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Performance Curves 

designed for • • • 
NCB~A, NT, PSB 
See on4 

• Small Signal Attenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 
To-t. (MOOlflED) T0-1I ........... ... _ . 
,~~ .~~ .~~ 

jf 
ABSOLUTE MAXIMUM RATING (25' C) 

Gate-Drain or Gate-Source Voltage . ...... . . .• ... . . . 15 V 

! Gate Current ......... , ... " .... . . . .. , . . ... . . 10 rnA J Total Device Dissipation at T A == 25°C , ~ 0 
(Derate at 2.0 mwrc to 175'C) .. . .... ..... . . 300 mW VCR2N VCR3P VCR7H 

Storage Temperature Range .. . . .. ... .. . . . -55 to +17ft'C _YCR4N 

ELECTRICAL CHARACTERISTICS (25· C unless otherwise notedl 

N-Ch.,neI VCR FETs Lf"\ 
\ VCR2N VCR4N VCR7N 

nh Test Condition, Ch •• c1Ilrinic 
Min Mm .... 

I~~ 'GSS GI'I RevefW Curr.nt -" -0.2 -0.1 nA VGS--15V.VOS·O 

2 A BVGSS Gate-Source 8r1llkdo~ Voltl9l -I' -IS -IS IG --1 IJA, VOS · O 
It- r -S 

V 
VGS(offl Glte-5ource CutoffYoItage I .• 3.S -3.5 -7 - 2.5 10 - 1 IIA, VOS· 10 V 

I.c 
'<k(onl Oraln Source ON Re~5tance 20 60 200 60D 

4_ 
OJ)OO n VGS - O. IO · O f·'kHz 

I~ I ,,",0 Drain-Gltll Capacitance 7.S 3 I .• VGO - -1 0 V, IS · 0 
0 pF f- 1 MHz 

6 y . Ic..o Source-Gate CtpaciUlnce 7.S 3 I.S VGS - -1 OV, IO - 0 

NCB NPA NT 

P-Channel VCR FETs 

YCR3P 

~ S ' GSS Gate Reveno ~rrent 20 oA VGS - 15V, VOS-a 
T 

BVGSS G. te-Source Breakdown Voltage IG · 1 ~. VOS • 0 2.. A 1S 
T V 

+- • 
VGStoff) Gatl-Source Cutoff VOU. I .• • 10 " - lIJA, Vas " -lOV 

C rdslonj Oraln-50urce ON Aesiuance 7. 200 n VGS " 0,10 - 0 f-l kHz 

i~ 0 Cdoo Drain-Gate CapOci lMlC8 2. VGO - l0V, IS - 0 
f-l MHz pF 

0 Y Cogo Soun::e·G,r. CotplCitance ,. VGS·'OV,IO-a 

PSAIPSII 
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APPLICATIONS 

N-aMnnIII "FET OutIMIt ateteGWrilttc 
E~ Around VOS " 0 ...... ' 

lI'Dl.IR"uou..fOIItS 
V·I ~ of Four FiIWd Ruton ...... 

The VCR FET hu an a-c drain-source rukt&nCtl, e'4ahated 
eround Vos • O. that is controUed by d-c bios voltage VGS 
iP'Ptied to the hlgtt~impedance IJlte tenninal. Minimum feb; 

occur.s when VGS • 0 and,_ VGS lPJ)foeches the plnch-off 
votuge. 'ds f1I)kUy IncrIIS8L Comparing Fig. 1 Ind 2, for 
VOS < ±O.l volt .ott VGS - COOrt.'lt. the VCR FET has a 
bilateral c:harM:Wristic with no offset voItags, iust like • 
fixed resistor. However, when Vos > to.l vofts, the VCR 
FET characteristic hIS noticeIohle OJrvature . 

. This series of Junction FETe is intended fot appUc.tions 
wtle,.. the drain-soul"C* volt. Is • low-level e--c signal with 
no d-c component. Thus the FET opIf1Iting point will 
swing t.ymmetric.aly IrOUnd Vos '" 0. In the first quod,.ll. 
dgNI distortion depends on whee extent the FET output 
chltoctflristk d8vfatas from I strafght line or linear relation . 
Baides the UMarity problem In Ihe third quidl'lnt. when 
VGS is near zero and Yds> 0.6 volt rms. the Qlfe-channel 
Junction wtll ~ ~OC'Ward blaed and cause additional 
c:urvatul"l In the ch.r¥ttt'isti<::. Alto, whenner dle glte be­
comes fonvard biad due to wry combination of VGS and 
Yds. it ce..s to be a hlw.-Impedance control tennlnal for 
the VCR. 

FIg. 3 ~ts • normailled plot of ros -nnus normaliud 
VGS where VGS(offJ Is defintd as that value of VGS It 
10110SS • 0.001 . nw dynamie rtnge of ros is shown a 
gre.ter than 100:1. For best control of res the nonnlllltd 
VGS should 110 between 0 and 0.8 VGSlolf) _ " 

VGS approachn VGS(off), ros incruses very repldly 10 

thlt rds contr04 becomts vory aitical ' and unlt-to-unlt 
mlUhtng is almost. fmpoulbl •. In FIg. · 4, rels(on) (d,..'~ 

source resistance 8t vas • Vas· 01 varies IS an Inv.flit 
function uf V~oft). In Fig. 6 rds h ... tYpal O.~C 
temperature cemffieivnt for P-chllflneb whtch decreases _ 

VGS approaches ttl. zero t.e. po{nt. N-chann.l devk:a 
hive It typical o.:l%fC t.e. Specific blas voh. to set 
operulon at me zoro t.e. point varin" as does VG$(offl. 
from devk:e to devi<!tl ... 

" If." .... '" 

-
-. 

, 

• II 

1-' 
I-....-, 

• u .. u • " ---..... 

..... 

..... 
For further information on using FETs 1$ vol~arlable 

resiston.. consult Siliconlx Appllcatfon Note ANn-I. 

L EVinS; "Blasing FET. for Zero DC Drift" ; Electro T«:hnolow. August 1964. 
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FETs As 
Voltage-Controlled Resistors 

INTRODucnON 

11Ie _ orVCIb 

A wohage-«lnuoBed resiltor (VCR) may be dcfmed u • 
thteo-t.ermlnal nriabk resistor whue the res1stanoo value 
between two of the lCrm.fDaJs is conltoW by a volt. 
potentlal.ppUod to tbe third.. 

A i-- 601d.,rrect transistor (IFET) may be d,lloed II 
• &kI-coatroDecl majority eanier devtCXI where the conduc­
tance in tho channel between the lQurce and tho drain is 
modulated by a tnnIYOne electric liek!. The Reid is coo­
boDed by • combioadon of ptwouroe bias fIOl~. V GS. 
lOCI the net draln·lOW'cc volla&e. VDS' 

Under certain open.tinl conditions, the remtanoc of the 
clraiD-lOUI'OO dwuMl is a fuactloa of the pte·lOurc:e YOltqle 
ak>oe IDd the lFET wUI behaw II an . lmost pure ohmk 
mUtor,(l) Muirnum drain.ource current, IDSS. and m.b:U­
mum resiItaDoe, IDS(on). wtn eXist when the gate-&ource 
"'Itaae "equal 10 ze,o'lOIU(VGS · O). Utho pte YOIt .. is 
Inaeued (noptl",ly (or N-CbannollFllT, and positi"'ly 
(or p.c~_ will abo In ....... When tho 
dtalo C1imn1 " rodliCill 10 • poinl whe .. tho FIlT Is no 
btpr conducthe, the mu:imum telbtancc 1I relCbcd. The 
\IO~lqt at th1J point is referred. to &$ the pinchoff or cutoff 
101 ... and is __ by VGS - VGS(ofO. Thu. the 
clmoe functioas as a ~ltqe-cOotrohd. resbtor. 

Ftauro 1 dotalb typical """latina cbancterlstics or to N­
ChaaDoJIFllT. MOOI ampllfiA:ation Of IWItdIlna operalioM 
u( FIlT. occur Ia the _I-<UfIOIlI (1IIurated) I0Il00, 
sbown II Ropoo U. A cIote lrupOctIon of lIItJorIl (tiro lID­

llturated Of pr .. pindtorr .... ) re-" !bat tho err_ 
dope indIcatiR of condu,ct&nce aero. the cb:mnel from . 
drain to source is different fOf each Will of pte·source bill 
wl .... (2) Tho sJope Is .. laliwly COIII",1 o .. r • IUF of 
'pplied dtalo ",1_ so loa, II tho pte YOI ... It aIoo 
COAStaIlt and tho drain volt. is low. 
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Resistunce Properctes of FETs 

The unique (esi5U.nce~nt rollins properties of FETs C3Jl be 
dedu ced from Figure 2. which Is an expanded·scate plot of 
the enclIded area in the lower iefl·hand corner of Figure L 
The output characteristics aU pm through the origin . near 
wttich they become almost straight lines so !hOlt the incre­
menta! value of channel resistance , fds' is essentially the same 
as tnat of d.c. resist:utce, rOS ' Ilnd is 3 function of V Gs.(3) 

Figure 2 shows extension of th~ operating characteristics 
into the third quadrant for a typical N·Channel JFET. While 
such devices are normally ope rated with a posith-e drain· 
source voitllge, small negative values of VOS ace possible. 
Thh is Oec:ause the gate·channel PN junction must be slightly 
forward· biased before any significant amount of gate cmrent 
flows. The slope or the V GS bias line is equal 10 A10/tJ.Vos = 
l / rOS' This vil.lue is controlled by the il.mount o f voltage 
appUed (0 the gate. Minimum rOS ' usuaUy expressed as 
rOS(on)' occurs at V GS = 0 and is dil!tated by the geome try 
of the FET. A device with a channel of small cross-sectional 
area will ~xhibit a high rOS(on) and :& low lOSS' Thus a FET 
with High lOSS should be chosen where design re4u irements 
indic:at~ lh~ n~ed fo r a low r05(on)' 

N-Channet J FET Output Ch'flIclc,i:nlc Enbrgftl Around VOS " 0 
Figurl 2 

Figure 3 extends the Cds characteristics ofa FET to a co m­
parison with the performance of 4 tixed resistors' No te the 
pronoun~d simibrity between Ute two types of device~, 

Typical rOS curves for several Siliconix N-channel JFETs 
arc plaited in Figure 4,(4)1lte graptu are useful in estirMting 
roS values at any given value of V GS' All quantities gi'ttn in 
Figure 4 are for typical units, so some variation should be 
expected for the full r:mge of production deviocs. 1t is Ihef~' 
for deisrable to convert Figure 4 to or narmaIized:plot. This 

,w, 

, 
-' 

, 
-

.. -

., ., 

J~ 
== -

<, <, 

Incrementill O.linoSourCII ResntlnCll fOf Typtc:et N-Ctaanne\ FETI 
Figl¥e 4 

haS bee ll done in Figure 5. The rcsist.1nce is normalized 10 

its specific value at Ves = 0 V. Tile dynamic range o(rDS 
is shown as greater than 100: I, although for best conlrol of 
TDS u range of 10: I is normally used. 

Siliconi.x. offers :l family of Fl:."Ts specifically Intended (or 
use as voltage·controlled resistors. The devices :lrc 3vaibbk 
in both N.(:h3f1nelal\d P-Ch.ulOel conOguralions (Figures 6A 
and 68) and have r05( on) values ranging (rom 10 n II) 

4,000 n (Figure 7). 

C<lmpariton of FET and Rnis1o. Charactlrl" la 
FIgurl3 
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Applications lor VCRs 

The FET is ideal for use as os voltage-controlled resistor in. 
applications requirins high reliability, minimum component 
size, and drcuit simpUcity. The FET VCR will conwniently 
replace numerous clements of conventional resistance con· 
trol systems, such as servomotors, potentiometers, idler pul· 
leys, and associated linkase- FET power consumption is 
minimal, padtases are very small. and cost comparisons with 
conwntional control schemes are most favorable. 

A simple application of a FET VCR is shown in Figure 8, 
the circuit for a voltage divider attenuator,(S) 

hllf_*n 

Cftc,dt At .... lgea1CrI1t tIM' Both _ Nand P ChMMI FET 
F/aUnl8 

A 

I t 

I 
VIII Your 

I 
I 

SimpCe AcunUitor Cltcuit 

The output VOltase is 

Vin rOS 
vOUT

Q 

R+ fOS 

FigureS 

(1) 

It is assumed that the output voltase is not so large as to 
push the VCR out of the linear resistance region, and that 
dte rDS is not shunted by the load. 

The lowest value which vOUT can assume Is 

Vin rOS(on) 
YOUT(min) Gl R + rOS(on) (2) 

Silicanix 7·77 
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T he high-:sl value is 

VOUT(max) = vi n (3) 

sin.;c rOS can bc cx. trcrneley large. 

A number llf ollicr FET VCR OlpplicOltiolls arc shown in 
Figures 9- 16. 

" 

VolU\98·Tuned Filter Octa~ Ran~ with Lowest Frequency.lt JFET 
VGS(oftl and TtJlMd by A2' UP9W F'"luency Is Controlled by R1 

FlgtJ"9 

E'-clfOntc Gain Control 
Figur. 10 

Cau:.aded VC R AUenuato. 
Fillur, 11 

r----,--------<>-~ 

1---------<>-00 ' 

Wid" Dvn.lmlc: R.I"p AGC CIrculi . Nu G.lln throull'" FET wIth 
Obtortlon ProportIona l to Inl1ut Si9nal L ..... I 

Figur. 12 

"IN~If--~----<>-oo, 

VCR PhaM Adnnee Circuit 
F ..... 13 

-··<>-.-ii?T--,----< -.. , 

o o 

VCR Pt\ae R,tard Cin:ult 
Fl!lur. 14 

P·Ch.lnn.1 VCA Photomultipllet Load, Required Low Photomulll· 
pHGO' Anode Cun.l'" IUsuaIiV < 1 ~Allmplias th.lt VCR wUI AJw..,. 

Perform i" Linear Region Near 0,.1n 
F~"'Hi 

L_~-~ r 
Voltall' Control led V.,t.b l, Gain Amplifier. The T .. At1 .... uator 

Pro"Ides fOf Optimum Ovnamlc Lil'\Oo1' Ra.not Attenuation 
FIguT, 16 
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SianaJ Dislortion: Causes 

Figure 17 A repeats the FEr output characteristic curn:s of 
FIgure 2, 10 show that the bias lines bend down as VOS 
increases In a positive direction toward lhe pinch..offvoltage 
of the FET. The bending of the bias lines results in a change 
in lOS, and hence the distotllon encountered in VCR circuits; 
nole that the distortion occurs in both the nut :lnd third 
qU3drants. Distortion resuits because the channel depletion 
layer increases as VOS reduces the drain current, so that a 

pinc:h-off condition is rcached when VOS " V GS - V GS(off) ' 
Figure J 78 shows how the currell t has an o pposite effect 

..... 

~uwt JFeT ()utpUI CNnr;tBtstic EIlI;IIf~ AroUf'd Yos - 0 

Figure 17A 

'. 

o 
~ 

~,­
wt4IN UQHN. 
unMGS HfG""Vt 

' ou' 

Figure 178 

in the third quadrant, risin, negatively with an increasingly 
negative VOS' Tills is due to the forward conduction of the 
pte.to-dlannel junction when the drain signal exceeds the 
negative gate bias voltage. 

Reducina Signal Distortion 

The majority or VCR applications require that siwtaJ dis· 
torlion be ke pt lo .t minimum. Also, numerous appUcations 
require large signal handling capability. A simple feedback 
technique mlly be used to reduce distortion while permitting 
large signal handling capability; a small amount of drain 
signal is coupled to the gate tluough a resistor divider net· 
work, as shown in figure 18. 

" 

" " 

F6g",,'8 

The application o f ~ part of the positive drain sign~l to the 
gale causes t he channel depletion layer to decrease, with .. 
couespondl!!g increase in drain current. IncreasJng the drain 
curcent for a given drain voltage tends to linearize the V GS 
bias curves. On the negative half-cyde, a small negative volt· 
:lge is coupled to the gate to reduce the amount of drain. 
gate forward bilS.. ThIs in tum reduces the drain current and 
linearizes the bias lines. Now the channel resistance is depen. 
dent on the OC gate cont rol voltage and not on the drain 

signal, unil':s.s the VOS" V GS - VGS(orn locus is approached. 
Resistors Rl and R3ln Figure 18 couple the drain signal to 
the gate; the rulstor values are equal, so that symmetrica l 
voltage-current characteristics are produced in both quad. 
rants. The re ~ i.s(ors must be sufficiently large to provide 
minimum lo;tdin g to t he drcuit: 

(4) 

Typically, 470K n rem lors will work well for most applica· 
tions. R t is selected so that the ratio of 'OS(on) lIRL (0 

[(rOS(oll) IIRJ + R,I gives the desired outp ut voltage, or : 

_ roS(on) lIRL . 

(rOS(onj IIRIJ + R\ 
(5) 

The feedback technique used in Figure 18 requires that the 
gate control voltage, VOG' be twice :l$large as V GS in Fig· 
ure 178 for the same 'OS value. Use of a floating supply 
between the resistor junction and the FE! gate will over· 
come this problem. The circuit is shown in Figure 19, and 
allows the gate control voltage Co be the same value as chat 
voltage used witho ut a feedback circuit, while preserving the 
advantages to be gained through the feedback technique. 

Appendix A to this Application Note is an analyUcal approx· 
imation of VCR FET distortion characteristics, both calcu· 
lated and me asured. 
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VCR2N/4N/7N 

JFET Voltage-Controlled Resistors 

P d tS ro uc ummary 
Part Number V GS(ofl) Max (V) V (BR)GSS Min (V) rOS(on) Max (Q) 

VCR2N -7 -25 60 

VCR4N -7 -25 600 

VCR7N -5 -25 SOOO 

Features Benefits Applications 
• Continuous Voltage-Controlled 

Resistance 
• Gain Ranging CapabilitylWidc Range 

Signal Attenuation 
• Variable Gain Amplifiers 
• Voltage Controlled Oscillator 

• High Off-Isolation • No Circuit Interaction • AGC 
• High Input Impedance • Simplified Drive 

Description 
The VCR2N/4NI7N JFET voltage controlled resistors 
have an ac drain-source resistance that is controlled by a 
dc bias voltage (V GS) applied to their high impedance 
gate tenninal. Minimum IDS occurs when V GS = 0 V. As 
V GS approaches the pinch-off voltage, rDS rapidly 
increases. This series of junction FETs is intended for 
applications where the drain-source voltage is a low-level 
ac signal with no dc component. 

TO-206AA 
(TO-IS) 

Top View 

VCR2N, VCR4N 

G and Case 

Key to device perfonnance is the predictable I'I)s change 
versus VGS bias where: 

ros(@ Vos = 0) 

rosbias ~ 

I 
Vos I 1---

V OS(off) 

These n-channel devices feature I'I)S(on) ranging from 20 
to 8000 g. All packages are hennetically sealed and may 
be processed per MIL-S-19500 (see Military 
Infonnation). 

TO-206AF 
(TO-72) 

Top View 

VCR7N 

Updates to this data sheet may be obtained via facsimile by calling Siliconix Fax Back, 1-40S-970-5600. Please request FaxBack document #70293. 
Applications information may also be obtained via Fax Back, request document #7059S. 

Siliconix 1 
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VCR2N/4N/7N 

Absolute Maximum Ratingsa 

Gate-Source, Gate-Drain Voltage. . . . . . . . . . . . . . . . . . . . . . .. ·25 V Lead Temperature (1/16" from case for 10 sec.) ............. 300°C 
Gate Current . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........... 10 mA 

Power Dissipationb • . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . .. 300 m W 

Operating Junction Temperature Range ............. -5510 175 Q C 
Notes: 
a. TA "" 2SoC unless otherwise noted. 

Storage Temperature ........................... ·-{is 10 200°C b. Derate 2 rnW/oC above 25°C. 

Specificationsa 

Limits 

VCR2N VCR4N VCR7N 

Parameter Symbol Test Conditions Typb Min Max Min Max Min Max Unit 

Static 

Gate-Source Breakdown Voltage V(BR)OSS 10 ::: -I J.lA, Vos = 0 V -55 -25 -25 -25 
V 

Gate-Source Cutoff Voltage VGS(oft) Vos::: 10 V, 10 = 1 IlA -3.5 -7 -3.5 -7 -2.5 -5 

Gate Reverse Current IGSS Vos =-15 V, Vos =0 V -5 -0.2 -0.1 nA 

Vos = 0 V, 10 = 10 rnA 20 60 

Drain-Source On-Resistance roS(on) Vos =0 V. 10= 1 rnA 200 600 Q 

Vos=OV,lo=O.1 rnA 4000 8000 

Gate-Source Forward Voltage VOS(F) Vos ::: 0 V, 10 = 1 mA 0.7 V 

Dynamic 

Drain-Source On-Resistance rds(on) 
V GS ::: 0 V, 10 = 0 rnA 

20 60 200 600 4000 8000 Q f= 1 kHz 

Drain-Gate Capacitance Cdg 
VGo=-lO V, Is =0 rnA 7.5 3 1.5 f::: 1 MHz 

pF 

Source-Gate Capacitance C5g 
Vos ::: -10 V, Io = 0 rnA 7.5 3 1.5 f= 1 kHz 

Notes: 
a. TA = 25°C unless otherwise noted. NCB NPA NT 
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing. 

2 Siliconix 
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Typical Characteristics 
Output Characteristics (VCR2N) 
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Output Characteristics (VCR7N) 
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Applications 
A simple application of a FET VCR is shown in Figure 1, 
the circuit for a voltage divider attenuator. 

1 

T 

Siliconix 

R 

+ 

Figure 1. Simple Attenuator Circuit 
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The output voltage is: 

VOUT= 
VIN rns 

R+rns 

It is assumed that the output voltage is not so large as to 
push the VCR out of the linear resistance region, and that 
the rDS is not shunted by the load. 

The lowest value which VOUT can assume is: 

VOUT(min) = 
VIN rOS(on) 

R+ rOS(on) 

Since ros can be extremely large, the highest value is: 

VOUT(max) = V IN 
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