

A Simple Unidirectional VMOS Analog Switch lri . v.1 
Figure 1 F  

Small Signal Chsractsri$tiss of VN46AF 
Figure 1E 

Thm V N I S A F  switchel from OFF to ON with a 3 a d r a i n - t ~ o u r s s  r-iruncs. when im gat.-lo+ourre potential swings from 0 to +10 V. 
The devise turns OFF at  about 1 VIAI.  Soma VMOS transistors IBI  carry an an-board ranar diode t h a  proteem the gab-to-source ivnstion. 
A VMOS transinor is ~qu iva lsn t  to two d i o d n  in  ths OFF r u t s  ICI. h e n  the gats-to.%oume voluge is len than the thrslhold value. Tha 
equivalent died.. 0 1  8s shunted by 3 n when the VMOS device is ON 101. wi th tha grto.tosoum. potontiat a t  +10 V. The $mall signal  drain^ 
to-mums v o l w e  n current charxtar in ic  I E l  is mant ia l ly  dsmrminsd by the body-to-drain d i d s .  The input  is restricted to porit ivs umltags. 
in  ths r i n g l ~ V M O S  analog -1. IF). 

Figure 1 



resistor. The ON resistance of this analog switch is twice as Since the two transistors are back-to-back, one body-to- 
high as the drain-to-source resistance of a single VN88AF. drain diode is always This eliminates the 
The maximum current that this two-transistor switch can OFF-sfate problem caused by forward-biasing the diode. 
handle is the same as that for a single-transistor switch 

In Ser i s ,  They Switch Both Polarities 

To increase the switch's dynamic range, connect two supply. OFF.isolation curves (Figure ZB) show that the 
VN88AF's in series (Figure 2A). In the ON state, both DG300 raises the circuit's isolation and that decreasing the 
halves of the DG300 analog switch are open, so the gates load resistance increases isolation. 
of both VN88AF's are ~ u l l e d  to  t15 V t h r o u ~ h  the 10K C2 

(2.0 A). 
Since the bidirectional switch's gate drive is referenced to 

The switch is turned OFF by shorting the gates to the a fined supply, its ON resistance varies with the input 
negative supply, thereby reducing the gate-to-source voltage analog voltage (Figure 2 C )  This variation introduces 
to  less than the threshold of 0.8 V. The second section of distortion when you're driving low-impedance loads such as 
the DG3OO adds 30  dB OFF isolation by shunting rhe speakers or transmission ilnes. For constant ON resistance, 

signal-leakage path (through both sources) to the negative use the circuit in Figure 3A. 

b z 
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A Gansrsl Purpmnl Bidirscfional Analog Switch 
Figun 2A 

I OFF l r ~ l a t i o n  vs Frequency Small Signal ON Rs%i$tance vs Analog Input Voltage 
F i p r e  2 8  Figure 2C 

ON resistance i s  dovblsd i n  the twc-VMOS switch 1A1. but inpus  o f  both polarities are handled wi thout  losing irolstton. Tha OG300 analog 
gats 181 raisss the circuit's isolation bv 30 d8. Drreasing load rairtancs airo improves iroiatian. With the gate drive referaneed to a f ixed 
VOI~I~F (C), th. ON rasist@nce varie. undairably wi th ths inpur, and gsnoratas distortion. especially wi th law impedance loads like speakem 
and transmission l i ne .  

Figure 2 



7 1 Bootstrapping Adds Linearity 
h 

The buffer circuit reduces the computed total harmonic 
distortion from 1.5% t o  0.005%, for 8 Vrms at 1 kHz into 
50 12 (Figure 38). The papular 10 12 DG186 JFET analog 
switch generates a higher total harmonic distortion of 
about 2%. 

a 

The two buffer circuits shown in Figures 3C and 3D isolate 
the input signal and employ a rener diode to provide a 
fixed gate-to-source voltage. The general-purpose buffer of 

In the ON state, a bootstrap voltage that tracks the input 
drives the gates of the VN88AF's. This bootstrapping keeps 
theVMOS's gate-to-sourcevoltage constant and independent 
of the input signal. So, changes in the input-signal level do 
not modulate the ON resistance of the switch. 

Figure 3C has a flat frequency response of up to 300 kHz 
and accepts inputs ranging between i 1 5  V. The buffer of 
Figure 3D, VN66AK source follower, has. its frequency 
response extended to 50  MHz and, when operated from 
r 3 0  V supplies, increases the signal range to  i 30  V. 

The VN66AK and VN88AF do not have on-board Zener 
diodes like the VN66AF transistor. At the expense of 
the diode protection, the VN66AK and VN88AF gain 
lower capacitance from gate-to-source and reduced DC 
"see through" from driver to signal path. Bootstrapping 
the switch's gate circuits with a buffer permits the switch 
to operate with low distortion even as the signal amplitude 
comes close to  the positive supply voltage. 

I..,,," 

Low Dirtortion Constant ON Resistance Switch 
Figvrs 3A 

General Purp- Buffer 
Figure 3C 

Dirtortion Improvement Using 
the Buffared Analog Switch 

Figure 3 8  

High Speed Buffer 
Fiwra 3 0  

B O O C I ~ ~ ~ D P  ng ens 011. an- onput cu l l  dostortlon bv nolaong the Oh rsststancs constant IA l  The bunsrsa ooo!st#ao corr~ol IA l  d l l t o m  "s 
lhsn eoUIsr a JFET or s nonboot.tr.ppsd VMOE anal00 rwotcn 180 A g n e l a  Pumm. buns, ICI  rsong tha LM310 oP am0 m SJIDbl. lor 

1 0 1  speed sw ten.r. but m e n  yor  need a k t  sna oprumtch. rre ma Vh66AK bdffe? ID1 In addotoon to 'osed Uur bdHsr g l r n  you #ncraa%sd , 



VMOS Devices Parallel Without Padding 1 
Paralleling devices lowers the total ON resistance. For 
example. three paralleled legs, each with two VN46AFs in 
series, make a 1 12 switch (Figure 4A). Because VMOS 
devices are immune to current hogging, no ballast or 
balance resistors are needed. Negative tempcos. a VMOS 
feature, cause these devices to draw less current as they 
heat up. As a result, excess current is automatically shared 
by paralleled VMOS devices. 

Paralleling three VN46AF's not only decreases ON resir- 
tance, but 4s" increases the current capability to 6.0 A 

and extends the linear range o f  the large signal transfer 
characteristic from 0.3 to 1.2 A (Figure 4B). 

The voltage range of the basic analog switch can also be 
increased. Simply use a higher breakdown VMOS unit 
(Figure 5). The VN98AK's have a 9 0  V breakdown, which 
allows up t o  ?40 V of  voltage swing capability. However, 
these higher voltage devices do carry a penalty the ON 
resistance is higher: 3.5 12 vs 3 .0  12 for the VN46AF. Zener 
diode Di limits the gate-to-so7~rce potential to 30 V,  and 
thereby prevents a possible gate-oxide rupture. Diode 
CRI I 0  limits the current from the 50 V gate-bias supply. 

Large Signal Transfer Charastsrirficr 
Figure 4 8  &,," 

Ultra Low RerirtancsSwiteh I 1  Ohm1 
Figurc4A 

NO bdilast or hsiance re4norr  are needed when VMOS device are parallsled 1A1 hsssurs negative tsmpsor immunize thsm from current 
hogging. Parailsling extends fha linear rangs f rom 0.3 to 1.2A IBI as it dscreasas the ON resistance of the analog switch to 1 nand increase 
i t s  ru.rant-h.ndlin.s.pabilify to4.5 A. 

Figure 4 

9 0  V Peak to Pssk Analog Switch 

You pay for  90 V brmakdown i n  the VN98AK with 
3.0 n ON rerinance. which a i iom swings of 340 V. 
The rsnsr d i d *  lirnif. ms gats tDJDUrEs p0fenti.i. 
fo 3 0  V. 

Figure 5 



For the Ultimate in Switching Speed 

lhe high power RF swltch shown in Figure 6A perfuirns intercept point with 1 dB of galn compression at 25 dBm 
rery well up to 50 MHI-with tom-ON and turn-OFF times input power. 
~f 50 ns. At 10 MHz.  solari ion is 6 0  dB with a 20 V 
,k-pk input signal. lnserliun loss is only 1 dB with a 50 SL Turn-ON time of the switch (Figure 6D) is determined by 
wad (Figure 69) .  The gain vr input power curve in Figure the passive pullLup resistor combined with the capacitance 
iC shows thal the RF analog switch using VN66AK's at the gates of the VN66AK's. The negative turn-OFF 
:an put 1 W into a 50 R load a t  14 MIlr. The two-tone, transient is caused by charge-coupling lo the output 
hird order, intermodulation product curves show a 42 dB through the output capacitance of the VN66AK. 

e"sw3,c"oFF 

RF Analog Switch 
Figure 6 A  

Insartion Loss  and Isolation vr Frequency of R F  Analog Switch Gain and Two Tone 3rd Order Intermodulation 
Figure 6 8  Figure 6C 

Switching Rsrponrs of RF Switch info 50 Ohm Load 
Figure 6 D  

The VN66AK switcha, high power at RF [ A 1  A t  10 MHz. s 20 V pk-pks iwa l  is rttenurtsd by 6 0 d 8  and 6- inrertion loe is only 1 d 8  in fo  
50 n and 10 p~ 161. ~h i rd -o rder  intermodulation distortion is given by ms 42 d~ internapt point, and 1 dB w i n  comprnr ion =cum et 
25 dsrn input tor 14 MHZ IcI.  ha newtius turn-OFF transient ID1 is saured by chargbcwpling to ma output  through the output capr i .  
"nce of the VN66AK. 



INTRODUCTION 

APPLICATION NOTE 

Driving VMOS Power FETs 

Using VMOS Power FETs you can achieve performance 
never before possible-if you drive them properly. This 
article describes circuits and suggests design methods t o  
be used in ordcr lu ublain the p r r fu l~~rancr  fium VMOS 
that you need. 

When designing with VMOS there are some facts that 
)must be kept in mind in order t o  get optimum results 
with every circuit. The first fact is that VMOS is a very 
high frequency device. The cut-off frequency fur all VMOS 
FETs is several hundred megahertz. Most power designers 
are not used t o  designing with extremely high frequency 
devices because with bipolars the frequency response 
decreases as the Dower increases. The verv hie!? freauencv . -  . . 
response of VMOS is the basis for many of its advantages 
but it must be kept in mind while designing. With irnproper 
circuit design VMOS can oscillate. This oncillatik can 
be eliminated, though, by exercising two simpie pre- 
cautions. First, minimize lead and trace lengths whenever 
possible, especially leads associated with the gate of the 
FET. If it is not possible to have short leads to the gate 
place a ferrite bead on the gate lead u r  a sniall resistor in 
series with the gate. The ferrite bead or the resistor must be 
very close-to the gate. Second, because of the extremely 
high input impedance of VMOS (in excess ui 1012 R) 
drive circuits may be designed which are very high im- 
pedance. Under these conditions it is possibie for the 
gate node t o  get enough positive feedback from the gatc- 
to-drain capacitance or just from stray fields in the circuit 
t o  cause oscillation. This must be kept in mind in the 
design of the circuit. 

A Typkal VMOSSwinhing Circuit 
Figurs 1 

Dave Hotftnan 
January 1979 

When driving VMOS it must be kept in mind that the 
dynamic input impedaocc is very different than the static 
input impedance. The input of a VMOS device is capa- 
ciliur. Thc DC input inlpcdilncc is very high but the AC 
input impedance varies with frequency. Because of this 
effect. the rise and fall times of VMOS are dependent on 
the output impedance of the circuit driving it .  The first 
approximation of  the rise br Fall time is simply 

where ROUT is the output impedance of the drive circuit. 
This equation is valid only if the drain load resistance 
is much larger than ROUT. Knowing thii fact,  along with 
the fact that there is no storage or delay thne with VMOS, 
it is very easy to calculate the rise and fall times and set 
them t o  any desired value. For exsmple, if you wanted t o  
calculate the 10% to 90% rise or fall time for the circuit 
shownin Figure 1 using Equation 1 the rise time is equal to: 

t ,=  (2.2) (500) (50 x 10-12) = 55 nsec I 
Thc dynamic input characteristics of VMOS are covered 
very thuruughly in Silicunk' spplichtion note AN79-3.1 

A last thing to remember when you are driving VMOS is 
the input protection zener diode. When putting a positive 
vultagc on the gate with respect to the source, the man- 
imum voltage rating of the Zener diode should not be 
exceeded. It is more important, however. that you do 
not forward bias the Zener diode by putting a negative 
voltage un the gate while the VMOS is operating in a 
circuit. The reason for thii is most easily explained by 
referring to Figure 2 .  As can be seen in the figure, the 
rener diode is actually the base-emitter junction of a 
bipolar transistor. If a negative voltage greater than 0.6 V 
is placed on the gate, the base-emitter junction of the 
bipolar will be fonvard biased which will turn on the 
bipolar transistor. When the bipolar is turned on, cur. 
rent will flow from the drain through the bipolar and 
out the gate. This operating condition is very likely to 
be destructive. If negative voltages must be placed on the 
gate it is recommended that you use a VMOS part that 
does not have an input zener diode. Non-zenered equiva. 
lents are available for rnost o f  Siliconix' zeneied devices. 



A Parasitic NPN Transistor in Zener Protected MOSFETS 
Figure 2 

Of all uperaling rlludcs the curnrnun-sourcc curlfiyuraliurl is 
the simplest to drive. Because of the high input impedance 
of VMOS it can be driven directly from many logic families. 
When driving from a CMOS gate as shown in Figure 3 ,  
rise and fall times of about 60 nsec can he expected due 
to the limited source and sink currents available from the 
CMOS gate.2 If  faster rise and fall times are required 
there are several ways t o  obtain them. One easy way is 
if there are extra gates in the package that is driving the 
VMOS simply put the extra gates in parallel with the 
gate already being used. The additional current available 
will cut down the rise and fall times. If no extra gates 
are available an emitler-follower buffer can be used as 
sliown in Figure 4.  With this circuit the current available 
to the VMOS will he thc output current of the CMOS 
multiplied by thc buta of tlle bipolars. Becauic tile bipolars 
are operating as emltter-followers there will dill be no 
storage time tu worry about and the frequency limit 
will bc determined by either the CMOS gate iir the f, 
of  the bipoiars, whichever comes first. 

VMOS can also be driven directly from TTL gates. Because 
thc output voltage of TTL is limitcd, thc output current of 
the VMOS will be limited to some value less than its max- 
imum rated current. The output current that can be ex- 
pected can be determined from the transfer characteristic 
of the device being used. For example, if a TTL gate is 
driving VN46AF the minimum output current of the 
VMOS will be approximately 250 mA. This value was 
obtained by using the minimum output voltage of the TTL 
gate (3.2 V) for a high level output and referring to the 
transfer characteristic for the VNAZ which is the VMOS 
geometry used in the VN46AF. If more than 250 mA 
is required the output of a standard VMOS gate can be 
pulled rrp to the 5 V rail as shown in Figure 5 .  With a full 
5 V on the gate the VN46AF will typically sink 600 mA. 

For very high speeds a capacitive driver such as the MH0026 
can be used as shown in Figure 6. With this drive config- 
uration typical rise and fall times are less than 10  nsec. 

When operated in thc common-drain mode VMOS is 
somewhat more difficult to drive than when in the com- 
mon-source mode. Because of VMOS' high input imped- 
ance, though, it is considerably easier to drive common- 
dram than a bipolar would be when operated common 
collector. Common-drain circuits can be used when the 
load needs t o  be cunnected t o  ground, when an active 
pull-up and pull-down is required (totem pole circuit), 
or in brldgr type circuits. For the purpose of this dis- 
cusrio~r all examples will be shown with totem pole circuits. 

Driving VMOS with a CMOS Gats 

Figure 3 
An Emittsr-Follower Circuit Will Dscrsase VMOS 

Rise and Fall T ima 
Figure 4 

Pulling Up 8 TTL Output Will lncrsars 
the Sink Current of the VMOS 

Fipura 5 

Using an MOS Clock Driver to Drivs VMOS 
Figure 6 



The difficulty with common-drain circuits occurs because 
an the voltage across the load increases the enhancement 
voltage of the common-drain device decreases. Referring 
t o  Figure 7, as the vultage across RL approaches V2 the 
enhancement voltage for the upper VN66AF decreases. 
If V1 is not greater than V2 then the voltage across 
RL can never reach V2. For this reason whenever a com- 
mon-drain circuit is used it is always necessary t o  have or 
to generate a voltage that is greater than the voltage which 
is desired to be impressed across the load. The amount 
the voltage has to be above the desired drain voltage is 
dependent upon the current the VMOS must source and 
can be determined from the transfer characteristic of the 
VMOS being used. If no supply voltage is available other 
than the one the load is to be pulled up to ,  one can be 
generated. This can be done very easily bccause of the 
very low drive current requirements of thc.VMOS. 

maintained across it. A good rule of thumb is to make 
C 1  eqlral ten timer the Cis, of the FET. Figure 9 shows 
the same bootstrap circuit with some added components 
t o  inlprove the rise and fall times. In the circuit QZ acts 
as an emitter-follower to increase the peak gate current 
to Q3. D2 will be forward biased when Q1 turns on and 
serves as a low impedance path t o  discharge the pate o f  Q3. 

Boontrap Circuit with Emitter-Follower 
far improved Ri* Timer 

Figure 9 

VMOS in Totem-Pole Configuration 
Figure 7 

One way of generating the required gate voltage is the 
boutstrap circuit shown in Figure 8. In the circuit, when 
Q I  and Q3 are on, C j  is charged to the supply rail through 
D l .  When Q I  and Q3 are turned off,  the gate voltage on 
Q2 goes to the supply mil. As the source of QZ begins 
t o  pull RL up, the voltage across C j  will be mainrained, 
therefore, the gate-tosource voltage o f  Q2 will be mrin- 
tained. The size of C I  should be large enough ?o that when 
it charges the gate capacitance of.Q2 a minimum voltage 

' equal to the required enhancement voltage of Q2 will be 

Inductive Kickback Drive Circuit 
Figure 10 

Another method to drive a cornmondrain VMOS FET 
is shown in Figure 10. Rather than charging a capacitor 
and thrll feeding a signal back from the output as was 
done in the bootstrap circuit, this circuit stores the required 
charge in an inductor. When Q )  is turned off a flyback 
vultage is generated acruss the inductor. This voltage is 
used to maintain an enhancement voltage equal t o  the 
voltage uf 7.ener diode 112 across the VMOS FET. Once 

. - the Q* has been fully turned on and the voltage on RL 
in at the rail a negligible amoonr of energy is required 

VMOS ~ootrtrap circuit to keep Q2 on. Q2 will remain on until Q ]  is turned on. 
Figure 8 or until the leakage currents of Q l  and D2 discharge 

the gate capacitance of Q2. 
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Another method that can be used to drive a common- 
drain VMOS is transformer drive. A transformer drive 
circuit is shown in Figure 11. ln this circuit the transformer 
is used in the flyback mode when turning on the upper 
FET. RI  and R3 are used to suppress ringing and R2 

Transformer Drive Circuit for VMOS 
Figure 11 

and Rq are used to assist with turn.off of the FETs. When 
driving with a transformer, care must be taken to  design the 
transformer so that the secondary inductance in con. 
junction with the input capacitance of the FET does not 
create ringing a f  oscillation problems. 

SUMMARY 

The very high input impedances of VMOS Power FETs 
greatly simplify the drive requirements as compared to 
bipolars. The input drive requirements for both common- 
source and commondrain configurations were discussed 
in detail. With common-source circuits the requirerr~ent 
that needs to  be kept in mind is the rise and fall time 
required. With common-drain circuits a method of main- 
taining an adequate enhancement voltage must be consid- 
ered in addition to  required rise and fall time requirements. 
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Technology 
Funct#onlAppllcat~On of  the LDllOlLVll4 3'/1 
Drgtt AID Converter Set 
FuncfronlAppl~cat~on ot the LD130 1 3  D19t 
converter 
DG300 Series Anaoo Swttch Ailollcatlons 
FUnClionlADDliCallOn 01 the L161 Industry's First 

systems 
Don't Trade oft Analog Swltch Specs. VMOS-A 
Solut80n to  High Speed, High Current. Law 
Reslslance Analog Swltches 
FunctionlAppl~cat~on ot the LD120lLV121 4% 
Digit AID Converter Interfaced wlth an 6080A 
Microprocessor 
Funct,onlAppilcation of the DF3311DF332 New 
Compandmg Converter Chip Set 
A 5~ KHI switching lnverter lor 12 v Systems 
Stepping Motor Controller 
Dynamic Input Characleristics of VMOS Power 
Switch 
Driving VMOS Power FETs 

Document I Number Title 

Design Aids 
' DA74 1 Design Ald of the LDl lOlLDl l l  3'h Dig11 DVM 

Demonstrator Hoard 
' DA76 1 The VMOS Power FET Audio Amollfler 
' DA76-2 Design Ald ot  the 10130 2 3  Dlgit DVM 

DemOnEtratOl Board 
DA763 Design A,d of the LD130 2 3  D ig1  Auto-Ranglng 

DMM 
Deslgn Ald to Build a Portable 0 to  9 9 9 ~ F  LCD 
Display Thermometer uslng the DF411 
Ocslon Atd of the LD1ZOILDIZI 4 %  Dlwl DVM 
Desgn A d  to Build a Smoke Alarm 
Demonstrator wtth the SMtlO Detector IC 
Design Aid to Hulld a Pezoelecfrlc Smoke Alarm 
Demonstrator wtth the SMllO Detector IC 
Ves8gn Ard far a Versatile Darkroom Tlmer ur lng 
the DF215 
Desgn A d  to Bulld a CODEC Evaluation 
Demon~lrator ~ 8 t h  the DF33liDF332lDF334 
Constderatlons for the F~lter lng o f  Analog 
Srgnals 8n DF331iDF332lDF334 CODEC Converter 
Appllcallons 
Desgn Aid to B u i d  a Smoke Detector wlth the 
SMliO IC 

Design Ideas 
The FET Constant Current Source 
wldeband ~ x e r  Prearnpi~fer Using FETs 
A FET Frequency Doubler 
Us~ng  FET5 rn Seectlve VHF Amplltlers 
Ustng JFETs n Ultra Wideband UHF Arnplltiers 
w~deband UHF Amplltler with n lgh  Performance 
FETS 

Hlgn Performance FETs n Low N o s e  VHF 
O s c a t o r s  

Technical Articles 
High Frequency Junction FET Characterlsatton 
and Appl$caton 
FET Blasrng 
M u l t ~ l e ~ e r  Adds Efficiency To 32 Channel 
re ep-,nt S , , ' ,  r 
D ~ s  ~n nq n I!> M C ~ O  in : FEr  i r  i .nes  
.MOS P nt!, FETs r , 3.r ner l  Of. .duo.$'~r 
n. 0 ,  -,,.-, 
A New Technoiogy: Applfcatlon o f  VMOS Power 
FETS for ~ ~ g h  ~reguency Communications 
Designing with CDDECs: Know your A's and p's 

Des~gning a VMOS 250 Watt Ot f~L ine Inverter 

. ~ ~ a i ~ a ~ e  in mund cataiog form oniy. 
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Document 
Number Title 

Catalogs 
Analog Swttch Data Book 

. .  Analog Sw!lches and Tnelr Applications ($4 00 
rharne, - - e-, 

-_ DG300 Serles Design Catalog 
FET Data Book 
LSI Dessgn Catalog 

__ Telecommuncat~ons ~ a t a  aoak 
VMOS Power FET Design Cataiog 

_ OEM PrlclnglPioduct Informaton Selector Guide 

Document 
Number Title 

Reprints & Reports 
Uesigning a VMOS 250 Watt Otf-Line Inverter 
David C. Hoffman: Power Coo 3178 
Deslgnng wlth Codec's: Know your A's and (9. 
Thomas J. Mror. EDN 5176 
Lag Data under Controi. Gary Grandbots. 
Electronic Deslpn 5176 
H~gner  Power Ratngs Extend VMOS FETS' 
Dom#n#On. Arthur 0. Evans, Davld C. Hoffman, 
Edwln S. Oxner Waiter Helnrer and Lee Shaetfer 
Electronics 6178 

Siiconix. Inc. Annual Report. 1979 



glossary of terms and abbreviations 
1. Upper care letters indicate DC voltages and currents. 

Siliconix = I  
2. Lower care 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 rym- 
bol, i.e.. tf = Fall Time. t, = Rire 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 giver the condition of the remaining terminallrl. S = Short, 0 =open and X = neither 
open nor short [refer to the test conditionrl. Example: BVGSS = Breakdown Voltage from gate to source with the drain 
rhofled to the rource. 

b.2 = Common-Gate Forward Surceptance Cms = Common-Source Reverse Transfer Capaci- 
tance 

"f s = Common-Source Forward Surceptance 

Csb = Source-Body Capacitance 
bigs = Common-Gate Input Surceptance 

'%d = Source-Drain Capacitance 
hiss = Common-Source Input Surceptance 

csgo = Saurce-Gate Capacitance 
bog. = Common-Gate Output Surceptance 

D =Drain 

b O s  = Common-Source Output Susceptance 
;N = Equivalentshort Circuit lnput Noire Volt- 

"rg = Common-Gate Reverse Surceptance age 

= Comrnon-Source Reverre Sureeptance 

= Drain-Gate Breakdown Voltage 

= Drain-Source Breakdown Voltage 

= Drain-Source Breakdown Voltage 

sfg - Common-Gate Forward Transconductance 

sfr = Common-Source Forward Tranrconduc- 
tance 

= Gate-Gate Breakdown Voltage 

= Gate 1 to Source Breakdown Voltage 

=Gate 2 t o  Source Breakdown Voltage 

= Cammon-Source Forward Tranrcanduc- 
tance @ VGS = 0 

= Common-Source Forward Tranrconduc- 
tance Ratio 

= Gate-Body Breakdown Voltage 

= Gate-Source Breakdown Voltage 

= Source-Drain Breakdown Voltage 

= Cammon-Gate lnput Conductance Big 

Bir 

eos 
&I 

9orr 

= Common-Source lnput Conductance 

= Common- Gate Output Conductance 

= Source-Gate Breakdown Voltage 

= Drain-Body Capacitance 

= DrainGate Capacitance 

= Common-Source Output Conductance 

= Common Source Output Conductance @ 
VGS = 0 

= Differential Output Conductance 

= Gate-Body Capacitance 
= Common-Gate Power Gain 

= Cammon-Source Power Gain = Gate-Drain Capacitance 

= Gate- Source Capacitance = Drain Cutoff Current 

= Common-Source lnput Capacitance 

= Common-Source Output Capacitance 

= Drain ON Current 

= Drain-Gate Leakage 

O 1979 S # i # c a n i x  incorporated 
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I glossary of terms and abbreviations (cont'd) I 
I ~ D S S  =Saturation Drain Current b ( o n 1  = Turn-On Delay Time I I IDSS~/IDSSZ = ~ a t u r a t i o n  Drain current  atl lo 4 = Fall Time I 
I IF 

= Forward Current Ti =Junct ion Temperature I 
1 = Gate Operating Current 'off = Turn-Off Time I I I G l G 2  =Gate t o  Gate Leakage Current 'on = Turn-On Time I 1 11~1-1621 = Differential Gate Operating Currents T I  = Lead Temperature I I IGBS = Gate to  Body Leakage Current fr = Rire Time I 

=Gate Forward Current Tstg =Storage Temperature I 
=Gats Reverse Current VB =Body Voltage I 
=Gate 1 t o  Source Leakage Current "BE = B o d y  Supply Voltage I 
= Gate 2 to  Source Leakage Current VD = Drain Voltage I 

VDD =Dra in Supply Voltage 
IGISSR =Gate 1 to Source Reverse Leakage Current 

VDS(,,,,) = Drain-Source ON Voltage 
IG2SSR =Gate 2 t o  Source Reverse Leakage Current 

V G  =Gate Voltage 
In = Equivalent Open-Circuit Noise Current 

VGG =Gate Supply Voltage 

IP = Pinch-Off Current 
VGS = Gate-Source Voltage 

NF = Noise Figure 
IVGS~-VGSZI = Differential Gate-Source Voltage 

P~ = Continuous Power Dissipation AVGS = Differential Gate-Source Voltage 

=Peak Operating Voltage 

= Drain-Source ON Resistance 

=Stat ic Drain-Source ON Resistance 

= Common-Gate Forward Transconductance 

= Common-Source Forward Tranrconduc- 
tance 

= Common-Gate lnput  Conductance 

= Common-Gate Output Conductance 

= Common-Source Output Conductance 

= Common-Gate Reverse Tranrcanductance 

= Differential Gate-Source Voltage Change 
wi th  Temperature 

VGSI~I = Gate-Source Forward Voltage 

V G S ~ ~ ~ )  =Gate Threshold Voltage 

VGS(,,~+) = Gate Source Cutof f  Voltage 

V~ls(.,ff) =Gate 1 t o  Source Cutof f  Voltage 

V ~ = ( ~ f f )  = Gate 2 t o  Source Cutoff  Voltage 

v~ =Source Voltage 

VSS =Source Supply Voltage 

Re IYrs)  = Common-Source Reverse Transconduc- 
tance zd =Dynamic Impedance 

'GS = Common-Source Input  Rerirtance zk = Knee AC Impedance 
S = Source 

01 - Current Temperature Coefficient 

b = Delay Time OJ- A =Junction t o  Ambient Thermal Resistance 

tdloffl = Turn-Off Delay Time OJ-c = Junctton t o  Care Thermal Resistance 

o ,979 slilconE ncorporared 
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mechanical data (cont'd) I3 
Siliconix 
- -- 
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