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FET circuit applications
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INPUTO

*Polycarbonate
dielectric SAMPLE

.—I—I._ +15V  SAMPLE
-15v HOLD

Sample and Hold With Offset Adjustment

The 2N4339 JFET was selected because of its low
lGSS (<100 pA), very-low |D(OF F) (<50 pA) and
low pinchoff voltage. Leakages of this level put
the burden of circuit performance on clean, solder-
resin free, low leakage circuit layout.

RESET

Long Time Comparator

The 2N4393 is operated as a Miller integrator. The
high Y¢, of the 2N4393 (over 12,000 umhos @
5 mA) vyields a stage gain of about 60. Since the
equivalent capacitance looking into the gate is C
times gain and the gate source resistance can be
as high as 10 M2, time constants as long as a
minute can be achieved.

Riy > 100M
Cin < .25 pF
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R 2N3686

JFET AC Coupled Integrator

This circuit utilizes the “‘w-amp’’ technique to
achieve very high voltage gain. Using C; in the cir-
cuit as a Miller integrator, or capacitance multi-
plier, allows this simple circuit to handle very
long time constants.
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Ultra-High Zypy AC Unity Gain Amplifier

Nothing is left to chance in reducing input capaci-
tance. The 2N4416, which has low capacitance in
the first place, is operated as a source follower
with bootstrapped gate bias resistor and drain. Any
input capacitance you get with this circuit is due
to poor layout techniques.
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SHUNT
PEAKING COIL

FET Cascode Video Amplifier

The FET cascode video amplifier features very low
input loading and reduction of feedback to almost
zero. The 2N3823 is used because of its low capaci-
tance and high Y. Bandwidth of this amplifier is
limited by R and load capacitance.

2N4340

QUTPUT

2N3823

. JFET Pierce Crystal Oscillator

The JFET. Pierce crystal oscillator allows a wide
frequency range of crystals to be used without cir-
cuit modification. Since the JFET gate does not
load the crystal, good Q is maintained thus insuring
good frequency stability.
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FETVM—FET Voltmeter

This FETVM replaces the function of the VTVM
" while at the same time ridding the instrument of
the usual line cord. In addition, drift rates are far
superior to vacuum tube circuits allowing a 0.5 volt

full scale range which is impractical with most vac-

uum tubes. The low-leakage, low-noise 2N4340 is
an ideal device for this application.
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30pF

HI-FI Tone Control Circuit (High Z Input)

The 2N3684 JFET provides the function of a high
input. impedance and low noise characteristics to

RFC

+12v

BYPASS

buffer an op amp-operated feedback type tone
control circuit.

100 MHz Converter

The 2N4416 JFET will provide noise figures of less
than 3 dB and power gain of greater than 20 dB.
The JFETs outstanding low crossmodulation and
low intermodulation distortion provides an ideal
characteristic for an input stage. The output feeds

into an LM171 used as a balanced mixer. This con-
figuration greatly reduces L.O. radiation both into
the antenna and into the I.F. strip and also re-
duces RF signal feedthrough.
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Rs-SCALING RESISTORS

The FM1208 monolithic dual is used in a differ-
ential multiplexer application where Rpgon)
should be closely matched. Since Rpg(on) for the
monolithic dual tracks at better than +1% over

Differential Analog Switch

wide temperature ranges (-25 to +125°C), this
makes it an unusual but ideal choice for an
accurate multiplexer. This close tracking greatly
reduces errors due to common mode signals.

+15V

INPUT

01 yf
QUTPUT

004 uF

.0015 uF

This preamplifier provides proper loading to a re-
luctance phono cartridge. It provides approximately
35 dB of gain at 1 kHz {2.2 mV input for 100 mV
output), it features S + N/N ratio of better than

Magnetic-Pickup Phono Preampiifier

-70 dB (referenced to 10 mV input at 1 kHz) and
has a dynamic range of 84 dB (referenced to 1 kHz).
The feedback provides for RIAA equalization.
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2N3685

-V
GAIN CONTROL -

Variable Attenuator

The 2N3685 acts as a voltage variable resistor with
an Rpson) of 800§2 max. The 2N3685 JFET will
have linear resistance over several decades of resist-
ance providing an excellent electronic gain control.

2N4391
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VIDEO i VIDEO
INPUT -i- ouTPuT

ry - A
2N4391

-10V O—4

Voltage Controlled Variable Gain Amplifier

The 2N4391 provides a low Rpg(on) (less than
3082). The tee attenuator provides for optimum
dynamic linear range for attenuation and if com-
plete turnoff is desired, attenuation of greater than
100 dB can be obtained at 10 MHz providing prop-
er RF construction techniques are employed.

+5V

BIPOLAR
LOGIC
ELEMENT

mos
LOGIC
ELEMENT
WITH
NEGATIVE
SUPPLY

Negative to Positive Supply Logic Level Shifter

This simple circuit provides for level shifting from
any logic function (such as MOS) operating from
minus to ground supply to any logic level (such as
TTL) operating from a plus to ground supply. The
2N3970 provides a low ryg(on) and fast switching
times.
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Qiom Ay = 5= 500 TYPICAL

Ultra-High Gain Audio Amplifier

Sometimes called the “JFET y amp,” this circuit

provides a very low power, high' gain amplifying
function. Since u of a JFET increases as drain cur-

rent decreases, the lower drain current is, the more

gain you ‘get. You do sacrifice input dynamic

range with increasing gain, however.

INPUT

Level-Shifting-1solation Amplifier

The 2N4341 JFET is used as a level shifter be-
tween two op amps operated at different power

2N4341

supply voltages. The JFET is ideally suited for this
type of application because Ip = Ig.

O ouTPUT
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80V
PREBIAS
LINE

+5V

DTL-TTL
BIPOLAR
LOGIC

*Trademark of the
Burroughs Corp.

FET Nixie* Drivers

The 2N3684 JFETs are used as Nixie tube drivers.
Their Vp of 2-5 volts ideally matches DTL-TTL
logic levels. Diodes are used to a +b50 volt
prebias line to prevent breakdown of the JFETs.
Since the 2N3684 is in a TO-72 (4 iead TO-18)
package, none of the circuit voltages appear on the
can. The JFET is immune to almost all of the
failure mechanisms found in bipolar transistors
used for this application.

CONTRAST
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JFET -Bipolar Cascode Circuit

The JFET-Bipolar cascode circuit will provide full
video output for the CRT cathode drive. Gain is
about 90. The cascode configuration eliminates
Miller capacitance problems with the 2N4091
JFET, thus allowing direct drive from the video
detector. An m derived filter using stray capaci-
tance and a variable inductor prevents 4.5 MHz
sound frequency from being amplified by the
video amplifier.

Precision Current Sink

The 2N3069 JFET and 2N2219 bipolar have inher-
ently high output impedance. Using R, as a cur-
rent sensing resistor to provide feedback to the
LM101 op amp provides a large amount of loop
gain for negative feedback to enhance the true cur-:
rent sink nature of this circuit. For small current
values, the 10k resistor and 2N2219 may be elimi-
nated if the source of the JFET is connected to
R,. : )

a2
2N4339
OuTPUT

+15V

01
2N4339

INPUT

*Polycarbonate
dielectric capacitor

_I—LI—HSV {SAMPLE}
-20V (HOLB}

Low Drift Sample and Hold

The JFETs, Q, and Q,, provide complete buffer-
ing to C,, the sample and hold capacitor. During
sample, Q; is turned on and provides a path,
ras(on). for charging C;. During hold, Q, s
turned off thus leaving Q; Ip (orf) (<50 pA) and
Q, lggs (K100 pA) as the only discharge paths,
Q, serves a buffering function so feedback to the
LM101 and output current are supplied from its
source.
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2N3685

-V
GAIN CONTROL -

Variable Attenuator

The 2N3685 acts as a voltage variable resistor with
an Rpg(on) of 800£2 max. The 2N3685 JFET will
have linear resistance over several decades of resist-
ance providing an excellent electronic gain control.

1
2Na391 : 24391
VIDEO . a VIDED
INPUT T OUTPUT
s = VY
28391
-10v O

Voltage Controlled Variable Gain Amplifier

The 2N4391 provides a low Rpg(on) (less than.
30€2). The tee attenuator provides for optimum
dynamic linear range for attenuation and if com-
plete turnoff is desired, attenuation of greater than
100 dB can be obtained at 10 MHz providing prop-
er RF construction techniques are employed.

+5V

BIPOLAR
LOGIC
ELEMENT

MOS
LOGIC
ELEMENT
WITH
NEGATIVE
SUPPLY

Negative to Positive Supply Logic Level Shifter

This simple circuit provides for level shifting from
any logic function (such as MOS) operating from
minus to ground supply to any logic level (such as
TTL) operating from a plus to ground supply. The
2N3970 provides a low ryson) and fast switching
times.
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Ultra-High Gain Audio Amplifier

Sometimes called the “JFET u amp,” this circuit
provides a very low power, high gain amplifying
function. Since u of a JFET increases as drain cur-
rent decreases, the lower drain current is, the more
gain you get. You do sacrifice input dynamic
range with increasing gain, however.

Level-Shifting-Isolation Amplifier

The 2N4341 JFET is used as a level shifter be-
tween two op amps operated at different power

supply voltages. The JFET is ideally suited for this
type of application because Iy = ig.
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BV
PREBIAS
LINE

+5V

OTL-TTL
BIPOLAR
LOGIC

*Trademark of the
Burroughs Corp.

FET Nixie* Drivers

The 2N3684 JFETs are used as Nixie tube drivers.
Their Vp of 2-5 volts ideally matches DTL-TTL
logic levels. Diodes are used to a +50 volt
prebias line to prevent breakdown of the JFETs.
Since the 2N3684 is in a TO-72 (4 lead TO-18)
package, none of the circuit voltages appear on the
can. The JFET is immune to almost all of the
failure mechanisms found in bipolar transistors
used for this application.

O +200v

CONTRAST
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JFET -Bipolar Cascode Circuit

The JFET-Bipolar cascode circuit will provide full
video output for the CRT cathode drive. Gain is
about 90. The cascode  configuration eliminates
Miller capacitance problems with the 2N4091
JFET, thus allowing direct drive from the video
detector. An m derived filter using stray capaci-
tance and a variable inductor prevents 4.5 MHz
sound frequency from being amplified by the
video amplifier.

2N3068

_Vin
lo =Ry

Vin > 0V =

Precision Current Sink

The 2N3069 JFET and 2N2219 bipolar have inher-
ently high output impedance. Using R, as a cur-
rent sensing resistor to provide feedback to the
LM101 op amp provides a large amount of loop
gain for negative feedback to enhance the true cur-
rent sink nature of this circuit. For small current
values, the 10k resistor and 2N2219 may be elimi-
nated if the source of the JFET is connected to
Rl B '

OuTPUT O O +15v

INPUT O

*Polycarhonate
dielectric capacitor

+15V (SAMPLE)
-—I L-I -20V (HOLD)

Low Drift Sample and Hold

The JFETs, Q; and Q,, provide complete buffer-
ing to C,, the sample and hold capacitor. During
sample, Q; is turned on and provides a path,
ras(on). for charging C;. During hold, Q, is
turned off thus leaving Q; Ip (or¢) (<50 pA) and
Q, lggs (K100 pA)} as the only discharge paths.
Q, serves a buffering function so feedback to the
LM101 and output current are supplied from its
source. '
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.068 uF

O Vour t=10Hz

PEAK OUTPUT VOLTAGE
Vo Vo1V

1N914

LM103

Wien Bridge Sine Wave Oscillator

The major problem in producing a low distortion,
constant amplitude sine wave is getting the ampli-
fier loop gain just right. By using the 2N3069
JFET as a voltage variable resistor in the amplifier
feedback loop, this can be easily achieved. The
LM103 zener diode provides the voltage reference
for the peak sine wave amplitude; this is rectified
and fed to the gate of the 2N3069, thus varying its
channel resistance and, hence, loop gain.

High 1mpedance Low Capacitance Wideband Buffer

The 2N4416 features low input capacitance which
makes this compound-series feedback buffer a
wide-band unity gain amplifier.

-—LJ;- +15V ON
-20V OFF I

b /ey 1.4 \
> g m o
M I i

\\ ¢ FM1109 | /

1
|

SIGNAL Qe E -

_"?I"‘ 001

JFET Sample and Hold Circuit

LM101 p——u= OUTPUT

+16V

-15V

The logic voltage is applied simultaneously to the
sample and hold JFETs. By matching input imped-
ance and feedback resistance and capacitance, er-
rors due to rggon) of the JFETs is minimized.
The inherent matched rygon) @and matched leakage
currents of the FM1109 monolithic dual greatly
improve circuit performance.

¢ 25139

E

Vour

R2
Vour =7 Vin

High Impedance Low Capacitance Amplifier

This compound series-feedback circuit provides
high input impedance and stable, wide-band gain
for general purpose video amplifier applications.
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47K
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> 2N3823

.001 uF 001 uF

Al
1
1001

001 ¢

:T_

E

M

Stable Low Frequency Crystal Oscillator

This Colpitts-Crystal oscillator is ideal for low fre-
quency crystal oscillator circuits. Excellent stabil-
ity is assured because the 2N3823 JFET circuit
loading does not vary with temperature.

ANALOG
INPUT Q

lanALOG

: INPUT

| 2 L ) 2nass0
| 3

|

+12v

Vin O

2N3070

2N3070

>
22K
4.7K
—

Vour

0 to 360° Phase Shifter

Each stage provides 0° to 180° phase shift. By
ganging the two stages, 0° to 360° phase shift is
achieved. The 2N3070 JFETs are ideal since they
do not load the phase shift networks,

[}
oTL |
TTL |
INPUT |
CONTROL |
! IN914
WK
I
e ]
DM7800
VOLTAGE
TRANSLATOR

This analog switch uses the 2N4860 JFET for its
25 ohm rgy and low leakage. The LM102 serves
as a voltage buffer. This circuit can be adapted to

ouTPUT

47 pF

The 2N4416 JFET is capable of oscillating in a cir-
cuit where harmonic distortion is very low. The

! 1
I 1
ADDITIONAL STAGES
IF REQUIRED

DTL-TTL Controlled Buffered Analog Switch

a dual trace oscilloscope chopper. The DM7800
monolithic I.C. provides adequate switch drive
controlled by DTL-TTL logic levels.

20 MHz OSCILLATOR VALUES

Cl=700pF L1=134H
C2-175pF L2 = 10T 3/8" DIA 3/4" LONG
Voo =16V Ip = 1mA
5.8K 4. Z0MHz OSCILLATOR PERFORMANCE
. VVV o oo

LOW DISTORTION 20 MHz 0SC.
2ND HARMONIC - 60 d8
3RD HARMONIC > -70 dB

Low Distortion Oscillator

JFET local oscillator is excellent when a low har-
monic content is required for a good mixer circuit.
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2-8pF
INPUT

L1=.07

ouTPUT

AGC RANGE 59 d8
POWER GAIN 17 dB

uHy CENTER TAP

= L2=.07 uHy TAP % UP FROM GROUND

200 MHz Cascode Amplifier

This 200 MHz JFET cascode circuit features low
crossmodulation, large-signal handling ability, no
neutralization, and AGC controlled by biasing the

upper cascode JFET. The only special requirement
of this circuit is that | gg of the upper unit must
be greater than that of the lower unit.

4? —Q +v
— O
/T ‘”__nﬁasa_—{:\\
+o—» «
S~ [ J— J—
™ ™ )
< LM101A QUTPUT
100K S 100k
+
5K
30 pF
-V
FET Op Amp

The FM3954 monolithic-dual provides an ideal
low-offset, low-drift buffer function for the
LM101A op amp. The excellent matching charac-

2N3970

@ 10V

!

2N4341 )

teristics of the FM3954 track well over its bias
current range thus improving common mode
rejection.

AA

OFF -20 100 pF

1K
CONTROL B AN sl
orve O~ WA
on +10 1N914
| Iﬂ-— FROM DM7800

\AA a4 vva

{0

1N914

AA

High Toggle Rate High Frequency Analog Switch

This commutator circuit provides low impedance
gate drive to the 2N3970 analog switch for both
on and off drive conditions. This circuit also ap-
proaches the idea! gate drive conditions for high

frequency signal handling by providing a low ac
impedance for off drive and high ac impedance
for on drive to the 2N3970. The NH0O005 op amp
does the job of amplifying megahertz signals.
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Oom7800
VOLTAGE TRANSLATOR

This 4-channel commutator uses the 2N4091 to
achieve low channel ON resistance (<30£2) and
low OFF current leakage. The DM7800 voltage
translator is a monolithic device which provides

2N4392

DIFFERENTIAL

iN4091 JFETS

QO INPUT 1
/‘ :: ™M
Q- !
|
pan Dy
| 1
ore | 1 [ INPYT 2
T |
INPUTS : | Yy LY
| |
|
o D1o—1e
- —1
DM7800 [ INPUT 3
VOLTAGE TRANSLATOR
Y ™
=== A '
D1
|
i |
oTL | . | [ INPUT 4
T | | L
INPUTS | | 3 "
" |
|
! |
L ] O OUTPUT

4-Channel Commutator

from +10V to -20V gate drive to the JFETs while
at the same time providing DTL-TTL logic com-
patability.

INPUT

“SCALING"
RESISTORS

DIFFERENTIAL A

NH0005 Vour

<4 L

2N4392 R2

2N

INPUT v
R3

O
FROM DM7800

This design allows high frequency signal handiing
and high toggle rates simultaneously. Toggle rates

VOLTAGE TRANSLATOR J_L

R1

R1=R2
R3 = R4

o

-5y
ABDITIONAL
CHANNELS

N

-20v

Wide Band Differential Multiplexer

up to 1 MHz and MHz signals are possible with this
circuit. - Lo -
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POSITIVE
INPUT
VOLTAGE

MONITOR
ouTPUT
SV/A
R1R3 |
R2 't

Current Monitor

R, senses current flow of a power supply. The
JFET is used as a buffer because |p = g, therefore

the output monitor voltage accurately reflects the
power supply current flow:.

T0O COMPANION CHANNEL
FOR STEREOQ CIRCUIT

+15V

02 uF
INPUT

0.1 uF

BALANCE
{STEREOQ

ONLY)
oUTPUT

2N3565

TREBLE
ALL FIXED VALUES |
+5% MYLAR CAPACITORS

‘Low Cost High Level Preamp and Tone Control Circuit

This preamp and tone control uses the JFET to its
best advantage; as a low noise high input imped-
ance device. All device parameters are non-critical
yet the circuit achieves harmonic distortion levels

of less than .05% with a S/N ratio of over 85 dB.
The tone controls aliow 18 dB of cut and boost;
the amplifier has a 1 volt output for 100 mV input
at maximum level.
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Precision Current Source

The 2N3069 JFET and 2N2219 bipolar serve as
voltage isolation devices between the output and
the current sensing resistor, R,. The LM101 pro-
vides a large amount of 10op gain to assure that the
circuit acts as a current source. For small values of
current, the 2N2219 and 10k resistor may be elim-
inated with the output appearing at the source of

the 2N3069.

+SUPPLY

2N4338

Gos = 5umho max.

HVOUY

b
LM103

~—

I

Low Power Regulator Reference

This simple reference circuit provides a stable volt-
age reference almost totally free of supply voltage
hash. Typical power supply rejection exceeds
100 dB.

+12V

2N3069

INPUT

Schmitt Trigger

This Schmitt trigger circuit is “‘emitter coupled”
and provides a simple comparator action. The
2N3069 JFET places very little loading on the
measured input. The 2N3565 bipolar is a high hg ¢
transistor so the circuit has fast transition action
and a distinct hysteresis loop.

VIDEOQ INPUT
500 2N4391

2N4391
VIDEO OUTPUT
5092

' |

| |

| |

| |

] ]
+ +

2N4391

ATTENUATION > 80 dB @ 100 MHz
INSERTION LOSS =6 dB

™M { ™
OOoN OFF

High Frequency Switch

The 2N4391 provides a low on-resistance of
30 ohms and a high off-impedance (<.2 pF) when
off. With proper layout and an “ideal” switch, the
performance stated above can be readily achieved.
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