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NOTES

TUNNEL DIODE CIRCUITS

CHAPTER

TUNNEL DIODE OSCILLATORS (1%

Tunnel Diode Oscillators are attractive because of their high-frequency capability,
low power consumption, good frequency stability and extreme circuit simplicity. These
advantages enable a designer to produce stable miniature oscillator circuits with a
wide variety of uses. Figure 14.1 illustrates the basic “series-parallel” sinewave oscil-
lator. Design equations are also given. Additional design information will be found by
consulting the references at the end of this chapter. .
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BASIC TUNNEL DIODE SINEWAVE OSCILLATOR
AND DESIGN EQUATIONS

Figure 14.1

The circuits that follow illustrate the many applications and variety of tasks tunnel
diode oscillators are capable of performing. Brief descriptions accompany some circuits.
For more complete information readers should consult the specific reference as indi-
cated. An extensive reference list appears at the end of this chapter.
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This 1.1 mc oscillator senses temperature changes and translates them into frequency
variations. The main temperature sensing element is a mylar capacitor whose charac-
teristics yield a 0.5 ke/°C temperature coefficient.®”

TEMPERATURE SENSING OSCILLATOR

Figure 14.2
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A voltage variable capacitor tunes this oscillator electronically over the 12-22 mc

range.®

VOLTAGE CONTROLLED OSCILLATOR

350

Figure 14.3
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This VHF oscillator can be electronically tuned over the 200-400 mc range. Output
power is over 0.5 milliwatts.®

L=16uh l

nom

VOLTAGE CONTROLLED VHF OSCILLATOR
Figure 14.4
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bbo_lij be=l10my -—
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Cp = DC BLOCKING CAPACITOR
Ra = ATTENUATING RESISTOR

~ R
Zin=R(l+R—A)

Rp =360Q
Zin=127.80

Resistor Ra is an attenuating resistor which varies the magnitude of the oscillator
swing. This enables the oscillator to operate over a limited, hence highly linear portion,
of the diode’s conductance curve. Note low distortion in the oscilloscope display at the

bottom.®

VARIABLE AMPLITUDE OSCILLATOR
Figure 14.5
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14 TUNNEL DIODE CIRCUITS
OuTPUT .1 Je A/2 =
g | OUTPUT h
t Mit— +
! |
T TO
BIAS
MATERIAL (MA) (Mw) FREQ. (6C)

Ge 40 | 6
Ga As 45 1.5 3
Ga As 80 3 6
Ga As 100 4 6

TUNNEL DIODE CIRCUITS 14

R< |Rdi|

R= /L/C

R
Z; =R(I+—)
n RCR

WHERE Rcg IS THE SERIES

RESISTANCE OF THE CRYSTAL
AT RESONANCE.

FOR OSCILLATIONS: |Re | Yin|<|agi]

Im|Yin|=0

Two or more tunnel diodes placed in a half-wave cavity structure delivers 4 milliwatts
at 6 kme.®®

MICROWAVE OSCILLATOR
Figure 14.6

+12v

1K ; DELAY

S LNe 7]
>
2003 N37IR

Using a General Radio Delay-Line ( Type 314-S86) this oscillator covers the 0.5-20 mc
range. Output is in the square wave category.

DELAY-LINE OSCILLATOR
Figure 14.7

BASIC TUNNEL DIODE CRYSTAL
CONTROLLED OSCILLATOR®

Figure 14.9

Figures 14.10 and 14.11 show crystal controlled Citizens Band and Fire Depart-
ment oscillators. Both are useable in low power (microwatt) transmitters for short
range communications.®

THE OSCILLATOR FREQUENCY
OPERATES WITHIN THE TOLERANCE

56pfd
OF THE QUARTZ CRYSTAL OVER A

+1.5v TEMPERATURE RANGE OF FROM
Vob W) IN37I2 -55°C TO +85°C AND A BIAS
RANGE OF FROM 110 TO 150mv.

(TD-1
1000

CITIZENS BAND 27.255 MC CRYSTAL
CONTROLLED OSCILLATOR

Figure 14.10

CRYSTAL, TOL 0.005%

ANDERSON 3d OVERTONE
/RcR= 250 min.

THE OSCILLATOR FREQUENCY

c————— - STD-633 *

\ 5608
e T
3-260mc | L < |

E 'S 7 347 7R005
7/ S +
L 15V '[ -
H\
* SELECTED DEVICE

SINEWAVE OSCILLATOR WITH “PLUG-IN” COILS

35 e s et DR e |

(Covers 3 to 260 mc range)

Figure 14.8

/1

+1.5V
Vbb

N

OPERATES WITHIN THE QUARTZ
CRYSTAL TOLERANCE OVER A
TEMPERATURE RANGE OF FROM

IN3712 -55°C TO +85°C AND OVER A
(To-n) BIAS RANGE OF FROM 110 TO
1008 1002 150mv.
o * ¢

FIRE DEPARTMENT 47.100 MC CRYSTAL
CONTROLLED OSCILLATOR

Figure 14.11
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i i 2N336
100 20 S'] 2.5mh 1500
100 —l
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‘ *¥ADJUST R FOR COLLECTOR CURRENT
= OF 0.5ma WHILE MOTOR IS RUNNING

TUNNEL DIODES 0.5 ma UNITS

This circuit illustrates an application where the low power consumption, the low volt-
age requirements, and the excellent frequency stability of crystal controlled tunnel
diode oscillators provides the circuit designer with an ideal device for his job. The
complete circuit incorporates trimmers that can adjust the timing of the clock by a
few seconds per year. Three tunnel diodes give overall division ratio of 2,000 to 1.
Figure 14.13 pictures the finished chronometer.

CRYSTAL CONTROLLED CHRONOMETER®
Figure 14.12

Figure 14.13 HIGH ACCURACY CHRONOMETER

I  TUNNEL DIODE CIRCUITS 14

TUNNEL DIODE MICRO-POWER TRANSMITTERS .5

Tunnel diode remote control transmitters have adequate range to remote control
toys, garage doors, window displays, etc. Where voice modulated they can be used
for short range communications, as in television studios, power plants, bowling alleys,
shopping centers, etc. :

Circuits in Figures 14.15 and 14.16 can be built into miniature hand-held box chassis
as shown below.

Figure 14.14

WHIP
ANTENNA
(SEE FIG 14.17)
TUNNEL DIODE OSCILLA
o221 OSCILLATOR
N UNIJUNCTION TONE OSCILLATOR
SWI L IN3716
PUSH TO SEND ‘Zgiigm_ 100pf (47MA)
1 750 ml B __2N2840 UNIJUNCTION
o W—x - 1 \e
+ ! 27.255MC l B,
!
MERCURY 1.34v = 100 10Q 5Q
MERCURY - 130MV 00! 3.3K 22
: T T
v . J

LI-6 TURNS #16
(172" LONG, 3/8" I.D., TURNS SPACED 1/32")

Unijunction tone oscillator modulates this miniature transmitter used to remotely
control garage door.

TUNNEL DIODE-UNIJUNCTION REMOTE
CONTROL TRANSMITTER

Figure 14.15
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14 TUNNEL DIODE CIRCUITS

7
! WHIP ANTENNA

(SEE Fig.14.17)
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TUNNEL DIODE OSC
IN3716 (4.7MA)

Z=32Q/Z=50002CT
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LI -6 TURNS #1i6
(1/2" LONG, 3/8" I.D., TURNS SPACED 1/32")

Hartley oscillator using silicon transistor modulates tunnel diode transmitter.

TUNNEL DIODE-TRANSISTOR REMOTE

CONTROL TRANSMITTER
1A
T )

Figure 14.16
141/2" !

A

A. SAFETY CAP SOLDERED TO ANTENNA TIP

B. 14 1/2 INCH .052" PIANO WIRE SOLDERED OR
BRAZED TO C

. BANANA PLUG (E.F. JOHNSON 108-771)

D. BANANA JACK FORCED-TAPPED INTO 7/32"
DRILLED HOLE (E.F. JOHNSON 108-760)

E. 50 TURNS # 24 FORMVAR OR ENAMEL COVERED WIRE
ADJUSTED TO 27mc WITH GRID DIP METER

F. 1/2"x 11/4" SOLID COIL FORM MADE FROM
TEFLON OR POLYSTYRENE

G. TIP PLUG FORCE TAPPED INTO 7/32" HOLE
(E.F. JOHNSON 105-301)

Details of antenna and loading coil construction for Figures 14.5 and 14.6.

ANTENNA
Figure 14.17

s e e TUNNEL DIODE CIRéUITS 14

Ar\(J)'LENNA
LOADING
IN3716(TD-3) 200pfd colL
3mh 3mf —40pf 3
13m j “3mfd - 5-40pR7T covemaL 5 2O 134y
& —"VA——O0
IM Reias Vob
75.5MC :: 758
100 >109
) o-—

73.5 MC CRYSTAL CONTROLLED SELF-MODULATED
TRANSMITTER

Figure 14.18

FM TRANSMITTER 96 TO [IOMC/S USING 4.7MA T.D.

AA@  os" E =125MV. TO GRN \ £
=100mC/s IN3716 (TD— 3 =+ 134V
SPEAKER OR
L fLe ﬁ M MICROPHONE
4.5-25pf

s

LI 2 TURNS®i6 COPPER 3/8"ID SPACED I/8" FROM GROUND END OF L2 (ADJUST FOR BEST STABILITY)

L2 6 TURNS®I6 COPPER 3/8"ID CLOSE - WOUND AND CONNECTED DIRECTLY TO C2. TAPPED I TURN
FROM GROUND.

Cl 45-25uutd CERAMIC TRIMMER

C2 15-5uputd VARIABLE

€3 800uutd (VOLTAGE NOT IMPORTANT- SELECT FOR SMALL SIZE)

€4 50ufd 6 VDC ELECTROLYTIC (VOLTAGE NOT IMPORTANT-SELECT FOR SMALL SIZE)

C5 iptd 35VDC (VOLTAGE NOT IMPORTANT-SELECT FOR SMALL SIZE)

RI 180 1/2W 5%

R2 1500 1/2W 5%

R3 4708 1/4W

R4 IOKQ 1/4W

RS I0KQ 174W

Epp MALLORY RM-I2R MERCURY CELL 1.34VDC-3600 MAH

Swl NORMALLY OPEN SPST "PUSH-TO- TALK "SWITCH

SPKR 2"PM SPEAKER

IN3716 (TD-3) 4.7MA AXIAL TUNNEL DIODE

This circuit has a 200 yard range when used in conjunction with sensitive commercial
receiver.

FM WIRELESS MICROPHONE
(96 to 110 mc)

Figure 14.19
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14 TUNNEL DIODE CIRCUITS

TO BIAS NETWORK

I.E. AMPLIFIER
— M4
: TUNNEL "
6 D'j}DE 8 INPUT
< SHORT
oPEN [osC STRIPLINE OF — ‘ ’_‘L
| > | =
[ —
SHORT | ~_ | SIGNAL STRIPLINE A

I
fo — — —x78a — —— —f
STRIPLINE LAYOUT

L JVe R

L
INPUT
T
—N—s }
LF.
> AMPLIFIER
i : (30mc)
= BIAS =

LUMPED CONSTANT EQUIVALENT CIRCUIT
(B)

L-BAND SELF-OSCILLATING CONVERTER
Figure 14.21

3 KMC L-BAND CONVERTER PACKAGE
Figure 14.22

360
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3008
FEED

88-108MC INPUT
IN678 .
Le 135MV
la 3 IF QUTPUT
7 (200KC)
3-15pf
33pf 470pf 200 RI
.005 T 'l'
1 !
10K
= +
AFC VOLTAGE

LI - 4 TURNS #18-3/8" D, APPROX. I/2"LONG

L2-4 TURNS #18-3/8" ID, APPROX. 1/2"LONG

L3 -81/2" TURNS #18-3/8" ID, APPROX. 3/4" LONG TAPPED AT 5 TURNS

LIL2 - COUPLED END TO END, SPACED ~ /8" APART

RI - DEPENDS ON SUPPLY VOLTAGE. SELECT FOR BIAS OF APPROX.
I135MV ACROSS 200Q RESISTOR.

This converter is AFC controlled by a variable capacitance diode. The 200 kc IF
output is used here because of the type of receiver design (see Figure 15.21).

Figure 14.23 FM-AFC CONTROLLED CONVERTER

DIPOLE ANTENNA
/

114mc (AM)
Es
7me (FM)
=§, mc
=>
X3
:% *
< GE BACK DIODE
blw t
8T 2 1,000 cps
x50nh ¢ *
lame § BD7
£ ™~1-3/4T o
220pf
—f R3:67
R2:330
&/
|+
LxIOnh C= 470pf UUUM RI=33 —lLav
Tme ¢ -
q Tmc(FM)
£
} L ' Ry =(0.3~0.7)
5 STABILITY  LESS dc DRAIN
ﬁcb
= g =Rrgy) VpRy
3 O TR MUuE
:=E T¢ Lt}
= 1 y
cet __¢C R2: LR,
wel I-Rygy Ey

Figure 14.24 TUNNEL DIODE TRANSCEIVER®

This transceiver is tuned for a 114 mc AM input signal and a 7 mc FM output signal.
The 1N3714 (TD-2) tunnel diode acts as 7 mc RF oscillator and frequency modulator
while the BD-7 back diode is the 114 mc detector,

361




14 TUNNEL DIODE CIRCUITS I

VARIOUS INDUSTRIAL SPECIAL USES OF TUNNEL DIODES (3441

TONE—-FREQUENCY
SENSITIVITY CONTROL

10K 10 MA, METER OR

SPEAKER

)

BROADBAND IN3712
SELECTIVE PICK UP COIL (To-n
CIRCUIT (2 TURNS NO.18-2"DIA)
X SWITCH OR
N ) T g
—>X O.Iuf [
10% X' E =ov
—> X' X' T ¢ _ T
1. WAVEMETER I.KEYING MONITOR NOTE:
2.PARASITIC 2.CODE PRACTICE 0SC. AN 8 OR 16 OHM LOUDSPEAKER MAY BE USED.
DETECTOR BUT FOR OPTIMUM SOUND OUTPUT A HIGHER

SPEAKER IMPEDANCE 1S NEEDED.

SENSITIVE BROADBAND CW KEYING MONITOR-CODE
PRACTICE OSCILLATOR-SENSITIVE AURAL/VISUAL
PARASITIC DETECTOR OR WAVEMETER

Figure 14.25

£r=100 MC
1+
IN3712 - 2703 1.8K 47 p0ufd 312K T- SV@eMA.
/) 560K ~ 330K =
Gj ! 17 INPUT
@J l : SENSITIVITY 5004V.
il 1 1004 fd
Lo 2N2840 T~C2 | 2ne7i2 -’T 2N2712
001 7K 22 T MIC.

Cl 1.5-5.0pf VARIABLE =

C2 047 TO 0.2.fd

LI 2 0.2xh (6 TURNS #I6, 3/8" I.D.)
100 mc wireless telemetry link transmitter. The microphone picks up signal which is
amplified by 2N2712; second 2N2712 inhibiting C1 turns off allowing C1 to charge up
and fire 2N2840 unijunction oscillator. Unijunction pulse modulates a tunnel diode
transmitter.

WIRELESS PULSE MONITOR
Figure 14.26

TUNNEL DIODE CIRCUITS 14

+9v
SPEAKER
005, f DC RESISTANCE
4 TO 608
THRESHOLD 25" K
ADJUST
10K
2NI304
IN3712
(TDI) =O0luf
L IS 2 TURNS OF *i4
WIRE, SELF SUPPORTING,
PICK-UP & 125" DIAMETER, TURNS
coIL ARE SPACED 1/8"

This circuit illustrates a 200 mc, RF radiation detector giving audible (1800 cps)
alarm oscillations. A small slot antenna or a pick-up coil can be used as sensors.

RF RADIATION DETECTOR“»
Figure 14.27

+9V

SPEAKER DC
RESISTANCE 4 TO 608

THRESHOLD
ADJUST

G.E. PHOTO
CONDUCTIVE

10K
CELL A35A 2NI304

IN3712

-~ 0. |F,f
(T0-1) —[

This is a variation of the circuit shown in Figure 14.27. Here the sensor is a photo-
conductive cell giving alarm at below 0.1 foot candles of illumination near 5500
angstroms.

LIGHT DETECTOR
Figure 14.28

TUNNEL DIODE AMPLIFIERS ¢ 2, 42-45)

The performance of tunnel diodes in low noise amplifiers is especially attractive
at UHF and microwave frequencies where ferrite isolators, circulators, and/or hybrid-
couplers can be used to unilateralize the signal flow. At frequencies where these devices
are not available, stable gain is difficult to achieve. Tunnel diodes have been used at
L, S, C, and X band with excellent stability and low noise performance.
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14 TUNNEL DIODE CIRCUITS

TERMINATION
50 OHM

L

INPUT

(A)

TUNNEL DIODE UHF
CIRCULATORS

l( ( )3 OUTPUT
2
T.D.
AMPLIFIER

FOUR-PORT CIRCULATOR

(B)

RESISTIVE
TERMINATION

. D
Figure 14.29 OUTPUT
TWO CASCADED THREE-PORT CIRCULATORS
C)
SERIES STUB
«—T0
CIRCULATOR
SERIES
STUB POWER~SUPPLY LOW-FREQUENCY
TERMINATION T Bypass
&L —_-Eig’i——
PaRALLEL = L _DIELECTRIC | P
STUB  oF Bypass—" - E ____BYPASS
TWORK BIAS INSERTION
SIMPLIFIED TD PREAMP CIRCUIT PHYSICAL ARRANGEMENT

(A)

UHF PREAMPLIFIERS
Figure 14.30

(B)

THREE-PORT CIRCULATOR COUPLED

L-BAND AMPLIFIER
(€)

36 s ese o e e e e s ]
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Figure 14.31 TUNNEL DIODE SIX-GIGACYCLE WAVEGUIDE AMPLIFIER

PORT | PORT 2
> 1 1
el 0° L/s00 ! !
2 . '
1
PORT 4 | PORT3 ! '
—_1 o ‘——‘-e‘L-gog : |
7z i \
; ;
; :

LTUNNEL DIODE__ ]

SIGNAL DISTRIBUTION IN
HYBRID —COUPLER

(A) (B)
. -
2,=2, :
I I
! AMPLIFIER
-3DB ,MODULE
vIN Z, I 00 INO. {
| |
4
2
_ % i
§
o -30B S | AMPLIFIER
- - MODULE
2=, vouT Z, 790 oo,
1
3DB HYBRID DR __j
[ 2 2 2 | \ | ‘ 2
f z R f z z./|-R R./|R
%_|_ o . _s +% - o/17Ra _ s/ 1Rq
f, |_Rd| Ry fr 1Ry l z/ |‘Rd | Z/I_Rd\
r3== -
2 e 2 2
fo %5 R fo z Zo/l_Rd | Rs/"Rd l
—-lt—t — - -
2 2 _ _
el T ]
Z, = CHARACTERISTIC IMPEDANCE f = 21'rlm
Figure z = Juc |-R,l= NEGATIVE RESISTANCE OF THE DIODE
1432 HYBRID-COUPLED TUNNEL DIODE AMPLIFIER AND GAIN EQUATION

(€
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14 TUNNEL DIODE CIRCUITS |

The tunnel diode is a very useful device in switching circuits because of its

1. Very high switching speed capabilities

2. Low power consumption

3. Well defined thresholding properties

4. Stable characteristics

5. Radiation resistance
It is the fastest switching device known, with transistion times as low as 27 pico-
seconds (27 X 107 second or the time it takes light to travel 0.3 inches). The speed
of most high speed circuits is limited by the circuit and package inductance and
capacitance and not by the tunnel diode.

Figures 14.33 through 14.35 show various types of low power consumption tunnel
diode multivibrators. Figure 14.36 through 14.41 is representative of circuits where
the tunnel diode is used -with a transistor. The transistors are used to provide amplifica-
tion with the exception of Figures 14.38 and 14.39 where they are used as a shorting —
resetting element.

Figure 14.42 shows a selection of some high speed logic circuits developed to take
advantage of the tunnel diodes ultra-high-speed switching capabilities.

TUNNEL DIODE MULTIVIBRATORS®®

SHORTED
DELAY
LINE

—I: fs IN3712
I

WAVEFORM ACROSS
TUNNEL DIODE FOR
I5FT OF RG62/U |
CABLE AS SEEN ON |
TEKTRONIX 58/ WITH |
PROBE. Rg=33Q H k
t

Eg=280mv > e

8mpusec 10musec

Figure 14.33 RELAXATION OSCILLATOR USING A SHORTED DELAY LINE

200 2 Ry
L
200uh
60MV T Eg
INPUT 500
F— VN,
o
IN3712

Figure 14.34 TUNNEL DIODE MONOSTABLE OSCILLATOR

366
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——— + 1.5V

$1.2K
INPUT 'z‘pf
BEA
$470 IN3712
15ph 69 OUTPUT
¢t L 4 o
$470 GDIN?ﬂIZ

TUNNEL DIODE FLIP-FLOP
Figure 14.35

HYBRID (TRANSISTOR-TUNNEL DIODE) MULTIVIBRATORS

/P) 30(';:1;:-|
Uy

L
1 2N396A
G.E. IN2939
NOTE: V2 35 VOLTS

ASTABLE HYBRID OSCILLATOR
FIGURE 14.36

Epp
° -0V

368K TID K

Loy .

BISTABLE CIRCUIT USING

TUNNEL DIODE AND NPN
GERMANIUM ALLOY T—lechER I, ansse
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TUNNEL DIODE COUNTERS®.2
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Figure 14.38
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MISCELLANEOUS TUNNEL DIODE CIRCUITS®
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TUNNEL DIODE TIME DELAY CIRCUIT WITH TWO
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Figure 14.40
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HYBRID LEVEL DETECTOR CIRCUITS
Figure 14.41
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14 TUNNEL DIODE CIRCUITS I

TUNNEL DIODE COMPUTER CIRCUITS®
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300
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———— NIPO GATE e BITofe PINO GATE ———|

DELAY
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(C)

Figure 14.42

TUNNEL DIODE CIRCUITS 14

K 750 -
—N—9 o+2V
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ADJ. oN335 | 47K
220 b > K
Rin IN37I3 | IN3066 S120K Sa70
INPUT (TDIA) 6.8K
50K & IN3605
INg2!
6.2V .
+
50
S Res
50K

$——o OUTPUT

2Ni6l3

~i2v

This circuit operates as a slideback sensing circuit®™ to give a dc output which is pro-
portional to the positive peak of a repetitive input signal. With proper choice of the
tunnel diode ‘and the input circuit layout it is possible to measure the peak amplitude
of pulses as narrow as one nanosecond. The circuit is similar to an operational ampli-
fier with a voltage gain determined by the ratio Res/Rix.

TUNNEL DIODE PEAK SENSING OPERATIONAL
AMPLIFIER

Figure 14.43

IN3606 6.8K IN3604
o) _AM——te—
r'y
¥ IN3606
OUTPUT
20V
60 CPS
3NS8
+
q 1
NPUT 220 100-T S 220k
v IN3713 Sov
(TD-1A)

=

A simple peak reading voltmeter circuit using a tunnel diode together with a silicon
controlled switch to give a dc output proportional to the positive peak of the input
signal. Voltage gain is equal to (R2 + R3)/R1.

AC OPERATED PEAK READING VOLTMETER
Figure 14.44
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14 TUNNEL DIODE CIRCUITS

PULSE INPUT

A tunnel diode pair used in conjunction with an operational amplifier which functions
as a sampling circuit with the output proportional to the input signal at the instant
corresponding to the leading edge of the sampling pulse. Effective rise-time can be
in the nanosecond range depending on the tunnel diodes used, the rise-time of the
sampling pulse and the construction of the input circuitry. Voltage gain is determined
by the ratio R2/R1.

OPERATIONAL SAMPLING CIRCUIT USING
TUNNEL DIODE PAIR

Figure 14.45

Py —0+I5V
75040
22% 22 100K
K K
Re 100K Lo
100K 2N526 2N526
RI 2.2M
10K 10K %I.Z
Aj OUTPUT
2N2480
+ IOK%
6.8K
39K 20 6.8K 1
50V
. ¢ -5V

INPUT
AC OR PULSE

A practical version of an operational sampling circuit using the principles shown in
Figure 14.45. Voltage gain of the circuit is 100. Pulse synchronizing and pulse gener-
ating circuit details are not shown. This circuit can also be used to measure the differ-
ential peak point current of tunnel diode pairs.

PRACTICAL EXAMPLE OF OPERATIONAL SAMPLING
CIRCUIT USING TUNNEL DIODE PAIR

Figure 14.46
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