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Introduction

This volume of timely and practical circuits highlights the creative work of many people.
Featured here are many circuits that appeared only briefly in some of our finer periodi-
cals or limited-circulation publications., Also included are other useful and unique circuits
from more readily available sources,

The source for each circuit is given in the sources section at the back of the book.
The-bold figure number that appears inside the box of each circuit is the key to the
source, For example, the High Stability Voltage Reference circuit shown below is Fig.
93-10. If you turn to the Sources section and look for Fig. 93-10 vou will find that
Precision Monolithics supplied this circuit from-p. 6-142 of their Full Line Catalog.

HIGH STABILITY
VOLT:AGE REFERENCE
[ Gomy L™ Fig. 93-9: Reprinted with the permis-
) sion of National Semiconductor Corp.
i . Transistor Databook, 1982, p. 11-25,
_J S T Fig. 93-10: Precision Monolithics In-
i, [ =il corporated, 1981 Full Line Catalog, p.
1 e 6-142.
m avs Fig 893-11: Precision Monolithics In-
1 J__ Fig. 93-10 corporated, 1981 Full Line Catalog, p.
10-18.

Many circuits are accompanied by a brief explanatory text. Those that do not have
text can be readily understood from similar circuits in that chapter, or else they may be
too complex to be explained briefly. The sparseness of text is deliberate so as to allow for
more circuits which, after all, is what this book is all about.

The Index and Contents will be a time saver for the reader who knows exactly what
he is looking for. The first page of each chapter lists the circuits in the order that they
appear, The browser will surely discover many ideas and circuits that may well turn out
to be most rewarding and great fun to put together.

The Common Schematic Symbols chart will help you identify circuit components.
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Common Schematic Symbols
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1

Alarms

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Computalarm

Automotive Burglar Alarm
Security Alarm

Vehicle Security System

Home Security Monitor System
Antitheft Device

Auto Burglar Alarm
Tamper-Proof Burglar -Alarm
Latching Burglar Alarm
Motion-Activated Motorcycle or Car Alarm
Boat Alarm

Blown Fuse Alarm

Auto Burglar Alarm

Continuous-Tone 2 kHz Buzzer with Bridge
Drive, GGated on by a Logic-(

Pulsed-Tone Alarm, Gated by a High Input,
with Direct-Drive Qutput

‘Piezoelectric Alarm

Gated 2 kHz Buzzer
Burglar Alarm
Latching Burglar Alarm
Sun -Powered Alarm

Freezer Meltdown Alarm



COMPUTALARM

THERMAL E:
CLOSED CIRCUH

“RELAY
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¢
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Fig. 1-1
-
REZ 77K
To—
we - A
l 3ex 3 q] meen
ARM RELAY
SWITCH
’Etf
o .
‘ THERMAL
14 RELAY
Lilmle
T0 HORN RELAY - s
COIL TERMINALS  CONTACT LEADS
BLANK FLAT $10€ UP
cumacu/'“ Ny LA 510K .
. — L3 ]
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uum( i_ m
H CONTACT B -
3] gi. 02 SCRI, SCR2

K1, K2 THERMAL RELAY
"8OTTOM VIEW

REED RELAY

BOTTOM VIEW BOTTOM VIEW

Circuit Notes

The circuit has a built-in, self-arming fea-
ture. The driver turns off the ignition, presses
the arm button on the Contputalarm, and leaves
the car. Within 20 seconds, the alarm arms
itself—all automatically! The circuit will then
detect the opening of any monitored door, the
trunk lid, or the hood on the car. Once acti-
vated, the circuit remains dormant for 10 sec-
onds. When the 10-second time delay has run
out, the circuit will close the car’s hom relay
and sound the horn in periodic blasts (approxi-

mately 1 to 2 seconds apart) for a period of one

‘minute. Then the Computalarm automatically

shuts itself off (to-save your battery) and re-
arms. If a door, the trunk lid, or the hood re-
mains ajar, the alarm circuit retriggers and
another period of horn blasts occurs. The Com-
putalarm has a “key” switch by which the

.driver can disarm the alarm-circuit within a

10-second period after he enters the door. The
key switch consists of a closed circuit jack, J1,
and a mating miniature plug.




AUTOMOTIVE BURGLAR ALARM

TGO St
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c
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CASE STYLE

Fig. 1-2 59 ar
o4

Circuit Notes

Alarm triggers on after a 13 second delay and stays on for 1-1% minutes. Then it
resets automatically. It can also be turned off and reset by opening and reclosing S1.
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VEHICLE SECURITY SYSTEM

HIDDEN DFDT SWITCH
2y Hzv
iy uy-gg%uongaaeo fony TO HORN,
Y|
\ 15v - ! SIREN, ETC.
FORD) & e
—— e e i R —— e e . . S e e Sy T TS O W — —— UAbii . . v e g prPe e i (56)
(OFF) > ‘
b
i
f 15 " e
Lt
E IN4OOI 'FHELAY
-eRi4
620K
3
Vs
SRI%
‘TI2ZK
ROT USED
12 [+1}
2N2222A
SEE TEXT e
R3 12K
2k
< R7 lezd
| 322M /
e .
L _________ COMPANENTS CN CIRCLUIT BOARD J
DOME T "'.’l GROUNDED NOTE: CONNECT DOME. LIGHT CIRCUIT
LIGHT “izy H I TYPE BOOR 10(D OR (@ AS APPROPRIATE,
\, )’ )’ SWITCHES [BM) BUT ¥OT BOTH.
h
Fig. 1-4

Circuit Notes

This alarm gives a 15-20 second exit and entrance delay. After being triggered, the
alarm sounds for five minutes and then shuts off. Once triggered, the sequence is
automatic and-is not affected by subsequent opening or closing of doors.




HOME SECURITY MONITOR SYSTEM

b 10,u.F M

+
N/C DELAY 100K
D2
4 4001

O1uF

— $100K =

4011 1 | D4
N/C }

- /  O1uF

4011
N/O
O1pF
ANCEL
%100!-( ¢ A

Q-0
+

Alarm
relay

D& prm—
For siren, horn, etc.

+ O

All diodes =-1N9148

Fig. 1.5

Circuit Notes
This circuit provides normally open (NO} and normally closed (NC) contacts 51, 52,
and S3 to turn on the alarm after a 30 second delay. S4 and S5 operate instantly. The
CANCEL switch resets the alarm.




ANTITHEFT DEVICE

c2 L+
2Zu
g s
VIBRATION -
SENSOR Kte 5
+ 3
s 000 | peee—————— - .
b8 I :
PR
N e
= ' -
t K suzzer | ' meLay | -
o2 : . 15V
Loor R
V
]
______ (]
t +15v
vz 4 -
14 RE m
wid 1, B 2 % 2Tk
3 - IC2a i _
T 7 Ci £2
- RS NOTE:
Y " B =, IC1,2 ARE 2011
oM AL A 470n D1 15 TN4148
D2 IS 1N4GOT
N ‘|  CONNECT UNUSED iNPUTS
_TO OV OR +15V
Fig. 1-6 Circuit Notes

Any momentary break in the protective loop or tripping of the normally closed
vibration sensor, causes alarm to sound for 20 seconds, If the circuit is open all the time,
the alarm will sound continuously.

AUTO BURGLAR ALARM

DPDT key switch Hidden
U N reset switch
. Ay
— 0— & oo
+ r "
Auto I | Gl|? Tohorn wire in
To door @ dome L1 Reed i \ | Shaker A steering wheel
switch ight Lswitch 4 o Iswitch 2
|
. .
i
- - — ||t I
About 50 turns of No. 26 wire SV battery
wrapped around reed switch To auto ground
Fig. 1-7

Circuit Notes

Dome light current.through L1 closes reed switch and sounds alarm. Shaker switch
also activates alarm.




TAMPER-PROOF BURGLAR ALARM

__ +12V
1 : |
EXISTING BURGLAR ALARM |
ALARM
) BELL
i R12 me £TC.
i 0% S 10k
i A 3 D1 /
f NC, © a2l 161 5 A at
. . §—O—mmtr o 10k
b ) | -
OPTO-  -o= L p2 | , RS
OUPLER ! 10k | N.O. 10k
- I !
_ . ! - - 3 3 + 6 D2
RELAY t 2| 1c2
CONTACTS f -
<
| R3I< RE
I B2< 10k
] ov
F -— °
ig. 1-8 NOTE:
IC1,2 ARE 741 mn
Q11§ TIP12z
D1,2 ARE GENERAL PURPOSE DIODES
Circuit Notes
If-R2 is opened or shorted, the alarm sounds.
LATCHING BURGLAR ALARM
- o » »
+6V St
—6Y -———j_ R2 &y
) b
N.C. Door e
SWITCHES .
Ot -}
TO PROTECTIVE -
CIRCUIT
WINDOW FOIL - |

Circuit Notes

When the protective circuit is interrupied (opened), the alarm sounds. To set the
circuit, adjust R2 (with protective circuit open) for 1 V across R1.




MOTION-ACTIVATED MOTORCYCLE OR CAR ALARM

Lo 32 GAUGE (FINE}
STEEL PIANO WIRE

IC1is 7400
G1is BCY 71
Relay tosuit

Fig. 1-10

Circuit Notes

Trembler (motion activated) switch sounds the alarm for 5 seconds. Then it goes
off. Circuit is timed out for 10 seconds to allow the trembler switch to settle.

BOAT ALARM

2M
+12v
INa145 2 Horn
R1* |
¥ 1N4148
| +12V
b Fig. 1-11
1N4148 e -
SRt l)"’
or
Notes: Alarm
* See text for details “relay

+12Vde to Pin 4 of 324
12V ground to Pin 11 of 324

Circuit Notes

Removing R1 or R2 from the circuit (i.e., the potential thief breaks a hidden wire
that connects R1 to +12 V and R2 to ground) activates the alarm for about five minutes,




BLOWN-FUSE ALARM

+1Vv. 0
100K é NPN PNP
10K
——AAN——
NPN

2.5M

FLASH
RATE Wwf -

SR ¥
1K 5-150
1K <
¥ LED
Fig. 1-12
Circuit Notes
If the fuse blows, the LED indicator starts to blink.
.AUTO BURGLAR ALARM
SHORT DUAATION TIMERS ARE NEEDED
v TO ALLOW ENTRY AND EXIT
Tmegfl :(: o " 300 o " :: Tmegii
ZN4920 9
2 12
6  1/2NESSE 5 | : Y2 NESS6 B sw??g:ss

ARM } »—-c/ o——o/ :
DISARM .
SWITCH 7 7 l
10ufd HORN 10,.4d
RELAY ﬂ/

Fig. 1-13 ‘-I-T
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CONTINUOUS-TONE 2 kHz BUZZER
WITH BRIDGE DRIVE, GATED ON BY A LOGIC 0

, —0 +3V TO 18V Tx
! r PB-272£
Il |
I LY 1[]!
PB1 R2 4n7
(PRESS 68k
FOR ON) ;
: IG1a IC1o IC1c IG1d
GATE R1
100k NOTE:
IC1 is-4011B
Fig. 1-14
PULSED-TONE ALARM,
GATED BY A HIGH INPUT,
WITH DIRECT-DRIVE OUTPUT
+3V TO 18V
; o 1 c2
; 100n an7
! X T I
1 ( T 11
]
PB1 '
(PRESS e _fﬁo :
For o
ony | IC1d
1 IC1b
I
GATE — 1
Tx
R1 NOTE: =
100k IC1 1S 40118 P8-2720 =

Fig. 1-15
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PIEZOELECTRIC ALARM

w 100k

vl

Ly =

Fig. 1-16

BURGLAR ALARM

-220

> ZIK
?

4 8

vy

LO&D

565 -2

47K

VWA 4

Fig. 1-18

GATED 2 kHz BUZZER
I o +3V TO 18V

1L

56-----

PB1 el
(PRESS R2 4n7
68Kk
FOR ON)!
1
: IC1L
GATE I
. Tx
100k PB-2720 —I-
NOTE:
IC1 1S 4011B
Fig. 1-17

LATCHING BURGLAR ALARM

%0 f
ST

a

{‘ sc ;@)
(

Circuit Notes
Closing the protective circuit (i.e., R1 to
R2) applies positive voltage to the gate of
SCR1 and sounds the alarm. It can only be
turned off with S1.

To N.O.
PROTECTIVE
CIRCUIT

Fig. 1-19
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SUN-POWERED ALARM

+

—= >R

Load

2N3906
PNP

SCR
Tube (painted black inside)

. @: Photocell

Fig. 1-20 Photocell ”b

Circuit Notes

Circuit turns on when light (sunlight) strikes photocell. Potentiometer R sets light
level at which the alarm sounds. Painted tube (black on inside) may be used on photocell
to aim at the sun.

FREEZER MELTDOWN ALARM

Magnet bonded
with ice

Froazor coils

3.5 M0 /

33M0
Reed swilch 77

Circuit Notes

The meltdown is a magnet held to a small stand by ice. A reed switch is below the
magnet. When the ice melts, the magnet falls on the switch, closing it, and completing the
alarm circuit.

Fig. 1-21

Pemanent
magnat

Reead swilch
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2
Amateur Radio

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Code Practice Oscillator Produces Automatic Self-Powered CW Monitor

Dits and Dahs Remote Rf Current Readout
Rf Power Meter Code Practice Oscillator
In-Line Wattmeter SWR Warning Indicator
CW Signal Processor Subaudible Tone Encoder
Two-Meter Preamplifier for Handitalkies Audio Mixers
Repeater Beeper Rf Powered Sidetone Oscillator
Electronic Keyer Harmonic Generator
-Code Practice Oscillator Autematic TTL Morse-Code Keyer
Automatic Tape Recording Remote Rf Current Readout

14



CODE-PRACTICE OSCILLATOR
PRODUCES AUTOMATIC DITS AND DAHS

Speaker

13K02 M —1 I
* 5

€ IN2148 XK

13k W
-

5
E‘_ Fig. 2-1

h

X INd1a8 r WLE ]

ToPin 1 of
%0 111 and 2521

o Li 100K " 12 100K 2
_@ '} VAV— —q@ [ To Pin 7 ot
2 » - ! ? 401 and 4081

ifi

L}
i} Muf

—— —— —— —

-

|

| Voo

I - g——= |
Key DT )

| 1

1

Circuit Notes

The circuit consists of a basic oscillator (above dashed line) and an automatic keyer
(below dashed line). The unit can be used with a straight hand key or a paddle key for
automatic operation.

15



RF POWER METER

RG S8 PASSED THROUGH TORQID

SKT1
C1
100
RFC1 %
wadbune
-
F
+—o OPOWER
5K swie
R
+
D4 & D5 50u.A F.8
INSIS o 2k
Fig. 2-2 =

Circuit Notes

Reflectometer (SWR Power Meter) covers three decades—from 100 kHz to 100
MHz. It can be constructed for rf powers as low as 500 mW or up to 500 watts.

18




IN-LINE WATTMETER

O TN
L1

G F{ ;‘P{Cz

5642 L2 568

IN34A/
NGO or
sirmilar

NGO or
similar

‘-———————

N et —— = > - = -
‘? {1 or singie range =

FORg g REF

.00%
arc i

Tmh

NOTES:

1

i
g
E

8

Ra K 100 - 260u Lz = T-50-2 toroid,
7 5K wound full core
L0 with No. 28 wire.
Rs 18" space between
5K " Re windings to allow
10K for L space.

Fig. 2-3

Circuit Notes

The circuit is not frequency sensitive. Its
calibration will be accurate over a wide fre-
quency spectrum, such as the entire amateur hf
spectrum, if the values of L2, the voltage di-
vider capacitors C1-2 and C3, and the resis-
tances of R1-2 are chosen properly. R1-2 and
CR1-2 should -be matched for best results.
Generally, R1-2 must be small compared to the

Ly =2 turn lnk

C1 —C2 See text.

.M'I,I

reactance of L2 so as to avoid any significant
effect on the L2 current which is induced by the
transmission line current flowing through L1.
The lower frequency limit of the bridge is set
by the R1-R2/Ls ratio, and the cutoff is at the
point where the value of R1-R2 becomes sig-
nificant with reference to the reactance of L2 at
that frequency point.

17



‘CW SIGNAL PROCESSOR

B OHMS
[LELF]

2.2k

4

% i
a . -

o— 100K PHONES
Aumoi 1000 13 ot
veur 3 || Comes, 172 7413 , 555 : 3

o . $i

r iz o |8 |7 3 z :
- ooz
T~ BaF 1Gu s
Ik hal 4
AN
7 77
10k
e 1 M- O+ 5V
L— 100K
o 022
. L]
’
4 ZNZBOE 355

[

Ifz ' 3

NS4 i
+
T 10ur T o.0f
. é
Flg. 2.4 77

Circuit Notes

This circuit provides interferenced rejec-
tion for the CW operator. The 567 phase-
locked loop is configured to respond to tones
from 500 to 1100 Hz. The Schmitt trigger re-
duces the weighting effect caused by the output
of the PLL remaining low after removal of the
audio signal. Ten to 15 millivolts of audio acti-

vate the circuit. For periods of loss of signal,
circuit B will automatically switch back to live
receiver audio after a suitable delay. (If a relay
-with a 5-volt coil is not available, the circuit can
also be powered from +12 volts.) When circuit
B-is used, the contacts on relay K1 replace S1.
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TWO-METER PREAMPLIFIER FOR HANDITALKIES

Preamplifier

Transceiver

-Circuit Notes

This simple, inexpensive, wideband rf
amplifier provides 14 dB gain on two meters
without the use of tuned circuits.

Fig, 2.5
REPEATER BEEPER
+5-i3V
8EER BEEP
DELAY LENGTH
PNIQM SO0K
x 500k 2 fiox
10K =0 10K
340K :J: 10K
| 4 10 {14 12
: - T0
z T2 =i fox  buoio
Lo ul L] A 10K 10K BNNH”
556 Nslv] -
FROM '0\?‘ ; : o 47K y ;T:TNESR
Cor e—J} = 8ger
- T " 3 DEVIATION
-'L--- -I—.Q‘—L_G, I TIMER SET
RESET
_T_1 Fig. 2-6
2
515y
acEpP 4
FREOUENCY 55y 10K
£iook .
i
el B o
_I_ L
47K . ::5 g: 47K
£ I sl
1
o Circuit Notes
| The signal from COR triggers Ul which
4 produces a beep-gate pulse that enables the
CELAY RANGE 0.3 TO 5 SECONDS analog gate consisting of D2 and D3 to pass the
BURS? RANGE  0.15T05 SECONDS beep tone generated by U2
TONE RANGE 500 TO 140GHz2 i :
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ELECTRONIC KEYER

'—0—- T
TRANSMITTER

0
-E:—I—> KEYING

PADDLE

12v0C¢
DASH + - .
Ot -0 i ‘Fig. 2-7
PARTS LIST FOR HAM'S KEYER Qt-HEP-253 pnp transistor
€1-3-uf, 6-VDC electrolytic R1-10,000-chm linear
capacitor potentiometer
C2~10-uF, 6-VDC electrolytic R2-50,000-0hm potentiometer
capacitor R3-1200-ohm, ¥2-watt resistor
D1-1NG0 diode R4_560-ohim, Yewatt resistor
K1-12-YDC retay R5-5000-ohm potentiometer

Circuit Notes

This circuit automatically produces Morse code dots and dashes set by time
constants invelving C1 and C2. R1 sets dot/dash ratio and R2 sets the speed. RS sets the
relay drop-out point,

‘CODE PRACTICE OSCILLATOR

"“D"f{[} SPEAKER Fig. 2-8

VOLTAGE DIVIDER

Circuit Notes
siog R
. = sv This simple cpo uses the 7404-low-power
B VL T Schottky hex inverter. C is a 5- to 30-uF elec-
3208 trolytic selected for the desired pitch. The
(PiN 7 )<—"<l : speaker is a 2-inch, 8-ohm unit,
Veo 8

| 1 | A

7404

OCorouoToTTrTTa
1 GND
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&.0°C
NPT

AUTOMATIC TAPE RECORDING

RS
27oKa N
> rd
RE RY )
15000 ZZoR MICROPHONE
,1, e INPUT
a b
> I
TO
————> CASSETTE
RECORDER
-
+3
¢
RI 3
012 12K 8 Ic,' 3
3 _
¥ R2
680K

1IC1 $k3688 CR LM3I900 OP AMP
IC2 SK4049 INVERTING HEX BUFFER

REMOTE
INFUT
LI [E] \
7

RELAY DPOT R5273-243

Fig. 2-9

Circuit Notes

Amateurs don’t have to miss the action while away from the rig. This circuit turns on

a tape recorder whenever the receiver’'s squelch is broken. ‘After signal loss, the
recorder will shut off following a slight delay,

SELF-POWERED CW MONITOR

-

{
:P—
‘P—

Magnetic
headphones

g A _ Fig. 2-10

L

°l1L
Ir

Circuit Notes

Position L near the transmitter output tank to hear the key-down tone. Then tape
the coil in place. C = .047 uF, R = 8.2 K, Q = HEP 253 (or equal), T = 500: 500 ohm
center tapped transformer. L = 2 to 6 turns on ¥%” coil form.
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RF SMALL
LINE" ™) Lamp @\

REMOTE RF CURRENT READOUT

SOLAR _
CELL i~ ma CM)

Fig. 2-11

200 OHM
SHUNT

Circuit Notes

A suitable pilot_lamp is illuminated by a

-smail sample of rf and energizes an inexpensive

solar cell; the dc current generated by the cell
is a measure of relative rf power, and may be

routed to a low-current meter located at any

convenient point. A sensitive, low-current
pilot lamp is desirable to cause minimum dis-
turbance to normal tf circuit conditions, The
number 48 or 49, 60 mA lamp is suitable for use
with transmitters above 1-watt output.

CODE PRACTICE OSCILLATOR

Loy

Q1

ez 4 SPI

51
Fig. 2-12 “"o——ji}—

Circuit -Notes

Osciilator, works with 2 to 12 Vdc (but 9 to
12 volts gives best volume and clean keying).
R1 can be replaced with a 500 K pot and the
circuit will sweep the entire audio frequency
range.

AN

SWR WARNING INDICATOR

I LED

TO ANTENNA

FROM
TRANSMITTER -

Fig. 2-13

g 3000

Circuit Notes

Opamp with dc input from SWR meter can
be adjusted to preset the SWR reading at which
the LED lights.
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SUBAUDIBLE TONE ENCODER

SWI
" 870 15vDEC
der Tee
~T00uF »T~.02uF
- 16V
68K
c3
as look  O%F
2N4i2a Y= % Ao e RS, OUTEUT TC INSERTION
R3 f POINT ON TRANSMITTER
36K Lce AUDIC BOARD. INSERTION
, T.Gos POINT WILL REQUIRE A LOAD-
¢s L ING RESISTOR. (VALUE DE-
~30pF PENDING ON RIS USED. 10K TO
NPO * .5 MEG FOUND EXPERIMEN-
Ra RS TALLY)
100K 1% .100K 1%
PP
.0a7
MYLAR .
cT Fig. 2-14
022 MYLAR 022 MYLAR
Ayl -
L —J
RE
333k
‘l A7 *Rx
LD '
RE ¢ .
E ] \
JR9] Rx 3
v swz
R0} 4 ©1 TONE sEL swiTcH
L0 4 s
fAI] * -/7
Rz}
10K TRIMPOTS
FREG ADJ.

Circuit Noies

This twin-T oscillator produces six preset subaudible tones from 93 to 170 Hz in

three ranges,

AUDIO MIXER

IN | N[ ‘r"{Rl

!

L

@__): IN 3 )' xR?&

Fig. 2-15

’_?LIOF
T =

_ ‘J.Rf
. 10uF
STATION
——{(—> TRANS-
MITTER

+|2-18V

Circuit Notes
The 741 op amp is used as a summing amplifier to combine several audio inputs.

Overall gain is set by Ru.
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RF-POWERED SIDETONE OSCILLATOR

0 +9 Vde
]
SHORT TELESCOPING %5
WHIP* :
ANTENNA | I 1
l J1 iy
A ca
001 )
D1 (135 .
1NBO M
_ 4 IC1 3 + ——
' RST 5o = —
1
Eﬂfc 1 =% SR R s
2.5MH S 15K o
777 /77 777

. “PORTABLE RADIO REPLACEMENT TYPE
Fig. 2-16

Circuit Notes

A sidetone oscillator is a special audio astable multivibrator. Keying is accomplished
oscillator that is turned on and off with the by applying a positive dc potential, developed
transmitter. The oscillator is rf-driven and bat- from-the rf signal, to the reset terminal of the
tery operated. It uses a 555 IC timer as an 555,

HARMONIC -GENERATOR

4 -0 15V
TD251 —I- o1
INPUT FROM
XTAL OSC
1 .
Il
01 2N3324 504V HARMONIC
OUTPUT
1k |
1y
SEE TEXT 2p
Fig, 2-17

Circuit Notes

This circuit will produce 50 #V harmonics through 1296 MHz with an input 0of 0.15-1
V from a 100 or 1000 kHz crystal oscillator. With a germanium diode instead of a tunnel
diode, harmonics can be heard up to about 147 MHz,
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AUTOMATIC TTL MORSE-CODE KEYER

TOICZEPIN1A

MECCANO
BRACKETS

swz swW1

ov Th TOC26 MICROSWITCHES =3
O PINT

1
I

IC2 & ARE 7471
IC3, 5 ARE 7400
SW1 1G4 15 7402
DASH

o—dq

sw2
-bov

Fig. 2-18

Circuit Notes

Automatically generated dits and dahs are produced over a speed range of 11 to 39
wpm. The upper limit can be raised by decreasing R2. SW1 and SW2 can be a “home-
brew” paddie operated key.
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3

Amplifiers

The sources of the following circuits are-coniained in the Sources section beginning on page 730, The
figure number contained inthe box of each circuit correlates tothe source entry in the Sources section,

High Impedance Differential Amplifier

Unity Gain Follower

Voltage Controlied Variable Gain Amplifier

Power Booster

Logarithmic Amplifier

Voltage Controlled Variabie Gain Amplifier

Discrete Current Booster

Precision Process Control Interface

Voltage Controlled Amplifier

Absolute Value Amplifier

Programmable Gain Noninverting Amplifier
with Selectable Inputs

x 1000 Amplifier Circuit

Inverting Amplifier with Balancing Circuit

Switching Power Amplifier

Precision Power Booster

Noninverting Voltage Follower

Color Video Amplifier

Fast Voltage Follower

Isolation Amplifier for Capacitive Loads

Cable Bootstrapping

Current Booster

Wideband Unity Gain Inverting Amplifier
in a 75 Ohm System

High-Speed Current to Voltage Qutput
Amplifier

Gated Amplifier

Reference Voltage Amplifier

Fast Summing Amplifier

Adjustment-Free Precision Summing Amplifier

Summing Amplifier with Low Input Current

x 10 Operational Amplifier Using L161

x 100 Operational Amplifier Using L161

Precision -Absolute Value Circuit

Ultra-Low-Leakage Preamp

Dc to Video Log Amplifier

+100 V Common Mode Range Differential
Amplifier

Wide Bandwidth, Low Noise, Low Drift
Amplifier

Signal Distribution Amplifier

Audio Distribution Amplifier

High Input Impedance, High Output Current
Voltage Follower

Precision Amplifier

Preamplifier and High-to-Low Impedance
Converter

Noninverting Amplifier

High Impedance, High Gain, High Fre-
quency Inverting Amp

Log-Ratio Amplifier

Inverting Amplifier

Logarithmic Amplifier
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HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

A

Vour =C (1 +a +b){V2 —v1)

R2 R6
ﬁg = R7 for best CMRR

R1= R4
A2 = RS
1 R6 2R1
= Gamn = Rz {1+ a3 1 =C(1+a+b)
Fig. 3-1
UNITY GAIN FOLLOWER
T+1sv
0.01uF
-4
d—_l_
10K )
INPUT
514}
8,9
OUTPUT
5K
10K
AN —15v
. 0.001uf
Fig. 3-2 i}
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U1B97E or
2NAOS

VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER

UV8a7E or

284091

VIDEO
OUTPUT

Fig. 3-3

Circuit Notes

“The tee attenuator provides for optimum dynamic linear range attenuation up to 100
dB, even at f = 10.7 MHz with proper layout.

l - o
K1
<
‘b
1 2N3638
106K
10K
O——AAA——
a
|
I O
5.1K K
K 2N697
>
?R'I
O-v

All resistor values are in ohms,

Fig. 3-4

POWER BOOSTER

Circuit Notes

Power booster is capable of driving mod-
erate loads. The circuit as shown uses a
NE5535 device. Other amplifiers may be sub-
stituted only if R1 values are changed because
of the Icc current required by the amplifier. R1
should be calculated from the following ex-
pression:

600 mW
1= ——

lec
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LOGARITHMIC AMPLIFIER

. Fig. 3-5

™

, & Set R11 for Voyt = 0-at Ijy = 100 uA
:‘: b. Set A8 tor Vot =3V at by =100 pA
c. SetR3I for Voyur= -4V at iy =10 pA

t 3300 ppMi/*C. Type Q209 avaiiabis
= = = from Tel Labs, Inc., Manchester, N.H.

Circuit Notes
Unusual frequency compensation gives this logarithmic converter a 100 us_time
constant from.1 mA down to 100 pA, increasing from 200 ps to 200 ms from 10 nA to 10

pA. Optional bias current compensation can give 10 pA resolution from — 55 °C to 100 °C.
Scale -factor is 1 V/decade and temperature compensated.

VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER

Az

A Circuit Notes
AT . .
Vi O—NWv - The 2N5457 acts as a voltage variable -
S— L1 e LTROT resistor with an Rusen of 800 ohms max, Since

the differential voltage on the LM101 is in the
low mV range, the 2N5457 JFET will have
R3 linear resistance over several decades of resis-
tance providing an excellent electronic gain

V- control.
GAIN CONTROL

Fig. 3-6
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-DISCRETE CURRENT BOOSTER

-0V = 24V
€2 gg
ViN O
10k
a4
Rg
33
O Yoyt
= R0
33
0103 MPS5560 ohs az
02 MPS6562 10k
Fig. 3-7
PRECISION PROCESS CONTROL INTERFACE
+15Y
FROW Z hHE TRANSHTTLEH _ 40 208wy
S AR TO L (HOOAS
4 20ma
g1 f
I .

Voyr HVFOA20ma
0V FOR 4 mA

b 15y

1
90 9%

1k

4

Fig. 3-8
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VOLTAGE CONTROLLED AMPLIFIER

R1
10k

WA

VinC
-0V TO +5V

vie & — AN ov

vine M‘: ov

NOTE: NO OUTPUT WHEN Vin C IS NEGATIVE
Fig. 3-9
Circuit Notes
This circuit is basically an op amp withan  nal (=10 mV) between pin 2 and 3 and by
extra input at pin 5. A current Lac is injected  controlling the current on pin 5, the level of the

into this input and this controls the gain of the  signal output (pin 6) is controlled.
device linerly. Thus by inserting an audio sig-

ABSOLUTE VALUE AMPLIFIER

10K
AAA +— " N—O v
D
? 10K
03 0k |12 5535 >

10K 10K

=4
Fig. 3-10
Circuit Notes

The circuit generates a positive output The accuracy is poor for input voltages under 1
voltage for either polarity of input. For positive V, but for less stringent applications, it can be
signals, it acts as a noninverting amplifier and effective.
for negative signals, as an inverting amplifier.
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PROGRAMMAEBLE GAIN -NONINVERTING
AMPLIFIER WITH SELECTABLE INPUTS

+1bY 18V

7
— Iy ',
ap-n2 - —OVour

z /
+¥5V +1BV
13 5 ~ [1a 5 "
[ GND Ve GND
Yine 1 SW-201 .
3 2 SW-201
:/JA 2 _J.r'\l" 2l
cH, ' | GAINy 1 | <
D——‘:D—'D— - O——D—D —2 a2 ke l00kn
Yinz i
1w o'rl 15 15 :/}/A L 10%
ey | o camy i
O__Ci }_D. - _Ci >_>_ —2
¥
N3 4y 1t
oTa 10 oTan oo
GHy | GAINg ]
- - D>

2K

Fig. 3-11

0—
2
| Eovys
"I’
2
]
2
3

x 1000 AMPLIFIER CIRCUIT

D1

|||-—

R4
501t

AAA

;

.‘IS |¢-: )
3
]
(2]
M

Raai 18V in7s7a
If‘:jj . +15Y
A3 [ A1 l A2

>

»
500 »25k1 S 25Kn

- Eou

1 1) -16¥
- saF 1.5k

omP—' Q1B 2N2060
oy ind

50 k¢

I“T

Fig. 3-12

VWA A

ALL RESISTORS 1%
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INVERTING AMPLIFIER
WITH BALANCING CIRCUIT

Rz

Ry

INPUT

Req may be zero or equal to the parallel
combination of R1 and R2 for minimum offset.

PRECISION POWER BOOSTER

+15V
2400
10uF

J—_ (TANTALUM)
10k =
© - 10k{L
o _ VA .
? .

IC = LM1D1 * 30pF
Fig. 3-13 Fig. 3-15 10uF
. . 0 I(TANTALUM)
Circuit Notes _15v
TYPICAL PERFORMANCE: =
SLEW RATE - == 18V/uSEC
0.1% SETTLING-———4uSEC (R, = 500)

QUIESCENT SUPPLY CURRBENT -—-1.5mA

SWITCHING POWER AMPLIFIER

>
ke

NONINVERTING
VOLTAGE FOLLOWER

ME1556G/ B % MC1538R/
MG 14566

1€,

e

Chlllctlllnlf.l T

Vp-V, ID?
(u ml <000

I % Error =
N naw‘n rzmm
111 2j = 30 Magohms, | < 20 He

WL1438A
01 pf
GASE

1V 1gs = 200 mAdc

Fig. 3-16
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COLOR VIDEO AMPLIFIER

750}

1 e B8 LOSB-1

(Yeow70)

IC = NES529

Fig. 3-17

750

ISOLATION AMPLIFIER
FOR CAPACITIVE LOADS

A2 g1k

0 Vour

A1l
S.1-k

LE188/6/7

+2V
o
-2V

& Overshoot &%

¢ ;= 10us
Whan driving large C| , the Vg, slew rets is detarmined by CL
and gy man)’

VEE

av '
-—;‘—“.E- —g“r‘ = %53 V/us = 0.08 V/us (with Gy shown}

Fig. 3-19

FAST VOLTAGE FOLLOWER

VDUT

300 pF

C1
3C pF ‘R1

Fig. 3-18 10K

Power Bandwidth: 15 kHz
Slew Rate: 1V/us

CABLE BOOTSTRAPPING

Fig. 3-20
Circuit Notes
Bootstrapping input shield for a follower
reduces cable capacitance, leakage, and spuri-
ous voltages from cable flexing. Instability can
be -avoided with small capacitor on input.
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HIGH-SPEED CURRENT TO

CURRENT BOOSTER
VOLTAGE OUTPUT AMPLIFIER
Al RZ
126540 .'mil.g

DIGITAL
INPUTS - > WY
10V MSB LS8
+

| L

4] B 82 83 B4 B5 56 57 &0
Vet
| REF
a "o LI DAC-GHE
- 200 Vgepi-i
v - Cg Vic

1 13 16 1
v " €1
- D.AuF
cam - YUT .y, i‘f i
= ‘Oersv I-\sv =

MAXIMUM LOAD CURRENT = rB0mA {10V + 20011)

Fig. 3-21 Fig. 3-23

WIDEBAND UNITY GAIN INVERTING LOGARITHMIC AMPLIFIER
AMPLIFIER IN A 75 OHM SYSTEM

| £
Warur
Ll
il
CLeaD ()
A1 = 1KQ y IN2218
O sa AP 7 of equw
': ], =2K0 ey =
rom oo m e oo
P Cowr s~ v 100 k
ks I B 1 2 () e AAA——d -
= G o
H e QRE) MC 1456 C
1 750¢ - MC 1556 eV
IC = NE/SES5538
= = Vo = Kyln (K2}
kX ki OFFSET
ADJUST

Fig. 3-22




GATED AMPLIFIER

INPUT

GATE

Fig. 3-25

FAST SUMMING AMPLIFIER

cz
| 1
11
|

N

C1
150 pF

Power Bandwidth: 250 kHz
Smali Signal Bandwidth: 3.5 MHz
Slew Rate: 10V/us

Fig. 3-27

REFERENCE VOLTAGE AMPLIFIER

REF - —O Vg = (1 +%%)VREF
| = 50pF*

= 181AS .t

FEATURES

1 MINIMUM BIAS CURRENT IN REFERENCE CELL
2 SHORT CIRCUIT PROTELTION

IC = HA-OPQ7

Fig. 3-26

ADJUSTMENT-FREE
PRECISION SUMMING AMPLIFIER

1 39) 2
3 'O—J\;yv
10k{:
Eaq A 3
RE&
2.5602
Fig. 3-28 =

LCircuit Notes
This circuit produces continuous outputs that
are a function of multiple input variables.
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SUMMING AMPLIFIER
WITH LOW INPUT CURRENT

A C5(2)
8 IL.
AN 1€
iNPUT R4
A —— ]
F
0.002 uF L 0.

LMI10B, A
Series

X 100 OPERATIONAL
AMPLIFIER USING L161

Ry
< 16K &

b o ~—O OUT
OUTPLT .
LMID1A(3} Fig. 3-31
or squiv
(1) Power Bandwidth: {3) In addition to increasing speed, L Coomp
260 kHz . the LMIDMA raises high and Ium“
Small Signal Bandwidth: low frequency gain, increases
-3.5 MHz output drive capability and elim-
Stew Rate: 10 Vs inates thermal feedback. . .
6x 108 Circuit Notes
12)ch = a1
Amplifier has gain-bandwidth product of
. 20 MHz with slew rate of 0.3V/u sec.
Fig. 3-29
x 10 OPERATIONAL PRECISION ABSOLUTE
AMPLIFIER USING L161 VALUE CIRCUIT
3V
o)
¥ IsuppLy = 1204
"
Y0hes2
> Ry :::vo—l\Mv—
2 100K 1
’_OVOUT
POUTIVE NPT
1. WaA=0,D2OFF, D1 ON
o (NP} ()it * o (P
5 OWITHRI=RI=RM4«RE: EyeEy 4 WITH 3= Ad= RE: Eg = 15V,
4 Vog EARON INCLUDED; s “Epe- (lll;:‘?;zﬂﬂni;.s)nim
Fig' 3'30 Ceomp fo* fin + Nz 6 WATHR1=Rl~-R3* A4 Eo'- —£1n
6.003 NEGATIVE INPUT 7. VOB ERROM INCLUDED:

Circuit Notes

Amplifier is 3 dB down at-100 kHz and has
a slew rate of 0.02V/u sec.

L n: wr,vwou . toe s Vs - 85vast
r wWedd ek 8 FOR BOTH INFUTE: Eg = + Emy

Fig. 3-32
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L BN
A PP 1 T ¥
! L.
£ 10w < 100K 5.
» M *P ™ :-I:
‘ =
BUTPUT 1x100)
LM361 e}
- s
of 100K 1%
s
GUARD 0 pF
o waz o
—_ T —
INPUT | 1K %
- Ot ]
¢ cnozz
am
AN 12V

YL

€L

=

Fig. 3-33

ULTRA-LOW-LEAKAGE PREAMP

Circuit Notes
Input leakage —2 pA at 75 °C.

+100 'V COMMON MODE
‘RANGE DIFFERENTIAL AMPLIFIER

R6
50 kil
OUTPUT

5 kil

10 Q

Pin numbers are shown for metal package only.

Fig. 3-35

DC TO VIDEO LOG AMPLIFIER

nF 3F
; F
VIDEO, 1™ e
N
LT sy %F
52 g w| w2
3
— 2 - 3
" n
AOLHOUIZ L
s, i,
o g o
T 1%
. By ’ 8
Voo = -0V O
ey - +10v
"
h
LoG
by VIDED
tdc TG 30MHG)
Fig. 3-34

- Parmiitic input capacitance (C1 a J pF for LF155, LF156, sno

Fig. 3-36

WIDE BANDWIDTH, LOW
NOISE, LOW DRiFT AMPLIFIER

Trrax %-240 kHz
v

-10v

s
Power BW: fpgy = 3

LF157 plus any scdditional |syout cepacilance) interacts with
fesdback slermants and creatss undesirable high fraquency pola
To compansste add C2-such that: R2C2 = RI1CY,
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SIGNAL DISTRIBUTION AMPLIFIER

T 43

Vol

—

ial

Fig. 3-37
Voi- L/

u,mgn

Charsetaristics

|, Powsr supplies sre protected
from.tha output fiult; 195 = 200 mA

1k, The small input current when CASE
W owiput current limit (0.5 mA)
will isolate Vi, Vo 1and ¥g2
from the fault ar Vg 3.

AUDIO DISTRIBUTION AMPLI_FIER

cC+
1Ma

Fig. 3-38
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HIGH INPUT IMPEDANCE, HIGH
OUTPUT CURRENT VOLTAGE FOLLOWER

Vi 0———o—o

MC1438R
MC1538R

MC1456,C
MC 1556

< Vg
s ZBOMO
’ i 26 © 100 e
1 ey = TU“ o 7 4700F 1 - 100 mA (max)
+ >— * VEE -
Fig. 3-39
PRECISION AMPLIFIER
50 M1} 10k
ANA———p e AAA
OFFSET L
V-l NULL =
1
so0 ket | o N100 ko2 ok
A A 8
e AT25 & o
™ 500 ki) “/5_[ ) Characteristics
: Ay = 1000 = 60 dB
3 001 uF v
001 4 DC Gain Error = 0.05%
Bandwidth = 1 kHz for —0.05% error
50 M1t 470 () Dift. -Input Res. = § MQ2
Typical amplifying capability
= — ey = 10 uV on Vom = 10V
Pin numbers are shown for metal package only. Caution: Minimize Stray Capacitance
AvcL = 1000
Fig. 3-40
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PREAMPLIFIER AND HIGH-TO-LOW IMPEDANCE CONVERTER

+12V

TO
CERAMIC "0u
CARTRIDGE
“INPUTS 1k CUTPUT

Fig. 3-41

Circuit Notes

Thiscircuit matches the very high imped-
ance-of ceramic cartridges, unity gain, and low
-impedance output. By “loading” the cartridge
with a -2M2 input resistance, the cartridge

characteristics are such as to quite closely
compensate for the RIAA recording curve. The
output from this, preamp may be fed to a level
pot for mixing.

NONINVERTING -AMPLIFIER

C2

'“3./._.

Voo

Fig. 3-42

148
10, 11,12

HIGH IMPEDANCE, HIGH GAIN, HIGH FREQUENCY INVERTING AMP

-18V

100K
20 BW = 100K Hz

Ay = 100
2, -2x 1090

Fig. 3-43

o]
-+15V
IC = HA2650/2655
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LOG-RATIO AMPLIFIER

N Wourt -1V LOGyg I bz
GAIN ® . OR -1V LOG1g Vi 'V 2
A1
15 4k
Va = +15Vv
Fig. 3-44
) 6
BALANCE L..::u
o
| 1
<
—— | ::15.an
Vo O=AAA >t £ ™
4:"‘ R1e TEL LABS
yo——4 5 Ry , :I: -3500ppm Q8%
glaD6az »
+ A1
NGTES
CIRCUTT SHOWN FOR NEGATIVE V OR Ly
15y FOR POSITIVE INPUTS 01 - PNP AND Va © - 15V
INVERTING AMPLIFIER
Fig. 3-45
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4

Analog-td-Digital Converters

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

8-Bit A/D Converter A/D Converter

Successive Approximation A/D Converter Three Decade Logarithmic A/D Converter

8-Bit A/D Converter Tracking (Servo Type) A/D Converter
8-Bit Tracking A/D Converter 3% Digit A/D Converter with LCD Display

8-Bit Successive Approximation A/D} Con- Fast Precision A/D Converter
verter High Speed 3-Bit-A/D Converter
Four Channe! Digitally Multiplexed Ramp Three IC Low Cost A/D Converter
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SUCCESSIVE APPROXIMATION A/D CONVERTER

+ 15V

= - 15V

24

} +
O VinO

21| 25

7 DGND VAL Ry Vew AGNDs PROG v+ AGNDF Res  lout HAZ60S !
ICL7134B 1
=
= - 1sv
LSB
8 - LSB
1af1a]12]11 g 7] e[ s[alal ]
) (S
- oaTA
-0 fOUT
* 0
TNB2TA g
Q
0
o| =T
T Puse
-5V 15113]12|11) 8] 5| 4| 3 ulaefu e sl 4~ B
+5V 181 Dzoe-...-oga_éz 1,E°7‘....°‘ 1% w5y
AMZ250.03 - AM25L03 .
- ! LTENLT P I, L | sHoRT
b _ s  cc | CYCLE
71 0 2 UNE
1N4148
O STATUS Fig. 4-2

I ‘ HPZ800

39k

‘*—H'——‘P
HP2800

+ 15V

Circuit Notes
A bipolar input, high speed -A/D converter uses two AM25L03s to form a 14-bit

successive approximation register. The comparator ‘is a two-stage circuit with an
HA2605 front-end amplifier used to reduce settling time problems at the summing node.

Careful offset-nulling of this amplifier is needed.
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B-BIT A/D-CONVERTER

MAXIMUM CLOCK RATE = 3.0MHz

ANALOG INPUT O

Vi = 0 TO -10¥
Ay 48k

THA148

10-81T ©-A CONVERTER

Fig. 4-4

MAXIMUM FULL SCALE
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1S #00DHr
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- s 6 Yh ale * 9 +5v TRACK
< 1 HOLD
127478 g upy 8288 8284 z——o/
TYPE "0 3 s UP/DOWN — 2 cut| UP/DOWN P 0__1_
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[io]a 5]+ 1ofa)s1a 7 =
“1:4 7400 .
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=
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1
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T - 3RC =
1 =0 5V
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MSB 5B ey
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+5V
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Input 15k xfl
1
Ly Set|Zero
0.22uF 1
N
1 16 FSR. i
2 15 ZNa24p 55 g
3 14 .-|.3 - A7
4 13 d nora
5 12 é 1-— -5V
<i5kN
8 " 7] 14 2
r 7 10} INTAO0E :
8 9 1 1
ZN4Z5E 47pF
8 Bit Digital
y Yy Output G J
ov P 4 |
- 13
1 ﬂ
- — Status
12 5
4765/4 r ¢ I—J
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Flg.- 4-3 Clock “Command
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=

F—o 3o 2 o
a 2 e . a «li o
R ® §% g "% g
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J_ POWER

= GROUND

' ANALOG
1/ GROUND
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Fig, 4.5

8-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER

BIFOLAR REFERENCE ANALOG
INPUT INPUT

+ 15V
UF REQ'D)
" - 1ev
FULL
ml—!r 15 A1
-— oML
20011 AD . Lo
DACIO0 V- 31—
2
M T h
-1V - 77
OO 00000000
LSk st 2
ut?
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[ & ]
L
"2
2 “18v +18v
M MNT 1 - LT L L ]
T sov v
ANALOG
" -GROUND
0auF 1uf
o sov "/
P o LY aI—I—- —18v
+5Y .ﬁ- +5¥
201uF > 4.7uF
START sov ov
POWER
COMPLETE GROUNC
cLocK
UY

SH0RH: CLOCK
| AT
- MULTIMLEXEA
A A

b [
L
OUAD -
LaTEH [~ | piaITAL
c ——— [ouTPuY
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[
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o £ J
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LATCH ——= mpuT

LA

[ IDENTIFIER

2T

< RESET

MNARY
COUNTER

WORST CASE CONVEREION TIME
12 SEC PR CHANNEL
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Fig. 47

A, B,C,D= LM324A _
12 LM y

Wy
™ V VY
LMI38 ZERO ADL I ’ 3
r

THREE-DECADE LOGARITHMIC A/D CONVERTER

bl
iy ]
10 my Ta -10¥) O~V A —AAA i+l

_A‘LA A A \ 100
AL Vin(-) VREF?

-

b ITT 1N
..T_"" 32
=3 ] .

-V g %

4k AA A
Fs gEYVY
“1

TRACKING (SERVO TYPE) A/D CONVERTER

- CLOCK
MAXIMUM CLOCK RATE = 3.5MHz

14148 3
Vo = 010 +10V
Ry = 4.8k

INPUT O
T MAXIMUM FULL SCALE ALE
SNE Wive WeuT st ]
+18 +8V + 15V +18V — 15
' %ompr % 0.02pF iu.oz wF io_mr ,L. ,.j,
® 7 POWER  ANALOG
GROUND  GROUND
Fig. 4.8

+5v
M TRACK HOLD
o
1/a T400- DIGITAL
2400 o OUTPUT
CLOCK
ouT il
4 ) Pl
c
__........{ p—O +5V
POR CLOCK WATE =~ 1.8MH: G = 4M0pF)
+ 15V
b 1NaTes
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3% DIGIT A/D CONVERTER WITH LCD DISPLAY

L1
21| 18] | &f
D INTIATE  wpp TS ]
CONVERBION
Vi TELEDYNE B750 CMOS
3 72 DIGIT A/D CONVERTER
) ves GNO
[ [ zo_L
1wan =
Dy
- =

Fig. 4-9

FAST PRECISION A/D CONVERTER

‘_15\!
; BIFGLAR  UNIPOLAR z RY(UNIPOLAR)
/ 9 S £
10081 100k52 i
10062
AR OUT Voo -Hv
’ BIFOLAR OFF
4 3 » =
2 1120V SPAN
w |,
t 1ov agmE [ = : ANALOG INRYTS
. ADESSA o l_a »
10 WV SFAN 18V +6V
19.9%k 0.5ma 0.1uF
. 4
P ] B DAC
REF IN o JRer [ 4 ouT 2 g
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nir our - o $a | Frwunr 4} o
GND A% Ingr ¥ CODE WLl
= 1k
|—_ CODE INPUT - D1
2 13 R
B~ (8 1
¥ 1 r X-X-E-N 3
! L]
o 1 {—‘
our L58
%
21 w8 4 kTN |
= 1
o Comr —— o 5T Ll
z 14 )
SERIAL'OYT oo AMZE04 SAR b—~— SRy
1 1o
5@; £ — ctock
L B.AuF 12
-
v 1.8uF v
ENPUT RANGES
Unipolsr Bipols Connecr Equry DAC Zgy71
DTO+G 16 INPUTTD A 2.35R0
©70+6 L INPUFTO A L90N0
BYO+20  iTa NPT TO B Yobk
B TO DAC CUT

Fig. 4-10
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HIGH SPEED 3-BIT A/D CONVERTER
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Fig. 4-11
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Input voltage range:-3.5 v
Typical conversion speed: 30 ns

THREE IC LOW COST A/D CONVERTER
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5

Attenuators

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Digitally Selectable Precision Attenuator Digitally Controlled Amplifier/Attenuator
Variable Attenuator Programmable Attenuator (1 to 0.0001)
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DIGITALLY SELECTABLE PRECISION ATTENUATOR

|
(]
- | tieLFwT
N
Wy +

a 14 LF3)
6§k
AAA 5/
) b 3
< A1 < 4 RE
S un ::?:ou ::lm
LFE3I3t -
& Fig. 5-1
| :/ x' ﬂ/ ‘:/ o All resistors 1% tolerance &
g B
l |CC5
v - B — p——— OFF
- o - | ]
Al a2 A3 L rreNUATION e 4 —— on
e e e s
D 0 e 0 ATTENUATION SELECT INPUTS
[ —t o8
0 1 L] --2dB ® Accuracy of better than 0.4% with standard 1% value resistors
0 1 1 ~3da ®  No offset adjustment necessary
1 0 0 -4 dB * Expandable to any number of stages
1 .0 1 -—5dB &  Vaery high input impedance
110 -6dB
11t ~7dB
VARIABLE ATTENUATOR
PHAIR] ! PNA3YI
VIDED (C3]] ] (P51 VIDED
mPut?—J_ I BuTPLY
- —_ -4 N .
1 £ T [y _| Circuit Notes
Popp— The PN4391 provides a low Rasen (less
than 30 ohms). The tee attenuator provides for
4""0—0—1 = optimum dynamic linear range for attenuation
- ou and if complete turn-off is desired, attenuation
i Wame! —_— of greater thar.1 100 dB can be obtained at 10
= “ > " I MHz providing proper rf construction
1M — .
3 '\ - techniques are employed.
A
e e Sy

Fig. 5-2
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DIGITALLY CONTROLLED AMPLIFIER/ATTENUATOR

v
15 O fArg N
- t
DAC1020 four 1
Tout 2
]
-
Al Az . A0
v v T e 20 . 1023-—N)
ouT = VREF | o~ Az TR QUT = VREF 5
2o D5, e 22D
3 4 1024

where:  0< N < 1023
N =0 for Ay ~ all zeros
N=1for AlD= 3 AI_A9=D

N~ 1023 for Ap = all 1's

Fig. 5-3
PROGRAMMABLE ATTENUATOR (1 TO 0.0001)
vy 10Mn Your
O AAA + > he
\
EE:.nn ok ik gew
3 14 1t 1
13 Ve
27108 | Wwo1FG
14 e
o
ls [18 Je 3
10 me b
SELECT SELECT 3SELECT SELECT
141 ATTENUATION WHEN ALL SWITCHES OFF)
Fig, 5-4
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6

Audio Mixers

The sources of the following circuits are centained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Four Input Sterec Mixer Passive Mixer

High-Level Four-Channel Mixer One Transisior Audio Mixer
Two Channel Panning Circuit Silent Audio Switching/Mixing
CMOS Mixer Hybrid Mixer

Mixer Preamplifier with Tone Control Four Channel Mixer
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FOUR-INPUT STEREO MIXER

s —

LEFT
OUTPUT

4} .&v =3 " ‘_‘1’)

NPUT 2

AN LU perox) 77
AX IN KILOHMS

@l jﬂ!—

[
o

LEVEL 2
100k

- i

] i
h

PAN 3

ADD MORE INPUTS
A3 REQUIRED

AC

RIGHT
DUTPUT.

Fig. 6-1

s RLtid

Circuit Notes

Four (or more) inputs can-be mixed and
produce stereo output. Gain of each stage can
be boosted by adding RX, but it should be kept
below 50 (RX above 2.2 K} to avoid poor fre-
quency, response. If more than four stages are

used, decrease RX to 6.8 K for six inputs, or 4.7
K for eight inputs. The op amps are 741 or
other lower noise types. The power supply

-circuit is also given.

55



‘HIGH-LEVEL FOUR-CHANNEL MIXER

Cl
S i
Ap ClA ~ i€
2 " ¢3 l
+i .05uF R3
«T- 2000 R2 10K R4
= » a5 L 10K
TR . = =
100 - =
7] 1cs > I
NOTCH
16 153 12 0 10 9 i3 : 1
J ' . ) ~J6 I -
W] 0> {€
r——
‘b
- AAN—G
( 23 45667 8 9i 1
1CI =
TOP VIEW o
2

PARTS LIST FOR HI-LEVEL MIXER
-€1-0.1-uF, 3 VDC capacitor
€2—-200-uF, 3 VDC capacitor
€3-0.05-uF, 75 ¥DC disc capacitor
C4—1-uF, 15 VDC capacitor
€5-0.1-uF, 15 VDC capacitor

Fig. 6-2

IC1—RCA CA 3052

R1—-100-0hms, ¥-watt resistor
R2-47-0hms, ¥-watt- resistor

R3—Potentiometer, 10,000-0hms

audio taper

R4-10,000-0hms, ¥%:-watt resistor

Circuit Notes
crophone but not witherystal or ceramic mikes
because the IC input impedance is low. Note
that all four circuits are identical but that only

To provide good signal-to-noise ratio, this
four channel mixer amplifier controls the signal
levels after the amplifiers, and then mixes
them to offer a combined output. The circuit
works with any 50 ohm to 50 K dynamic mi-

one is shown complete,

OUTPUT

1
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TWO CHANNEL PANNING CIRCUIT

141Ry

O CHANNEL 1 QUTPUT

WNPUT Cp—dg

Fig. 6-3

=0 CHANNEL 2 DUTPOT

Circuit Notes

This panning circuit (short for panoramic  soles. Panning is how recording engineers
control circuit) provides the ability tomove the  manage to pick up your favorite pianist and
apparent position of one microphone’s input  “float” the sound over to the other side of the
between two output channels. This effect is  stage and back again.
often required in recording studic mixing con-

CMOS MIXER

=0 +4-15V
vy
1™
jon
oUTPUT
NOTES:
1C1 18 4011
01 1S BCHY
02 IS BCW4?
O ov
.
Fig. 6-4

Circuit Notes

Four inputs can be mixed by duplicating  voltage on the base of switching transistor Q2.
the circuit to the left of C3 and using the fourth  Touching TP1 and TP2 alternately turns the
gate of 1C1. Two gates are used in a touch-  circuit on and off.
operated switching circuit that controls the
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MIXER PREAMPLIFIER WITH TONE CONTROL
INPUT T O——T{ .

as
aTaf K AT
RV1
i 4 AR
cz
FER S
INPUT 2 o—-—--l 2
RVT & e
x
01 QUTPUT
[
a3f
meur 3 o—=] a
2K
vl
®
o%
aE
INPUT 4 o._l s

Fig. 6-5

Circuit Notes

General purpose preamplifier/mixer accepts up to four inputs, has a gain of 1600,
and provides bass and treble controls that can be varied + 10 dBat 100 Hz and 10 kHz
respectively. IC1 and IC2Z = LM301A.

PASSIVE MIXER

10k
L input VVV-
' R1
- ¢
R3 L + R output
10k P
R input (e VvV
Rz
R4 g
Fig. 6-6 | =

Circuit Notes

This simple circuit can be used to combine stereo signals to produce a monaural
output. R1 and R2 isolate both circuits and R3 controls the level of the combined output
signal.




ONE TRANSISTOR AUDIO MIXER

1 -0

< 10k
INPUT 1 @) SVAVAA X
22k =
10k SuF_ SuF
INPUT 2 @) '—\WJ—+—I
22k Fig. 6-
oUTPUT g 6-7
10k
INPUT 3.8 >
22k

Circuit Notes

Three or more inputs with individual level controls feed into the base of Q1 that
provides a voltage gain of 20.

SILENT AUDIO SWITCHING/MIXING

47k Q2
O AN O
VIN?2 Q1,2 = 2N3819
1M
SWITCH TIME CONSTANT 47m$
ON. = 0V

OFF = —15Vd;7n

Circuit Notes

Fig. 6-8

Two or more signals can be switched and/or mixed without annoying clicks by using
FETs and a low input-impedance 0op amp circuit.
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HYBRID MIXER

<
R3 Re +6-15V
aM7 R? 220K
c1 - cs 100“] b
u
VA1 + 4u7
™ | ol ICia =y J>dpa
M7 RS @ licz
220k n
Fig. 6-9
NOCTE:
At IC1 1S 4011A
) IG2 IS 747
aM7 y |
ce 1 ¢Re I
VR2 1"|]+.m,. 2:7 100k TCS ov
v + ’ | 47u
™ ‘R2 IG1b enn— ©

am7 | Aé !
M 220k

Circuit Notes

IC1a and b are biased into the linear regions by R3 and R4. (IC1 must be 40114).
QOutputs from gates are combined by op amp IC2, which provides low impedance output.

FOUR CHANNEL MIXER
+9V 10 +24V OU:I}M

Bo—][—e—AAA—s Fig. 6-10

1uf

Cof—

1uf

po—

1pf

Circuit Notes

High gain.op amp combines up to four individually controlled input signals, The dc
power source should be well filtered (battery is ideal), and the circuit should be well
shielded to prevent hum pickup.
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7

Audio Oscillators

The sources of the following circuits are eontained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Wien Bridge Oscillator "Tone Encoder

Wien Bridge Oscillator Feedback Oscillator

Wien Bridge Oscillator Phase Shift Oscillator

Very Low Frequency Generator -800 Hz Oscillator

Audio Oscillator Tunable Single Comparator Oscillator
Sine Wave Oscillator Wide Range Oscillator (Frequency Range
Easily Tuned Sine/Square Wave Oscillators of 500-to 1)

Wien Bridge Sine Wave Oscillator Wien Bridge Oscillator

Phase Shift Oscillator Wien Bridge Sine Wave Oscillator
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WIEN BRIDGE OSCILLATOR

470 ko
%

470 ki
1%

Fig. 7-1

Circuit Notes

Field effect transistor, Q1, operates in the
linear resistive region to provide automatic
gain contral. Because the attenuation of the RC
network is one-third at the zero phase-shift
oscillation frequency, the amplifier gain de-
termined by resistor R2 and eguivalent resis-
tor R1 must be just equal to three to make up
the unity gain positive feedback requirement
needed for stable oscillation. Resistors R3 and
R4 are set to approximately 1000 ohm less than

the required R1 resistance. The FET dynami-
cally provides the trimming resistance neaded
te make R1 one-half of the -resistance of R2.
The circuit composed of R5, D1, and C1 iso-
lates, rectifies, and filters the output sine
wave, converting it into.a dc potential to con-
trol the gate of the FET. For the low drain-to-
source voltages -used, the FET provides a
symmetrical linear resistance for a given gate-
to-source voltage.
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WIEN BRIDGE OSCILLATOR

——— e ————— e,

Circuit Notes

[Ty

<

Fig. 7.2

-+

Wien bridge sine-wave oscillator using two RCA CA3140 op amps covers 30 Hz to
100 kHz with less than 0.5 percent total harmonic distortion. The 10k pot is adjusted for
the best waveform. Capacitor C1 and C2 are a two-gang, 450-pF variable with its frame
isolated from ground. Maximum output into a 600-chm load is about 1 volt rms.

WIEN BRIDGE OSCILLATOR

10

Amphitude

ML 15388/
MCHIERA

= Tlu.!nF CASE

Co
00016 ¢
‘o MC 15565/
100k S MC 14566
Lo
00016 uF 7 ::u‘:u
+
Characterstics
I fgn s

tram 0.0t Wz 10 19 &k H2

Dvee

Fig. 7-3

i

Y- 10t
Ry <50

W wpg = 200 mA
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A1 Rz

VERY LOW FREQUENCY GENERATOR

47K 1K ORFSET
A4 8s
8200 100K
A~ AP VAR
oK 1 « a5 e
27 53 y 1K
ouTPUT ic1 6 MULT 01 TR0 " Yoar] VAR
L2l g A1t IMEG i >
3 * & 528 ! Rtz -DMEGV
1 - oooT—anCHEE)
) .\ ) 2 3.fa3 8 78 g 0nE s "
1oN : ! : QUTPUT
' Fi -
pr— | o1l o2} &3l c4| cs|ce| c7fcal cal 3] 5 - RIS
= = = Sz | FREQ ALU
o Bl L TTTTTT oot o
> <Gy A T b s 1 1 C1=Ci2= |5+ 1
| 52A /I FREQ 2 2 c2=C13= A5+ J5
: 1 2 3 45 6 7 8 910 1,1 12 3 2 Ca—cia= |15
ELA— rlRIFIPERE=IZ IS N_Lm -
X oo jo v o & ‘-7' A (O S L 5 8 C5=C16= 066 + 0068
| TTTTTITTTTT 6 10 | 66=Ci7= |.05 + D1
CA1 cRz = T
DN UV U U S W [gort,  Fohe 7 12 | c7=C18= [.05
8 14 C8=C19= 033 +.01
1 s 9 16 Co=C20= 0.33 +.0047
77 iwux 10 18 | C10-C21= | .033
. 11 20 | C11=C22= |.015+.015
Fig, 7-4 >

Circuit Notes

Wien bridge oscillator generates frequen-

cies of 1 Hz and 2 tc 20 Hz in 2 Hz steps.
Mastimurn output amplitude is 3 volts rms of 8.5
volts peak-to-peak. A pot-and-switch at-

tenuator allows the output level to be set witha
fair degree of precision to any value within a
range of 5 decades.

AUDIO OSCILLATOR

O2uF-06uF
AL
FA

l':cﬂee-sa

Fig. 7-5

Circuit Notes

Almost any transistor will work.
R1 and C1 wili vary the tone,
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SINE WAVE OSCILLATOR
e

042 uF
1%
SINE
r ouTPUT

11
A3

11
10M
"

COSINE
ouTPUT

Fig. 7-6

~lg =1 Ha

-Circuit Notes

The oscillator delivers a high-purity sinusoid with a stable frequency and amplitude.

EASILY TUNED SINE/SQUARE WAVE OSCILLATORS

AN
Rz
R1
59K
350K
—V
Cc1+ cet
1 R
S R 1K
50 Cc4
QluF
R3:
1®
A7
RS w 5
= R SQUARE Fig. 7-7
I ouTPUT
!
1
cs
0.33uF
NE
QUTPUT
AAA

A6 + CG1=C2

# Frequency Adjust
* Amplitude Adjust

1

e ¢, VR;R,
Circuit Notes

This circuit will provide both a sine and square wave output for frequencies from
below 20 Hz to above 20 kHz. The frequency of oscillation is easily tuned by varying a
single resistor.
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WIEN BRIDGE SINE WAVE OSCILLATOR

2.7 uf

300k

0.068 uF
O Vgyr! <10 Hz

Circuit Notes

Using the 2N5457 JFET as a voltage vari-
able resistor in the amplifier feedback ioop,

N9 produces a low distortion, constant amplitude
sine wave getting the amplifier loop-gain just
INEAST (PSE) L right. The LLM103 zener diode provides the
voltage reference for the peak sine wave
-amplitude,

Peak output voltage
Vp = Vz + 1V

Fig. 7-8

PHASE-SHIFT OSCILLATOR

Circuit Notes

Circuit uses a simple RC network to pro-
duce an exceptionally shrill tone from a minia-
ture speaker. With the parts values shown, the
circuit escillates at a frequency of 3.6.kHz and
-drives a miniature 2%" speaker with ear-
piercing volume. The output waveform is-a
square wave with a width of 150 us, sloping -
rise and fall times, and a peak-to-peak
amplitude of 4.2 volts (when powered by 9
volts). Current drain of the vscillator is 90 mA -
at 9 volts, and total power dissipation at this
voltage is 0.81 watt, which is well below the
1.25 watts the 14-pin version will absorb (at
room temperature) before shutting down,
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TONE ENCODER

SK3124 (RCA)

10K
—AAA~————AAA——¢

_oéﬁ &)_,

00854 |/ .0C8S uly

N /

: Q —+ IN914DIODE
5K _—) [

77

Fig. 7-10

A
;37:2” gV BATTERY
— {I , ;_7
10K
005 put
N |
— AUDIO
OUTPUT
SK3124 /.}7—(
{RCA}
18K

MOMENTARY SPST SWITCHES

Circuit Notes

A basic twin-T circuit uses resistors for accurately setting the frequency of the
output tones, selected by pushbutton. Momentary switches produce a tone only when the

button is depressed.

FEEDBACK OSCILLATOR

C
OLifP_UT

C3 c1

—-

R2 ‘R3

Circuit Notes

Circuit oscillates because the transistor
shifts the phase of the signal 180° from the base

to the collector. Each of the RC networks inthe

circuit is designed to shift the phase 60° at the
frequency of oscillation for a total of 180°. The
appropriate values of R and C for each network

is found from f = 1/2V 3#RC); that equation 7

allows for the 60° phase shift required by the
design.

Fig. 7-11
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PHASE SHIFT OSCILLATOR

+9Vv
R1

CUTPUT
—0

2N2925

Fig. 7-12

WV

250 Hz

Circuit Notes

A single transistor makes a simple phase
shift oscillator. The output is a sine wave with
distortion of about 104. The sine wave purity
can be increased by putting a variable resistor
(25 ohims) in the emitter lead of Q1 (x). The

-resistor is adjusted so the circuit is only just

oscillating, then the sine wave is relatively
pure. :Operating frequency may be varied by

putting a 10 K variable resistor in series with
R3, or by changing C1, C2, and C3. Making C1,
2,.3 equal to 100 nF will halve the operating
frequency. Operatingfrequencycanalsobe
voltage controlled by a FET in series with R3,
or optically controlled by an LDR in series with
R3.

800 Hz OSCILLATOR

a50
250
HEP-295%4 _I‘s uF
p—
QUTPUT
Fig. 7-13
OF wF Ol uF O pF
-4
47K 56 A 210 10 EEIOA

+ + o o—i[I-

Si
12 vDC

Circuit Notes

The following transistors may be used: HEP-254, 0.C-2, SK-3004, AT30H. To
increase the frequency, decrease the value of the capacitors in the ladder network.
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Fig. 7-14

TUNABLE SINGLE COMPARATOR OSCILLATOR

Vs

Rg

HIO kQ < 4T k2

ouUTPUT

Circuit Notes

Varying the amount of this comparator
circuit’s hysteresis makes it possible to vary
output frequencies in the 740-Hz to 2.7-kHz
range smoothly. The amount of hysteresis to-
gether with time constant R6C1 determines
how much time it takes for C1 to charge or
discharge to the new threshold after the output
voltage switches.

WIDE RANGE OSCILLATOR (FREQUEMNCY RANGE OF 5000 TO 1)

Fig. 7-15

Circuit Notes

Timing resistor R may be adjusted to any
value between 10 K and 50 M to obtain a fre-
quency range from 400 kHz to 100 Hz. Return-
ing the timing resistor to the collector of Q1
ensures that Q1 draws its base current only
from the timing capacitor Ct. The timing
capacitor recharges when the transistors are
off, to a voltage equal to the base emitter volt-
age of Q2 plus the base emitter drops of Q1 and
Q2. The transistors then start into conduction.

Capacitor Cs is used to speed up the transition.

A-suitable value would be in the region of 100

pF.
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WIEN BRIDGE OSCILLATOR

50 k

Vgt
Vo

1
o= —
° 2nrRC

fo=1kH2

1
Veat = 3 Vec ‘ For
)¢ l A cK A= 18Kk0
> c C= 0.0V uF

Fig. 7-16
WIEN BRIDGE SINE WAVE OSCILLATOR
[} ]
750
——
DUTRUT
3
c2
“- @ 1mﬁ-
A2 ’
-~ 1008F o)1 _ 10V — 14 mA bulb ELDEMA 1858
)
& 4 L £1« C2
\ §= _-'_
2ZrR2C1
Fig. 7-17
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8

Audio Power Amplifiers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Low Cost 20 W Audio Amplifier
75 Watt Audio Amplifier with Load Line
Protection
Bridge Ampiifier
Noninverting Amplifier Using Single Supply
‘Noninverting Amplifier Using Split Supply
6 W, 8 Ohm Qutput Transformerless Amplifier
12 W Low-Distortion Power Amplifier
10 W Power Amplifier
Stereo Amplifier with Av = 200
AM Radio Power Amplifier
470 mW Complementary-Symmetry
Audio Amplifier

‘Novel Loudspeaker Coupling Circuit

Noninverting Ac Power Amplifier

Inverting Power Amplifier

Noninverting Power Amplifier

4 W Bridge Amplifier

Phono Amplifier with a “Common Mode”
Volume and Tone with Control

Phono Amplifier

Phonograph Amplifier (Ceramic Cartridge)
Inverting Unity Gain Amplifier

Bridge Audio Power Amplifier

Phone Amplifier

‘High Slew Rate Power Op Amp/Audio Amp

16 W Bridge Amplifier

A



LOW COST 20 W AUDIO AMPLIFIER

50V
Q1
INPUT 4 2N5961
1 T T T T e T T T T F—
10uF 25V
200uF 5V
* _
D1-D3=1N4148 |
Fig. 8-1

Circuit Notes

This simple inexpensive audio amplifier
can be constructed -using a couple of TQ-220
monolithic Darlington transistors for the
push-pull output stage. Frequency response is
fiat within 1 dB from 30 Hz to 200 kHz with
typical harmonic distortion below 0.2%. The
amplifier requires only 1.2 Vms for a full 20-W
output inte an 8 ohm load. Only one other
transistor is needed, the TO-92 low-noise
high-gain 2N5961 (Q1), to provide voltage gain
for driving ‘the output Darlingtons. Its -base

(point B) is the tie point for ac and dc feedback
as well as for the signal input. Input resistance
is 10 K. The center voltage at point A is set by
adjusting resistor R4. A bootstrap circuit
boosts the collector suppty voltage of Q1 (point
C) to ensure sufficient drive voltage for Q2.
This also provides constant voltage across R7,
which therefore acts as a current source and,
together with diodes D1-D3, reduces low-
signal crossover distortion.
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BRIDGE AMPLIFIER

3,45
10,10, 12

V=BV A xa0 Ppa 0w
Fig. 8-3 Wy =12V A <82 Py = LW
Circuit Notes

This circuit is for low voltage applications
requiring high power outputs. Qutput power
levels of 1.0°W into 4 ohm from 6 V-and 3.5 V
into 8 ohm from 12 V are typical. Coupling
capacitors are not necessary since the output

dc levels will be within a-few tenths of a volt of
each other. Where critical matching is required
the 500 K potentiometer is added and adjusted
for zero dc current flow through the load.

NONINVERTING AMPLIFIER USING SINGLE SUPPLY

% X

Vs
+

I__ TYPICAL SINGLE SUPPLY

* (LM77 ONLY)

8 - RESISTORS
§ - CAPACITORS
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NONINVERTING AMPLIFIER USING. SPLIT SUPPLY

143

LMI1B77
LM3II8

1,45,
11,12 ‘—Ol v-

*ILM1877 ONLY)

Fig. 8-5

B .

4 <RESISTORS -
4 - CAPACITORS

TYPICAL SPLIT SUPPLY

6 W,8’OHM OUTPUT TRANSFORMERLESS AMPLIFIER

AL
80

Fig. 8-6

Q1
az
a3
a4
as

NBO21EY
NB211YY
NROO1E
NA41IU
NAS2U
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12 W LOW-DISTORTION POWER AMPLIFIER
NG +1y n.lc:uf
1%
o
25
= Hi
w = i F
Rz (L] =
" il :
5
. L] 0
_ - L] e 1k ok 100k 1] 100 1k 1.7 1006
FREQUENLCY (Hz} FREQUENCY tHzl
k4l .
i II Ll &-‘W\’- ’_Il Response for Amplitier Distortion for Amplitier
- o o T
WYLAR
Fig. 8-7
10 W POWER AMPLIFIER
300:F
- 126V 0A7.F *
MYLAR Pore 100 R
- 1 " |
0.1.F L 2
0—) NSP 5191 . " : |
1000,.F En
< 15
34,5 R, [
19, 11,12 4 Vg = 26V
§ T AL = 451
= . 111
a8 1 i\ 10k
FREQUENCY (Hz)
l > Frequency Response
Fig. 8-
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STEREQ AMPLIFIER WITH Av = 200

305

10, 11,12
TAB GND

INPUT 2 =
500 uF
+

Fig. 8-9
e
FROM |
DETECTOR
VoL
10k

Note 1: Twist supply lead and supply ground very tightly.
Note 2: Twist speaker lead and ground very tightly,

Note 3: Ferrite bead -is Ferroxcube K5-001-001/38 with 3

turns of wire.

Fig. 8-10

Nota 4: R1C1 band limits input sigrals.
Note 5: All components must be spaced very close to 1C,

1]
SPEAKER
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-Fig. 8-11

470 mW COMPLEMENTARY-SYMMETRY AUDIG AMPLIFIER

9-12v
16 OR 32
820 f OHMS
Q1 - 2N2429 Qz
Q2 - 2N2706 :
Q3 - 2N2430
3 2

Circuit Notes ‘
This circuit has less than 2% distortion andis flat within 3 dB from 15 Hz to 130 kHz.

NOVEL LOUDSPEAKER COUPLING CIRCUIT

Circuit Notes

o
i +18V The ground side of the speaker is con-
IC1 IS LM 380 _J'Cg nected to the junction of two equal high value
] 10004 capacitors (1000 uF is typical) across the sup-
2 :14 8 S Z ply. The amplifier output voltage will be Vs/2,
sl ¢! 51 and so will the voltage across C1 (if C1 and C2
Bg . are equal); so as the supply voltage builds up,
RV1 =01 the dc voltage across the speaker will remain
° Pg a5k |TOPINS3. 4,5 [ 4500, zero, eliminating the switch-on surge. C1 and
INPUT 710,11, 12. C2 will also provide suppl thing. The
ov provide supply smoothing
o L - -& 0 circuit is shown with the LM380, but could.be
applied to any amplifier circuit, providing that
the dc voltage at the output is half the supply
Fig. 8-12 voltage.
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NONINVERTING AC POWER AMPLIFIER|

NONINVERTING POWER AMPLIFIER

¥ep® +30V
W=
FTY
s s
Vin
10k
7‘.‘: 2.2 6.6 abms 620 +§_ . WL g = 30 megohm tar [+ 20 Hz
I Ay = RAHOARE -2 :l\: e ?;h:‘nm -_t—T v - tor —“—:_B * V. igg = 200 mA
It lps = 200 m4 V. BWp = 1.0MH:
Fig. 8-13 Fig. 8-15
INVERTING POWER AMPLIFIER 4 W BRIDGE AMPLIFIER
Ag
wrut
MC 15566/ - MEISI0R/
MCI1456G a I ! - MC38A
N . 6~Ra
W fax :B 104q V. 1p§ * 200 mA
Fig. 8-14 Fig. 8-16

79



PHONO AMPLIFIER
WITH “COMMON MODE”
VOLUME AND TONE CONTROL

+18¥

3L
*FOR STABILITY WITH
HIGH CURRENT LDADS
**AUDIQ TAPE POTENTIOMETER
{10% DF Ry AT 50% RQTATION}

Fig. 8-17

PHONOGRAPH AMPLIFIER
(CERAMIC CARTRIDGE)

ok 12VT

109 pF 8 801
Tone Control A
1.0 Meg 2
KTAL 1.0 Meg 52

=3 e aAe——— O
0.002 uF 10 Meg2 -

Volume
Control

Fig. 8-19

PHONO AMPLIFIER

01uF

ERYSTAL
CARTRIBGE

Fig. 8-18

INVERTING UNITY GAIN AMPLIFIER -

01F

o

Fig. 8-20
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BRIDGE AUDIO POWER AMPLIFIER

R7

INPUT et

AAA

Frequency of Bridge
Amplifier

A5 FEEDBACK RESISTOR
fis FEEDBACK RESISTOR
A7-R10 INPUT RESISTORS

Ct-C4  BYPASS CAPACITORS
C5-C8 BYPASS CAPACITORS
€9-C12  BYPASS CAPACITORS

ol Res = =
Yy £ f—
—— 18V § Pﬁ-'1w 8 LOAD
= - ) wl
N = D1
I b £ :
—{}—4 5 3 X H
1 ---"--4-(:9 Z .
5 S_C* E 001 Po=d0W
+ . x
CASE g i =35
101 Buu -+ ] LTI T T3 S
0.001 ' i
00 1% 1wk 100k

FREQUENCY (Hz}

Total Harmonic Distortion vs.

Power

A1-R&  CURRENT LIMIT RESISTOR 0 150 2W
SkQ

15k
ke

AT uF 25Y ELECTROLYTIC
10uF 25Y TANTALUM
0.1 uF 25Y CERAMIC

Fig. 8-21

“FOA STABILITY WITH
HIGH CURRENT LOADS

PHONO AMPLIFIER

divider volume control is

Circuit Notes

Used when maximum input impedance is
required or the signal attenuation of the voltage

undesirable.

Fig. 8-22
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Fig. 8-23

HIGH SLEW RATE POWER OP AMP/AUDIO AMP

i +18 ¥
Io.47 uF
2N3780 ~
51k Your

Vi — VWA

PO(MAX) (8 11) ~ 18 W

5.1k

-13v

ID‘?#F
;.

‘Foatures

High Slew Rate 9 V/us
"High 3 dB Power Bandwidth 85 kHz

18 Watts Qutput Power Into an 8 {2 Load.

Low Distortion -—. .2%, 10 VRMS, 1 kHz Into 8

SIGNAL
iNPUT

Fig, 8-24

16 W BRIDGE AMPLIFIER

v
u.iv l:}\f
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9

Audio Signal Amplifiers

I .

The sources of the following circuits are contained in the Sources sectionbeginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

General Purpose Preamplifier

Basic Transistor Amplifier Circuits

Microphone Amplifier

Transducer Amplifier

Ultra-High Gain Audio Amplifier

Transformerless Microphone Preamp (Bai-
anced Inputs)

Transformerless Microphone Preamp (Un-
balanced Inputs)

Magnetic Pickup Phone Preamplifier

Disc/Tape Phase Modulated Readback Sys-
tems

Two-Pole Fast Turn-On NAB Tape Preamplifier
Tape Preamplifier (NAB Equation)

.LM382 Phono Preamplifier
"Tape Recording Amplifier

Magnetic Phono Preamplifier
Phono Preamp

‘Remote Amplifier

Adjustable Gain Noninverting Amplifier
High Gain Inverting AC Amplifier

Flat Response Amplifier

Preamplifier with RIAA/NAB Compensation
Tape Playback Amplifier
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GENERAL PURPOSE PREAMPLIFIER

POWER SUPPLY
+10V TO +40V dc.

W K,
INPUT H
+*
2 100k
 FUNCTION C3,4 1 C56/| C7,8] C9,10 R1, 2
Phono preamp 330n | 10uF | 10uF | 1n5 1k
J{RIAA}
Tape preamp 68n 10uF | 10uF | — -
| (NAB)
Flat 40dB gain - - 10uF | — -
Flat 55dB gain — 10uF | — — —
Flat 80dB gain - 10uF | 10uF | — —
Fig. 9-1

Circuit Notes

Not much can be said about how the LM382 works as most of the circuitry is
contained within the IC. Most of the frequency-determining components are on the
chip—only the capacitors are mounted externally, The 1.LM382 has the convenient
characteristic of rejecting ripple on the supply line by about 100 dB, thus greatly reducing
the quality requirment for the power supply.

RIGHT
ouTkUT

Rd
100k

84




BASIC TRANSISTOR AMPLIFIER CIRCUITS

+9v

Circuit Notes

Typical component values are given for
use.at audio frequencies, where these circuits
are used most often. The input and output
_phase relationships are shown.

COMMON EMITTER

COMMON COLLECTOR * Fig. 9-2
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Fig. 9-3

ELECTRONIC BALANCED INPUT MICROPHONE AMPLIFIER

Circuit Notes

It is possible to simulate the balanced per-
formance of a transformer electronically with a
different amplifier. By adjusting the presets,
the resistor ratio can be balanced so that the
best CMRR is obtained. It is possible to get a

BALANCE
CMRR

RC4136 which is a quad low noise op amp.

TRANSDUCER AMPLIFIER

4
l 1/2 LH2011 QuUTPUT
QN m— |
I
= < 22M -
Fig. 9-4
R3 R4
R 510 182k
19.6k 1%

1%

R A 4
s o (1072, - 2R R
A A2 « A3

Circuit Notes

This circuit is high-input-impedance ac  resistance is 880 M, and a gain of 10 is ob-

amplifier for a piezoelectric transducer. Input  tained.
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VIND

ULTRA-HIGH GAIN AUDIO AMPLIFIER

Fig. 9-5

$ Ov*

2N3684 (P52)

Vourt

ZN18G (P52
I
Ay = —
V73
Yis
- Yos

= 600 typicsl

Circuit Notes

Sometimes called the JFET w-amp, this
circuit provides a very low power, high gain
amplifying function. Since u of a JFET in-
creases asdrain current decreases, the lower
drain current is, the more gain you get. Input
dynamic range is sacrificed with increasing
gain, however.

MICROPHONE AMPLIFIER

Vg

-Rt
&M

.R2
M

* max gain trim

Fig. 9.6

1.5¥

Zoyr~ G800

®5kHe

Ay <1k
1, <100 Hz
t2~ 6 kHa
A ~ 500

Circuit Notes

This circuit operates from a 1.5 Vde

source.
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TRANSFORMERLESS (BALANCE INPUTS) MICROPHONE PREAMP

CMIC
WPUT

15y

Fig. 9-7

vour

v
" - METAL FILW
ARJ. Rz FOR Vput = 0¥pC
ADL RygFOR MAX CMAR
NGISE: -B3dB BELOW
ImV INPUT
THD = D.1%

Fig. 9-8

TRANSFORMERLESS MICROPHONE PREAMPS

Ay = 5208
“ - METAL FILM

NOISE: -69dB BELOW
Zmy

THD  B1%

(al LM381A S, E. Bias

(UNBALANCED INPUTS)

—mgm O—-[

{26042 tu

Rz .
560

T
0y

-

A, - 52dB
" - METAL FILM
NBISE: -67¢B BELOW

2mv
THE  0.1%
{b} LM3B7A
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MAGNETIC PICKUP PHONO PREAMPLIFIER

INPUT

= <

>
= > 4
< n

>
>
5 330

e A\ P () 15V
+

i Le g

»

< 15t

0.01uF

* 24k

AN
v

| 2N5458 (P55)
]

s
e < 5208
4 <
q. 1x
o

l__..

|
OUTPUT
I
0.004 ¢

D.001S uF

Fig. 9-9

__I

gl
+
>

<

>

& 22k I
< -

S0 uF

<
L
L
. S0.F p
I3

1
WMV y—0 15V

T
T

Circuit Notes
_ ratio of better than ~ 70 dB (referenced to .10

This preamplifier provides proper loading
to a reluctance 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

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

DISC/TAPE PHASE MODULATED READBACK SYSTEMS

|

|

!

|

|

+

Fig. 9-10 g—‘ :
|

T

1-t0 m¥ p-p

]

AMPLITUDE: |
FREQUENCY: AMHT | 7Ry

|

|

READ HEAD I

HFFERENTIATOR/AMPLIFIER

:

ZERQ CROSSING DETECTOR
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TWO-POLE FAST TURN-ON NAB TAPE
PREAMPLIFIER

Fig. 9-11

LM382 PHONGC PREAMPLIFIER (RIAA)

+H12V

i \
8.0016uF Tk
Fig. 9-13

TAPE PREAMPLIFIER
(NAB EQUALIZATION)

TAPE RECORDING AMPLIFIER

v

mprl-

T0 BIAS
0SCILLATOA

Riqg
399 100k
Io 274F tg

a0




MAGNETIC PHONO PREAMPLIFIER

30V

{1,8)
(.—

0.1uF
47k

(2,7}

v
0.0014F .

——

I 20uF

Fig. 9-15

REMOTE AMPLIFIER

R?
1w v
Vv '—T—, 1 sv
,2 P
N "
"
L1} §
e et
3 ‘ Vour
1 ' L
K3 =

y >
VIBRATION € R
SENSOR = 7 :: '

L

‘Fig. 9-17

PHONO PREAMP (RIAA
EQUALIZATION)

2,130—

510 67

CAPACITOR

C1 Only
C2 Only
C1&cC2

GAIN

40d8
55dB
80dB

Fig. 9-16

ADJUSTABLE GAIN NONINVERTING
AMPLIFIER

1
|

{1,14)
QAuF .

2,130

Ry

I
267k

GAIN = 1+22
R1

PINS 3,5 6,9 10 12
ALL NO CONNECTION

1 —
2n iy Ry

fp = LOWFREQUENCY -3dB CORNER
Fig. 9-18
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HIGH GAIN INVERTING
AC AMPLIFIER

1
Ly = ——

TN

fo = LOW FREQUENCY -3dB CORNER Co Ry =2> Ca Ay
INPUT IMPEDANCE = B¢

PINS 3 5 16.1Z NOT USED

‘Fig. 9-19

PREAMPLIFIER WITH RIAA/NAB
COMPENSATION

+15V

NES534

*Select to provide specified transdycer loading.
Output Noiss = 0.8mV rins {with input shorted)

All resistor values are in ghms.

Fig. 9-21

FLAT RESPONSE AMPLIFIER (FIXED
GAIN CONFIGURATION)

2,7
8004V A
) | g2k 1500pF
) 180
240k
I 20uF
Fig. 9-20 Fig. 9-22

TAPE PLAYBACK AMPLIFIER

0.uF
i (1.8
4
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10

Automotive Circuits

The sources of the following circuits are contained in the Sources section heginning on page 730. The
figure number contained-in the box of each circuit correlates to the source entry in the Sources section,

{rasoline Engine Tachometer
Speed Alarm

Speed Warning Device
Universal Wiper Delay
Courtesy Light Extender
Bargraph Car Voltmeter
Tachometer

High Speed Warning Device
Breaker Point Dwell Meter
Tachometer

Capacitor Discharge Ignition System
Windshield Wiper Control

Auto Battery Current Analyzer

Speed Switch

Windshield Wiper Controller

Windshield Wiper Hesitation Controi Unit
Ice Warning and Lights Reminder

Car Battery Monitor

Headlight Delay Unit

Windshield Washer Fluid Watcher

Car Battery Condition Checker
Overspeed Indicator

Sequential Fiasher for Auto Turn Signals
Auto Lights-On Reminder
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GASOLINE ENGINE TACHOMETER

Viar
15-24V T[
PROTECTION 4.
zEven g0
-..L@_L WmA
- Qaro (d.) meTeR a
™ 10k < 50 = G000
""v ‘V""
106 1 1 T T
-
= In 12 1 9 & 51409 | FREQUENCY = 200 Hr
i b , 5 roos
1’ £ rov
o V3 oo =L
b w0 £ 1.000 "
L2917 LM2607
CALIBRATE = o900 Vs x
- 1 lz 3 ' § O
1 € v w 0.588
20F 4 = LMZHI T (4705
—d — x 0992
002 F - 3
e £om
- - = o0
- =
SPARK COIL - T -3 1% 5 25 85 45 8%
DIST, TEMMINAL . TEMPERATURE ()
uunu(
SELECT
NO. OF
CYLINDERS :
Fig. 10-1

Circuit Notes

This tachometer can be -set up for any
number of cylinders by linking the appropriate
timing resistor as illustrated. A 500 ohm trim
resistor can be used to set up final calibration.

A protection circuit composed of a 10 chm
resistor and a zener diode is also shown as a
safety precaution against the transients which
are to be found-in automobiles.
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SPEED ALARM

" R3
KT

2N3904

LB o

POINTS
) *l,
11 '
lﬂﬁ.!

1

c2 08
0on  INSIG

101

a2
CD4011AE TIP3055

R2
K2
— AN

Fig. 10-2

Circuit Notes

Pulses from the distributor points are pas-
sed through a current limiting resistor, rec-
tified, and clipped at 4.7 volts. Via Q1 and the
diode pump, a dc voltage proportional to engine
rpm is presented to RV1; the sharp transfer
characteristic of a CMOS gate, assisted by

feedback, is used to enable the oscillator
formed by the remaining half of the 4011, At the
pre-set speed, a nonignorable tone emits from
the speaker, and disappears as soon as the
speed drops by three or four mph.
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=

SPEED WARNING DEVICE

Vee=1av

< ' A
> Fis- -

AN

VY

b

.01t -[-

b4

CPERATING WAVEFORAMS

1L

OPERATING WAVEFORMS

VIN

v | T T,
PIN &2

[/

L/

PIN G

PIN B

L

ouT

PIN G
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UNIVERSAL WIPER DELAY

* + -0 POSITIVE
T
VR1
- 250K
4
1508
VR2
25k}
= C3 | RLA D2
0.1uF 1N4003
A1 )
1%5) :
4 8
17
o1
e NESS5 ' > e
4.7%41 .
2 Ic1 ’ : | T4 TO WIPER
“IN4003 2:: CIRCUITRY
TS
8 5 1
o
/ swi
_L ,/ OVERRIDE
o = C2 :
100F 7T 0.1uF
T2
+ 4 ~—ONEGATIVE
Fig. 10-4
Circuit Notes
IC1 is connected in the astable mode, about 1 second to 20 seconds. SW1 is an over-
driving RLA. C3, D1, and D2 prevent spikes ride switch to hold RLA permanently on {for
from the relay coil and the wiper motor from normal wiper operation). The relay should
triggering IC1. VR2 is adjusted to give the ‘"have a resistance of at least 150 ohms and have
minimum delay time required. VR1 is the main heavy duty contacts. The suppression circuit
delay control and provides a range of from may be needed for the protection of IC1.
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COURTESY LIGHT EXTENDER

R1 +VE
15k
AN
D1 1
1N4001
b —Ppt —4
R2
C
a1 b Q2
+ C1  BC3381 © 2N3065
47 uF a
T 16V
—VE

Fig. 10-5

Circuit Notes

Most car door switches are simply
single-pole switches, with one side grounded.
When the door is opened the switch grounds

_the other line thus completing the light circuit.

In a car where the negative terminal of the
battery is connected to the chassis, the nega-
tive wire of the unit (emitter of Q2) is con-
nected to chassis the positive wire (case of
2N3055) is connected to the wire going to the
switch. In a car having a positive ground sys-
tem this connection sequence is reversed.
When the switch-closes (door open), C1 is
discharged via D1 to zero volts, and when the
switch opens, C1 charges up via R1 and R2.

Transistors Q1 and Q2 are connected as an
emitter follower (Q2 just buffers Q1) therefore
the voltage across Q2 increases slowly as C1
charges. Hence Q2 acts like a low resistance in
paralle! with the switch and keeps the lights on.
The value of C1 is chosen such that a useful
light level is obtained for about four seconds;
therefore the light-decreases until in about 10
seconds it is out completely. With different
transistor gains and with variation in current
drain due to a particular type of car, the timing -
may vary but may be simply adjusted by
selecting C1.
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BARGRAPH CAR VOLTMETER

RED LEDs GREEN LEDs RED LEDS
Pf oV e g e g e
0VE 11V 12v 13v 14v 15V
O TOBATTERY +Va
] VIA IGNITION SWITCH
| | <Y
El
£ S 8% &7 &2 £2 &% 62 LED 0
LED1 RED iED JLED ALED SPLEDB)LED 71LED 8) e
18 17 1w’ 15 w13 12 11 10
Ic1
LM3914
2 3 4 5 [: 7 8 g
ov
RZ
%2
A1
ak7 >
r RV2
5k0
AV SET LOWER
| 5k0 LT (10.5V)
SET UPPER
LIMIT {15V ov
ov
Fig. 10-6

Circuit Notes

The LM3914 acts as a LED-driving vol-
tometer that has its basic maximum and
minimum readings determined by the values of
R2 and RV2. When correctly adjusted, the unit
actually covers the 2.5 volt to 3.6 volt range,
but it is made to read a supply voltage span of
10-10.5 volts to 15 volts by interposing poten-
tial divider R1-RV1 between the supply line

and the pin-5 input terminal of the IC. The IC is

-configured to give a ‘dot’ display, in which only

one of the ten LEDs is illuminated at any given
time, If the supply voltage is below 10.5 volts
none of the LEDs illuminate. If the supply
equals or exceeds 15 volts, LED 10 illumi-
nates,
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TACHOMETER

R4
10k
D1 :
RV2
A2 50k
10k
8 4
2

.5
7
: 1

+12v
Circuit diagram ?8.0
of the tacho.
D1
8.2v .
a1l
RS - 100u
6ké
+
M1
imA ov
FSD - (GROUND}
P W—t o

An electrical signal ‘taken from the low
tension side of the distributor is converted into
a voltage proportional to engine rpm and this
voltage is displayed on a meter calibrated ac-
cordingly. The 555 timer IC is used as a
monostable which, in effect, converts the sig-
nal pulse from-the breaker points to a single
positive pulse the width of which is determined
by the value of R4 + RV2 and C2. Resistors R2

Fig. 10-7

Circuit Notes

and R3 set.a voltage of about 4 volts at pin 2 of
IC1. The IC is triggered if this voltage is re-
duced to less than approximately 2.7 volts- (Y&
of supply voltage), and this occurs due to the
voltage swing when the breaker points cpen.
An adjustment potentiometer RV1 enables the
input level to be set'to avoid false triggering.
Zener diode ZD1 and the 180 ohm resistor
stabilize the unit against voltage variations.
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INFUT FROM
SPARK COil 10k

f
[
|
I
|
I

a0z ¢

1

INPAT Hil TER K AMPLIE IF R

HIGH SPEED WARNING DEVICE

AL

£OR FREQUENCY ,__L,\Tg;’_‘ "
a A? =
'nuuaumaf G) | )
z. / |

IC = LM2800 or
LM2807 or LM2017 L L e L S |

IGN

 OPTIQNAL
TACHEMETER

CLOSED N
TOP-GEAR
NSNH

i0.F QUTPUT

— e (I

Vi

TACHOMETER + COMPARATOH & DUTPUT

Fig. 10-8

Circuit Notes

‘Al amplifies and regulates the signal from  voltage with the reference voitage and turns on
the spark coil. A2 converts frequency to vol-  the output transistor at the set speed.
tage so that its output is a voltage proportional  Amplifier A4 is used to generate an audible
to engine rpm. A3 compares the tachometer -tone whenever the set speed is exceeded.
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BREAKER POINT DWELL METER

B %
470
- 11 8
CHARGE ’
POINTS PUMP %
. GHOUNU‘j- l—, ?_—q
25 3 a

Fig. 10-9
TACHOMETER
veg = +12V
MAGNETIC PICKLP y
HYSTERISIS AMPLIFIER 120 MONOSTABLE-MULTIVIBRATOR PULSE AVERAGING
100k )
usoe100 J ! — 61uF
of Bquiv LF 1 3t
0k - i"“" 100k 100 & >
MAGNETIC . R1
) POWER Lo—‘—\\ - ~J_10m
surrLY a2 >—o0- 3 -0~ vo - awr o b—o QuTPUT
{nonraguisted} / ¢ ‘ [ N
MSD8100 l 01 o 0.01, N 500 &
ppedng :‘.“ 1% I Ry
Hywerieis Voltags lov Switching Timing-bntorval - £~ 07 AV EY Vop > V.06 - Ay -1
VH* _'Ni_ﬂ__'l vee - 1.8) L37A]

Fig. 10-10
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CAPACITOR DISCHARGE IGNITION SYSTEM

TORDID TRANSFOAMER

NP—
"
T0
? {_* ~ A T DSTRIBYTOR
o
at
1+ = % o - -
TN [ -
T
a2 IGNITION
30 05 coi
u.s% W= - {
39K
-y |+ . . 1K
S F———IW — 01 NAGW
_4._ IUUMO '6(5 & I 03 02 NAGIW
Hy [ =02 03 NBINEY
BREAKER I :
- POINT el -
Fig. 10-11
WINDSHIELD WIPER CONTROL
+12V TAB SCR
I WIPER LOW POLYPAKS
SPEED LINE 892CUIT30
1 OR SIMILAR
- A 4 L A KG
b ) IT\ G
S S60K K SN4BT)
1 UN{JUNCTION
E LH " TRANSISTOR
[ 2 i . /32
B E
22/35v It 1 ’
TANTALUM “T™ Se8 = ol %00 DIODES -1 AMP PLASTIC
RESISTORS - i/2 WATT
77
Fig. 10-12

Circuit Notes

Here's a good way to set windshield wipers on an interval circuit. Only two
connections to the car’s wiper control, plus ground, are required. Variable control can be
accomplished by substituting a 500 K pot in series with a 100 K fixed resistor in place of
the 560 K.
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Probe

Probe. | a——Edttary cabia ~

AUTC BATTERY CURRENT ANALYZER

To Pin 7 +1.5v.

ToPin 4 -t v,

5K
- Metar

- o
BN ARST
Car frame Starter
{ 1a. 4o
Polarity
i
|
1002, 10M .
.| - Commonl
. : 2o
Fig. 10-13

77

This op-amp analyzer can measure the
current drawn by any device in a car. The
analyzer works by measuring the very small
voltage that develops across the battery cables

calibration

500pA

—1:8v.

Circuit Notes

when current flows. To calibrate the unit, mea-
sure the current flow somewhere in the car
with an accurate ammeter, then adjust the
analyzer for that current reading.

SPEED SWITCH

- 8 5
: !
1 2 3 3

5k 5k OVee
f

Circuit Notes

Load is energized when

1
fin

W

2RC
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WINDSHIELD WIPER CONTROLLER

Circuit Notes

This circuit provides complete speed con-
trol over car's windshield wipers. They can be
slowed down to any rate even down to four
sweeps per minute. The controller has two

principal circuits: The rate-determining
circuit—a unijunction transistor connected as a
freerunning oscillator, and the silicon-
controlled rectifier which is the actuator,

WIPER MOTOR

+12 v SOURCE
{THROUGH CAR'S
WIPER SWITCHY

N .

|
I
):( BREAK WIRE
]
]

Fig. 10-15

WINDSHIELD WIPER HESITATION CONTROL UNIT

t2v

GROUND

A

CHARGE e - )
156 2 -
PATH = & L 6 4
- 7 5 .
— 50V
1| B, §a L CERamic
Er-S
! CISCHARGE e MOTOR
PATH SWITCH
cA1 o 555 1Ng14 :
Thota ¥ 82K || TMER »l :
botraw ElLl
CRz B
1Ng14 2 1V 12000
N914 2K CDE 803-13
c1 OR EQUIVALENT
+ 40 uF

20V
TANTALUM

This circuit uses the 555 timer in the asta-
ble or oscillatory mode. The length of time the
timer is off is a function of the values of C1, R2,
and R3, The potentiometer which controls the

>

Circuit Notes

amount of “hesitation”. (Approximately 2 to 15
seconds.) R2 provides a minimum time delay
when R3 is at its zero ohms position.

Fig. 10-16
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NTC

ICE WARNING AND LIGHTS REMINDER

THERMISTOR

- ot
. +12v
REED R4
SWITCH 470R
VR1
:.)lNGHTS b
- LIN
=) -~
LED2
3 m .
-
-
En a3 A2 ’“
k3 LD
BUZZER \ ORP 12
——. Ve

This device will tell adriver if his lights
should be on and will warn him if the outside

temperature is nearing zero by lighting a LED  gain NPN transistors will work.
and sounding a buzzer9 VR1 adjusts sensitivity

Circuit Notes

for temperature, VR2 for light. Both thermistor
and LDR should be well protected. Most high

Fig. 10-17

>
10K

CAR BATTERY MONITOR -

+12v. from car

Circuit Notes

Fig. 10-18

below preset “safe” limit.

Warning light (LED) indicates when bat-
tery voltage falls below level set by 10 K pot.
Can indicate that battery is defective or needs
charging _if cranking drops battery voltage
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HEADLIGHT DELAY UNIT
L3 swr
1_3\‘7_.1_, TO +Ve CAR
__________ BATTERY

°“’\ v ™ TO HEADLIGHTS
' (PARALLEL WITH
180R . PRESENT SWITCH)

Fig. 10-19

i

Circuit Notes
This circuit will operate a car’s headlights  begins to charge through VR1 until Q1 turns
for a predetermined time to light up the drive-  on, turning Q2 off. The relay will then open
way or path after the driver has left the car.  switching off both the lights and the unit. The
5Q1 is pushed and Q2 is turned on closing the  delay is governed by the time taken for the
relay and turning-on the car's headlights. C1  capacitor to charge, which is about one minute.

‘WINDSHIELD WASHER FLUID WATCHER

+12V VIA
IGNITHON SWITCH 81
o
300-0HM TWIN-LEAD RS SILENCE
WITH BARE ENDS e
S

USED AS PROBES

Fig. 10-20

i

I

WINDSHIELD WASHER —L— —
RESERVOIR - -

Circuit Notes

This circuit relies upon the minute current between two conductive probes sus-
pended in a washer fluid reservoir. When'the level is below the probes, Q1 turns on and
the Sonolert sounds.
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CAR BATTERY CONDITION CHECKER

TO 12V LINE
THAT IS

s TURNED ON
B8Y IGNITION
-SWITCH

\
B
' LED
4081 ’t"/aw
ZENE

'/77CAR FRAME

‘Circuit Notes

This circuit uses an LED and 4081 CMOS
integrated circuit. The variable resistor sets
the voltage at which the LED turns on. Set the
control so that the LED lights when the voltage
from the car’s ignition switch drops below 13.8
volts, The LED normally will light every now
and then for.a short period of time. But, if it
stays on for very long, your electrical system is
in trouble,

Fig. 10-21

OVERSPEED INDICATOR

ray

43082

6812

-4

L 7 8 s

—ls —_————— 1l m

| "_"j_- | 15042
.? -

l CHARGE |:
PUMP

| L

L ]

4

LED

FLASHING BEGINS WHEN 1, .+ 100 Wt
FLASH RATE INCREASES WITH INFUT FREQUENCY
INCREASE BEYON(D TRIP POINT

Circuit Notes

.An op-amp comparator is used te compare
the converter-output with a dc threshold vol-
tage. The circuit flashes the LED when the
input frequency exceeds 100 Hz. Increases in
frequency raise the average current out of ter-
minal 3 so that frequencies above 100 Hz re-
duce the charge time of C2, increasing the LED
flashing rate. IC = 1.M2907 or LM2917

Fig. 10-22
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SEQUENTIAL FLASHER FOR AUTOMOTIVE TURN SIGNALS

TIMER NOC. 1

FIMER NO. 2

QFF
2 i,

+lzv MECHANICAL A
FLASHER
{LOAD
DEPENDENT, A
"3 LAMPS)
SCR, SCRy
CIO6F CIOBF
A
QD 02 D V QD
2N6027
LAMP 2Ry & o LAMP ¢ LAME
4 ! 3 100K 2= 4
NO. I 100K 100K S  SpF 7 No 2 T 00K o SFF’I‘ ] NO 3
o i J

X

Circuit Notes

When. the turn signal switch $1 is closed,
lamp #1 will be activated and capacitor C1 will
charge to the triggered voltage of Q1. As soon
as the anode voltage on Q1 exceeds its gate
voltage by 0.5 V, Q1 will switch into the low
resistance mode, thereby triggering SCR1 to
activate lamp #2 and the second timing circuit.

Fig. 10-23

After Q2 switches into the low resistance
state, SCR2 will be triggered to activate lamp
#3. When the thermal flasher interrupts the
current to all three lamps, SCR1 and SCR2 are
commutated and the circuit is ready for another
cycle.

AUTO LIGHTS-ON REMINDER

+12VDC

LIGHT SWITCH

50PIV
1A

@:

Fig. 10-24

+12vDC

IGNITION
SWITCH

15.250
BUZZER

IGNITION
LOAD

Circuit Notes

The alarm is composed of a diode, buzzer, and limiting resistor. The diode serves as
aswitch which allows the buzzer to sound off only when the light switch is closed and the

ignition is turned off.
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11

Battery Chargers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

12 V Battery Charger Automotive Charger for Ni-Cad Battery Packs
Simple Ni-Cad Battery Charger Constant Voltage, Current-Limited Charger
12 V Battery Charger Control (20 Amps Rms Ni-Cad Charger
Max.) Simple Ni-Cad Battery Zapper
‘Battery Charger Battery Charging Regulator
Automatic Shutoff Battery Charger Low-Cost Trickle Charger for 12V Storage
200 mA-Hour, 12 V Ni-Cad Battery Charger Battery
Ni-Cad Charger with Current and Voltage Fast Charger for Ni-Cad Batteries
Limiting Current Limited 6 V Charger
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12 V. BATTERY CHARGER

500 '
Vinz 18V o—[ LM350 —_
LED
. ¢
al
ZN2906
>
7:; R1
A1 ’blk +
01uF -
M T~ 1 uf

1 ®

Fig. 11-1

Circuit Notes

This circuit is a high performance charger
for gelled electrolyte lead-acid batteries,
Charger quickly recharges battery and shuts off
at full charge. Initially, charging current is
limited to 2A. As the battery voltage rises,
current to the battery decreases, and when the
current has decreased to 150 mA, the charger
.switches to a lower float voltage preventing

overcharge. When the start switch is pushed,
the output of the charger goes to 14.5 V. As the
battery approaches full charge, the charging
current decreases and the output voltage is
reduced from 14.5 V to about 12.5 V terminat-
ing the charging. Transistor Q1 then lights the
LED as a visual indication of full charge.

L TD12v
BATTERY
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PARTS LIST FOR
NICAD BATTERY CHARGER

C1—100-uF, 50-V electroiytic
capacitor 117 Vac

D1—1-A, 400 PiV-silicon rectifier gn/60 Hz

Q1~—40-W, pnp power transistor

R1—2000-chm potentiometer

T1—24-Vac, 117-Vac primary
filament transformer

Fig. 11-2

heatsink.

SIMPLE NI-CAD BATTERY CHARGER

D1

|A!

1

I 24 Vac Fﬂé [
-

€15 - /-..9*

0 -25 Vdc
500 mA max.

Circuit Notes

This circuit provides an adjustable output voltage up to 35 Vdc and maximum output
current of 50 mA. Transistor Q1 dissipates quite a hit of heat and must be mounted on a

T1 - PRIMARY = 30 TURNS #22
SECONDARY =45 TURNS #22
CORE = FERRQXCUBE 203 F 181-3C3

2N6167 IS RATED AT 20 AMPS RMS.
Fig. 11-3

" A - SERIES RESISTANCE TO LIMIT CURRENT THROUGH SCR.

12 V BATTERY CHARGER CONTROL (20 AMPS RMS MAX))

R* 2NG167
AN ~’i\
MR 1121
) T O
p 2 HE
_ Se68k
50 V RMS BATTERY
MAX : 12V —
{60 H2) 2N4851 —_
o
714
1N4735
—(
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BATTERY CHARGER

M1
dc AMMETER
0-15A
-
CR1
FW BRIDGE RECTIFIER
25A 100 PIV
POLY PAKS 92CLi1234
o TRl
- TRIAC
. T 20 Al
Fig. 11-4 16 vac A 8A 200 PRV
R.S. 276-101
o i »
T R2
TRANSFORMER 10k D1 R4
120 Vac POT  B1-DIRECTIONAL DIODE 100
R.S. 276-1050 T e w
R1
120 Vac 60 Hz 330 )
1/2 W <
cl1 : 1 ca
0.1:F [ - 0.1 uF
. A
o 200 V T 200 V 200V

Circuit Notes

A diac is used in the gate circuit to provide  work for the signal being applied to the gate. R1
a threshold levei for firing the triac. C3 and R4  is selected to limit the maximum charging cur-

provide a transient suppression network. R1, rent at full Tetation of R2.
R2, R3,-C1, and C2 provide a phase-shift net-

AUTOMATIC SHUTOFF BATTERY CHARGER

T3 3080 300
P révy - e
i' . M . . G
“"@ T M
} TRIAC J- a| TRIAC OR L
: OR SCR SCR 2470
o ¥ T WW
100uF o a8z
28y ZENER | 50081
5K < WW
< *? CHARGE
) sTOP

Fig. 11-5
Circuit Notes
Adjust by setting the 500 ochm resistor while-attached to a fully charged battery.
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200 mA-HOUR, 12 V NI-CAD BATTERY CHARGER

2N2219

NGO

sa

+24v0C O— ' p——Pp-——0+ sarTERY
T0 BE

”[7_°' CHARGED

VS

Fig. 11-6

I J‘

a2k

2N2222

-INTB2

Circuit Notes

This circuit charges the battery at 75 mA
until the battery is charged, then it reduces the
current to a trickle rate. It will completely
recharge a dead battery in four hours and the

battery can be left in the charger indefinitely.
To set the shut-off point, connect a 270-chm,
2:-watt resistor across the charge terminals and
adjust the pot for 15.5 volts across the resistor.

NI-CAD CHARGER WITH CURRENT AND VOLTAGE LIMITING

ADA,

!

*Cl=4704F OR
‘GREATER

Fig. 11-7

-+
CIG LGHR PLUG o - -
= 2

Oy
v
LED 1
12-15vVoC —
T
Zl
4 Ol

Circuit Notes

Lamp L1 will glow brightly and the LED
will be out when the battery is low and being
charged, but the LED will be bright and the
light bulb dim when the battery is almost ready.
L1 should be a light bulb rated for-the current
you want (usually the battery capacity divided

by 10). Diode D1 should be at least 1 A, and Z1
is a 1 W zener diode with a voltage determined
by the full-charge battery voltage minus 1.5 V.
After the battery is fully charged, the circuit
will float it at about battery capacity divided by
100 mA,
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AUTOMOTIVE CHARGER FOR NI-CAD BATTERY PACKS

REGULAR 72 0HM
CHARGE TWATT

Ple, ’ AN —0
\ SILCON DIDDES

TOAUTO RAPID 126 OHM P !
CIGARETTE LIGHTER CHARGE LED 1WATT 50P.LV.AT200mA
PLUG - g— SUFFICIENT. LARGER

- o VALUES ACCEPTABLE.

r. o SEETEXT

47 OHM
TWATT

Fig, 11-8
Circuit Notes

The number of silicon diodes across the output is determined by the voltage of the
hattery pack. Figure each diode at 0.7 volt. For example, a 10.9- volt pack would require
10.9/0.7 = 15.57, or 16 diodes.

CONSTANT-VOLTAGE, CURRENT-LIMITED CHARGER

1IC LM723C VOLTAGE REGULATOR (FOR 12V dc
OUTPUT 0.42A MAX.)

TI D1

Circuit Notes
For 12 V sealed lead-acid batteries.

Il TRANSFORMER, DC 13V IRMS), 1-3A (RMS}
. DY 100V 1A DIODE

€l S0V, 470aF ELECTROLYTIC CONDENSER
TRI MJ2540 I0A 60V | 50W (MOTOROLA)

10 LM723C INATIONAL SEMICONDUCTOR)

Rt 4 7 OHM {/2W 3P

RI SIK OHM 1/4W

Rl 34K (OOHM 1/4W

K4 75K OHM 14w

RS HIK OHM /AW

VR 2K OHM

€1 50V 1000PF

Fig. 11-9
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Fig. 11-10
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NI-CAD CHARGER

=

/f
-
LED1 W2
PARALLEL
2v 7/ CELLS
Yt oo -
LEDZ Ve
-gimes,
LL
// SINGLE ——
O=d CELL !
Lep3 W3 T 1
—_
L3l
L4 O - : |

This circuit uses constant current LEDs
to adjust charging current. It makes use of
LEDs that pass a constant current of about 15
mA for an applied voltage range of 2-18 V. They
can be paralleled to give any multiple of 15 mA

‘Circuit Notes

and they light up when current is flowing. The
circuit will charge a single cell at 15, 30 or 45
‘mA or cells in series up to the rated supply
voltage limit (about 14 V).

‘SIMPLE NI-CAD BATTERY ZAPPER

COMPONENTS NOT CRITICAL

10A

0-10A

s P=t

Fig. 11-11

>

DOORBELL OR
FILXFMR L 1000 uF
6-14V 6V

A

By .

Circuit Notes

This circuit is used to clear internal shorts in nickel cadmium batteries. To operate,
connect ni-cad to output and press the pushbutton for three seconds.
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The circuit is capable of charging a 12-volt
battery at up to a six ampere rate. Other volt-
ages and currents, from 6 to 600 volts and up to
300 amperes, can be accommodated by suitable

BATTERY CHARGING REGULATOR

o0— ol
GECM
A4OF RI
"7z - SCRI 47 OHMS ¢
VOLTS GE C220F CRI (2w)
AC OR GE CIZ2F - GE Al4A
{t
Il
o oy .| -a7 onmMs
UTC #FTIO GE"':?,O,R" +AAAA
{117/12.6) 250 OHMS
5w .
b Fig. 11-12
2 VoLT = o
BATTERY =
T YR | onms _L* sopr
‘ {iw} ’I\_ 25V

ALL RESISTORS (/2 WATT EXCEPT AS NOTED

Circuit Notes

component selection. When the battery voltage
reaches its fully charged level, the charging
SCR shuts off, and a trickle charge as deter-
mined by the value of R4 continues to flow,

LOW-COST TRICKLE CHARGER FOR 12 V STORAGE BATTERY

G

117 Vac

+

Y

dc output to battery

]

Fig. 11-13

Circuit Notes

15-35 V -

Charge rate can be varied and is based on the size of bulb.
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W
15V

FAST CHARGER FOR NI-CAD BATTERIES

INPUT

LM317
ot

12

THERMALLY COUPLEN— — —— — — — — ——-?12
. 12w

Adjust D1 to 50 mV greater Vz than D2,
‘Charge terminates on 5°C temperature rise. Couple D2 to battery —
‘Fig. 11-14
CURRENT LIMITED 6 V CHARGER
LM3T7L
Vin v
gv 10 30V =1V Sy
2a0
+ T Fig. 11-15
WA pEtt T 1.1k
2N2222
R1
19
———
* Setspeak current, Ipgag = D.6VIAT

* * 1000 »F 1s recommended 1o filter
Gut any Input transients.
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12

Battery Monitors

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Solid-State Battery Voltage Indicator Low Voltage Monitor

Ni-Cad Discharge Limiter ‘Undervoltage indicator for Battery Oper-
Battery Condition Indicator ated Equipment

Equipment on Reminder Low Battery Indicator

‘Battery Charge/Discharge Indicator Battery-Level Indicator

Precision Battery Voltage Monitor for HTs Battery-Threshold Indicator
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SOLID-STATE BATTERY VOLTAGE INDICATOR

+ V (tip}

R4

@

©F

@

e 23

S

Fig. 12-1

™ 71 M~z
g R1 R2
-V (ring)

R1,R2, R3 =47 (}
R4=390

Z1 = 2.8 volt zener diode

Z2 = 11,1 volt zener diode

23 = 11.5 voit zener diode

L1 —:L3 =light emitting dicdes

Two lights on - OK (L1 + L2)
One light on - low voltage (L1 only)
Three lights on - overvoltage (L1 + L2 + L3)

Il

1F
C118 uF

o1 TiP32

NI-CAD DISCHARGE LIMITER

A3 1k

max

A o1y

LOAD

>
._—MW—_'T AV1 220k

Fig. 12-2

Circuit Notes

The circuit disconnects the battery from
the load when output voltage falls below a pre-
set level. C1 charges through R1 and turns on
Q2. Collector current flows through R2 turning
Q1 on and battery is connected to the load.
When the output-voltage falls below a point set
by RV1, Q2 turns off, Q1 turns off and further -
discharge of the battery is prevented.
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BATTERY CONDITION INDICATOR

$1

bl
< - @ -4
R1
8.2k
'3%7 R4
6800
R2 o 4 Fig. 12-3
™
LT D2
-D1
2%
R3
470k 03
PN -

Circuit Notes

A 741 op amp is emploved as a voltage
-comparator. The noninverting input is con-
nected to zener reference source. Reference
voltage is 5.1V. R2 is-adjusted so that the vol-
tage at the inverting input is half the supply
voltage. When supply is higher than 10.2V, the
LED will not light, When the supply falls just

fractionally below the 10.2V level, the IC in-
veriing input will be slightly negative of the
noninverting input, and the output will swing
fully positive. The LED will light, indicating
that the supply voltage has fallen to the preset
threshold level. The LED can he made to light
at other voltages by adjusting R2.

EQUIPMENT ON REMINDER

2N4870"

220

—
n
h 3
n

LED

Fig, 12-4

100

2N2222

*RADIO SHACK
RS 276-2029
OR ANY TYPE UJT

Circuit Notes
Due to the low duty cycle of flashing LED, the average current drain is 1 mA or less.
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BATTERY CHARGE/DISCHARGE INDICATOR

e} +5- 16V

AV2
- 10k

100mA

GREEN
CHARGE

]

hE

" Fig. 12-5

o, YELLOW
S NOMINAL

AL1

RED
» -~ DISCHARGE

O

Circuit Notes

This circuit monitors. car battery voltage.
It provides an indication of nominal supply vol-
tage as well as low or high voltage, RV1 and
RV2 adjust the point at which the red/yellow

.and yellow/green LEDs are on or off, For

example the red LED comes on at 11V, and the
green LED at 12V, The vellow LED is on
between these values,

PRECISION BATTERY VOLTAGE MONITOR FOR HTS

HT
BATTERY

g

B+ LINE

INTERSIL
RZ 2M ICLB2IICPA
174 OR F
saw  wecet al—m s
2 T Nre (ANY
5Rc;t 3 snse SMALL LED)

0~ TURN ,—( 4 sph— !§

»

Fig. 12-6

Circuit Notes
The precision voltage-monitor chip con-
tains a temperature-compensated voltage ref-
erence. R1 divides down the battery voltage to
match the .built-in reference voltage of IC1
(1.15 volts), When the voltage at pin 3 falls

-below 1.15 volts, pin 4 supplies a constant

current of 7 mA to drive a small LED. About (.2

‘volt of hysteresis is added with R2. Without

hysteresis, the LED could flicker on and off
when the monitored voltage varies around the
set point, as might be the case on voice peaks

-during receive.

122




LOW-VOLTAGE MONITOR

4t
—

R1
100 k52

12-VOLT
BATTERY

v+

R2
100 k2

Fig. 12-7

a. SCHEMATIC OF CIRCUIT FOR LOW-VOLTAGE INDICATOR

Circuit Notes

This circuit monitors the voltage of a battery and warns the operator when the
battery voltage is below a preset level by turningon an LED. The values are set for a 12V
automobile battery. The preset value is 10 volts,

UNDERVOLTAGE INDICATOR FOR
BATTERY OPERATED EQUIPMENT

Lo fe |

41
22K

P NE 558 >+

. VOLTAGE
; MONITORED
: 5, 5 (15v)
R2 o0t LED . —> -
82K -
&v
’[ 160

Fig. 12-8

‘Circuit Notes

Due tothe low duty cycle of flashing LED,
the average current drain is 1 mA or less. The
NES555 will trigger the LED on when the moni-
tored voltage falls to 12 volts. The ratio of R1 to
R2 only needs to be changed if it is desired to
change the voltage point at which the LED is
triggered.
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LOW BATTERY.INDICATOR

gV

; IsuppLy = 104A

Ay Rzl
SMEG S g

RgeT
22 MEG 1

1MEG R TRiP ADJUST

Fig. 12.9 =

2N4274 _L LED
> H3
Cy Saoka =
2uF
- = Ry
1 200
f-;'-————l oy
I I MPSA12
: p B
I
LL___ 4

Circuit Notes

The indicator flashes an LED when the
battery wvoltage drops below a certain
threshold. 2N4274 emitter-base junction
serves as a zener which establishes about 6V
on the L161's positive input, As the battery
drops, the L161 output goes high. This turns on
the Darlington, which discharges C1 through
the LED. The interval between flashes is
roughly two seconds and gives a low battery
warning with only 10 pA average power drain.

BATTERY-LEVEL INDICATOR

Rt
680k

Fig. 12-10

BATTERY-THRESHOLD INDICATOR
+ +
R4 2 ]2
1.5k - 7 2904
Vru =8V Al [ Vin = 6v
LMIe . lp; =5 mA
7 3 + 1
X 4 [17] 1
l 'I-’- 1N457 0 ?’
R4 °
10k
LED dims below 7V
Rl Rt
10k a7
‘Fig. 12-11
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13

Buffers

The sources. of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Sine Wave Qutput Buffer Amplifier Wideband Buffer

Single-Supply AC Buiffer Amplifier High Resclution ADC Input Buffer
Single-Supply -AC Buffer .100 x Buffer Amplifier
High-Speed 6-Bit A/D Buffer 10 x Buffer Amplifier

High Impedance, Low .Capacitance Stable High Impedance Buffer

High-Speed Single Supply AC Buffer
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SINE WAVE OUTPUT BUFFER AMPLIFIER

1 v
%HA ?HB
—1 1 ~ awpLITUDE Circuit Notes
The sine wave output has a relatively high
optput impedance (1K typ). The circuit pro-
Lie ICLB038 2 Vides buffering, gain, and amplitude adjust

ment. -A simple op amp follower could alsc be
used.

“10 A}

oV

Fig. 13-1

SINGLE SUPPLY AC BUFFER AMPLIFIER

Vpe = 12.0v

‘Circuit Notes

The input is dc biased to mid-operating
- point and is ac coupled. Its input impedance is
O ouTPUT approximately 500K at low frequencies. For dc
loads referenced to ground, the quiescent cur-
rent is increased-by the load current set at the
input dc-bias voltage.

INPUT
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SINGLE SUPPLY AC
BUFFER (HIGH SPEED)

0.22.F

8O- F Vour
.
&

-4MEEDED FOR LOW
IMPEDANCE-AT HIGH
FREQUENCIES

VIN 022 F

Low AT Vi = 1.48H
ILow AT YOUT = 158
ASSUME V(N = 10V PP SINE WAVE (5V-PLAK)
THEN FULL POWEN BANDWIOTH 1§

TBénH: FOR BUF-0Z, AMOD

# 55MH: FOR BUF 03

}-m

Fig.13-3

HIGH IMPEDANCE LOW
CAPACITANCE WIDEBAND BUFFER

PNE139 (PBG}

2N5485 (PS0)

Fig. 13-5

Circuit Notes

The 2N5485 has low input capacitance
which makes this compound series-feedback
buffer a wide-band unity gain amplifier.

HIGH SPEED 6-BIT A/D BUFFER

1 —AaY
—5
2
ne P—o
scll o
.
NN
20 e
e | =
! ] :
TAW by +BY
1 AONO | ype 0
| \ Hvin M=
©® v =
o LLU R U
| ONF B

HIGH RESOLUTION
ADC INPUT BUFFER

+0V
VREF
210V
. | 14.81T ADC

* MAXIMUM ERRQR FROM BUF-01 1S 300.V.
« RESOLUTION OF 10V, 14-BIT ADC IS 810V,
« BUF-01-RESOLVES 1/2 L3B OF 14:83IT SYSTEM.

HGITAL
CUTPUT
| -

Fig. 13-6
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100 x BUFFER AMPLIFIER

1NFAT

STABLE, HIGH IMPEDANCE BUFFER

SR ~ 0.25V/umc
k o
C»ﬂm————-—————————:;’,f’/”
I =

N = 200G OUYPUT NQISE = 0.35.V P-F TYP

INPUT

QUTPUT

TYP. BW348 = 10 MHz

Fig. 13-8

e o e
TYP. BWagp = 5 MHz2
Fig. 13-7 Fig. 13-$
10 x BUFFER AMPLIFIER HIGH-SPEED

SINGLE-SUPPLY AC BUFFER

vour

Fi31)

*NEEDED FOR LOW IMPEDANCE AT HIGH
FREQUENCIES

ILOw AT- Wiy = 1.45Hz

I ow-AT VouT = 1.68Hz
ASBUME VN = 10V PP SINE WAVE |5V PEAK)
THEN FULL POWER BANDWIDTH 15
APPROXIMATELY 800kHz.

—3dB

Fig. 13-10
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14

Capacitance
(Touch) Operated Circuits

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Capacitance Relay Self-Biased Proximity Sensor Works on De-
‘Capacitance Operated, Battery Powered Light tected Changing Fields
Touch Sensitive Switch Touch Switch or Proximity Detector
Low Current Touch Switch Finger Touch Touch or Control Switch
Capacitance Switched Light Proximity Detector
Momentary Operation Touch Switch Touch Circuit
Touch Triggered Bistable CMOS Touch Switch
Capacitance Operated Alarm to Foil Purse Latching Double-Button Touch
Snatchers Switch
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CAPACITANCE RELAY

- 1 MW
TV
60Hz —--n

‘ €2 1 youcH

%IOOK

NEON LAMP

150W LOAD (ax)

6-E
Clo6B

NOTE: ALL RESISTORS 172 WATT

Fig. 14-1

Circuit Notes

Capacitor C1 and body capacitance (C2yof
the operator form the voltage divider from the
hot side of the ac line to ground. The voltage
across C1 is determined by the ratio of C1 to
C2. The higher voltage is developed across the
smaller capacitor. When no one is close to the
touch button, C2 is smaller than C1. When a
hand is brought close to the button, C2 is many
times larger than-C1 and the major portion of

the line voltage appears across C1. This vol-
tage fires the neon lamp, C1 and C2 discharge
through the SCR gate, causing it to trigger-and
pass current through the load. The sensitivity
of the circuit depends on the area of the touch
plate. When the area is large enough, the cir-
cuit responds to the proximity of an obiject
rather thanto touch. C1 may be made variable
so sensitivity can be adjusted.
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CAPACITANCE OPERATED, BATTERY POWERED LIGHT

+ BV
TWO METAL STRIPS ABOUT 1/16” APART
BRIDGING THE GAP.WITH YOUR
m FINGER ACTIVATING THE SWITCH
1
4011

1 3

2

1M} ? 4011

Fig. 14-2

2N3804

Circuit Notes

Touch the plate and the light will goonand  constant of the 47 uF capacitor and the 2M
remain on for a-time determined by the time resistor.

TOUCH-SENSITIVE SWITCH

a7

$ezana E% st Circuit Notes
A high impedance input is provided by Q1,
o) o2 a general purpose field effect transistor. 741 op
LN ) | ampis used as a sensitive voltage level switch
TOUGH-PLAGE . “; g w ] which in turn operates the current Q2, a
' o l/ T medium current PNP bipolar transistor,

}—F—@ A3 1K1 thereby energizing the relay which can be used
e to control equipment, alarms, etc.
VR asz‘—l

e
R 4.7k g
<

Fig. 14-3
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‘LOW CURRENT TOUCH SWITCH

-0
| +B5vV-15V

Fig. 14-4

TOUCH
CONTACTS

ON | OFF

NOTE: ’
Q1,2 ARE BC108

IC1 1S 4011 L
I o

Circuit Notes
Touching the on contacts with a finger brings pin 3 high,-turning on the Darlington
pair and suppiying power to the load (transistor radio étc). Q1 must be a high gain
transistor, and Q2 is chosen for the current required by the load circuit.

CAPACITANCE SWITCHED LIGHT

Circuit Notes

%c i 46V The battery powered light turns on easily,
- stays on for just a few seconds, and then turns
B 7 off again. The circuit is triggered when you
;\LTSH"Q; place a finger across the gap between two
J LAMP strips of metal, about 1/16th inch apart.
Enough current will flow through your finger to
ANY SCR wWITH trigger the SCR after being amplified by the
ggh?;.’m?” 2N3906. Once the SCR is fired, current will
GATE flow through the bulb until its internal bimetal
switch turns it off. Once that happens, the SCR
will-return to its nonconducting state.

33k

TWO METAL
S5TRIPS

-ABQUT
1 1/16” APART

Fig. 14-5
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MOMENTARY OPERATION TOUCH SWITCH

s
+ #53
12 Vdc Fig. 14-6
TOUCH ON
Di7P
O
TOUCH TRIGGERED BISTABLE
v '
H3§
4700
L R2
% 3.3MQ
9 Dt
' TIL209 !//"
4 8
T
O ' 555 3 ¢
. _
[— 1 . g
-R1 TIL209
3:3M : !/
l(n .
T 0.1uF T R4
4700
P § & F S =
Fig. 14-7

" Circuit Notes

This circuit uses a 555 timer in the bista-
ble mode. Touching T2 causes the output to go
high; D2 conducts and D1 extinguishes.
Touching T1 causes the output to go low; D1
conducts and D2 is cut off. The output from pin
3 can also be used to operate other circuits

{e.g., a triac controlled lamp). In this case, the
LEDs are useful for finding the touch terminals
in the dark. Cl-is not absolutely necessary but
helps to prevent triggering from spurious
pulses. ’
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CAPACITANCE OPERATED ALARM TO FOIL PURSE SNATCHERS

TOUCH PLATES-TWO
"METAL STRIPS ABOUT
1/16" APART

n_’: 3

P
6 I
DISABLE —
SWITCH ) !
[
I
i

NOTE 1 NOTE 2

—E 4011 ) 4011
i *~—

210MO ==2 pF

10M2

100K}

ANV

+9V

EZ g e B 2N3904
2N3904

NOTES:
1. ON STRAP-HAND MUST TOUCH BOTH
PLATES OR ALARM SOUNDS.
‘2, HIDDEN RESET TOUCHPLATE -
TURNS ALARM OFF WHEN TOUCHED.

Fig. 14-8

Circuit Notes

As long as touch plates (1) are touched together, the alarm is off, If not held for about
30 seconds, the alarm goes off. The circuit can be disabled with switch or by touching the
plates (2). The alarm is battery operated by a bicycle homm.
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SELF-BIASED PROXIMITY SENSOR WORKS
ON DETEZCTED CHANGING FIELD

H YO
2K
>
ELECTRIC FIELD 82K o
DETECTOR PLATE"
6
(PT) S 1 MEG R |
I— __.-_.I VoyuT (0or5 V)
-1100/T300
]' MYLAR
P
20K .
»
= GAIN OF THREE PEAK DETECTOR SEHMITT TRIGGER
*DETECTOR PLATE MAY BE DOUBLE-SIDED PC BOARD OR ANY INSULATED METAL SHEET
Fig. 14-9
TOUCH SWITCH OR PROXIMITY DETECTOR
O *
!
LOAD
G TO
115 VOLTS SENSING
ELECTRODE
60H2 scn( 'Mz’ 255027
GE[ . .
cloEB \’ Fig. 14-10
. ¢

l IX g

o & . L

ALL RESISTORS 1/4 WATT J__

Circuit Notes

This circuit is actuated by an increase in
capacitance between a sensing electrode and
the ground side of the line. The sensitivity can
be adjusted to switch when a human body is
within inches of the insulated plate used as the

sensing electrode. Thus, sensitivity is adjusted
with-the 1 megohm potentiometer which de-
termines the anode voltage level prior to
clamping. This sensitivity will be proportional
to the area of the surface opposing each other.
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~Q) 5 TO LBV

1

r
L

||]--
<
«<
o«
L .
4
<
<

—00

K .
FLIP-FLDP

1

FINGER TOUCH OR CONTACT SWITCH

INPUT
(80 Hz}

ciple of transmitting a beam of modulated
infra-red light from the emitter diode LED2,
and receiving reflections from objects passing
_in front of the beam with a photodiode detector

CONTACT
Fig. 14-11
PROXIMITY DETECTOR
NOTE D1 1S PROTODIODE 1870 28V
D2 IS ThA148
- A3 b renn 2011 207 900 W ZENER g 12
\ L Q2.4 ARE BC1BAL LED1 1S amm RED LED 4
Q315 80140 LEDZ IS IS INFRA-RED LED
HT“DUI
. oUTRUT
@ Q4
RIS MO -€ )
pz 226 RIS
e 126088
o
5 Y o3
LEDZ]
zm
o5 4=
P
1K ET Rig 470k
| .
S £ A—— FHOTODIODE AMPLIFIER GOMPARATOR
Fig. 14-12
Circuit Notes
The proximity sensor works on the prin-  -D1. The circuit can be split into-three distinct

stages; the infra-red transmitter, the photo-
diode amplifier, and a variable threshold com-

parator.
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TOUCH CIRCUIT

%0 [Q

|7 6§ |s
—..;1.5 v
LM3909
Fig. 14-13
2 'Ia 4
[+ 79 b = 2N2484 ALL CAPACITORS 1 uF
CMOS TOUCH SWITCH
43:\52, Touch here
e 1C2b
X | 4069
l?(3111 3 DOutput
Ve
20n _J_:
25k N a1
SENSITIVITY 470p T 2.2M
/77
Fig. 14-14

Circuit Notes

This touch switch does not rely on mains
hum-for switching. It can be used with battery
powered circuits. Schimitt trigger IC1 forms a
100 kHz oscillator and IC2a which is biased into
the linear region, amplifies the output and

charges C1 via the diode. IC2b acts as a level
detector. When the sensor is touched, the os-
cillator signal is severely attenuated which
causes C1 to discharge and IC2b to change
-state.
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LATCHING, DOUBLE BUTTON TOUCH SWITCH
+ O
#53
LIGHT
4 COUPLING
12 Vide l
TOUCH ON
TOUCH OFF
? (e
o 7
Fig. 14-15
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15

Carriter Current Circuits

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the hox of each circuit correlates to the source entry in the Sources section.

FM Carrier Current Remote Speaker Carrier Current Transmitter
System Integrated Circuit Current Transmitter
200 kHz Lime Carrier Transmitter with Single Transistor Carrier Current Receiver
On/Off Carrier Modulation IC Carrier-Current Receiver
Carrier Current Receiver Carrier-Current Remote Control or
Carrier Current Transmitter Intercom
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Carrier System Transmitter

Dy T2
1hapoz 30 VET
ma

-

115 VAL
Line

—0

r
" ce I
" 1y -& <Ry Sl

W =
1750 2L
u;{n(n_u

LEFT
TS

Gy
b— A 12
wov

RIGHT

e LA
'1._—)1—1 131
= & I8

L M5EGCH 3
u_.| 4
PNZZZIA TOKD

(3]
1800
b
. I .
YK igm 0 YAN-BO2IN
{LIN)
Az
150K

CAPACITOR VALUES IN pF
AESISTOR VALUES IN
TSELECT FOR CARRIER FREQ.

1 Cy <
Wak: 82 1000
100k T6F 900

Carrier System Receiver

FM CARRIER CURRENT REMOTE SPEAKER SYSTEM

Circuit Notes

‘High quality, -noise free, wireless FM  mission distance along a power line is at least
transmitter/receiver operates over standard adequate to include all outlets in and around a
power lines. Complete system is suitable for suburban home and yard.
high-quality transmission of speech or music, Two input terminals are provided so that
and will operate from-any ac outlet anywhere  bothleft and right signals of a stereo set may be
on a one-acre homesite, Frequency responseis  combined for mono {ransmission to a single
20-20, 000 Hz and THD is under ¥%%. Trans- remote speaker if desired.
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T2
W ver

0z
1HADOZ

o

Rz
0 1088

Tt

YV

(4]
LMEESCN

1 ]
4. n.r;r
7
T W
Iy

b
AT8:F
L] +
(=1}
Cg SPKR
sk
101112 Q.3uF
Rig
2]

[ —m—' 25¢
L 01F = -
[~ 200v T ]
C ""' Y K 9=
i ﬁ - w 2Ns2a
L
o 1 0 7] Ryp SR LR Ay
- hn.: s e W 0 S10meS 10 < i <
n . 3 -4V
T6K0 I
YAN-BOUTSN +
Cy 4 \ ) L L (
uf o > M b3 Cq
v | > 120 > tid » Tk
CAPACITOR VALUES IN PF MIA-01E « LIS
RESISTOA VALUES IN 11
*SELECT FOR CARRLEN FNEQ,
fs G tn
WOkH: 10 WO

100kMz 3908 &0

Fig. 15-1

The receiver amplifies, limits, and de-
modulates the received FM signal. It provides

audio mute in the absence of carrier and 2.5 W
output-to a speaker.
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CARRIER CURRENT RECEIVER

+12v o

-L 0.tuF
F. J
AT

12w ZENER 200

By

ATD

180 KHe POT CORE
“THANSFORMER

1|]—H\i

Fig. 15-3

‘Circuit Notes
35 wire for the secondary and 5% turns for the

160.kHz transformer consists of a 18 x
primary. This gives a turns ratio of approxi-

1lmm ungapped pot core (Siemens, Fer-
rocube, etc.), utilizing magnetics incorporated  mately 15 to 1.
type “F” material:wound with 80% turns of No,

o———{t—
_— uF 1KV -
0 Hz 40pF ] 1 neia
AC F 1KY 10K -
. 2
1E ING1A
O 113 ]_] | A
7 5 4 31 2
SBEPLL
ue 3 out
A 916 111213 14
— 11T | ot
II : 3 o7 | 330pF
B x ] Td
l\
-é— SYSTEM GND ares o.tuf 0K
AL
1000uF - &y ZENER l
2w CH1BY D AAA g 7843 21 =
450, % WATT _Bv EQ- 15 DECODER
h L 27 28
BV -
8V ZENER O.uF
tul
-
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CARRIER CURRENT TRANSMITTER

560, % WATT

05uE ToF s

VNOI04N2 LW, MILLER WD, 9058
A SUBMINITURE RF COIL
G50 uH - 13mH
, L] ]
FRERE] 33K a 2 [
ED- 15 - n— 5 LMEG6C
! 2
T
~

5
vPOI04NZ
o

560, % WATT
| 27 26 G 7 ] L
NG MOMENTARY 1 : -.I- A P gg;r
SWITCH !
2K 00, % WATT
h Ar— - 16V
U S e 6V ZENER
450, % WATT
o +1BY
3SECTOF o OSuF 1 ™ - =
A043 o T MwF 6V ZENER e
4089 L ‘E
1ox — HADDY vy
- e ——0
‘0;2\\4:?—— ’ I gAc LIKE
Operating fraquancy. 160 kHz T '8 °
. [ % WATT
= l 1009uF
T~ BV
- 18%
Fig. 15-4
CARRIER CURRENT TRANSMITTER
TOCOUPLER
Q05 ut
o 1
l 1600V o] LW
D1
b
' - 3,
_..‘g 2 & Lo
A~ T30 gmu g 720K 2 TO TONE GENERATOR ]
L : p: r Fig. 15-5

W W

ALL RESISTORS vy OHM

Y,

By = 3.1 5VOLTBATTERIES INSERIES
Dy = 5K 3091
L+ = FERRITE ROD ANTENNA

A oo
1
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IC CARRIER CURRENT TRANSMITTER

—=5
]

_-1 . -ﬂu o Az
1T ol ogpergy M - e
*'lZ___a|
B 7 & 5
IC1
1 2 4
e | ——

Fig. 15-6

Ly
Ca
T
Qe

INFUT FROM
TONE GENERATOR

-R3-75K0 vV WATT

Cr-0.1uf

C2-0.01 uf

C3-250pf

Ci-Otu

1Ct-555

L1-32mh ADJUSTABLE COIL

R1- 10082 WATT

Rz-0- 100K} v WATTPOTENTIOMETER

Ra- 1K1t V2 WATT

Q1 - SK-3122(RCA)
Q2 -SK-3122(RACA)

OUTPUT TO
LINE COUPLER

SINGLE TRANSISTOR CARRIER CURRENT RECEIVER

TO LINE COUPLER

0.1 pf

Q.15 puf
3 /]
TOAMPLIFIER
100K A-
18 uf _ =_savnC
FERRITE 5"‘:%035 1/ V sk P
730pf
77
Fig. 157
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IC CARRIER-CURRENT RECEIVER

c4
= ol R2
,—1 k—o QUTRUT
TO DECODERS
8 7 & s §R3
b} 1Ic-
|2 3 4
C1 0.14F, 800V PAPER CAPACITOR
: €2,C5 0.1 uF.50VMYLAR CAPACIT
INPUT & | £ c3 22.uF 35 VOLT ELECTHOLYTIC
AN CAPACITOR
: C4 0047 uF25VOLT CAPACITOR
¢ R R,
3
@« I° +9vDC R3 4K. Y2 WATT RESISTOR

11 TYPE 567 TONE DECCDER
Fig. 15-8

CARRIER-CURRENT REMOTE CONTROL OR INTERCOM

T +5 to 15V

60Hz ac LINE

=] © 50-200Vrms JI_ LOAD

L

C4 27pF :
7 il P
5 6 2 1
L
5 11 R1
500pF 2 5KQ
J_) LL CEH ————————— -0
- 005 _[ AUDIO.OUT
fo=100KHz of | ==c3 (IF INPUT 1S
0.004mfd 1 o2 FREQUENCY
MODULATED)

IC = NE/SE567 — —_ —_— -

Fig. 15-9
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16

Comparators

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry inthe Sources section.

Null Detector

Comparator with ‘Variable Hysteresis
Diode Feedback Comparator
Undervoltage/Overvoltage Indicator

Dual Limit Comparator

High/Low Limit Alarm

Window Comparator

Window Comparator Driving High/Low Lamps
Comparator with Time Cut

Noninverting Comparator with Hysteresis
Inverting Comparator with Hysteresis

Window Comparator

Micropower Double-Ended Limit Detector
Opposite Polarity Input Voltage Comparator
Limit Comparator

Comparater Clock Circuit

Double-Ended Limit Comparator

Limit Comparator

Precision, Dual Limit Go/No Go Tester
Comparator with Hysteresis

High Impedance Comparator
Comparator
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COMPARATOR WITH VARIABLE
HYSTERESIS (WITHOUT SHIFTING INITIAL TRIP POINT)

2 — R3
, AN
+
0,
Er A A
Ri R2
D2
Eo
€o
R
‘ 4
Vy >
A
——— AV —>
Y
= P £
0 En

Fig. 16-2

Circuit Notes

An operational amplifier can be used. as a
convenient device for analog comparator appli-
cations that require two different trip points.
The addition of a positive-feedback network
introduces a precise variable hysteresis into
the usual comparator switching action. Such
feedback develops two comparator trip points

centered about the initial trip point or refer-
ence point. The voltage difference, AV, be-
tween the trip points can be adjusted by varying
resistor R2. When the output voltage is taken
from the .zener diode, as shown, it switches
‘between zero and Vz, the zener voltage,
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DIODE FEEDBACK COMPARATOR

Ve

IMO<R3I<10M
o AN N
VIN . COMPARATOR
WM300
1M <R2<10M0 +
(Y VES—
VREF //'
L g
— LED — Parts list
IC1—LM3800
D2 D1—=LED Lafayatte 32P06331V
TN914 D2—IN914
All resistors 1/4W
Al < lioma R1—t000
10093_ "H2—-(Ses circuit) tM{ to 10M1
= R3—(See circuit) 1M to 10M0
Fig. 16-3

Circuit Notes

This circuit can drive an LED display with  ing input of the comparator grounded, the cir-
constant current independently of wide power  .cuit becomes an LED driver with very high
supply voltage changes. It can operate with a  input impedance. The circuit can also be used
power supply range of at least 4V to 30V. With  .in many other applications where a controllable
10M resistances for R2 and R3 and the invert-  constant current source is needed.

UNDERVOLTAGE/OVERVOLTAGE INDICATOR

100 Fig. 16-4

UNDERYOLTAGE - OVERVOLTAGE

TRANSISTORS: MP53704

‘Circuit Notes

This circuit will make the appropriate  or above the value determined by zener diodes
LED glow if the monitored voltage goesbelow D1 and D2.
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DUAL LIMIT COMPARATOR

R1 15k
A 708/741

P

diodas 1N914's

Fig. 16-5 4
—-15V

Circuit Notes

This circuit gives a positive output when  forward voltage drop across the diodes must be
the input voltage exceeds 8.5 volts. Between  allowed for. The output may be inverted by
-these limits the output is negative, The posi-  reversing the inputs tothe op amp. The 709 is
tive limit point is determined by the ratio of R1, used without frequency compensation.
R2, and the negative point by R1, R3. The

HIGH/LOW LIMIT ALARM

v v
cc 10k ce
10k RG
R4 12 o
14 | Osciliatar Vi Vim vi
Vge 10k 3 oo
] R Amp 1 . -
- L " IL=Veo g TRIT AR
IR1 v
co Ry a3k A2 + A3
1k 5 a : = o YIH*VeC BT+ RZ + A3
7 [ 8 Osciflator
. 2.0k
] Yo i
Comp ¥ If R4 = RE = R&
Vi :R2 Gp Amp 2
) , 20k C=0.01 uF f=0.72/R5C
5 Yo hd As Shown, £+ 2.2 kHz
1
Comp 2 Hi/Low = MC3405 ) .
A3 Limit Detectar 16 vo Will Oscillate If V) < v, or V) > v,
L vo Will B Low if vy < v, < VY
.
Fig. 16-6
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WINDOW COMPARATOR

Vref {(UPPER)
| D1

IC1
741

VIN

- D2

ICz

741
o——+

Vref { LOWER)

D1, D2 = IN914

Fig. 16-7

v OouT
-+
—_——
vV IN
<
p—O AN ¥ z\’
vOourT - ! ¥
|
10i
vref | Y Dvref
LOWER — UPPER

Circuit Notes

This circuit gives an output (which in'this
case is OV) when an input voltage lies in be-
tween two specified voltages. When it is out-
side this window, the output is positive. The
two op amps are used as voltage comparators.
When Vin is more positive than Vref (upper)
the output of IC1 is positive and D1 is forward

biased. Otherwise the cutput is negative, D1
reverse biased and hence Vout is OV, Similarly,
when Vin is more negative than Vref {lower),
the output of IC2 is positive; D2 is forward
biased and this Vout is positive. Otherwise
Vout is OV. When Vin lies within the window
set by the reference voltages, Vout-is OV.

WINDOW COMPARATOR DRIVING HIGH/LOW LAMPS

1/2 LM208

TRUTH TABLE
VIN High Low
< H4V+ Off Gn
14Vt todavt Off Off
>3avt On Off
Fig. 16-8
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COMPARATOR WITH TIME OUT

QVCC 50V - 14V

Input

ST

6

|
Comparator a 8 J_
Cc

2 2.0 uF

-MC1422

Veet >—0O—— +
5

Vl‘ef - //-’\_—_
Comparator Input—— -

Comparator Qutput - 0 | l

Fig. 16-9

Circuit Notes
The MC1422 is used as a comparator with  -input (Pin 5). The frequency of the pulses for
the capability of a timing output pulse when the the values of R2 and C1 as shown is approxi-
inverting input (Pin 6) is = the noninverting  mately 2.0 Hz, and the pulse width 0.3 ms.

NONINVERTING COMPARATOR WITH HYSTERESIS

+Vee

Fig. 16-10
Vee R
RRefF + A1

VREF =

R2 = R1//RpEfF
IC = LM358
Amount of Hysteresis Vi,

R2
VH= a7 s VYomax - Vominl
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INVERTING COMPARATOR WITH HYSTERESIS

*Veeo
R3
Vin O] 0k
o<
RFREF —ovo
*V o 0NN +
‘ “R2 :
V REF $—— VW~
)8 1M
10 kﬁ >R
vV R1
v _Yee '
REF ~ o ==
R3 > R1// Rpee// R1
. R1//RReE ]
Flg' 16-11 Vi R1//RRgF + R2 (Vomax -Vomin)
WINDOW COMPARATOR
10k
Vee AR Vo !
10k 13 3
av : . 14 | =lavie
Adjust 12 — AV fa—
10 Op Amp 1 PN UUN B I......_ Vin
= k
Vee S0k
-13 ' I
T )
Ve

i ve Adjust

VEE 1C = MC3405

Fig. 16-12
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MICROPOWER DOUBLE-ENDED LIMIT DETECTOR

V+ =10V
CD4011 Vour
,V 0 -
Lo 1MQ V,, = "LOW" WHEN:
wen 7 Vin = Viow
By = 280 uW DIRECT CMOS OUTPUT

V- = 10V

Fig. 16-13

Circuit Notes

The detector uses three sections of an L144 and a DC4011 type CMOSNAND gate
to make a very low power voltage monitor. If the input voltage, Viv, is above Vion or
below Viow, the output will be alogical high. If (and only if) the input is between the limits
will the output be low. The 1 megohm resistors R1, R2, R3, and R4 translate the bipolar
*+10V swing of the op amps to a 0 to 10V swing acceptable to the ground-referenced
CMOS logic.

OPPOSITE POLARITY INPUT VOLTAGE COMPARATOR

100k ©
ViN1 O VWAA
100k ©2
NS4
VIN2 O———AAA ®

Fig. 16-14
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LIMIT COMPARATOR

Rg @ LED
+*VREF HI O— AWV —*
;

1/4
Jcmeoa
Rs | L.
+VIN
+
1/4
=~ 2R CMP.04
+VREF LOW O—-AAA——— -

Fig. 16-15

DOUBLE-ENDED LIMIT COMPARATOR

ViN

YouT = "LOW" WHEN:
VHIGH > ViN > Yiow

Pp = 200 W DIRECT CMOS QUTPUT

Fig. 16-17

-COMPARATOR CLOCK CIRCUIT

16 ke
56 kil
A

0.22 pF

30 k2
" 16 kil p

Lo

&
-

=

iHe—vaA—e

Fig. 16-16

LIMIT COMPARATOR

v+ (12vpe)

2Rg
* YREF HI O—AWV—1

A
*ViN ;
- 2Rg
*VREF LOW O—AAWA—
Fig. 16-18
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PRECISION, DUAL
LIMIT, GO/NO GO TESTER

Voo 32y
Tn_ TEmA

‘T"lﬁv

UprER
LIMIT
LAMP
INPUT 04 —15v o OUTRUT
WIRED OR QUTPUT IS LOW _
‘WHEN EITHER LIMIT IS EX-
CEEDED.
QUTPUT IS5 HIGH WHEN IN. -
PUT 1S WITHIN LIMITS.
LOWER
LimT

Fig. 16-19

HIGH IMPEDANCE COMPARATOR

+16.0V

ViN

4,25V

Pre

' O Vour
! _L 45,09, 0%
o StpF*
s ¥ imme
-16.0V o

VREP

IC = HA-2620

Harris Semiconductor
Analog Data Book - 1984

Fig. 16-21

COMPARATOR WITH HYSTERESIS

HYSTERESIS

|
T
N
1
f
|

Vi Vise

Ri v
Yin = m(vm. - ¥Yner} + VREr ner

. R1
VingH) = Av ez (YoH - Vrerl + Vaer
R1
H =g Von - Vou

Fig. 16-20

COMPARATOR
+15V
ViIN
°VouT
47K D
y & & 12K 2
REFERENCE -15V
270G 9

Fig. 16-22
Circuit Notes
‘An operational amplifier is used as a com-
parator which is capable of driving approxi-
mately 10 logic gates.
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17

Converters

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section,

‘Picoampere-to-Frequency Converter

BCD-to-Analog Converter

Resistance-to-Voltage Converter

Low Cost, uP Interfaced, Temperature-
to-Digital Converter

-Hi-Lo Resistance-to-Voltage Converter

Current-to-Voltage Converter

Caleulator-to-Stopwatch Converter

‘Power Voltage-to-Current Converter

High Impedance Precision Rectifier for
Ac/Dc Converter

Wide Range Current-to-Frequency Converter -

Ac-to-Dc¢ Converter
Current-to-Voltage Converter with 1% Ac-
curacy

168

Polarity Converter

Voltage-to-Current Converter

Wideband, High-Crest Factor, RMS-to-Dc
Converter

Light Intensity-to-Frequency Converter

Ohms-to-Volts Converter

Temperature-to-Frequency Converter

Multiplexed BCD-to-Paralle] BCD Con-
verter

‘Fast Logarithmic Converter

Sine Wave-to-Square Wave Converter

Self Oscillating Flyback Converter

TTL-to-MOS Logic Converter

Picoampere-to-Voltage Converter with
Gain



PICOAMPERE-TC-FREQUENCY CONVERTERS

10%
GAIN .
ADJUST =
INPUT Tk BAIKZIN 3 )
ZERD FWQM—’
DT = L33 Tm'F ‘gt
3 = 100 kHz
-+ FULL-
! L SCALE
. 190k 1k OUTPUT
M
A4 BC o
CURRENT —I
ATTEMUATOR - =
| V= _120my |
I = 1 ‘
I 1 10k =
— o — — — — —
10“
L AAA——
v OFFSET
ADJUST
IN - 10
1A 10k
FULL- 1%
SCALE -
—-— 10k 1/2W

s

Fig. 17-1

G, Q2, Q5 - 2N3908, 2N4250 or similar
Q3, O4 - MEM551, M108, or similaz. See text
Keep Q1, Q2 and LM334 at the same temperature
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BCD-TO-ANALOG CONVERTER

74141

Fig. 17-2

POSITIVE
SUPPLY

*—"AS—O

+H0V

BZY8310v

OuTPUT
0

Circuit Notes

This circuit will convert four-bit BCD.into
a variable voltage from 0-9 Vin 1 V steps. The
SN74141 is a Nixie driver, and has ten open-
collector outputs. These are used to ground a
‘selected-point in the divider chain determined
‘by-the BCD code at the input, and so produce a

corresponding voltage at the output, Accuracy
of the circuit depends on the tolerance of the
resistors and the accuracy of the reference vol-
tage. However, presets can be used in the di-
vider chain, with correctcalibration. The 741 is
used as a buffer.
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RESISTANCE-TO-VOLTAGE CONVERTER

VREF

"3

L
[RANGE RESISTOR)

TOViN (LD11Y)

< 2.000v SCALE)

RANGE AANGE RESISTOR
2000 419.2;

X [LINKNOWN|

W

51K i1 ¢
-4

R1x 51K

CiSuF

i

+12V

2Kn 2.182Kn
20 Kn 31.92 K2
200 K 8X K
2Mn B.51 Ma
20 M 183 M

Fig. 17.3

—0OVREF

TGO VREF INPUT
wony

-Circuit Notes

Circuit will measure accurately to 20 M when associated with abuffer amplifier (A1)

“having a low input bias current (Iy) < 30 nA). The circuit uses two of the three amplifiers
contained in the Siliconix 1144 micropower triple op amp.

LOW.COST, uP INTERFACED,
TEMPERATURE-TO-DIGITAL - CONVERTER

-LMz215

vee
5 ¥pgl

e}

Vigte

O
N ] Vit }

voe

Fig. 17-4

-i:.lﬂnF
I

AD

» 10k
b 7, MAX
A

Vppp/l fr——

|||-4vut
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HI-LO RESISTANCE-TO-VOLTAGE GONVERTER

i Mo T
_ﬂb:' Y T " INPUT
'““l 2 o
r 3 .
| —}
* <
Sax < 900k
4 > VIN = lein * Ax
IUNKNOWN) ax
———0 VIN = lygit © gm—
4 1M1 OHME) v R
< RANGE Ax
g Wt i glsﬁuz::rcn'-l VIN = 0.4 Voir gl
[
.
San
1hez
L]
VRES
OF-18 ovM)
TO DVM
kil ———a= GAIN
AN SWITEA
HI/LG
0 LoGic
Fig. 17-5
CURRENT-TO-VOLTAGE CONVERTER
+H2V
Cq o
AxF
] }
y
Ry
AAA

Vv

R3
- AAA
[ 5} 5, { VWA
N TR
IN914 JINDT4 1
Ot
£ A.C
Rz & ]’ A uF
CURRENT -, Ry
RANGE
200 nA 500 K} 800 ki)
2uA 50 k{2 50 K52
20 A 5 K2 5 KST
200 pA 1 k2 4}
2mA 50 k{} 0
20 ma 50 kil 0
200 mA 50 K§2 0
2A 50 KS2 e

Circuit Notes

o T2 Vi fLonn

fe00my RANGE) Converter features eight decades of cur-
rent range. The circuit is intended to be used
with the 200.0 mV range of a DVM.
Ra
to:-n
oQ
o Fig. 17-6
015
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CALCULATOR-TO-STOPWATCH CONVERTER
:v\w O

+Ve EXISTING SUPPLY

470k

NS

™ 555 Fig. 17-7
1 3= VNV ——

On -

- R 5
- 390F =
.l- AN26
> TO = KEY
T Q! ——i

O
~Ve EXISTING SUPPLY

Circuit Notes

This circuit can be fitted to any calculator  existing calculator battery via the push-on
with an automatic constant to enable it to be push-off switch and the existing calculator on-
used as a stop-watch. The 555 timer is set to  off switch.
run at a suitable frequency and connected to the

POWER VOLTAGE-TG-CURRENT CONVERTER

Circuit Notes

hs W Low cost converter is capable of supplying
' constant ac currents up to 1 A over variable
Jloads.
L
LOAD
Fig, 17-8
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HIGH IMPEDANCE PRECISION RECTIFIER FOR AC/DC CONVERTER

+12V

AC INPUT
0 10 200 mV (RMS}

O
Q
-12v
40 Hz to 15 KHz
Fig. 17-9 =
WIDE-RANGE CURRENT-TO-FREQUENCY CONVERTER
g
ADJUST

V+

x
GAIN
ADJUST

100k C 8Tk 1% ’

FREQUENLCY
auTPUT

10 kHz
FULL-SCALE

SCALE
- 100 TO 10k
AAN
vV

Fig. 17-10

D1, D2 = 1N457, 1N484, or similar low-leakage planar diode
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AC-TO-DC CONVERTER

[ Hy l Rs

= sk, ux
ZERO § vy
ADMWST
Rg
—1z2v
. 26 K 1% GAIN ADJUST
AAAY
R As %
19K UK
] - R3
o +5 wF 24K 1%
e } AAA—
B
| B . -
[ S -Fig. 17-11
I""' + TOV|y
Lo
Az <
15 ,f S
- £

AC IN

=
2V -
Circuit Notes

This circuit includes a PMOS enhancement-mode FET input buffer amplifier,
coupled to a classical absolute value circuit which essentially eliminates the effect of the
forward voltage drop across diodes D1 and D2,

CURRENT-TO-VOLTAGE CONVERTER WITH 1% Accuracy

100pF (FOLYSTYRENE)

— o] ———
o ®
. o - Fig. 17-12
= ® o )
@ Tomt -

-1g &= 160Hz Q
—15¥ +1ay

IC = NE/SE55/1
(Sensitivity: 1 Volt per Microamp}

Circuit Notes
A filter removes the dc component of the rectified ac, which is then scaled to RMS.
The output is linear from 40 Hz to 10 kHz or higher.
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POLARITY CONVERTER

e
+10v N
15K v
5K ; IN
—AAN— INV Ca
- - ING16
5K N.L. ea —P— ,
] xS 2001 INS16
u-'—l VREF Cg ”——1;—“——0—-——-—0
2K -5V
AN RT €8 20mA
.01 N
10 E Cr CL+
ING16 50uF
o osc.  CL- -
O———4 SH.ON. COMP. }——0O
GND
GND GND
e, O

The capacitor-diode output circuit is used
here as a polarity converter to generate a —5
volt supply from +15 volts. This circuit is use-
ful for an output current of up to 20 mA with no
additional boost transistors required. Since the

‘Circuit Notes

Fig. 17-13

output transistors are current limited, no addi-
tional protection is necessary. Also, the lack of
an inductor allows the circuit to be stabilized
with only the output capacitor.

Fig. 17-14

VOLTAGE-TO-CURRENT CONVERTER

Circuit Notes

The current out is Loyt =V/R. For nega-
tive currents, 2 PNP can be used and, for better
accuracy,-a Darlington pair can be substituted
for the transistor, With careful design, this cir-
cuit can be used to control currents of many
amps. Unity gain compensation is necessary.
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WIDEBAND, HIGH-CREST FACTOR, RMS-TO-DC CONVERTER

MATCHED TQ 6.025%
A AR
YW WY W
106 H
ADTIK
W RMG FS X Bl et L
10V PEAK
> » { X2 +
10uP 0
NONPOLAR 10k 10k 30LID Ta |
CAMS +DC. ouT Guf S0LID Ta
\, " Ansas | R S———
Ac % 1ox f * & = 0TO v
Z o mmm ADTAY)
Tl
<
¥y oM <
¥z vy —yp M 1YY
T 26RO
-igv ADJ
200
oL
YW

CALIBRATION PROCEDURE:
WITH 'MODE' SWITCH IN ‘AMS + DC* POBIT:ON, APPLY AN INPUT OF +1.00VDC. ADJUST
ZERD UNTIL GUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF £10V; OUTPUT
SHOULD BE WITHIN 12.06% (Smv}.

-ACCURACY I3 MAINTAINED FADM §0Hz to 100kHz, AND IS TYPICALLY HIGH 8Y
0.0% AT 1TMHx FOR Vigy = 4V RMS (SINE, SQUARE OR TRIANGULAR WAVE),

' PROVIDED THAT THE PEAK INPUT |8 NOT EXCEEDED, CREST-FACTORS UP TO AT
LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY.

- INPUT IMPEDANCE 15 ABOUT 10k{1; FOR HIGH | 10MQ1} IMPEDANCE, REMOVE MODE
SWITCH AND INPUT COUPLING COMPONENTS,

“FOR GUARANTEED SPECIFICATIONS THE ADSI0A AND ADEIS 15 OFFERED Fig. 17-15

AB A SINGLE PACKAGE AMS.TO.DC CONVERTER.

LIGHT INTENSITY-TO-FREQUENCY CONVERTER

5V TD +15V
]

“fguTa i
108 kHr
FULL-SCALE

LM3IN <

*L14F-1, L14G-1 or L14H.1, photo transistor (Ganeral Electric Co.) or similar

Fig. 17-16 -
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Vo =

OHMS-TO-VOLTS CONVERTER

1V
R ADDER

® Py

Where R LADDER '8 the resistance

w3
from switch 51 poie to pin 7 of the LF353. 1

py VOUT = 1V
FULL SCALE

Fig.17-17

>
9 1.35k

L—O -5y

TEMPERATURE-TO-FREQUENCY CONVERTER

DEuAZ N

vs

j A5V TO +20V

v+

LTI/
LMI34

G.1uF ::

>
132
; 1%

AN

o fea e

<

<
120+
o 12 1%

3
5k

>
[} *m
p. 4
]
- {0uT o TEMP
M3
1; SEtk: %R, 10MCK
5
1
e Gt
001 .F
o -

Fig. 17-18
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MULTIPLEXED BLD INPUT

e 17

MULTIPLEXED BCD-TO-PARALLEL BCD CONVERTER

PARALLEL BCD QUTPUT

CLOCK IN
Ca o——] >
13
P— A= 1
o0 uFI D Q =0 BIT 2
= I l
200 57 3 — -
uyo-—D&“.‘.‘v l ] [ SN FaIY 1
1 — _] 47
/8 TA04 CLOTR N 7475 QUAD LATCH
4,13
HE 7417 -
2 = 1

P30-—1>

O BIT4

} BITA
/5 T4 |
&
a O BIT 2
ok e o
= 7| [c &] ! 5 O M7 1
8 717 I_L-"“_“'-'r 7475 QUAD LATCH
o CLOCK 1N
2
209 52
B3 VA~ O BIT4
+6 7404 |
= i} 4 oaT:
u
= ! I
-§ ; o G4 OBIT2
z l:: 5! T L O BT
1/4 7417 l — — 17475.0UAD LATCH
o CLOCK IN
)
]
Ba AAA O BiTa
- 106 7404
BIT3
O BIT 2

O BT

DuF 3

z a
— [_lel__l TATS QUAD LATCH

DIGIT4
IMSD}

}

-

? oMaIT 3

N

\ mairz

DIGHT ¢
iLsDh

J

Circuit Notes

Cenverter consists of four quad bistable
latches activated in the proper sequence by the
digit strobe output of the LD110. The com-
plemented outputs (Q) of the quad latch set
reflects the state of the bit outputs when the
digit strobe goes high. It will maintain this

state when the digit strobe goes low,

Fig. 17-19

FAST LOGARITHMIC CONVERTER

1.,

43pF

l’ Rz kT
Woutls 1+ = f=—1n
L R Ja

Rr
Vi| ——
Vrer Ry

Dynamic range: 100xA < 1S TmA (5 decades, |Vo!

Transient response; Jus for A, — decades

C1. G2, RZ, R3: addeg dynamic compensation
Vos adjust the LF358 to minrmize quiescent arror
Rt Tel Labs type 081 + 0.3%/"C

1
= log vV, —

Rj tu

“R2 - 1571, R = 1k 0.3%"C ifor temperature compensation’

= 1V/decadss)

Fig. 17-20
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SINE WAVE-TCG-SQUARE . TTL-TO-MOS LOGIC CONVERTER
WAVE CONVERTER '

*S5VpC

Voo

Yoo
MIN c | |
VELTAGE _‘ U i v
*Vp—Vq '™ 113
e R2 N yggfia coaosse

VINTI/2 [Vp+vp)

Fig. 17-21

Circuit Notes ‘| Fig. 17-23

The sine input is ac coupled by capacitor
C; R1 and R2 bias the input midway between Va
and Vp, the input threshold voltages, to provide
& square wave at the output.

SELF OSCILLATING PICOAMPERE-TO-VOLTAGE
FLYBACK CONVERTER CONVERTER WITH GAIN

+7TO+IBV Re R
A AN
INGTAR 4 oy

Wy A
10"
’_H_M_ 330 -{Rz
0.5W
15K 4
AA
T4C14 - ¢
- I 0.1 uF
VNI1OKM || Wma1aa

~5 V QUTPUT

Fig. 17-22 | Fig. 17-24
-Circuit Notes

A low-power converter suitable for de-
riving a higher voltage from a main system rail
in an on-board application, With the trans-
former shown, the operating frequency is 250
‘kHz. Z1 serves as a dissipative voltage reg-
ulator for the outpui and also clips the drain

voltage to a level below the rated VMOS
-breakdown voltage.
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Crossover Networks

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Active Crossover Network Third Order Butterworth Crossover

Asymmetrical Third Order Butterworth Network
Active Crossover Network

17



€in

ACTIVE CROSSOVER NETWORK

.tiz J— 0.0082 .

C C C
3
IpF } 7 ‘}
0015, 0.0154 0.015,
. Rz Rg
< 8.06x 9.53k
S 150
<

~Hin

[ S
R
fe = 500 Hz i
10k 10k
GAIN = 0d8V
Cz Ca
T 0,082, | 0.068
. p— i
o
N K[ TIT
-5 - HI-PASS GAIN 1
| EAROR - 148,
-10 DUE TO CAPACITOR
€ -8 TOLERANCE
= PLTT -1
2 _7n CROSSOVER
2z FREQ = 500Hz
-25 - SLOPE:
] 184B/0CTAVE
-30 ] ™ THD - 0.01%
15 i
40
10 100 Tk Tk 100k
FREQUENCY (Hz)
Fig. 18-1
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EIN

* MISMATCH BETWEEN Ry AND Rg CORRECTS

ASYMMETRICAL THIRD ORDER
BUTTERWORTH ACTIVE CROSSOVER NETWORK

L Ll L (T

00 AN
llllllllhll ANl IIIIII\II

ﬂl!ﬂCTAVE ‘ l“ GIUCTAUE

IIIIIIFIIIIIIIPI‘IIIIIIJI ‘llli!\
IIIIII\IIJIIIIIH\IIIIIIIIllll!l{ll
IIIIII\ﬂlllll\l‘llllllllll‘l!liﬂ
I/ A ) I
TEA TG T T

10 1m 1k 10k 1004

FREGUENCY (M}

FOR GAIN ERADA OF HIGH PASS DUE TO
CAPACITOR TOLERANCES,

Fig. 18-2
THIRD ORDER BUTTERWORTH CROSSOVER NETWORK
sz-: 1
4 c |:
b= 2o
i *0H _ -33
ceiN §3+252+42541
1
tin O~@ Ry - IR znc\/nzmm
0= 0007, &y = -i Fig. 18-3
cy
ézn ——
R R [

L]

g = 24581 g 2A0T4 0L “
L nigy L ug 53428243841

£y = 2108 L _Lam2 foL - 1
2rfoLR Isigyt 2R C2C4 L7
0.1931 5.1768

o« W = L1709 = 0.707, Ay = ~

& IxfgLR A 2xfguC n 0. By = )
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Crystal Oscillators

The sources of the following circuits are contained in the Sources section beginning on_page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

High Frequency Crystal Oscillator

Overtone Crystal Oscillator

Overtone Crystal Oscillator

TTL Oscillator for 1 MHz-10 MHz

Crystal Checker

96 MHz Crystal Oscillator

Simple TTL Crystal Oscillator

Crystal Oscillator

Overtone Crystal Oscillator

Schmitt Trigger Crystal Oscillator

50 MHz-150 MHz Overtone Oscillator

Fifth Overtone Oscillator

Crystal Controlled Butier Oscillator

Overtone Qscillator with Crystal Switching

Crystal Oscillator

Crystal Oscillator/Doubler

Low Frequency Crystal Oscillator

Crystal Oscillator

100 kHz Crystal Calibrator

Third Overtone Crystal Oscillator

Crystal Checker

CMOS Crystal Oscillator

Temperature-Compensated Crystal Oscil-
lator

Crystat Controlled Transistor
Oscillator

174

Pierce Harmonic Oscillator

Colpitts Harmonic Oscillator
Internationat Crystal OF-1 LO Oscillator
Butler Emitter Follower Oscillator
Colpitts Harmonic Oscillator

Butler Emitter Follower Oscillator

-Butler Common Base Oscillator

Pierce Harmonic Qscillator

Tube Type Crystal Osciilator
Precision Cleck Generator

Miller Oscillator

Butler Emitter Follower Oscillator
Colpitts Osciliator
Crystal-Controlled Oscillator
Pierce Oscillator

-Butler Aperiodic Oscillator
“Parallel-mode Aperiodic Crystal Oscillator
‘International Crystal OF-1 HI Oscillator

Standard Crystal Oscillator for 1 MHz
TTL-Compatible Crystal Oscillator
Crystal Controlled Sine Wave Oscillator
Crystal Oscillator

Stable Low Frequency Crystal Oscillator
JFET Pierce Crystal Oscillator

CMQOS Oscillator

Pierce Harmonic Oscillator



HIGH FREQUENCY CRYSTAL OSCILLATOR

100 MHz
1B

1l {

MC10101

MC10101

7-36 pF

Rp

.001 uF

—

1/4
Rp
Rp typical 510 £2 to Vgg or 60 £ 10 - 2.0 vdc,®
Fig. 19-1

Circuit Notes

One section of the MC10101 is connected
ag a 100 MHz crystal oscillator with the crystal
in series with the feedback loop. The LC tank

.circuit tunes the 100 MHz harmonic of the
crystal and may be used to calibrate the circuit
to the exact frequency. A second section of the
MC10101 buffers the crystal oscillator and
gives complementary 100 MHz signals. The

frequency doubler consists of two MC10101
gates as phase shifters and two MC1662 NOR
gates. For a 50% duty cycie at the output, the
delay to the true and complement 100 MHz
signals should be 90°. This may be built pre-
cisely with 2.5 ns delay lines for the 200 MHz
output or approximated by the two MC10101
gates as shown.
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OVERTONE CRYSTAL OSCILLATOR

FREQUENCY RANGE:

9-35pF
[ 'C';‘/' 20 MHz 1o 100 MHz, Depaendant on
i Crystai Freguency and Tank Tunin
r {1 s sauaney unind

1DR 7

O QUT
1/3 1/3
MC1G116 MC10116
O gUT
5 P e 5 ou
€ ! .l
5-35 o L | Vag Is a-1.3 Voit Supply Obtained by
nF /] Rp :; Shp Qne of the Following Methods-
i (A} Internal Vgg Supply
12 /3 {8} Gate Vgpg Supply
MC10116
o
<3 )
A uFf T 1
. Vee OVas
= in MC10118
- >
*0.33 uH for 50- 100 MHz =007 uE -:: Rp
1.0 uH for 20-50 MHz b
Ap » 510§ to Veg or 50 {1 to Vot L
= o]
Fig. 19-2

Circuit Notes

This circuit employs an adjustable reso-
nant tank circuit which insures operation at the
desired crystal overtone. C1 and L1 form the
resonant tank circuit, which with the values
specified as a resonant frequency adjustable
from approximately 50 MHz to 100 MHz. Over-
tone operation is accomplished by adjusting the

tank circuit frequency at or near the desired
frequency. The tank circuit exhibits a low im-
pedance shunt to off-frequency oscillations and
a high impedance to the desired frequency,
allowing feedback from the output. Operation
in this manner guarantees that the oscillator
will always start at the correct overtone.
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OVERTONE CRYSTAL OSCILLATOR

C3
10pF

L1

& L2 OOUTPUT
6—-£—o + 12VDC
: C4

— C1
™ 5pF

H]

§7nr\.

1
ufF

Fig. 19-3

Circuit Notes

The crystal element in this circuit is con-
nected directly between the base and ground.
Capacitor C1 is used to improve the feedback
due to the internal capacitances of the transis-
tor, This capacitor should be mounted as close
as possible to the case of the transistor. The LC
tank circuit in the collector of the transistor is
tuned to the overtone frequency of the crystal.
The emitter resistor capacitor must have a
capacitive reactance of approximately 90 ohms

at the frequency of operation. The tap on induic-
tor L1 is used to match the impedance of the
collector of the transistor. In most cases, the
optimum placement of this tap is approximately
one-third from the cold end of the coil. The
placement of this tap is a trade-off between
stability and maximum power output. The out-
put signal is taken from a link coupling coil, LZ,
and operates by transformer action.
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CRYSTAL CHECKER
PUSH BUTTON e

LED 1 T

*BC107:89

2N3653,4

2NB770

2N706, etc. 100

1000pF T 3.9V
' i BATTERY
0=
XTAL—

‘TEST
—°T 150pF
Fig. 19-4
Circuit Notes

Use this circuit for checking fundamental oscillates, Q2 conducts and the LED lights. A3
HF crystals on a ‘Go-No-Go’ basis. Anuntuned  or 6V, 40mA bulb could be substituted for the
Colpitts oscillator drives a voltage multiplier  LED.
rectifier and a current amplifier, If the crystal

TTL OSCILLATOR FOR 1 MHz-10 MHz

1L
il
0.1
‘ \iH OUTPUT
2.2k
? c2 42 NOTES:
1. C2 = 1/f x 10-4, (f IS IN HZ)
i PREVENTS SPURIOUS. FREQUENCY
2. ICs ARE 7400/7404
/77 /77

Fig. 19-5
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96 MHz CRYSTAL OSCILLATOR

T 96 MHz OUTPUT +6to +9V REG
-
00 001 v
2N3564
68p L3 Lz agp
L1
62p — i
47D o L1, 4 mm tormer, F2Z9 slug (Neosid AZ assembly)
- 15K 680 ‘:] 30 turns 4-mm enamel wire
“Taz MH 1213 7300 CAN TWO 72211 FORMERS F29 S5LUGS
1L 7 (Neosid double assemsly) 12 turns 63 mm enamel
43 q— XTAL wire,
s Fig. 19-6

Circuit Notes

By using a crystal between 27.5 and 33 MHz, the 3rd harmonic will deliver between
£2.5 and 99 MHz.

SIMPLE TTL CRYSTAL OSCILLATOR

R2 R4
W

560R

I.l
1.
CTRYSTAL
{to suit)

Fig. 19-7
Circuit Notes

This simple and cheap crystal oscillator  theirlinear regions by R1 to R4, and the crvstal
comprises one third of a 7404, four resistors  provides the feedback. Oscillation can only
and a crystal. The inverters are biased into  occur at the crystals fundamental frequency.
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CRYSTAL OSCILLATOR

-ri
—i—

ci
100
L
390k 16 - 02
29uM
Q1 2N325!
100

Ly
5 N
i —L_o :390
,-I\ .Of

Fig. 19-8

7;\ .01 /47—. *
Circuit Notes

Stable VXO using 6- or-8-MHz crystals uses a capacitor and an inductor to achieve
frequency pulling on either side of series resonance,

OVERTONE CRYSTAL OSCILLATOR

12 V 00—

B1 0.1 INCH
DIAMETER

RIQUT

2 \}-—o
/""“"‘*- )
22k

47
FERRITE

BEAD
3| e

Fig. 19-9

Circuit Notes

This design is for high reliability over a wide temperature range using fifth and
seventhovertone crystals. The inductor in parallel with the crystal causes antiresonance

of crystal Co to minimize loading. This technique is commonly used with overtone
crystals,
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SCHMITT TRIGGER CRYSTAL OSCILLATOR

SCHMITT TRIGGER OSCILLATOR UP TO 10 MHZ

7414

S—— T 4B ] il

I8 :
g15k L 15k

L oourpur

77 /77

NOTE: C2 = 1/1 x 10 4 {1 IS IN HZ) - PREVENTS SPURIQUS FREGUENCY
Fig. 19-10
Circuit Notes

A Schmitt trigger provides good squaring of the output, sometimes eliminating the
need for an extra output stage.

50 MHz-150 MHz OVERTONE OSCILLATOR

4 -0 +5 TO 12 Vde
c3

—HEL——o ouTPUT
-L o 47 k SINE WAVE
L

Fig. 19-11
- 01 4.7k
VNO - —0 0 VOLTS
TES:

1. Y1 1S AT CUT OVERTONE CRYSTAL.

2. TUNE L1 AND C2 TO OPERATING FREQUENCY.

3. L2 AND SHUNT CAPACITANCE, CO. OF CRYSTAL (APPROXIMATELY.6pF)
SHOULD RESONATE TO OSCILLATOR QUTPUT FREQUENCY (L2 = .5 uH AT 90
MHZ). THIS IS NECESSARY TO TUNE OUT EFFECT QOF.CO.

4. C3 1S VARIED TC MATCH QUTPUT.
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FIFTH-OVERTONE OSCILLATOR

5? 6 MHZ

I——-o ouTPUT

Q1 2N5187

RFC1

_l_ vi
-57_6 MHZ
l 47 uH
10 k
RFC2 301 o1
Lh
2200 47 uH
12V i Fig. 19.12

Circuit Notes

This circuit isolates the crystal from-the dc base supply with an rf choke for better
starting characteristics.

CRYSTAL CONTROLLED BUTLER OSCILLATOR

—0
T +12 VOLT

al o 560
+

10k 10 ouTPuT

HEPB02

2k

Fig. 19-13

Circuit Notes

A typical Butler oscillator (20-100 MHz) uses an FET in the second stage; the
circuit is not reliable with two bipolars. Sometimes two FETs are used. Frequency is
determined by LC values.
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OVERTONE OSCILLATOR WITH CRYSTAL SWITCHING

+|20*—|

<
S 47k ana12a

i
C1E-9035 45 mnz xTALS
1

“TAP 2

o7
4.40

L1

[ |
g

CAYSTAL
SWITCH 22k
O
22k
o—ann—— |
22k

é‘Tm

—o 12

—t
™

L1 = 16 TURNS
NO. 24 ON 3/'8
PHENOLIC FORM
A8 LG

TAR t = 2 TURNS
FROM LOW END

TAP 2 - 4 TURNS
FROM LOW END

Circuit Notes

The large inductive phase shift of L1 is
compensated for by C1. Overtone crystals have
very narrow bandwidth; therefore, the trimmer
has a smaller effect than for fundamental-mode
operation.

Fig. 19-14
CRYSTAL OSCILLATOR
. —o
_L 2N4124 100
30 pF
W onp
' 1k
- s Circuit Notes
| The crystal is in a feedback circuit from
— 1V5Vk"'"_ 12 vae  Ccollector to base. A trimmer capacitor in series
shifts the point on the reactance curve where
_ O the crystal operates, thus providing a fre-
8200 0125 g 680 -quency trim, The capacitor has a negative reac-
i tance so the crystal is shifted to operate in the
#75 positive reactance region.
3

2 -20 MHZ l

Fig. 19.15
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CRYSTAL OSCILLATOR/DOUBLER

+12 v —o
L2 15 TURNS 1o RFOUT
0.4 mm (NO‘ 26) 36 MHZ
L1 68 uH
2N918
G117 -24 ?g 39
?‘gca 25 - 45
—_— ]
FUNDAMENTAL Jll 18 MHZ Fig. 19-16
AUDIO
15 uH
10k 43 220
_L ce
,]_470 _[470 T MV2104
(= & L .

doubler.

i .

Circuit Notes

The crystal operates into a complex load at series resonance. L1, C1, and C2
balance the crystal at zero reactance. Capacitor C1 fine-tunes the center frequency. Tank
circuit L2, C3 doubles the output frequency the circuit operates as an-FM oscillator-

Except as Indicaied, decimal
valusa of capactiance are In micro-
tarads (yF); cthers are In picotar
#ds (oF); revisiences are in ohins.
k= 1,000 M= 7,000,000

LOW-FREQUENCY CRYSTAL OSCILLATOR

100

A O+ 12 VOO

R 0.1 235 mH IFE:_

$ 5000 I aSERNE

b3 cryatsl 100 . .

3 — Y P Circuit Notes

This crystal-oscillator circuit uses a 455-kHz
e crystal,
s — 3 80 —k
*Do not bypess emitter

e ¥ T

Fig. 19-17




CRYSTAL OSCILLATOR

9.V,
+
1 ' 0.1uF |
I 33pf —
33k 220pf /;

56pf

output

VRI1

10k

82052 2200

Circuit Notes

This circuit provides reliable oscillation and an output close to one volt peak-to-
peak. Power consumption is around 1 mA from 4 nine volt supply.

100 kHz CRYSTAL CALIBRATOR

(=) 912 (+)
—
vDC .
gié Ca Circuit Notes
2 3K $7pF e )
470K _ N This circuit is often used by amateur radio
Y " —L i OUTPUT operations, shortwave listeners, and other
J Tc1)0kHz operators of shortwave receivers to calibrate
1 (S /J;, the dial pointer. The oscillator operates.at a
1500 Afundamental frequency of 100 kHz, and the
pF harmonics are used to locate points on the
shortwave dial, provided that the output of the
c2 “E ca calibrator is coupled to the antenna circuit of
2207 e oF the receiver. The crystal shunts the feedback
voltage divider, and is in series with a variable

capacitor (C3) that is used to set the actual
operating frequency of the calibrator.

Fig. 19-19
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THIRD-OVERTONE CRYSTAL OSCILLATOR

LS
o0
4 )]
J [
IYd QuTRUT
z 1N @ 10) ./\/\/\

d0pF

Horar

203wy W
74500

3

8 pF

L

Fig. 19.-20
Circuit Notes
This circuit uses a 74500 Schottky TTL gate; no inductors are required.

CRYSTAL CHECKER

Crystal

—{J

Circuit Notes
This circuit is a simple Pierce oscillator

2N3823 with an LED go/no go display. Checker works
FET best with crystals having fundamental frequen-
cies in the seven to eight megahertz range.
-
120K52

Fig. 19-21
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CMOS CRYSTAL OSCILLATOR

\NOR NOR -
NoR ) 1o So—ooureur
R ,
22M0 }
<R2
Y1 22Kn
— 2
g o} A0pF
j: 22pF {max)
Fig. 19-22

Circuit Notes

This circuit has-a frequency range of 0.5 MHz to 2.0 MHz. Frequency can be
adjusted to a precise value with trimmer capacitor C2. The second NOR gate serves asan
output buffer.

TEMPERATURE-COMPENSATED CRYSTAL OSCILLATOR

T v —+5V DC
.05 ' $aro
I 3470

310K

333K 4 aQuTRUT

TR
)Parts fora s

‘MHz AT-cut crystal
C =38pF NPO

L
CRYSTAL - /|7
- JI
1

»HO.
)TR

(fine-frequency trimmer)
C2=4-24 pF N500 (temperature
4TOpF SM compensating)
= c2 c3 - C3=8-48 pF N1500 (temperalure
_l' compensating)
10K $680 T ca C4=120 pF silver mica

—9 GND
*

Fig. 19-23

Circuit Notes

Two different-negative-coefficient capacitors are blended to produce the desired

change in capacitance to counteract or compensate for the decrease in frequency of the
“normal” AT-cut characteristics.
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R2 33K

- +
9TO 12V

CRYSTAL-CONTROLLED, TRANSISTOR OSCILLATOR

Fig. 19-24

PIERCE HARMONIC OSCILLATOR (20 MHz)

in-circuit Q.

+ 5V
pIN
31..!\
[ 100
0.6Vpp '
¢ XTAL
[ 20 MHz (3H)
L A
5_’.”’_1 D* 5V MTMIN0
15-40
. - R, = 14 ém :1::
Y c ? 1
270 P N $
pF pf s X 1
D,-0, ¥ T
| =
Fig. 19-25

Circuit Notes

+ 5V

E_ =
03v,,
N394

Bulter

This circuit has excellent short term frequency stability because the external load
tied across the crystal is mostly capacitive rather than resistive, giving the crystal a high
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COLPITTS HARMONIC OSCILLATOR (100 MHz)

+8Y +5V

% 390 J
130K
§r-2voe ~—y s 2N4265

5V
R c, _L ' *
INatds ¥ _
- m )

1
[ v J309

06. V PP
220

Butfer
Fig. 19-26

Circuit Notes

L1C1 are selected to be resonant at-a of C1/C2, but practical harmonic circuits seem
frequency below the desired crystal harmonic  to work best when C1 is approximately 1-3
but above the crystal's next lower odd har- times the value of C2. Diodes D1-D3 provide a
monic. C2 shouid have a value of 30-70 pF, simple regulated bias supply. The resistance of
independent of the oscillation frequency. R1 should be as high as possible, as it-affects
There is no requirement for any specific ratio  the crystal's in-circuit Q.

INTERNATIONAL CRYSTAL OF-1 LO OSCILLATOR

OUTPUT
FREQ. | c2
2—15MHz 470 pF 470 pF

+12V
3

- 3

@

A

4—22 MHz | 220 pF | 220 pF
$3 30 pF

——

Fig. 19-27
Circuit Notes
International Crystal OF-1 LO oscillator circuit for fundamental-meode crystals.
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BUTLER EMITTER FOLLOWER OSCILLATOR (100 MHz)

=

+ 5V ’-0 INS711 A
B
+5Y
1K A1 1K
L1 .12 pH
4 MM KMRFQO:; Q1
o +5V
C1 XTAL
iN W D2 8.15 pF 100 MHz (5H) -1.9 Vdc
4148 - MAF904
o3 100
cz
D4 23 pF Eo = OGVDP
*> l
- BJf?er
Fig. 19-28

Circuit Notes

This circuit has good performance without  amplifier has a gain of only one with built<in
any parasitics because emitter follower negative feedback to stabilize its gain.

COLPITTS HARMONIC OSCILLATOR (BASIC CIRCUIT)

+V

Circuit Notes

7 This circuit operates 30-200 ppm above
2z, series resonance. Physically simple, but
7 analytically compiex. It is inexpensive with fair
frequency stahility.

g
. Fig. 19-29
L
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BUTLER EMITTER FOLLOWER OSCILLATOR (BASIC CIRCUIT)

+V

Circuit Notes

This circuit operates at or near series
XTAL resonance. It is a good circuit dgsign with no
1M parasitics. It is easy to tune with good fre-
¢ 1Ll quency stability.

I

Fig. 19-30

BUTLER COMMON BASE OSCILLATOR (BASIC CIRCUIT)
+V

Circuit Notes

This circuit operates at or near series
resonance. It has fair to poor circuit design with
parasitics, touch to tune, and fair frequency
stability.

Fig. 19-31
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‘PIERCE HARMONIC OSCILLATOR (BASIC CIRCUIT)

+V
L1
|
+V
XTAL
o DI Circuit Notes
I ' This circuit operates 10-40 ppm above
series resonance. It is a good circuit design

’ with good to very good frequency stability.

. 4
C1 c2

7

Fig. 19-32

TUBE-TYPE CRYSTAL OSCILLATOR

RF.C . .
0 XTAL Circuit Notes
: The pilot lamp limits current to prevent
60 mA, damage to the crystal.
PILOT 10,000 g y
LAMP 20
)
7 o
- 002
)
-B +B

Fig. 19-33
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PRECISION CLOCK GENERATOR

[ +5v

Vet output 1
OS5C QUT —0 10 MHZ

F=10MHZ

[ l ICM7208 output 2
I I OSCIN © 1:256 MHZ2

(F=8)
# 6:36pF 20pF. v—
J‘ { DISABLE -

Circuit Notes

The CMOS IC directly drives 5 TTL loads from either of 2 buffered outputs. The
device operates to 10 MHz and is bipolar, MOS, and CMOS compatible.

Fig. 19-34

MILLER OSCILLATOR (CRYSTAL CONTROLLED)
2 {+)

Circuit Notes

The drain of the JFET Miller oscillator is
tuned to the resonant frequency of the crystal
by an LC tank circuit.

Y =
1000
KMz

1 Fig. 19-35

193




BUTLER EMITTER FOLLOWER OSCILLATOR (20 MHz)

+5V
INS711 &+

: :I' +5V
g“‘ RIIK -

L1 1uh 5 A
2N5178 Q1
C1 82 pF R, = 15 XTAL e
IN 4148 . 20 MHz (3H)
D1 -D4 1 10}

Vi 1
. C3 15:40 pf R, = 14
C2 470 pF

iy

B2 5 SGope  OUTPUT

i L cs
50pF “T .00 +

Fig. 19-37

4
Fig. 19-36
COLPITTS OSCILLATOR
+) =)
o12
vD
A (Rt
20K ) .
2 0' . } Circuit Notes
l ;;7 This circuit will operate with
fundamental-mode crystals in the range of 1
_ o} MHz to 20 MHz. Feedback is controlled by
_L c2 2N2222 capacitor voltage divider C2/C3. The rf voltage:
/T~ 82pF 7 across the emitter resistor provides the basic’
Yi{ ] )][ o feedback signal.
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CRYSTAL-CONTROLLED OSCILLATOR

CRYSTAL
3.00 MHz

| I

R1 510

G147

G2

R2 510 ™
G3

Cz4r ==

Ve

G1. G2, G3 = 5400/7400
OUTPUT Gé

Circuit Notes

This circuit oscillates without the crystal, With the crystal in the circuit, the
frequency will be that of the crystal. The circuit has good starting characteristics even
with the poorest crystals.

Fig. 19-38

PIERCE OSCILLATOR

{+} 8VDC (-)

2 | C4 ¢ R5 Fe
10pF =<.22 < 150K 1K ouTPUT
| A

Q1.Q2: 2N2362 OR EQUIV.

Fig. 19-39

Circuit Notes

The oscillator transistor is @1, and the crystal is placed between the collector and
hase. Feedback is improved by the use of the collector-emitter capacitor C2. Transistor
Q2 is used as an output buffer.
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12 Wik

BUTLER APERIODIC OSCILLATOR

1 2NR222

Rz

ot
10K
o eE &

Q2 2N22a2

Co 0001

CQUTPUT

RS
33K

D1 D2 1Ng14

Fig. 19-40

Circuit Notes

This circuit works well in the range of 50

kHz to 500 kHz. Slight component modifica-
tions are needed for higher frequency opera-
tion. For operation over 3000 kHz, select a

transistor that provides moderate gain (in the
60 to 150 range) at the frequency of operation

-and a gain-bandwidth product of at least 100
MHz,

(+)

12 _gi-)
voe
3 &

>R

TAAM

R L]

PARALLEL-MODE APERIODIC CRYSTAL OSCILLATOR

ot

-C1 "'E
30pF 7 L, ‘ﬁ‘{'
i !
100K oy —L__‘:;m
001 ’-l:._'fi;oo f
uF 77
Il
ILA
t7

The crystal is placed hetween the collec-
tor of the output stage and the base of the input
stage. The frequency of osciliation can be set to
a precise value with trimmer capacitor C1. The

Circuit Notes

Fig. 19-41

range of aperation for this circuit is 500 kHz to
10 MHz. Extend the range downward {160
kHz) by increasing the value of C1 to 75 pF and
increasing the value of C2 to 22pF.
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INTERNATIONAL CRYSTAL OF-1 HI OSCILLATOR

2V o—

1

1a0 oot

4 Tk (——-—o ouTAUT

1

[+

2.2x FREQ. | ¢} ¢z
cz .70 18-28 MHs 220 pF | 47 pF
T 28 -60 MHr 100 pF | 18 pF

—i— ¥

”
Fig. 19-42
Circuit Notes
International Crystal OF-1 HI oscillator circuit for third-overtone crystals. The
circuit does not require inductors.

TTL-COMPATIBLE
CRYSTAL OSCILLATOR

STANDARD CRYSTAL
OSCILLATOR FOR 1 MHz

1 10QKHz
s T0

T 50MHz
CRYSTAL

30 pF PABALLEL RESONANCE Fig. 19-44
P Circuit Notes
Adjust R1 for about 2 volts at the output of
the first gate. Adjust C1 for best output.

Fig. 19-43
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CRYSTAL CONTROLLED
SINE WAVE OSCILLATOR

|1

STABLE LOW
FREQUENCY CRYSTAL OSCILLATOR

+2BY

P—0O qutrur

)1“!?3

i}

Fig. 19-47

Circuit Notes

This Colpitts-crystal oscillator is ideal for
low Frequency crystal oscillator circuits. Ex-
cellent stability isassured because the 2N3823
JFET circuit loading does not vary with tem-
perature.

Vo =500 mVp-p :U :
=91 MHz 91 MHz
THD<2.5% (FUNDAMENTAL)
Fig. 19-45
CRYSTAL OSCILLATOR
BV
A2 7 R4
100 k 2k
AN AN
10 I_J e
?g pF
N
fo0 K 2 o ’ LM3‘>?—_‘""_° Vout
< -0taF s f :
it ) }E ' T" A3
50 k
Fig. 19-46

JFET PIERCE CRYSTAL OSCILLATOR

OUTPUTY

2N5485 {P50}

Fig. 19-48
Circuit Notes

The JFET Pierce crystal oscillator allows

‘| a wide frequency range of crystals to be used

without circuit modification. Since the JFET
gate does not load the crystal,- good Q is main-
tained, thus insuring good frequency stability.

198




CMOS OSCILLATOR-1 MHz-4 MHz

L)
1]

NOTES:
RiI i. IM<RI< 3N
AAA————— -2, SELECT R2
AND C2 TO
PREVENT SPUR-
TOUS FREQUEN-
R2 CIES
3 ICs ARE T4CO4
OR EGUIMLENT
~c2
Fig. 19-49 9'7\ ——O0 OUTPUT
PIERCE HARMONIC OSCILLATOR (100 MHz)
+5V
L L, +5V
3 07 uH
.01
100
O.GVppb | 4309
E, =
AL 100K 0.3vpp
100. MHz (5 H) 220
”-'"I Dl " MTM3g60
J +5V Ta, —
R, = 40 a3K 0
_ R, Buffer
T 33 43 22 pF
4143 R
@ T
Fig. 19-56 =
Circuit Notes

The output resistance of the transistor’s
collector, together with the effective value of
C1, provides an RC phase lag of 30-50°. The
crystal normally oscillates slightly above
series resonance, where it is both resistive and
inductive. Above series resonance, the crys-
‘tal’s internal impedance (resistive and induc-
tive) together with C2 provides an RLC phase

lag of 130-150°. The transistor inverts the sig-
nal, providing a total of 360° of phase shift
around the loop. Inductor L1 is selected to
resonate with C1 at a frequency between the
crystal's desired harmonic and its next lower
odd harmonic. Inductor L1 offsets part of the
negative reactance of C1 at the oscillation fre-
guency.
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Current Measuring Circuits

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contaired in the box of each circuit correlates to the source entry in the Sources section.

Ammeter Nanoampere Sensing Circuit with 100
Pico Ammeter Megohm Input Impedance
Nano Ammeter Current Monitor
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AMMETER

v'l‘
1L 1
-
2 2 RANGE
o1 < nz
LM385 <
12v o
s
% A}
>
L
-2 el
R4 RS
™16 v
a1 el A
NS
) a2
ZN22t8
(,, > Al ag SCALE
INPUT L _A;:.' I o
Aot &
E.E'Sh‘)
>
AT S
v v 28 S
0z 03
- 1NA57 1N457 |
t 1x scale callbrate u
*3x scale callbrate 1 aaf M
t includes reversing switch ? 3 ’ !
Fig. 20-1

Circuit Notes

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 4V
at lower ranges rising to 3 mV at 3 mA. The buffers on the op amp are to remove
ambiguity with high-current overload. The output can also drive a DVM or a- DPM.
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PICO AMMETER

A, 1020

T-HSV

‘ A A%

R1 1M 2

QUTPUT

V, = 1, % 101202

Fig, 20-2

INTEANAL DIODES

w

= -1 VOLT/pA

-5V

Circuit Notes

A very sensitive pico ammeter (—1V/pA)
employs the amplifier in the inverting or cur-
rent summing mode. Care must be taken to
eliminate stray currents. from flowing into the
current summing mode. It takes approximately
5 for the circuit to stabilize to within 1% of-its

final cutput voltage after a step function of input
current has been applied, The internal diodes
CR1 and CR2 together with external resistor
R1 to protect the input stage of the amplifier
from voltage transients.

NANO AMMETER

-185¥

Resistance Values for
DC Nano-and Micro Ammetar

LFULLSCALE | Re(q) Rilal
100 nA 1.6M 1.6M
500 nA 300k 300k
1 uA 300k 0
5uA 80k 0
10 uA 30k 4] B
50 pA 8k o -
100 uA 3k 0

The complete meter amplifier is a differen-
tial current-to-voltage converter with input pro-
tection, zeroing and full scale adjust provisions,
and input resistor balancing for minimum offset
voltage.

Fig. 20-3
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NANOAMPERE SENSING CIRCUIT
WITH 100 MEGOHM INPUT IMPEDANCE

[+]
I
‘ IN
°f ] l
390K 150
i 2
28 o
VOLTS — =
2N49) ;L,SCR
(COF, CI2F,
OR.C40F}
:l:.05
NANCAMPERE SENSING CIRCUIT WITH
100 MEGOHM INPUT IMPEDANCE
Fig. 20-4

Circuit Notes

The circuit may be used as a sensitive
current detector or as a voltage detector having
high input impedance. R1 -is set so that the
voltage at point (A) is % to % volts below the
level that fires the 2N494C. A small input cur-
rent (Iin} of only 40 nanoamperes will charge
C2 and raise the voltage ai the emitter to the

firing level, When the 2N494C fires, both

.capacitors, C1 and C2, are discharged through
‘the 27 ohm resistor, which generates a positive

pulse with sufficient amplitude totrigger a con-
trolled rectifier (SCR), or other pulse sensitive
circuitry.

CURRENT MONITOR

POSITIVE %
INPUT Ouemlp—AA—-——0 TC LDAD
NOLTAGE

>
< R?
>
<1e
B

_IPN3GIM P52}
&

e

MONITOR
ouTPUT
[Ty
R1R)
VouT = T i a3

1%

Circuit Notes

R1 senses current flow of a power supply.
“The JFET is used as a buffer because In = Is;
therefore the output monitor voltage accu-
-rately reflects the power supply current flow.

Fig. 20-5
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Current Sources and Sinks

The sources of the following circuits are contained in the Sources section beginning on page 730, The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Current source Precision 1 A to 1 mA Current Sources
Precision Current Source Precision Current Sink



Fig. 21-1 s

CURRENT SOURCE

ON/OFF

—~"o

REVERSE

ERRDA/
BATTERY
oK

BATTERY
TEST

e

o F

RE

100M  2N43138

j aureuT

az*

o'

Circuit Notes

This precision current source has 10 4 A to 10 mA ranges with output compliance of
30V to —5V. Output current is fully adjustable on each range with a calibrated, ten-turn

potentiometer. Error light indicates saturation.

-RE o
100
t
RANGE
AN 10 mA
RS
1 *
1 2N9250 )
X " N—0 1 ma
b 3 A
< 15 ' o
< N i * calibrate range
e—AAA—O 100A “tselect for Icgg = 100 pA

PRECISION CURRENT SOURCE

A1

“2ZN5457 (P55)

VIN
lg= — VN <0V
0= &y VINS

Fig. 21-2

Cirecuit Notes

The 2N5457 and PN2222 bipolar serve as
voltage isolation devices between the cutput -
and the current sensing resistor, R1. The
LM101 provides a large amount of loop gain to
assure that the circuit acts as a current source. '
For small values of current (<1 mA), the
PN2222 and 10K resistor may be eliminated
with the output appearing at the source of the
2N5457.
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LM385-2.5

=15V TO =27V

Fig. 213

PRECISION 1 pA to 1 mA CURRENT SOURCES

LM3R5-2.5

15V T0 27V

2.8V
*lout=—r

ZN5AST (P5S)

PN2222 (P19}

Fig. 21-4

PRECISION CURRENT SINK

Circuit Notes

The 2N5457 JFET and PN2222 bipolar
have inherently-high output impedance. Using
R1 as a current sensing resistor to provide
feedback to the LM101 op amp provides a large
amount of loop gain for negative feedback to
enhance the true current sink nature of this
circuit. For small current values, the 10 K re-
sistor and PN2222 may be eliminated if the -
source of the JFET is connected to R1.
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Dc¢/Dc and
Dc/Ac Converters

The sources of the following circuits are contained in‘the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Dc-to-De/Ac Inverter Current Source

Dc-to-De SMPS Using NE5561 Variable 18 Regulated Dc-to-De Converter
Vtio30V Out at 0.2 A 400 V, 60 W Push-~Pull Dc/Dc Converter

Mini Power Inverter as High Voltage, Low Dc/Dce Regulating Converter

Flyback Converter
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DC-TO-DC/AC INVERTER

O-
_12v a3 L
22082 a3 r
2N3055 T1

OLD FILAMENT
TRANSFORMER

c2 240V ac

0.047uF {ORIGINAL

50V \ PRIMARY}

| TO
— RECTIFIER
- 126VCT .
(QRIGINAL
SECONDARY)
R4
+12V 22002 Q4
[ :
az 2N3055
—_— 2N3638A
Fig. 22-1

Circuit Notes

This inverter uses no special components
such as the torodial transformer used in many
inverters. Cost is kept low with the use of
cheap, readily available components. Essen-
tially, it is a power amplifier driven by an asta-
ble multivibrator. The frequency is around
1200 Hz which most 50/60 Hz power transfor-
mers handle well without too much loss. In-
creasing the value of capacitors C1 and C2 will

lower the frequency if any trouble is experi-
enced. However, rectifier filtering capacitors
required are considerably smaller at the higher
operating frequency. The.two 2N3055 transis-
tor should be mounted on an adequately sized
heatsink. The transformer should be rated ac-
cording to the amount of cutput power required
allowing for conversion efficiency of approxi-
mately 60%.
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DC-TO-DC SMPS USING NE5561 VARIABLE 18 V1o 30 VOUT AT 0.2 A

c2

ALF
50V
iNPUT ., |
+15Y I . +|
c! =
047,¥ I maL;el o
= FERROXCUBE T V2
- QUTPUT
R2 c3
1 ll 1.=. :::‘Jm » :%K ATOF
vz 2 7 ann *a T
VW TIP30A s
A3 TO NESS6 = =
&800 Q3 piNg
e U407
TO RZ (C) = 3 NESS81 L] 1200 "HIGH CURRENT
P ) ¢ naL COMMON
i 3 fs < R§
< ay 270K S e 0.208
I 38k & 179 4 s ey Hon
: s = C5 is the timing
I capacitor (0.03xF for 22 kHz)
l phd L. cs L1is Ferroxcube 2613
18K g:nhF ~0.001F  3C8 with 14 turns of #18 enameled
I I... wire (0.14-mH)
) i 1 =" vgrav
i max =T\ aig ry V2H+VBE
Fig. 22.2

MINIPOWER INVERTER AS HIGH VOLTAGE, LOW CURRENT SOURCE

0 +5 -+ 16 VOLTS

3:: : Acor Fig. 223

s

10 c3
10u — 10n
_ . O GND

Circuit Notes

The circuit is capable of providing power  high, current flows through the limiting resis-
for portable Geiger counters, dosimeter char-  tor, the primary coil to charge C3. When the
gers, high resistance meters, etc. The 555  output is low, the current is reversed, With a
timer IC is used in its multivibrator mode, the  suitable choice of frequency and C3, a good
frequency adjusted to optimize the transformer  symmetric output is sustained.
characteristics. When the output of the IC is
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REGULATED DC-TO-DC CONVERTER

Fig. 22-4

-12vesima

Circuit Notes

Low power dc to dc converter obtained by  achieved by zener diode D2. Maximum current
adding a flyback circuit to a square wave oscil-  available before the converter drops out of reg-
lator. Operating frequency is 20 kHz to  ulation is 5.5 mA.
minimize the size of L1 and C2. Regulation is

400 V, 60 W PUSH-PULL DC/DC CONVERTER

1aHy

=0 400¥
+1
o
T Ln [sa [ ]
E-1]
LR ARLEL
8K I . "
"
oo e
o nee  J [T . Fig. 22-5
m $1 . -
1wl ' w W
". - = = o
4 T2 E] 11 &
= _ = 0 k3 +% 5hn
) _[ Laka L n,
;;mm .|Io o008 0w
- = it NOTES 4
L) UNLESS OTHERWISE NOTED,

ALL RESISTORS 5%, "W
ALL CAPACITOR VALUES IN MICROFARADS, 25V
Q4 & Qg VNGAGA ON HEAT SINK
Dy & Dz INAS34
Dy: 23Y, 3W 2ENER
Ti: PRI: 127, CT, NQ 18 AWG
SEC: 275T, NO 24 AWG
CORE: INC GEN 8231.1

Circuit Notes

The TL494 switching regulator governs the operating frequency and regulates
output voltage. Switching frequency approximately 100 kHz for the values shown.
QOutput regulation is typically 1.25% from no-load to-full 60 W,
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‘DC/DC REGULATING CONVERTER

+20v ]
e I
S vin we Sw

us'a s [ Ca -

s [V
A NI Ex 20 To00t

RN 4 x> hﬁ THIC s PR sv.sa

i Cs <

— REF o

FL wH- 20
WY VP Eg T Llﬂ—l

o . . . 6
;_{ }— ng G Flg. 22'
o——/osc o
) 1001 +
o SHON.  COMP mi = 00,5
GND
012
206
RETURN

Circuit Notes

Push-pull outputs are used in this
transformer-coupled dc-dc regulating conver-
ter. Note that the oscillator must be set at
twice the desired output frequency as the
'5G1524's internal flip-flop divides the fre-

quency by 2 as it switches the PWM signal from
one output to the other. Current limiting is
done here in the primary so that the pulse width
will be reduced should transformer saturation
occur.

FLYBACK CONVERTER

IN918
+5V O——4 v +
200
+_I_ PIVE < Esx 300 mL
p ;
el S - v.. $ 2
w INV Ca 0.7 e
5K
—AAA N Ea |
‘—d VAEF ]
P I ]
—A\Vy———— Ry Eg '
02 N
e L0 CL+ F—
820
o os¢. -t g 1 CORE: FROM CURVE
: 2213P-A180-287
O Sh.Dn. COMP. 0 H 510
we | TTOH.
T 47~ | 2n2222 1
o :
GROUND
Fig, 22.7

Circuit Notes

A low-current flyback converter is used
here to generate 15 volts at 20 mA froma +5
volt regulated line, The reference generator in
the 5G1524 is unused with the input voltage

providing the reference. Current limiting in a
flyback converter .is difficult and is ac-
complished here by sensing current in the
primary line and resetting a soft-start circuit.
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Decoders

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Tone Alert Decoder 10.8 MHz FSK Decoder
Tone Decoder with Relay Output 24% Bandwidth Tone Decoder
SCA Decoder Dual-Tone Decoder
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TONE-ALERT DECODER

Josm f—an 442 VOC ] AIDIC TO SPEANER

B0 AUDIO FROW RIS

ase

ok :

Fig. 23-1

7433

o

JUMPER TO ONE

-Schematic diagram of the tone-alert decoder, designed for
the call-up of amateur radio volunteers during emergencies.

Circuit Notes

PLL (Ul) is set with R2 to desired tone
frequency. LED lights to indicate lock-up of
PLL. Reduce signal level (R1) and readjust R2
to assure lock-up. Delay is selected from
counter U3 output. Circuits latches (turns on

Q1 to allow audio to speaker) when proper
frequency/duration signal is recéived. Toreset
latch, a positive voltage must be applied briefly
to the R input of U4,

Fig. 23-2

TONE DECODER WITH RELAY OUTPUT

AFSS
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SCA (BACKGROUND MUSIC) DECODER

12V
L 1 1 v
>

SI0pF  SI0pF
DEM
¥ e e 2 8 10,
$an NES6S
hILE -
a7 4Tk 1
b Rl 4 T.001

Fig. 23-3

A-resistive voltage divider is used to es-
tablish a bias voltage for the input (pins 2 and
3). The demodulated {multiplex) FM signal is
fed to the input through a two-stage high-pass
filter, both to effect capacitive coupling and to
attenuate the strong signal of the regular chan-
nel. A total signal amplitude, between 80 mV
and 300-mV, is required at the input. Its source
should have an impedance of less than 10,000
ohms. The Phase Locked Loop is tuned to 67

1Ip—o

‘Circuit Notes

kHz with a 5000 ohm petentiometer; only ap-
proximate tuning is required, since the loop
will seek the signal. The demodulated output
(pin 7) passes through a three-stage low-pass
filter to provide de-emphasis and attenuate the
high-frequency noise which often accompanies
SCA transmission. The demodulated output
signal is in the rder of 50m V.and the frequency
response extends to 7 kHz,

10.8 MHz FSK DECODER

5¢ '
0% pa pE L
Bas 022 22.F
A M v
01 I°F I oK % 12K
* = = 5
— HYSTERESIS _ -
ADIUST [

1 o1m 1% [

+O_FIY

]

2pF.
 20pF

J

Fig. 23-4
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249% BANDWIDTH TONE -DECODER

[+]
13 587 @
. 8 &8 2 1
INPUT SIGNAL Ll
> 100mVrma)
o—j— c2
@ | o Fig. 23-5
= - T T"L
43 s 8 .
-3 1
én‘i ’ |C_‘3-Cz-%imﬁﬂ
- Cy=Cy
|_l== Ay =112 Ry
€ =
1=
DUAL-TONE DECODER
T
CHANNEL O Ve
O RECEIVER
Fig. 23-6

1. Resistor and capacitor-vaiues chosen for desired frequencies and bandwidth.
2. N Cxis made large 30 as (0 delay turn-on of the top 567, decoding of sequential (f+ {2

tones is possible.
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Delays

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Long Time Delay Long Delay Timer Using PUT

Time Delay Generator Ultra-Precise Long Time Delay Relay
Door Chimes Delay Long Duration Time Delay

Time Delay Generator Simple Time Delay Using Two SCRs

216



LONG TIME DELAY

LONG TIME COUNTER
|HOURS, DAYS, WEEXS, ETC.}

o —
TTITT] 3
5 4 14 1 a 4 % N 17 1 M S 10 14
15M5) 3 Ag 5 i—o (30 MIN,) 10% j: R
> I auTPyT
. 2 V/2 - 556 5 ' N22&1 9 [0 11 HOUR| — 12 172 - 556 9 —=0
M0z c l— 2 |0 2 nours} NE3ET COONTER
= L . Lo 5 12 —E:(IHWRSJ o—!:y ' "
‘T CLOCK T0 NEXT NaZa1
_L COUNTER FOR LONGER TIMES -]-
0l T <
o 1 I -0
= S QUTPUT PULSE WIDTH. T = 1.1KC
TOTAL PERIOD = 893 |FIA +2RglC.
{EXAMPLE VALUES SET FOR APPROX. 15 MIN.}
‘Fig. 24-1
Circuit Notes
In the 556 timer, the timing is afunctionof  connected in tandem with a “Divide-by™ net-

the charging rate of the external capacitor. For  work in between the first timer section oper-

long time

delays, expensive capacitors with ates in an oscillatory mode with a period of

extremely low leakage are required. The prac-  1/fo. This signal is then applied to a2 “Divide-
ticality of the components involved limits the by-N"" network to give an output with the
time between pulses to something in the period of N/fo. This can then be used to trigger
-neighborhood of 10 minutes. To achieve longer  the second half of the 556. The total time delay
time periods, both halves of a dual timer may be  is now a function of N and fo.

TIME DELAY GENERATOR

TONT tor i g N

whars: Vil
LR lclnv—t
cc

Fig. 24-2
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DOOR CHIMES DELAY

(8} 1
Rt 4.7k

FRIEDLAND
CHIMES (601)

AN

BELL PUSH
R3 470 L Fig. 24-
$—3 6 )01 acizs = ig- 24-3
-
+
-t (1
T 1000uF

Circuit Notes

With values shown, this simple circuit will  button is released. Making R1 larger will in-
permit one operation every 10 seconds or so.  crease the delay.
Capacitor C1 charges through R1 when the

TIME DELAY GENERATOR

» >
2 1002 Sskn > 200k12 %J.O&U
> > >
tomg; :

oKL
—] - L] g
-—Q vy
4 v3 Ve
’ ;m.si
10M12 A

—W— -
" J Wk [— n_r-

<
.; 5152

CMP-0K . VWV i w7z
* EMmP.04 —0 ng
v2
Ve
$ Ealt] E LI
1ML v
o ° "J
+ won
7

£MP-O4, —C Vot

0kt Lo ‘S
0.0014F
1 “

INPUT GATING SIGNAL Q+¥In

Fig. 24-4
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LONG DELAY TIMER USING PUT

START
+28V
Qs
2NE027
200
c 100 PULSE
TPU
5 uF 1— QUTPUT
o : —0

Fig. 24-5

Circuit Notes

The PUT is used as both a timing element and sampling oscillator. A low leakage
film capacitor is required for C2 due to the low current supplied to it.

ULTRA-PRECISE LONG TIME DELAY RELAY

860 OHMS
NAA—— + 2BV
<S50
Rt R3 OHMS
loom OHWS S 390 Y GE A9
(_ ‘ oUTPUT
\ a2 6€
2.7k 3 2N2646 $—— o
,_\ .001af
1 Q) GE SCR 1
6/ ZN494C GE CI22F, CISF
18
OR GE CIIf
voLT
ZENER | ¢, . ce
iuf To -
T 2’:‘, OHMS ‘[* .05 uf
' 1

Fig. 24-6
Circuit Notes

leakage paper or mylar capacitor is used and
‘milliseconds to over 3 minutes are obtainable  the peak point currerit of the timing UJT (Q1) is
without resorting to a large value electrolytic-  effectively reduced, so that a large value emit-
type timing capacitor. Instead, a stable low  ter resistor {R1) may be substituted.

Predictable time delays from as low as 0.3




LONG DURATION TIME DELAY

ZN4125

Fig. 24.7

SIMPLE TIME DELAY

Vv

ce
| —oO
RESET ]
O— RELAY
Rp 2 COIL IN&148
ﬂ’
- 4
7 3|
555
6
2
c "‘L 47K Ot

H
!

Fig. 24-8
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Detectors

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Air-Motion Detector

Product Detector

Low Voltage Detector

Positive Peak Detector

Negative Peak Detector

Precision Peak Voltage Detector With
Ajong Memory Time

Edge Detector

Ultra-Low Drift Peak Detector

Pulse Width Discriminator

True RMS Detector

Fast Half Wave Rectifier

Telemetry Demodulator

Full-Wave Rectifier and Averaging Filter

Double-Ended Limit Detector

Half-Wave Rectifier

Tone Detector

FM Tuner with a Single-Tuned Detector
Coil

.Missing Pulse Detector

High Speed Peak Detector

Detector for Magnetic Transducer

Double-Ended Limit Detector

FM Demodulator at 5 V

FM Demodulator at 12 V

Precision Full-Wave Rectifier

Negative Peak Detector

‘Level Detector with Hysteresis

‘Window Detector

-Air Flow Detactor

Paositive Peak Detector
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AIR-MOTION DETECTOR

Fig. 25-1

Sensing circuit detects either steady or
fluctuating air flows. The heart of the circuit is
a Radio Shack piezo buzzer (P/N 273-060) and
an LM324 quad op amp. (Red wire from the
piezo element-connects to capacitor C1, and
the black wire to ground.) When a current of air
hits the piezo element, a small signal is gener-
ated and is fed-through C1 and R1 to the in-
verting input (pin 2) of one section of the
1LM324. That causes the output (pin 1)-to go
high. Resistor R3 adjusts sensitivity. The cir-

' :
Voo A2 100 K
¢t 22 ’
FEJ 1K 2 \ 4
I vV \
. Ic1 /‘ - QUTPUT
3 e ~ 3
1 MEG S P
v + "
273-060 C2 10 4F
Veg ‘RS v
<0
Lo Vioao
LOAD 0—1
SCR1
R4 330 0 A4-330 01
FRCM DETECTOR FROM Q1 TIP29
DETECTOR
*220 () FOR
5 VOLTS

e‘:

560 (1 FOR 12 VOLTS

Circuit Notes

cuit can be made sensitive enough to detect the
wave of a hand or the sensitivity can -be set so
low that blowing on the element hard will pro-
duce no output. Resistor R2 is used to adjust
the level of the output voltage at pin 1. The
detector circuit can be used in various control
applications. For example, an SCR can be used
to control 117-volt AC loads-as shown in A.
Also, an NPN transistor, such as a TIP29, can
be used to control loads as shown in B.
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PRODUCT DETECTOR

vee
L3y 12 Ve
AN
0.1 uF
1k 100 Ik i 3k
2 3 1
L 6
CARRIER
INPUT @
MC 15966 0.005
300 mV(r:s) ‘MC 14966 w L ¢ AF
SSB INPUT g 1k 104F gyTpyr
e (_ d
_ ] RL =10k
10 5
=< 0.005 23 0005 uF
T3
10k -
Fig. 25-2

Circuit Notes

The MC1596/MC1496 makes an excel-
lent SSB product detector. This product detec-
tor has a sensitivity of 3.0 microvolts and a
dynamic range of 90 dB when operating at an
intermediate frequency of $ MHz. The detector
is broadband for the entire high frequency
range. For operation at very low intermediate
frequencies down to 50 kHz the 0.1 uF
capacitors on pins 7 and 8 should be increased
to 1.0 wF. Also, the output filter at pin % can be
tailored to a specific intermediate frequency
and audio amptifier input impedance. The emit-
ter resistance between pins 2 and 3 may be

increased or decreased to adjust circuit gain,
sensitivity, and dynamic range. This circuit
may also be used as an AM detector by intro-
ducing carrier signal at the carrier input and an
AM signal at the S5B input, The carrier signal
may be derived from the intermediate fre-
quency signal or generated locally. The carrier
signal may be introduced with or without mod-
ulation, provided its level is sufficiently high to
saturate the upper quad differential amplifier. If
the carrier signal is modulated, a 300 mV frms)
input level is recommended.
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LOW VOLTAGE DETECTOR

?
R S—
HQg § 470
+0—
B2
VOLTAGE 151
~ __ Q2
‘—}_ i 2N2222
'x’ D1
5V 100
§1oo o) o
80
SPKR
>— & 4
Fig. 25.3

Circuit Notes

The values of R1, R2, and D1 are selected
for the voltage applied. Using a 12-volt battery,
R1 = 10K, R2 =56 K and D1 is a 5-volt zener
diode, or a string of forward-biased silicon
rectifiers equaling about 5 volts. Transistor Q1
is a general-purpose UJT (Unijunction Transis-
tor), and Q2 is any small-signal or switching
NPN transistor. When detector is comected
across the battery terminals, it draws little
current and does not interfere with other de-

vices powered by the battery. If voltage drops
below the trip voltage selected with the R1
setting, the speaker beeps a warning. The fre-
quency of the beeps is determined by the
amount of undervoltage. If other voitages are
being monitored, select R1 so that it draws

‘only 1 mA or 2 mA. Zener diode D1 is about

one-haif of the desired trip voltage, and R2 is
selected to bias it about 1 mA,
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POSITIVE PEAK DETECTOR

vour ! -(“j)"mp
R1

b Vour
. c o
o >—f» ‘
A
. 0
i g é Vi
2n,
Yin
Oy
RESET
VOLTAGE B
° . : Yout
: ¢
ng— 'D-———J PKD 01
éCH - 1000pF
Fig. 25-4
NEGATIVE PEAK PETECTOR
DET
o ﬁ':* - SN a
| C Vguyr "mp[;;z-;l
g e |
f ! Vour
Vin Ry [ : :D‘ el
C— AN—e .
) >—/’N‘ . I"\ [
Rz
%7 \ o—e
RESET o
VOLTAGE
s : : Your /_/—
| Q
RST |
o D. ———— PRD-01
b
=L ¢, - to00pF
Fig. 25.5

225



VIN CA3140

D
10k

MAXVIN 25V

10k

D1 =-1Ng14

Fig. 25-6

The circuit has negative feedback only for
positive signals. The inverting input can only
get some feedback when diode D1 .is forward
biased and only occurs when the input is posi-
tive. With a positive input signal, the output of
the op amp rises until the inverting input signal
reaches the same potential. In so-doing, the
capacitor C is also charged to this potential.
When the input goes negative, the diode D1

PRECISION PEAK VOLTAGE DETECTOR WITH A LONGMEMORY TIME

v OouT

1
Vour
; / .
! R 10M "M
+
= |

Circuit Notes

becomes reverse biased, the voltage on the
capacitor remains, being slowly discharged by
the op amp input bias current of 10 pico amps.
Thus the discharge of the capacitor is domin-
antly controlled by the resistor R, giving a time
constant .of 10 seconds. Thus, the circuit de-
tects the most positive peak voltage and re-
members it.

174 COA093B

B

Voo

Vgs

Voo

Vss

Fig. 25.7

EDGE DETECTOR

Circuit Notes

This circuit. provides a short negative-
going output pulse for -every positive-going
edge at the input. The input waveform is
coupled to the input by capacitor C; the pulse
length depends, as before, on R.and C. If a
negative going edge detector is required, the
circuit in B should be used.

Voo
R

1/4 CO4093R

s

® o

Vpp ——
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ULTRA.LOW DRIFT PEAK DETECTOR

=0 Vout

02

NS4 A
| RECOVERY TIME
T

= = ADU

* By adding D1 and R¢, Vpy = 0 during hold mode. Leakage of
D2 provided by fesdback patn through Ry,

® Leakage of circuit is bg plus leakage of Cy.

* D3 clamps VgyT Al to V) — V3 to improve ipesd and to
timit the teverse bies of D2,

*  Maximum input frequency should be << 1/2xR¢Cpa, where
Cp2 is the shunt capacitance of D2,

*Low leakage capscitor

Fig. 25.8

PULSE WIDTH DISCRIMINATOR

¥iN

SArUT T
L

Vour Pulse-Appears

RCVp
¥y

Whenever T >
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TRUE RMS DETECTOR

iM115

L]
AAA
WA
R
50k
VAA
-R?
T60%
INFUT O AP
= - FLIME 00
[ [E] o haay
5Bk
] A1z g
A 1 pf ™ :; 3 1 b
— [<]
A - JuF
+ L1

< quTRNT

NOTE 1: ALL OPERATIONAL AMPLIFIERS ARE 18114,
MOTE 2: ALL REMSTDAS AME 1% UNLESS DTHERWISE SPECIFIED.

NOTE 3: AtL DIODES ARE 1N14,
NOTE 4: SUPPLY YOLTAGE -1V,

Fig. 25-10

Circuit Notes

100 kHz, although'it’s usable to about 500 kHz.  of a dc and ac signal.

The circuit will provide a dc output equal  The lower frequency is limited by the size of
to the rms value of the input. Accuracy istypi-  the filter capacitor. Since the input is dc
cally 2% for a 20 Vee input signal from 50-Hzto  coupled, it can provide the true rms equivalent

FAST HALF-WAVE RECTIFIER

Circuit Notes

curacy of 1% from dc to 100 kHz.

R1
20k (1%])

Fig. 25-11

Precision half wave rectifier using an op-
erational amplifier will have a rectification ac-
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TELEMETRY DEMODULATOR

Ot
ouTPUT

kHz.

R10
10K

+12Vge
(?
R1 Cy
82K 470 pF
—AA }
VWA i [.77
4] 8 8l 7
IC2 555
MONOSTABLE {2
MULTIVIBRATOR
T
c3
;.m »F
Cc4 <RS
088 uF 12K
R12
20K X
©5 sRe
D15 uF § 2K
cs SR7
068 uF ¥ 12K
R8
10K

=12 Vde

Circuit Notes
The circuit recovers an FM audio signal that varies from less than 1 kHz to about 10

INTEGRATOR

Fig. 25-12

FULL-WAVE RECTIFIER AND AVERAGING FILTER

Fig. 25-13

19k

20 &
12
4.7 uF i
AC_+ -
e Pl AV 10
4.7 uF Ta
‘ ] A A A

o2
FD 666E

oC

1%
i 'f“ 1 QUTPUT
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DOUBLE-ENDED LIMIT DETECTOR

VHIGH O

143
Vin L144

Viow Q

“VouT = “LOW" WHEN:

Circuit Notes

Detector.uses three sections of an L144

-and a CMOS NAND gate to make a very low

power voltage monitor. The 1 M resistors
R1, R2, R3, and R4 translate the bipolar =10V
swing of the op amps to a 0 to 10 V swing
acceptable to the ground-referenced CMOS
logic. The total power dissipation is 280 uW
while in limit and 330 W while out of limit.

Vo= oy VHIGH > VIN > VLOW .
Pp = 290 W DIRECT CMOS QUTPUT Flg- 25-14
HALF-WAVE RECTIFIER

10K 10K

All resistor values are in ohms.

Fig. 25-15

Circuit Notes

This circuit provides for accurate half
wave rectification of the incoming signal. For
positive signals, the gain is 0; for negative
signals, the gain is — 1. By reversing both di-
odes, the polarity can be inverted. This circuit
provides an accurate output, it the output

impedance differs for the two input polarities
and buffering may be needed. The output must
slew through two diode drops when the input
polarity reverses. The NE5535 device will
work up to 10 kHz with less ttan 5% distortion,
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TONE DETECTOR

C4 .05 uF
14
L

RE 300K

+15V
RE
160K

Fleg, 3 MIE

WA

01 1914 Ra

Rg 30K

v, 1K -
P r:\
5V
1731144

R7 180K ?
_‘1/3 L1ag — v

+
./ mo%

300K

£

LA a's

R, 10K /

| —

CA
1 uF

Fig. 25-16

The detector .circuit is made up a two-
amplifier multiple feedback bandpass filter
-followed by an ac-to-dc detector section and a
‘Schmitt Trigger. The bandpass filter (witha Q
-of greater than 100) passes only 500 Hz inputs
whch are in turn rectified by D1 and filtered by

-Circuit Notes

R9 and Ca. This filtering action in combination
with the trigger level of 5 V for the Schmitt
device insures that at least 55 cycles of 500 Hz

input must be present before the output will
react to a tone Input.

Pp = 7.5 mM

o i
220pF 250pF
o L i
Mo 14 L CERAMIC
gt | TUNER IF out =% FILTER
wote 4} (NOTE 2

|
||i-

Fig. 25-17

FM TUNER WITH A SINGLE-TUNED DE.TECTOR COIL

{NOTE )

o 3
T2

NOTES

All ragistors values are typical and in ohma.
1. Waller 4SNIFIC or aquivalent
2. Murate BFG 10.7mA or squivaleni
Rg will affact atability depending on circuil layout,

Ta incraase siability Rg is decreassd. Rengs of Rz
is 330 to 500, R, + Ag = 3306

-1 tunsa wilh 100pF (C) at 10.7MHz
Qg unloadad ax 78 (5.). EX27B26 or aquivalent)
Parformance dals st 'o = 9BMMZ, lyop = 400HzZ, devi-
- ation =
+ TdkHa:
—3d8 limiting sansitivity
20dB quieting aengitivity
3048 quieting sensitivity

2iV (antennn lovel)
16V (antenny level)
1.56V (antenna level)

23



MISSING PULSE DETECTOR

Ve 151015V}

° © - fineur 2vic '

il e

RAa ~ . 7
- IE N

¢ 8 OUTPUT VOLTAGE 5V/CM

ouTPUT : ’ 1 7
NE/SE 555 IC
B

s 74"'4"‘//'1'/ A A A
: ‘ , _ [ V - :

CAPACITOR VOLTAGE 5V/CM
.0t uF —k Rp=1K{, C=.09uF

QINvuT =

i—F—

it

Fig. 25-18
‘Circuit Notes

The timing cycle is continuously reset by should be set to be slightly longer than the
‘the input pulse train. A change in frequency, or  normal time between pulses. The graph shows
a missing pulse, allows completion of the tim-  the actual-waveforms seen in this mode of op-
ing cycle which causes a change in the output  eration.
level. For this application, the time delay

HIGH SPEED PEAK DETECTOR

b
<1k
>

b 11

100 2naze) INBYA

Fig. 25-19
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DETECTOR FOR
MAGNETIC TRANSDUCER

5V

45Kk 2 k2

OUTPUT
TOTTL

MAGNETIC
TRANSDUCER

Fig. 25-20

FM DEMODULATOR AT 5V

0.01uF

Bk

LOOP FILTER

‘I, LOCK RANGE ADJUSTMENT
X 0.01uF

FM INPUT  OATUF ]
fczsmmo_‘l s s ! “ _|
fa = 1kHT ® = our
BIAS FluEnJ:{ 7 -— 18 o ANALOG DU
= i ) Tz
o—{3 " b rost
01uF == DETECTION FILTER
1 13 -
10 12
’ sopF
¥
1o - BMHz
J FREQUENCY gET CaP
= s
=
: .
B B

Fig. 25-22

DOUBLE-ENDED LIMIT DETECTOR

UPPER LIMIT

ViNO—e

O——d -~

For V=5V
LOWER LIMIT

Pp = 60 uW

Fig. 25-21

Fig. 25-23

FM DEMODULATOR AT 12V

ll, LOCK RANGE ADJUSTMENT

0.014F
"l LOOP FILTER
T T = bowr
INPUT dATF LA F I
1 = BMHT s 5 =
fm = TkHx D—' 1K
2 - 15 b—p
BIAS FILTER -_':l D.1F Bge _:«: ANA:.S'?IOUT
= O 14
et 1 13 =
POST DETECTION FILTER
RL) 12 o8
L
) ¥
i fo - BMHa
X owr = | b reecvencysercar
200 :I LL3
. 4'
I-
12v
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PRECISION FULL WAVE RECTIFIER

10K
ANV

~—0

Fig. 25-24

Circuit Notes

The circuit provides accurate full wave
rectification. The output impedance is low for
-both input polarities, and the errors are small at
all signal levels, Note that the output will not
sink heavy current, except-a small amount
through the 10 K resistors. Therefore, the load
applied should be referenced to ground or a

negative voltage. Reversal of all diode
polarities will reverse the polarity of the out-
put. Since the outputs of the amplifiers must
slew through two diode drops when the input

_polarity changes, 741 type devices give 5%

distortion at about 300 Hz.

NEGATIVE PEAK DETECTOR

* Solid tantalum

—OouTPUT Fig. 25-25

234




LEVEL DETECTOR WITH
HYSTERESIS (POSITIVE FEEDBACK)

———C QUTPUT
INPUT

. Rt
HYSTERESIS WIDTH © &V 5T+ Rz  v.

Fig. 25-26

AIR FLLOW DETECTOR

15

£
S ::m
L - £

OUFPUT HIGH
WITH AR Foow

Yy

100 ¢
TRIF POINT & Lm33s
AMUSTJL

*Self heating is used to detect air flow

Fig. 25-28

WINDOW DETECTOR

Vurt

Vout=5ViorvVir <Vin<Vur
Vout =0forVin<VitorVin=>Vuyr

Fig, 25.27

POSITIVE PEAK DETECTOR

QUTPUT

=15 ¥ —d

“Solid tantatum

Fig. 25-29
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26

Digital-to-Analog Converters

The'sources of the following circuits are contained in-the Sources section beginning on page 730, The
figure-number contained in the box of each circuit correlates to the source entry.in the Sources section.

14-Bit Binary D/A Converter (Unipolar) Converter (Offset Binary Coding)
10-Bit D/A Converter 8-Bit D/A Converter

Fast Voltage Output D/A Converter *+10 V Full-Scale Bipolar DAC

Resistor Terminated DAC (0 to —5 V Qutput) Precision 12-Bit D/A Converter
Three-Digit BCD D/A Converter 8-Bit D/A with Qutput Current-to-Voltage
8-Bit D/A Converter Conversion

High-Speed 8-Bit D/A Converter 16-Bit Binary DPAC

10-Bit, 4 Quadrant Multiplexing D/A =+10 V Full-Scale Unipolar DAC

High-Speed Voltage Output DAC
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14-BIT BINARY .ID/A CONVERTER (UNIPOLAR)

v

<
> 2K
b3

| » "‘v "‘ YW W . "‘ . yyw Y=g
P 2R " 2 R 2w m

VREF . . J?

N ?n ] 5 1 JEII EE O B E

LT
A

-1

T
|
T

2

-

1o

_}-b_
b
-:%;—D—-———-.ﬁrw——w—vw—

o
o—]
3

Ll 3

By

A
"
2
o
o
H

Figurs 7

NOTE:
A.Op-Amp characteristics effect D/A accuracy and settling time. The following Op-Amps, listad in order of incraasing speed, are
suggested: .
1. LM101A 2. LF156A 3 LMU1B
Unipolar Binary Qperation
DIGITAL INPUT ANALOG OUTPUT
1T1111 1 1111311 Ve (1 -4
F000000000G.001 Vage 12+ 27
100000000000 00 ~Vpge2
01111111 111171 “Vagg (1/2-719)
0000000000000 Vg 174
C0C00CO00QQ0000Q a
Fig. 26-1

E106
W

SEE
“NQTE
A

-V

*TYPICALLY 25K 12

Vour
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10 BIT D/A CONVERTER

/

|

@&

| ”%1"%"% ;ﬁél L'él 8 »
! : ! ! i ! i 4 # +~?‘TE Vour
EEEEEEX XN

BINARY INPUT TYPICAL FEEDTHROUGH ERROR

OF 10 mV p-» FOR Yagr = 10V ¢,

Unipolar Binary Operation

DIGITAL INPUT ANALOG OUTPUT
1111111111 e
1000000001 ~Vger 12+ 719
TOOCG000000 -

6111113111

-v,,,E_Fn.'z-r'bi

00GOO00CO001

Vaeg 2719

QogQgoNo0000

[

f=100%kH2 AND R = 28K [

NOTE:
Op-Amp characteristics effect D/A sccuracy and settling time. The following Op-Amps, listed in order of increasing speed, are
suggested:

1. LtM101A 2. LF156A 3. LmM1e

Fig. 26-2

FAST VOLTAGE OUTPUT D/A CONVERTER

BIT 1

aT 0

TYPICAL SETTLING
TIME ~ .85.8EC

Fig. 26-3
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RESISTOR TERMINATED DAC (0 TO -5 V OUTPUT)

+5Y TQ MSB [ ]
+18Y Bz 83 B4 88 83 BI0 BI11 g2

Tf" 2 ?24 Tza Tzz ?21 ?zu ?19 Tm ?17 Tls ?15 ?14 Tm

L
Sk
10
L—o»
a . Bkiz
o— vo*
g
| o > O O
g 110V REF .| - 20kQ REF
DAC-12 12
FAAA——— iy o o
+1gv ] REF-01 5 %
. v
—0
10k
7
—C
L]
*GROUNDING PIN 3 AND UNGROUNDING PIN 12
-15v WILL. QIVE COMPLEMENTARY LOGIS,

Fig. 264

THREE-DIGIT BCD B/A CONVERTER

UNIT'S DIGIT TEN'S DIGIT HUNDRED B DIQIT
pr—

_B8 B7 B¢ B5 B4 B3 B2 B
L850 6 09 60 Q O MIB

F8y ~ %x 'REF,

1
plopnit ‘rsy » 2 x 'meF,
‘ —
§ R4
DAC-08H .
TREF; 5K 15
vee / 2
3 [ EERAl 18RI :
AuF .o1ﬂ uF MPOTs2 _
’_l r1m£ -
& 1
+16V
-5V +15 + 8K t 5K
1‘—-——%-—-—0—% "[:.UIF
2 +15Y
FREr, 1z|11]1a1e [e [7 |8 5_\ i
-REF- t 38K
8 i 4 3
o e la
A DAC—20E oP-02 b0
3 s af, 1
Il K ver J2
1 e f13 |t -
DIF uF :l —-]- AuF
‘_| TRIMPOTy Y & 2: BOURNS MFT MOREL 7128C-279-803
PACKAGE: 14 PIN DUAL IN-LINE
J) t PESISTORSIN MFT NETWORK
:; —15V +168v ; ; —-15v

Fig. 26-5
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Fig. 26-6

8-BIT D/A CONVERTER

I-l-sv
RRer 3
REF-
. 7
8anp "Bit 3o 3 n
Bit 2—2 13— Bit L
Bit1——3 12—eBits
' 3 N{— Bit6
5 10— Bit 7
B 9p—— Bit8
7 B— N.C.
CReEF == INL26
I-D,JF
[

Inputs are
MECL-10K
Compatible

HIGH-SPEED 8-BIT D/A CONVERTER

Ipg is sat to 51.000 mA with-R1

5008
Transmission Line

CRY 1k

*A2 2.4k i | +10 V
. Allen. 0.1

Sradiey uF
Type RT
Cermet Trimpot

or Equivalant

Vaout™ 1.25 V FS Settling Timae,
Typically 10 ns

+15 v
(12.5 t0’40.0 V max)

MT14040U10

10 Volt Referance

"R2and R3 are
< 50 ppm/°C.

1 LS8 16
I L1t
o—e Z 1%
) 50
[—'vvv-Ab
o4& 3 14
| 50
)
: 0.01% =
O 4 13
I 50 —
p MC1D318L
> 4 5 12
50 B
Lo\m—o
c;er P 6 11 )
LA AN~ 0.01 uF —
[ -~ 7 10—-\N—_L
I 50 | | R3 3K
O—_p MSB 9
S0 8 I '
b I 0=
) ~-5.2V #
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10-BIT, 4 QUADRANT MULTIPLEXING
D/A CONVERTER (OFFSET BINARY CODING)

b3
10M 52
‘i

1

11

0§

|

4 . R

(zﬁ
&

é

?

By

w
& o]
E

y

By

-3
&Fo—1
0

OFFSET BINARY INPUT

Bipolar {Offset Bimary}®* Operation

DIGITAL INPUT ANALOG OUTPUT
IERREERERE Vgge (1-279
To80000001 Vaer (28
1000000000 0
0111111111 Veer 1279
6000000001 VReg 11-779
0000000000 VREF

NOTE: 1188« 28w

*Complementing By (MSB) will give 2's comalement coding.

= v

Fig. 26-8

8.BIT D/A CONVERTER

o —— DIGITALINPUTS oy
ish WSB
L 111 A 111
vz o8 a4 ] 0! 34
9650-3C N $850-3C
7 7
1113 15 °"']_ Ly 13 96 15 °

%lnk%w k;:zu ut;wu

1

>
L -
; ZmZaou20k 10k

185y

1k

QUAD 2 DIVIDER

W Ay Ay
.L. 15% 2k
" FULL SCALE ADJ
v
AEF 5k Bk

Fig. 26-9
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+10 V FULL-SCALE BIPOLAR DAC

A. CONNECTION v Vic
L LSB
———ﬁ 801 Bé 8{? B(-; Bs Bé _B? B(g qu B10 .B11 812
1 2 24 1233 | |2 q)ZG ?19 918 17 118 915 ?14 QIS
1%
l LOGIC INPUT SWITCH DRIVERS I
Ut
l L
4 TREF wnwiie c!' o] l é o l Bkl
2 o OP AMP
I . . REF AMP f:;"""'
REF-31 5 ,‘ R“-' i gxnﬂihé'ls'
_"":: . | T s )
i‘ ADJ. . y 2R LEE
4 o | %mkn
:?:(?LAR LAV
OFFSET
| []
AV LRV
’ L. TRANSFER CURVE
T
B. ADJUSTMENT PROCEDURE T
1. SET ALL BITS TO “0" STATE Ut | ey Ay EsTaSL sues
2. ADJUST Rp UNTIL QUTPUT IS —10V i
3. BiT 1to “1” STATE l
4. ADJUST Ry UNTIL QUTPUT = 0.00V T AL &S o g DIGITAL
Ry ESTABLISHES INPUT
THIS OFFSET T
Fig. 26-10 T
PRECISION 12-BIT DA CONVERTER
ABY  +BIIBV
i M 23 2 2019 18 17 46 15 14 13
i ufge G102 [ o C 9 0
ﬂ-‘i"’ﬁ L g AR g[ FO1t e = — — e - - -,
i) Sl Il B ] ] B (7 B O 1 -4 ™ '
} F ] I A I B I I T e '
L] & o 10 380pF |
+15V CONTROL AMP _|pne LOGIC sm'rcucsa LEVEL SHIFTERS] 50 [—
25ma v (8% ) . :

4

SUMMING 4 — )
Vin -HINCTICN © - - -TT=C o
GAIN ADJ. CONTROL ~ 12 -OP AMP
8 +10V n 5 | 19.95k m # ‘j\ OuUTPUT
1 =N O -
AD584 |vour | 100018T) Py«
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+15V
& R3 R4
Ol 206 35T
3.0m i
-5y
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$ | o2 UNIPOLAR
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(W - - H
-10052, 1
BIPGLAR OFFSET AD. A - ANALOG GROUND

Fig. 26-11
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8-BIT D/A WITH OUTPUT CURRENT-TO-VOLTAGE CONVERSION

vee
13
MSEB 5 14 R14
Al OT O “/E “I & Vgt
A2 O 15 Vi gf = 2.0 Vdc
A:;O--é—~ —C AN R14= R15 = 1.0kl
R15 Rgo = 5.0 k2
A4 O \crsosL-g =9
as 075 1 R
A8 O] DN ~
A7 0'1—; 70__1_
A8 O— —Cme—— .
LSE Vo Fig. 26-12
— &
16 a

15

pF Vee
Theoratica! VO
v=V'°'tn)[M¢£4£ A4+A5+A6+A7+A8]
O R 9|72 a B 16 32 64 128 256

Adjust V ¢ R14 or R

50 that Vg with all digital inputs at high
leval is equal to 9.961 volts,

v_zv{Sk’[1+1'1 1,2, .1 v,
07 1k 2 4 8 16 32 64 128 256
v 2551, 9.961 Vv
256 '
16-BIT BINARY DAC
W
REF ouT F llroLAnonq—%
4 3 3
= (B 3 e
3 A ADSS5A 1 %a
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[ it 0.5mi
A B
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nee B Foe out o 3w i
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™ - ‘ouTPUY
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Fig. 26-13

1 B MSB el (38 .
INPUT 8175 1-42 3 i
] Vet +BYV _ip 1010 -ImA)
1Y 13T
b FEEDBAGK
CURRENT o 4 -
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2] 32
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A. CONNECTIONS

+10 V FULL-SCALE UNIPOLAR DAC

e+ Vig

040

MSB
B1 g2
=] o]
2 24 ?23

B3 B4 B5S B6 B7
o & o o
2 [21 J20 |rs

B8 B8 BI0 B
o 0 0 O

18 117 (16 15 14

LSB
812

12

LOGIC INPUT SWITCH DRIVERS

é Ski)

InEF —=

20k REF AMP

,_2 l

CURRENT
SWITCHES
{1/3 SHOWN)

8
Pl [
1002

Bkl

0_
7
v 5
o -18v C. TRANSFER CURVE
? T IV T
B. ADJUSTMENT PROCEDURE our%¢ 1 ey Ry ESTABLISHES
1. ALL BITS TO “1” STATE {“0" STATE IF PINS THIS skope
9 AND 12 INTERCHANGED)
2. ADJUST R, UNTIL QUTRPUT IS +9.9975 0 —
4095 i
x 10V 4 sy
4096
Fig. 26-14 J_ -1av

‘HIGH-SPEED VOLTAGE OUTPUT DAC

DAC-08

y

2 B3 B4 BS 66 B? B8

Siobl

lguT Ry
> 8UF.03
lpuT
— Ra
i 1k$:
ot
-
TouT Ro
» BUF-03
Ro
Ske:

SYSTEM WILL DRIVE CABLES OR TWISTED PAIRS.

vour

VouT

1/2 LSB SETTLING TIME

100nsec

Fig. 26-15
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27

Dip Meters

The sources of the following circuits are contained-in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section,

‘Dip Meter Using Dual-Gate IGFET (MOSFET) Basic Grid-Dip Meter

Varicap-Tuned FET DIP Meter with 1 kHz Dip Meter Using Germanium PNP
Modulator Bipolar Transistor with Separate Diode De-
Dip Meter Using N-Channel IGFET (MOS- tector
FET} and Separate Diede Detector Gate-Dip Meter Covers 1.8 - 150 MHz

Dip Meter Using Silicon Junction FET
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NS

DIP METER USING DUAL-GATE IGFET (MOSFET)

Exceptl as indicated, decimal
values ol capacitance are in micro-
farads {uF) othars sre in picola;-

N

PLUG-IN
COIL

SENSITIVITY #ds (pF); resistances are in ohms.
50k 474 k = 1,000 M = 1,000,000
{\. AAA
0.0/
I-—-<b
RCA
40673 oV
+,] b
-y o l ] I ; /J7
? e 1000 .
: I " Fig. 27.1
Ve 50 220%
IN3QA 100k
-+
RFC
Jyi o0 50xA

N
~F

!

Circuit Notes

Gate 2 is used to adjust the oscillation level.

L VALUES
-FROM | 3xM
0.

IH\HHIHH\HHIHH\HHHHHHI\HHHHHHHHHHIHH {1}

i
JULT )

l

it

"VARICAP-TUNED FET DIP METER WITH 1-kHz MODULATION

OSCULATOR - DIODE
e amm) 4 [E Y
COUNTER
T
ouTpuT ] cor 1000
2
- oo ] 0F =-ZNI643
i’.—- 100 UZ » REA COSOO!
o Ve
1002 2
5
100k
. -9 O-imA
cai M =
oo u

LRI, CRE = MOTOROLA MVAN-2

CR3 = MOTOROLA MEDIQI

C! = MQTOROLA MPFIOZ, HEPFROE,
OR HER-FOOIS

Ui v NATIONAL LM3OIA

Except ae ingdicated, docimat
vaives of capecitanca sre In micre
tarads (uF) othern sid in pleots-
adx (pF) resisiances ars In olms,
o= 1,000 M = 1,000,000

ETII H\H HH

il

il
AT




DIP METER USING N-CHANNEL
IGFET (MOSFET) AND SEPARATE DIODE DETECTOR

2y o
I
Anize
50 2
-
- PLUG-IN 5

i

oo

oo

>—

33
SE Py—
A
j‘ i:,. Na4A s50ud{ w Fig. 27.3
}j, $ :00%7 mcto
7

Except ox indichlnd, decimsl
reluds ol crpetisace sre 1o micro.
toratts {uF); Others are in picolar-
ads (pFL reaisiancas ars in ohms
= 1,000 M = 1,000,000

_SENSITIVITY

BASIC -GRID-DIP METER

(21

v Lo - #1320V
LA
™
PLUG IN | 1
con .
s
hX 31
5> 3| 255

Except o5 indicated, decimsl
roluen of capscitiance sre In micro
{arsdy {,F}; oilhers are in picols:-
wox {pFk revintances srw it ohm.
&= 1,000 M = 1,000,000

SENSITIVITY CONTROL

Z00a4

-Circuit Notes

Thiscircuit uses atriode vacuum-tube
(9002 and 6C4 also commonly used).

Fig. 27-4

BIPOLAR TRANSISTOR WITH SEPARATE DIODE DETECTOR

-DIP METER USING GERMANIUM PNP

5

(i 250
13 SENSITIVITY

ACA
2NITE

Ll

L oo

Ercept 20 Indieated, dexineat

“HueE 81 CaphEitiney s In mic-

Lforide (nFL Sthers are in picotar
et (pFL rebiviamtes are in ahms
LICRA B K 1]

Fig. 27.5
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GATE.DIP METER COVERS 1.8 - 150 MHz

QI—T_—!

- ngl |
D +
> @ — o
e =
(=] s -
S RI
A%( % Tan '

44

Y Py

Ll

e

Excapt s indicated, decims!
values of cepacitance are in micre-
farads (uF) others sre in picolar
—ady (pF); resistances are in ohms.
k= 1,000 M = 1,000,000

ca
Qos REC 0-30p4
}‘—‘ imH RZ
l ,L 500k
Coil data.
frequency coil
range no. wirae size winding length -diameter
{MHz) turns AWG {rmm) inches {(mm) tap* inches (mm)
1.8-3.8 82 26 enamel (0.4) 19/16 {40.0) 12 Il {32)
3.6-7.3 29 26 enamel (0.4} 9/16 {14.5) 5 1Y (32)
7.3-14.4 18 22 enamel {0.6} 3/4 (19.0) 3 1 25
l4.4 - 32 7 22 enamel {0.6) i/2 (12.5) 2 1 (25)
29 - 64 3z 18 tinned (1.0) 3/4 (19.0) 3/4 1 (25)
61- 150 Hairpin of 16 no. AWG {1.3mm) wire, 5/8 = _
inch (16mm) spacing, 2 3/8 Inches (60mm) Pms/ 58 (6]
‘long including coll-form pins. Tapped at 2 “‘\
inches {51mmj from ground end. — I by i
*Turns from ground-end. 1 inch {25mm) forms are Miillen \
45004 available from Burstein-Applebee COIL FORM SAWED OFF
Fig. 27-6
DIP METER USING SILICON JUNCTION FET
MPF 02 av
&8 D +
% G-’\_/ : I Il
}'{50 ,.T\ Helele)
e 7
> < 33n soon Fig. 27-7
777 0.05 impy | SENSITVITY 50,4
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28

Displays

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

LED Brightness Control PrecisionFrequency Counter (~ 1 MHz
LED Bar/Dot-Level Meter Maximurn)

60 dB Dot Mode Display Exclamation Point Display

Bar Display with Alarm Flasher LED Bar Peak Program Meter Display
12-Hour Clock with Gas Discharge Displays for Audio

10 MHz Universal Counter
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LED BRIGHTNESS CONTROL

5V *>

AMBIENT
Ry LIGHT
500 k2 -
/
' Ccds
152 | pyoTOCELL
4 8
3 7
NE/SE 555 TN914 ¥ D, % 15 k2
N

TYPICAL LED DRIVE CIRCUITS
% STROBE

CED
A —-—:I )3'—®—‘ VWA—
LED

s :D——@——Mvv———s v
DIGITAL N .
SIGNALS _ LED
et Py

LED

o— P——w—

Fig. 28-1

Circuit Notes

The brightness of LED display is varied  timing resistor to boost the timer's maximum
by using a photocell in place of one timing  duty cycle. The result is a brighter display in
resistor in a 555 timer, and bypassing the other  sunlight and a fainter one in the dark.
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LED BAR/DOT LEVEL METER

GAIN —__‘

CONTROL

+
]
-

w

©

Fig. 28-2

~

+ C1
/16 Y

I TANT.

“Ic2
a LM3915

H

=

diddsdsccdin

-

<

ALL LEDs TilL 220R

Circuit Notes

A simple level of power meter can be
arranged to give -a bar or dot display for a hi-fi
system. Use green LEDs for 0to 7; yellow for 8
and red for 9 to indicate peak power. The gain
control is provided to enable calibration on the

equipment with which the unit is used, Because
the unit draws some 200 mA, a power supply is
advisable instead of runring the unit from bat-
teries.
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'60.dB DOT MODE DISPLAY

¢

Fig. 28-4

Fuli-scale causes the full bar display to
flash. I the junction of Rt and C1 is
connected to a different LED cathode,
the display will flash when that LED
lights, and at any higher input signal.

1.2k

470

;: tl!l"l‘;!nv)
—‘IT ~5d —‘Il q_ZI —-1.l -‘IS -‘1! :! -1 i od
7 o Jar Jar Jar [ Jar
o * % * * -,
18 17 17 1 V 15 14 13 12 Wi 10
LMM1S
v- 's v! Ao 516 Ay :E: :Eu: MODE
1 2 2 3 # 3 1] B U 2 L
= : = = %
fﬂ ‘E“- illi
- 1:&3
h TE
* Optional. Shunts 100_uA auxiliary )
sink cusrent away from LED #11.
18V F':'u;ﬂﬁ E
Fig. 28-3 I LL. LE)
BAR DISPLAY WITH ALARM FLASHER
& $ L . . . 2 L 4 VLED 5V
MW i 4 s i sl V4
LE; ¥ 7 7
NO.1
18 17 16 15 14 13 12
c
£M3914 130,;?
A 316 RHI  REF OUT REF ADJ MGDE
|1 J_z 3 _La ls b 10
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS

PO
Bk
-;.-; [} 7
i 2
=¥d 9 8
Tk 13 14
G 531012
Mk Ik
k
.‘.- 6 /2 7
81k MPOT042
AN -
‘s 3 |
b — 23 ‘}- a1k Inputs -gnd —o L1800V
i Mc3ase 280 & sV
Qutputs VEE v I T
bl =
i
el
—4
D& D% D4DID2D1 ED"— )
4 > A
£
MKS0250 1/4 MC 14001 r4 < 88k
. Anodés B S 574 3 Z 1 _|Coton
AM/PM AM #ﬂ a E B
L e ° CD 60733 €M
Calo
3380 k A M P M A B CDEF G
ABCDEFQG [T [T ImaaxTye
36 L 2362963 8336 < 1 - 380 k
R AL - v
-
V00 & 114 $ 3 Py
- MPQ 7042 AP +1/ YV
Bk 174 MC 14001 E a2’
= 14 . ’Jf z1
= L] he-44 MPOTO4T AAA- —<
= A8 C O E F G ek
G Cutputs 3304
F i
En MCa49Y [ 335"
I £
D or >
.|. " 2 gotk
n’ Mu
A Current .
Program
(]
3l

Fig. 28-5

ol From MKDOZEO

PRECISION FREQUENCY COUNTER (~1 MHz MAXIMUM)

¥+ o &Y
ErE = 32pF towit
#C0 QuT COMMON-ANCOE
LED DISPLAY
-y L s 4 DIGITS
[~ W
1m0 1CM B
44 r207A M O I
O ™ o HE
CHYSTAL v L-, ,-' u '_,
T = 5.24209 Mz
s TR o 2 —/;r
Ccoa0m k TIEGMENTS
20
=
iHpaT o] )

Fig. 28-6
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EXCLAMATION POINT DISPLAY

) . : 4 ' 4 ) 4 g YU
mn/n;_m‘lumumm

1 kHz puiss rats o1 10% duty cycis

mP
LED ! LE0
nD. 1 no. 1
" 1 % 1 " 13 17 11 " .
LM
. v LN ) Agt) :5; ::: MODE Fig 28 7
. L _l; 1 _‘L_a [] I 7 [] ] . -
W ) ‘™ :: B
1Y 4
3G 1N s
::J_L 5-: W -

—
=
LEDs light up a3 illustrated with the
upper 1it LED sndicating the sctusl input
voltage. The ditplay sppesrs to increase
resolution and-provides an snslog indics-
tion of overrange,

LED BAR PEAK PROGRAM METER DISPLAY FOR AUDIO

(=m0 +V, REFERENCE

- w M
- +3648
h *
Fo
w SF
4 3008
A
2 1e
1k P
b +24d8
‘I
e
> Dt
iy 741 Do} ’ w2
— e+, l } 1808
L 3 |+
S oo 100K * b
T0p
; ’ 13 i
h D1 = 1N914 b +12c8
[+
X
AUDIC INPUT S 2z
<l w /7
+V, PEAK ENVELOPE N P 468
Sik
3
w 7
b oae
1k - * -~
ALL7a1  ALLTIL209
eDs

Circuit Notes

A bar column of LEDs is arranged so that
as the audio signal level increases, more LEDs
in the ¢olumn light up. The LEDs are arranged
vertically in 6 dB steps. A fast response time
and a one second decay time give an accurate
response to transients and a low “flicker”
decay characteristic. On each of the op amps
inverting inputs is a dc.reference voltage,
which increases in 6 dB steps. All noninverting
inputs are tied together and connected to the
positive peak envelope of the audio signal.
Thus, as this envelope exceeds a particular
voltage reference, the op amp output goes high
and the LED lights up. Also, all the LEDs
below this are illuminated.

Fig. 28-8
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10 MHz UNIVERSAL COUNTER

v v DISPLAY DISPLAY Lot
kD BLANK  TEST
; I =
- 1000F o 4
INPUT A I P TYP. 7‘ com:m.é
WOLD T Sam 10z
L] m J ’h 3 CRYSTAL -
1 100K32 —
INPUT 8 2 27 1 I l:]
3 28
opF INS TS
Dy 0, —J4 ) T ovw o5
FREQUENCY 5O SR Dy fedl & 24]
PERIOD $0) . o T
FREQUENCY RATIC $oE oz & n o {range] =
o
] et NGE 7
TIME INTERVAL $—3 > 7w # g 10kt 0 e
|04 FUNCTION 5 77188 N1 —RE e D3 gl oin 10
UNIT COUNTER $53-0 o5 ¢—4 s 20k & o t|or 16 oo
OSCILLATOR FREQ, $———2 O b—0 10 nl—4o Fouun-L I Il - T R
ol Dy e Ry 12 O vt
% iu.luFT Oy 9—8 12 17— E
bopmrs! 3 efl—sc . SEGMENT ORIVERS
fe
D|G|T
omvena {common caTHODE LED msnmr] "
4 —
/ / / f / "g—
[ 5
5 —
- . —
| . . d: j
. n p b LED
3 l 2 [ v q’*“" OVERELOW
. | : 4| moicaTon
.
Fig. 28-9

Circuit Notes

This is a minimum component complete
Universal Counter. It can use input frequencies
upto 10 MHz at INPUT A and 2 MHz at INPUT
B. If the signal at INPUT A has a very low duty

cycle, it may be necessary to use a 74121
monostable multivibrator or similar circuit to
stretch the input pulse width to be able to
guarantee that it is at least 50 ns in duration,
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29

Dividers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

CMOS Programmable Divide-by-N Counter Free Cutput
Frequency Divider Chain Binary Divider Chain
Frequency Divider with Transient ‘Decade Frequency Divider
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CMOS PROGRAMMABLE DIVIDE-BY-N COUNTER

‘Circuit Notes

A single connection change permits divi-
sion by any integer between 2 and 10. The RCA
CD4017A Johnson decade counter is shown
connected as a divide by 7 counter. The resis-
tor is used to hold the reset line low. When the
appropriate number-is reached, that output and
the reset line are driven high, resetting the
) . counter. To divide by other integers, pin 15

CD4017A should be connected to the desired output. For
example, pin 1 for a divide by 5, or pin 7 for a
divide by 3. The output of the divider appears
on the 0 line.

Fig. 29-1

FREQUENCY DIVIDER CHAIN

+ 20V
%mom 100k
4 <

SUS SUS
/) | oa7
1 7 MF
U Ht--"
00 .
2kHz_ IkHz
B8kHz OSCILLATOR

SUS - 2N4989 =

Fig. 29-2

Circuit Notes

Sawtooth output from each stage is one half frequency of preceding stage.
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FREQUENCY DIVIDER WITH TRANSIENT FREE OUTPUT

8kHz  gkHz 2KHz 1k Hz
OSCILLATOR & 'y
+20V
12K S €80
50k '°°"~§ sok |00k 50k
' ! SUS SUS ) SUS
2N2647
7 3
0l |/ ] ‘j_/ j J
’ LAY 193 = 047 Fig. 29-3
on AN 4
470 N
1061 oF 2100 470
& ePf ¢ = 3
SUS - 2N4989

Circuit Notes
Spikes in the center of a sawtooth wave are eliminated in this circuit by triggering at

gate.
BINARY DIVIDER CHAIN
Ve iSvolts
10k < 0033
W/
! db-

[N

Ce 2.7k

|£ A |(

I\ " I\

068 068 6
SUS'S - 2N4987
Fig. 29-4

Circuit Notes

This circuit uses fewer components than transistor flip flops. Output-at “B” gives a
transient-free waveform,
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DECADE FREQUENCY DIVIDER

?OUTPUT (2.5KHz)

OUTPUT

1
alll

* *_ (250 Hz)
100§} 00K =!8
A OluF
’ DIVIDER
DX STAGE

RI<
R3
5 3K 2N271)
I—— 2.5 KHz -—-I-+|0.Fnsouencv -owaoen—-_l
OSCILLATOR
Fig. 29-5

In the next stage, the product of R2 and C2 should be 10 x that of the preceding stage

Circuit Notes

(£2%). R2 should be between 27K and 10 M.

C1 & C2~.0047 pF (1 %)
R1—100K (*1%)
R2—1M (=1%)

R3—R4—1K (may need to be adjusted for-variation of Res of UJT)
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30

Drivers

The sources of the following circuits are contained in:the Sources section beginning on page730. The
figure number contained in the box of each circuit correlates to the source entry-in the Sources section.

Driver Circuits High Speed Line Driver for Multiplexers
50 Ohm Driver High Impedance Meter Driver

Line Driver CRT Deflection Yoke

High Speed Laser Dode Driver CRT Yoke Driver

Capacitive Load Driver Solenoid Driver

Relay Driver Coaxial Cable Driver

Relay Driver High Speed Shield/Line Driver

BIFET Cable Driver Relay Driver with Strobe

‘Direct Dc Drive Interface of a Triac
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DRIVER CIRCUITS

Fig. 30-1

Lamp Driver

e I

S | d |
1 e %—4 I
L

| = = -"_K IR

l A A I

! o I

I

L

Speakar Driver I_

Circuit Notes
CMOS drivers for relays, lamps, speakers, etc., offers extremely low standby
power. At Voo = 15 V, power dissipation per package is typically 750 nW when the
outputs are not drawing current, Thus, the drivers can be sitting out on line €a telephone
line, for example)-drawing essentially zero current until activated.
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50 OHM DRIVER

—0
+18V
'g’“ Circuit Notes
To buffer a test generator to the outside
fo SN world requires an amplifier with sufficient
WPUT am bandwidth and power handling capability. The
circuit is a very simple unity gain buffer. It has a
: fairly high input impedance, a 50 ohm output
oe OUT™T  impedance, a wide bandwidth, and high slew
OFFSET o arR rate. The circuit is simply two pairs of emitter
followers. The base emitter voltages of Q1 and
= Q2 cancel out, and so-do those of Q3 and Q4.
The preset is used to zero out any small de
sy offsets due to mismatching in the transistors.
—C
Fig. 30.2
LINE DRIVER
Voo O 9
——0'ec
+ 5y
1500 | 15040 [] R
TWISTED
PAIR LINE T75108A
y
1/2HCC/HCF&40107 B ) » o
Zo=130
‘© HCC/HCF 4069UB ] 5
650 |:‘] 54 QUTPUT
! |
¥sg :
TWISTED PAIR LINE : S METER
1/ZHCC/HCF 40107 B LENGTH OF 7/0.0076 WIRE TWISTED
AT 2 TURNS PER INCH,
DATA
INPUT 5-3402
Fig. 30-3
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HIGH-SPEED LASER DIODE DRIVER

+16V
1N4148# ['3]
IL
L r

2N4400 LASER DMODF
RCA 5G2002

D8
4
l”

1N4148 -

INPUT T
200 KH2 MAX O—g— sy ynG4GA
0.1% DUTY CYCLE g
] 2N8650

Fig. 304

Circuit Notes

A faster driver can supply higher peak gate current to switch the VN64GA very
quickly. The circuit uses a VMOS totempole stage to drive the high power switch.

CAPACITIVE LOAD DRIVER

4900 Circuit Notes

e Ehoor 10 $ B 10 back from the load and stabilizes the circuit.
TYPICAL CAPACITANCE 4 i 1,F g‘m’ﬁ E e Low frequency feedback is returned'to the
LoaD REsTORS Vs 3’ amplifier summing junction via the low pass
% ) %ﬂ‘:;" filter formed by the 100 ohm series resistor and
o et the load capacitance. Ct.
Fig. 30-5

300t : The ¢ircuit employs a 100 ohm isolation
rasistor which enables the amplifier to drive
capacitive loads exceeding 500 pF; the resistor
ouTRT effectively isolates the high frequency feed-
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RELAY DRIVER

5v  28v

INPUTS

Fig. 30-6

BIFET CABLE DRIVER

CABLE
LOAG
o
2
4

FEL IGL
v

CAPACITIVE LOAD STABILITY QF SUF-03 MAKES IT

AN IDEAL

INTERFACE BETWEEN BIFET OF AMPS

AND SHIELDED CABLES'

NOTE: TO MAINTAIN ACCURACY IN THE BUFFER
AL > 1k 15 AECOMMENDED.

Fig. 30-8

RELAY DRIVER

L
RANIKX
IC = 2A max

Fig. 30-7

‘HIGH SPEED LINE

DRIVER FOR MULTIPLEXERS

CHANNEL
NUMBERS

NGTE 1;

NOTE 2:

O—1 Muxos

o— RL
7 #7%

STRAY CAPACITANCE AT MULTIPLEXED ODUTPUT
NODE SHOULD BE MINIMIZED TD RECUCE
CHANNEL-TO-CHANNEL CROBETALK,

A BUFFER WHOBE SLEW RATE 15 TOO SMALL WILL
INCREASE EHANNEL-TQ-CHANNEL CROSETALK.

Fig. 30-9




HIGH IMPEDANCE METER DRIVER

f
INPUT SGALE

Fig. 30-10

CRT YOKE DRIVER

2904 COM. i
Ny oo W
2.39 A

Apamp
o

*COIL CURRENT I - MEASURED WITH
TEKTRONIX CURRENT PROBE MODEL P6042

Fig. 30-12

Circuit Notes
A 500 mV peak-to-peak triangular wave-
form about ground is input to the amplifier,
giving rise to a 100 mA peak current to the
inductor.

CRT DEFLECTION YOKE DRIVER

1§V

OEFLECTION YOXE

Vi
fout -1

1ohm

Fig. 30-11

SOLENOID DRIVER

VDD =+12V
|
220 |
HAMMER *
SOLENCID ;
;
p— |
CONTROL
INPUTS
'D;-'EC_/HCF 40107 B
5-33%7
Fig. 30-13




COAXTAL CABLE DRIVER

~Apma
1005: W 0.001.F

0.1uF

SELECT C1 FOR OPTINUM
v- PULSE RESPONSE

Fig. 30-14

‘RELAY DRIVER WITH STROBE

INPUTS

" Absorbe inductiva kickback of relay
and protecta IC from ssvere voitage
transisnts on V++ line.

Fig. 30.16

HIGH SPEED SHIELD/LINE DRIVER

OuTPUT
|UNTERMINATED)

INPUY

Fig. 30-15

DIRECT DC DRIVE
INTERFACE OF A TRIAC

s T
&
7
O
N2HCCIHCFGRI0T B
V55O she ON

Fig. 30-17
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31

Fiber Optic Circuits

: The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Fiber-Optics Half Duplex Information Link Fiber-Optic Link Repeater
Fiber-Optic Receiver, Very High Sensitiv- Fiber-Optic Receiver, High Sensitivity, 30
ity, Low Speed, 3 nW nW
Fiber-Optic Link Fiber-Optic Receiver, Low Sensitivity, 300 nW
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TRANSMIT SWITCH

FIBER-OPTICS HALF DUPLEX INFORMATION LINK

0+ 5V

47 K

TRANSMITTED . 4
10= V,, < 1000 mv

SIGNAL INPUT \ _—_
[ AGC

[+

0

PORTION

TRANSMITTER

Al, A2 = GA3031

WITH SUPPLY BYPASS

AND STABILIZATION
CAPACITORS AS REQUIRED

Fig. 31-1

()

(9 RECEIVER PORTION

RECEIVE _ 5V
SWITCH _ o~ ==~
=" " 240K
F
] { ] 10K N
X L 9 1500 T~
ml 4 5V
L H11F1 - I( o
CDA™S 100 LS 10K
GFOE _ sV RECEIVED
1A1 D38L12> giGNAL
: 200K -QUTPUT
| 38k == 005 27KS 10K |47K 4.
EMITTER 200
DETECTOR : K
. d o
pzsoo L
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FIBER-OPTIC RECEIVER, VERY HIGH SENSITIVITY, LOW SPEED, 3nW

O Vo= 5V
DOV

IHIH

____ T

" :uu
>
‘: L =

—o—1—ow

o ——————

L5

1
]
-

1 Fig. 31-2
FIBER-OPTIC LINK
DPTICAL OPTICAL 00kQ
PORT PORT
FIRER .
.J_ GPTIC -t"mnl 5l
CABLE .
T —16¥ §
202222 0.1
: ‘Fig. 31-3

Circuit Notes

Fiber Optic applications require analog
drivers and receivers operating in the
megahertz region. This complete analog
transmission system is suitable for optical
communication applications up to 3.5 MHz,
The transmitter LED is normally biased at 50
mA operating current. The input is capacitively

coupled and ranges from 0 to 5 V, modulating
the LED current from 0 to 100 mA. The re-
ceiver circuit is configured as a transimpe-
dance amplifier. The photodiode with 0.5 amp
per watt responsivity generates a 50 mV signal
at the receiver output for 1 uW of light input,
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FIBER-OPTIC LINK REPEATER

. g o +5
13 F J: o1 .ﬂ_
ITI
CASE
2N3%04
50
2.
=
2.
<.
ZN3906 R LED

Fig. 31.4
FIBER-OPTIC RECEIVER, HIGH SENSITIVITY, 30nW
0._“1 uF
T e
L)
DATA
ouT
OPTICAL . ~
INPUT £~
$ e
< 4 4
Sime _
‘ o
L P FOR10B
‘%b—(i; \)_% _Lcm
Fig. 31-5
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-‘FIBER-OPTIC RECEIVER, LOW SENSITIVITY, 2 W

0.01F

VeC=+5V

I 0.01uF

Fig. 31-6
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32
Field Strength Meters

The sources of the following circuits are contained in-the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Low Cost Microwave Field Strength Meter Field Strength Meter —1.5 to 150 MHz

Sensitive Field-Strength Méter Simple Field Strength Meter

Adjustable Sensitivity Field-Strength Untuned Field Strength Meter
Indicator TFuned Field Strength Meter

VOM Field Strength Meter
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LOW COST MICROWAVE FIELD STRENGTH METER

QrarimeAA e mim
ft¥n)
-Range switch 150K Increasing
O =1 | sensitivity
O—AWN——b
1Ka
14V
|
I
Crystol
: b 4 : detector HATNC
I | (IN23B)
| omcmed e
L~ — f— A
4
0-20uA CM)
=
Fig. 32-1

Circuit Notes

When operating, a waveguide directs
energy onto a crystdl detector, The diode
shown is for X-band operation. The waveguide
is a 1% inch piece of plastic tubing with the
ends flared. The plastic is coated with an elec-
troless copper solution to provide a conducting
surface. The dimensions are not critical. For

calibrated readings, the meter is placed in a
known field or else compared to a calibrated
meter. To operate ‘the meter, peint it away
from the signal. Switch the meter to the de-
sired range, and adjust the zero control for a 0
reading. Then point the waveguide at the sig-
nal, and read field strength directiy.
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SENSITIVE FIELD-STRENGTH METER

Fig. 32-2
M SW
1,

RFC

-Circuit Notes

Increased sensitivity gives field strength 1,000 pF, R=50K pot, M=0— 1 mA, D =
reading from low power transmitters. Operat- 1N34 or IN60 (Germanium), :Q = NPN
ing range 3-30 MHz. To operate, adjust Rfor ¥4 (RCASK3020, 2N3904 or eqiivalent).

to ¥ scale reading. RFC = 2.5 mH choke, C =

ADJUSTABLE-SENSITIVITY FIELD-STRENGTH INDICATOR

»”
Antenna +4Y2-6v.
7 wg L0
< >
, 470
IN34 NPN c 3 Circuit Notes
> ) 8 The LED lights if the rf field is higher
\ than the pre-set field strength level. Diodes
* IN34 100K E NPN | . should be germanium. Transistors (NPN) =
01 8 Ei D 2N2222, 2N3393, 2N3904 or equivalent.
- " . E
3K +4%-6v,
Tuf - ¥
I # 100K
N SENSITIVITY ADJUST

LINEAR TAPER
Fig. 32-3

274



FIELD STRENGTH METER - 1.5 to 150 MHz

==,
L C1

o

Fig. 32-4

]

oll

2

Circuit Notes

The tuning range is determined by coil (L)
dimensions and setting of C1, Coils can be
plugged in for multirange use or soldered in
place if only limited frequency range is of inter-

est, C1 = 36 pF variable, C2 = .0047 dis¢, D=
IN60 {germanium) and M = 0-1 mA meter.
For increased sensitivity, use 50 uA meter.

SIMPLE FIELD STRENGTH METER

1 ANTENNA
10 - 30 in.

Circuit Notes

The circuit is frequency selective. It has
been used:from 2 meters through 160 meters.
The telescoping antenna may be adjusted to its
shortest length when working at 2 meters to
keepthe needle on the scale. Meter should be a
100 microamp to a 500 microamp movemerit.
The diodes are germanium type, such as 1N34,

-ete. Silicon diodes will also work, but they are a
:bit less sensitive.

Fig. 32-5
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UNTUNED FIELD STRENGTH METER

ANT

Circuit Notes

Sensitivity 1s controlled by R1 and sen-
sitivity of Meter M1. :

TUNED FIELD STRENGTH METER

ANT

Circuit Notes

selected to cover frequencies desired.

}
!
! Resonant combination of L1 and C1 are
]
i
i

VOM FIELD STRENGTH METER

SHORT
WHIP
IN388
+ RED +
RFC
(OHMITE 2-50) 250pF 58M

" BLACK -
Fig. 32-8
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Filters

33

w—

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Five-Pole Active Filter

Digitally Tuned Low Power Active Filter

10 kHz Sallen-Key Low-Pass Filter

Fourth Order High-Pass Butterworth Filter

Tunable Notch Filter to Suppress Hum

Three Amplifier Notch Filter (or Elliptical
Filter Building Block)

Selectable Bandwidth Notch Filter

4.5 MHz Notch Filter

High Q Notch Filter

Rejection Filter

Notch Filter Using the A 4136 as a Gyrator

1 kHz Bandpass Active Filter

Bandpass Active Filter with 60 dB Gain

Multiple Feedback Bandpass Filter

Biquad RC Active Bandpass Filter

400 Hz Low-Pass Butterworth Active Filter

Variable Bandwidth Bandpass Active Filter

Low-Pass Filter

High Q Bandpass Filter

MFB Bandpass Filter for Multichannel
Tone Decoder

Sallen-Key Second Order Low-Pass Filter

Three Amplifier Active Filter

Bandpass State Variable Filter

Universal State Variable Filter

500 Hz Sallen-Key Bandpass Filter

Filter Networks

Equal Component Sallen-Key Low-Pass Fil-
ter

Biquad Filter

Second Order State Variable Fitter (1 kHz,
Q=10

Biquad Filter

Tunable Active Filter

_Active RC Filter for Frequencies up to 150

kHz

Pole Active Low-Pass Filter (Butterworth
Maximally Flat Response)

Speech Filter (300 Hz .3 kHz Bandpass)

0.1 Hz to 10 Hz Bandpass Filter

High-Pass Active Filter

Second Order ‘High-Pass Active Filter

High Pass Filter (High Frequency)

160 Hz Bandpass Filter

Multiple Feedback Bandpass Filter (1.0
kHz)

20 kHz Bandpass Active Filter

Rumble Filter Using LM387

Scratch Filter Using LM287
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FIVE-POLE ACTIVE FILTER

12.61k4}
00047 F 102
1 VvV b 1r VY

1ki:
AAA
VY

$0kL}

TOhi2 2.87x8)
INPUT = 0k
o AR
4!2I1.i1
0.014F b
““’l‘l‘“ 1W0Ks2
B ki
4.42k(}
Q.0%:F
b4 {}
Som 231
- 10k:2
VY QuTPUT
p—t)
3500H: |
L j 5POLE TELECOMM. FILTER® 7
USING EIQMT OP-08'S.
tod8 NGISE: SOBRaWITH A 15kH; |
FLAT FILTER AS MEASURED . N . '
] ?:3*&::;:;&:‘:{:1 The above realization of -a type D3 receive filter is ac-
g ) FEIVE FILTER complished using eight OP-08’s. As can be seen from the
°© w8 respensa curve, the >30dB attenuation in the stop band re-
/ quirement has been met. In addition, the noise performance
0d8 - : of <0dBRn has been measured. One of the-unique features
w0 206 v \\ of the OP-08 is its low supply current of 600pA maximum,
318 Thus the total supply drain for alt eight op amps is only
ous 4.8mA.
1kHz 10kHr 100K M,
TkHz)
Fig. 33-1
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DIGITALLY TUNED LOW POWER ACTIVE FILTER

100K :
A A M
yyYw
100K 10,000 pF 10,000 pF
T 1L
: il it
- c
HI PASS BANDPASS
outeyT QUTPUT
100K!2 8021 —Q —0 8021
SIGNAL A "
INpUT OV +
(o]
00k 2 10 PASS
AAAS OUTRUT
T =V
X o JL.,
Fig. 33-2 LOGIC
STROBE

Circuit Notes
quency will be 235 Hz and 23.5 Hz for high and

Constant gain, constant Q, variable fre-
low logic inputs respectively, Q = 100, :and

quency filter which provides simultaneous
low-pass, bandpass, and high-pass outputs.  gain = 100.

With the component values shown, center fre-
f» = center frequency =

27RC

10 kHz SALLEN-KEY LOW.PASS FILTER

v

Fig. 33-3

no *® "
TI 0.02F éIu! Wf
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FOURTH ORDER HIGH-PASS BUTTERWORTH FILTER

R1
200k

VW
{ . Ko
Vin o—‘ . [ C hd
c ) 4.00 0.001

1 1 1 1
Corner frequency (fs) = , =— = .
: © JRIRZ " 7 /RrRzc 2n

L J

¢ Passband gain {Hp) = (1 + R4/R3}(1 + R4'/R3’)

# First stage Q = 1.31

¢ Second stage Q = 0.541

& Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz

and a passbend gain of 10
Fig. 33.4
TUNABLE NOTCH FILTER TO SUPPRESS HUM
B20 k82
AN Y +H2 Y
B{Ry + Rz}
Oo—y
c c c o o
L —
47K 75 k52 .
2 k2 68 02 Fig. 33-5
" |
AL

e T i — svl'rnuur HUM)
(SIGNAL

PLUS HUM) % 2.2k82

et

.|}_

C=0.047 uf +10%
Circuit Notes

This narrow-stop-band filter can be tuned  or other unwanted signals by at least 30 dB.
by the pot to place the notch at any frequency  Because the circuit uses wide-tolerance parts,
from 45 to 90 Hz. It attenuates power-line hum it is inexpensive to-build.
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THREE-AMPLIFIER NOTCH FILTER
(OR ELLIPTIC FILTER BUILDING BLOCK)

Circuit Synthesis Equations

0.159 2,159 » £

RxcC- :RQ'%IR;HIN'C.xfznth ® For nothing but 8 notch output: Rgy « R, G' = C,
R [
HoBRY |4 ¢ groeeh ~ P PP oo fren € Fig. 33-6
SELECTABLE BANDWIDTH NOTCH FILTER
100&82
NN
50k
v, AAA

Vi

-2V +3kV,

b2 Fig. 33.7

k(Vot

YNITY-GAIR
AMPLIFIER

,_.l._‘ 8
L

Vo
Circuit Notes
This notch filter, which operates at upto  jected. RU -components determine filter's

200 kHz, uses a modified Wien bridge to select  center frequency, P1 selects notch bandwidth.
bandwidth over which frequencies are re-  Notch depth is fixed at about 66 dB.
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4.5 - MHz NOTCH FILTER

] (0]
1 160 pF

INPUT

i

0.1 uF

QOouTPUT
Fig. 33-8

Circuit Notes

Component value sensitivityis extremely
critical, as are temperature coefficients and
matching of the components, Best performance
is attained when perfectly matched compo-
nents are used and when the gain of the

amplifier is unity. To illustrate, the quality fac-
tor Q is very high as amplifier gain approaches
1 with all components matched (in fact,
thecretically it approaches =) but decreases to
about 12.5 with the amplifier gain.at 0,98,

HIGH Q NOTCH FILTER

elll

2 T T
SOOTSTAAPPED
o : ™IN T
S
Vour /,
= ” TWIN T
Vin :
(=] 2
5S40 pF o= M
T
Al o oa ot
5MEG e - LAt -
< MW 1] 1 ®
....| I_ R1 = A2 - :J’“ FREQUENCY (Hz)
I3 [ -3
iMF 10 of -Response of High and Low Q Notch Filter
Fig. 33-9

Circuit Notes

A shows atwin-T network connected to an
LM102 to form a high @, 60 Hz notch filter, The
junction of R3 and C3, which is normally con-
nected to ground, is bootstrapped to the output
of the follower. Because the output of the fol-
lower is a very low impedance, neither the

depth nor the frequency of the notch change;
however, the Q is raised in proportion to the
amount of signal fed back to R3 and C3. B
shows the response of a normal twin-T and the
response with the follower added.
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REJECTION FILTER

+5 TO +18V

R R2
o ANAA l AN
ct
T -5T0O -18V
INPUT | A3 OUTPUT

il 1 -
3 | 1'—"'
c2 C3

‘Fig, 33-10
Circuit Notes
This narrowband filter using the 741 oper-  nents in accordance with the formula:

ational amplifier can provide up to 60 dB of 1
rejection. With resistors equal to 100 K and F= 2aRC

capacitors equal to 320 pF, the circuit will re-  To obtain rejections better than 40 dB, resis-
ject 50 Hz. Frequencies within the range 1 Hz  -tors should be matched to 0.1% and capacitors
to 10 kHz may be rejected by selecting compo-  to 1%.

NOTCH FILTER USING THE pA4136 AS A GYRATOR

RZ
30k
AAA Notch Frequency as a_Function of C1
At
k 19k
30 2N
R3 - 1,4
INPUT 15 K «AA138 —OUTPUT "
3 = ™N]
— * TAIM A, SUCH THAT 5 1%
R1 _R3 z
RZ2 2R4 E
| 2 = 100 ™
- 1/4 E -
C13  juad13 4
3
.
10
2 6 & 0.0001  9.001 0.0t 0.t 1.0
R4 £2 T1 - CAPACITOR - uF
R4 1 uF

™ h
Fig. 33-11
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390 ik
Vin _Wv

1 kHz BANDPASS ACTIVE FILTER

+
0.01 uF v
[ S

-

100 k

v+

120 k

100 k

N

|uA4138

Fig.-33-12

v+

o

ca R4
R5 2
= R C3 3
e
- R3

L
1\

h—‘V\/‘f-‘r'\/'v\o—

I

200

e BT

% C1
T
=

Pin numbers are shown
for metal package only.

BANDPASS ACTIVE FILTER WITH 60 dB GAIN

Active Filter Frequency Response

VOUTAGE GAIN — B

W00 vy T
| a '(Av. m:){? : gvfc-) ( L
- RS e
oo L t
)
bty —————
1 2-R.C./CIC,
‘° ]
R A, . : o vz /G,
|
49 |
[
A0\
» /
®, [ GAIN N
avoc 9. B BB
v A
° fo - W2 £, - W0 fn foo 10 4.2

NORMALIZED FREGUENCY

Fig. 33-13
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MULTIPLE FEEDBACK BANDPASS FILTER

'l‘CI . =]
—«:w—’L{ i

a c2 R2 S

+
10 pF
YREF :['

Fig, 33-14

A
fo = center frequency

A
BW = Bandwidth
R in ki?
Cin uF
Io
Q= ‘é‘"w" = 10
Q
CimC2="y

R1 = RZ = 1

If source impedance is high or varies, filtar may be praceded
with voltage follower buffer to stabilize filter parametars,

Design example:
given: Q = 5, f, = 1 kHz
Let A1 = R2 = 10 kQ
then R3 = 8{5)Z — 10
R3 = 215 k@}

5
C=73=16nF

L . rassion
A3 =902 — 3 } Use scaling factors in these expressions

BIQUAD RC ACTIVE BANDPASS FILTER

R
100k
Rz
100k
Vi O—AAA—
R3] €
100k S
1A LMI2Y
Ao
1o - 1 kHz 100k
T=50

Ay =100 143 4B}

Fig. 3315

=D Vo
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10k

400 Hz LOW-PASS BUTTERWORTH ACTIVE FILTER

OUTPUT

——AAA—
8200 20k 620 0
INPUT: {¢ A APy AN
033 uF -
0.33 4F 31 0.33 uF 7T
> >
1k Tk
g :
5 13
+ +
l Adtse— Aise—
gk s |” a "
14 1/4
2 Coadide : 10 adits
12 RE
#A4136 |
=50.33 4F 2= 0.334F
>
1.62 4 162k
. P
1k 1k 0.33 4F == T112u
Fig. 33-16 -

VARIABLE BANDWIDTH BANDPASS ACTIVE FILTER

: Nell
27K ‘
A PPl

Fig. 33-17

down points.

27K
Ny
3 >
i N
2 -
$ 27k "
0l
| 10K
) POT 33K
10K TO 22K + J7
58K

Circuit Notes

o QUTPUT

This circuit has adjustable bandwidth with values for a center frequency of about 800
Hz. The 10 K pot adjusts bandwidth from approximately +£350 Hz to =140 Hz at 3 dB
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LOW-PASS FILTER

D1
+.
. RO0S0S R1 Ct.
10k 100xF
N
D2

o

cz
22u FT

\ ROOS0

ouT
Fig. 33-18

D1, D2, D3, D4—HEP R0050
C1—100uF, 50V electrolytic

C2—2.2ufF

Rt—10k(}, 1/2W

Circuit Notes

This nonlinear, passive filter circuit re-
jects ripple (or unwanted but fairly steady
voltage) without appreciably affecting the rise
time of a_signal. The cireuit works best when
the signal level is considerably lower than the

unwanted ripple, provided the ripple level is
fairly constant. The circuit has characteristics
similar to two peak-detecting sample-and-hold
circuits in tandem with a voltage averager.

HIGH Q BANDPASS FILTER

-15%

¢ 8y adding positive feedback (R2)
Q increases to 40

e fgp =100 kHz

Vour | 10/8
Vin
+ Clean layout recommended

* .Response to a 1 Vp-p tone burst:
300 us

Fig. 33-19
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O +12v

MFB BANDPASS FILTER FOR MULTICHANNEL TONE DECODER

I 10ul/28Y

Fig. 33-20

— '_]-m 1 5V
. 580K
'I"o"“ 2n A ogmm T
©1 ¢ 7™
L M asls l, [
O —| 2] " A
Tl o -
sootd a7 S R2 [* ! Ce
—3008m G T | (.
= | [ {se7hz]
i ]
I I
I.Mh: |° - l Au
] ]
A [
i 5 i
I
= | | rrowg E
i ] -
anox() | g
" | i
04Ty le | : "
; | } ry e
| no l
A |
I | |
= | f {asarz]
l |
| |
I |
Iﬁ _ ! s M
i ek
id .
T2
jE-m: NES3 14 l
1
$—AAA L'_E_J [941Mz]
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SALLEN-KEY SECOND ORDER LOW-PASS FILTER

C2
1—

n

NOTES:

1. Make R =Rz

1
2 foe=x ——
out ¢ 2 Ry /CyC2

3. u='&/52
L1

Fig. 33-21
THREE AMPLIFIER ACTIVE FILTER
40 T
e T +20
" AAA £
2oxn Z v HIGH-PASS
s " ] |
i
" .
- -4 L
i +40 T
VEe sBY B = - g
A 3
As R4 z o - - BAND-PASS
4 1 ey
ilam o:mu 9 .0 ! ™
L ASS
T "un:;:“t H—"SH,-H.,He(-:i -40
Ry F]
Mo 28 e o A y ]
amec 2 Mo 0 }‘\ 4
CyaCy - —_— B i
LR MO B 2 . u LOW-PASS
-2 \
© 20
Py
-
-40
100 1K 10K
FREQUENCY (W2}
Bode plots of Active Filter Output
Fig. 33-22

Circuit Notes

The active filter is a state variable filter with bandpass, high-pass and low-pass
outputs. It is a classical analog computer method of implementing a filter using three
amplifiers and only two capacitors.
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BANDPASS STATE VARIABLE FILTER

Rz 10Mm12

100k $2

R4 1.5M) Fig. 33-23

fo = CENTER FREQUENCY =1/2 7 R Qo. 1S ADJUSTABLE BY VARYING R2
1o, IS A TABLE BY VARYING RORC
Q. = QUALITY FACTOR - F1* :‘2 o, 1S ADJUSTABL

Hy = GAIN AT RESONANCE = Rz/R,
Ry =Ry = 1084,

UNIVERSAL STATE VARIABLE FILTER

100k

INPUT O

LGWPASS

VA LF34? ouTeNT

rY vy
V- 1 I
- BANDPASS
100 QUTRUT
I yy
12

100k

NOTCH
QUTPUT

HIGH PASS 1/4 LF47

ouTeMyuT

For circuit shown:
fo =3 kHz, fyoTCOH = 9.5 kHz
Q=34
Passband gain:

Highpass — 0.1

‘Bandpass — 1

Lowpass — 1

Notch — 10

® f,xQ< 200 kHz

10V.peak sinusoidal output swing without siew limiting to 200 kHz
See LM348 data sheet for design equations

Fig. 33-24
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500 Hz SALLEN-KEY BANDPASS FILTER

T T
| .
30 ; " .
TN
20 b N
2000 . vy s
0.022,F ' | g " l‘
PIRDVD e B 32 I
Sgut o T
Oor 08¢ —0 b
+ ~10 I ? 1 T f
g— 20 : e
—30 i L E j i
50 250 500 1k 25k B0k
"FREQUENCY {kHz)
Fig. 33-25
FILTER NETWORKS
) FILTER Vp 18) TRANSFER
ZNETWORK TYPE V1 (5) FUNGTION
” L 14X 104 1
[ Ty o o o WY P
O LOW PASS L 5+ R/L
¥y .—-
" ¢ : 14X 104 s
O——AAA———] )
o— _ e HIGH PASS A s+ TRC
n L ¢ 1.4 X 104 8 ’
o—%—fm'\_”_o
BAND PASS L |-s+RLs+iAC
L
Vo (s) 14 X104 - 1_4x1o4r 82 + 1/LC
Vi () 2(s) + 2rg o—w—1 BAND REJECT | ™| G + oRc
_.__I -
1.4 X 104
a —
Zis) + 32

BASIC CONFIGURATION

Fig. 33-26

NOTE

In the networks above, the R vaiue usad is
assumed to include 2re, or approximately 320,
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1
" 12—6-) x 1k

. \ 8out
T T op-02€ ©
o——'\/w—l—ovw—l— v

== o.omF gn.n:mm: :

Fig. 33-27

EQUAL COMPONENT SALLEN-KEY LOW-PASS FILTER

* K-28
" - p"""’\u =25
1\
g oo \
jeor Ry
» NN
"
\N N
-30 ™
—w0
50
1 5 10 B0 100

FREQUENCY {kHz}

Equal R, Equal C Sallen-Key Response

“/

EACH AMPLIFIER = aut
1/4 OP02E

Fig. 33.28

BIQUAD FILTER

Circuit Notes

The biquad filter, while appearing very
similar to the state-variable filter, has a
bandwidth .that is fixed -regardless of center
frequency. This type of filter is useful in appli-
cations such as spectrum analyzers, which re-
quire a filter with a fixed bandwidth.
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SECOND ORDER STATE VARIABLE FILTER (1 kHz, Q = 10)

948K

€-—O BAND-PASS

Fig. 33-29

NOTES:

1.MAKE R1C1 =R2C>?

1
214c=37R1Cq
3.0-%(1+g8)

v (] n
o K oA
& - A

Vref

$——@ Bandpens

4; Dutput
<A1
b3

Vil

Fig. 33-30

100k

Vi

I

-———K————.Neﬂ:h Quiput

to= 1 kHT
Q=10

Tap <1
Th=1

Whars Tge = Canter Fraguancy Gain
Ty * Paasbend Notch Gain

1
Viat 7 5 VeC

A = 180k{T

=000 uF
A1 = 1.6 M2
AZ=1.6M2
ARl=1.8MQ
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TUNABLE ACTIVE FILTER

INPUT . nep

a.01

1GOK
AAS

500k 39k

N\’\Ml\lu_‘ s
u3
+
10

The high-pass and low-pass outputs cov-

R3

100k

AAA,
100k
100K 0.001 BAND-PASS LO-PASS
—0 HI.PASS : ouT o ouT
out —1 0.001
100k

Circuit Notes

104
25V

~d

Fig. 33-31

output. The potentiometers must have a re-

ering the range of 300 Hz to 3000 Hz have been  verse log taper. Fixed-frequency active filter

summed in the fourth op amp to provide a notch

center_frequency is 1 kHz, with a'Q of 50.

ACTIVE RCFILTER FOR FREQUENCIES UP TO 150 kHz

R = 10k0]

.__.._'____-l

L]
A s,

YV P

]
-

B N

TAASSO

This frequancy range can be extanded to 200kH2 if a feed forward capacitor is connected
batwaen pin & and B.

t Fraquency 1

2r RC
Vp Supply voltage [} v

Flitgr performance
Q atTa=25°C 40ta 45
Q at Ty = <530 to +85°C 351055
Vi Input voltsge 400 my
Vo Output voltage 400 my
ot Distortion at Vs = 350mv 2 %
§/N S/N ratic at V, = 400mV 50 dB
Rs Input resistor* 470 ko
*NOTE

“.Value of input reslstor to be determined !or-v‘-'-’-'; =080 to 1.1,
1

Fig. 33-32
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POLE ACTIVE LOW-PASS FILTER
(BUTTERWORTH MAXIMALLY FLAT RESPONSE)

RESPONSE OF .3-POLE ACTIVE
BUTTERWORTH
MAXIMALLY FLAT FILTER

“100pF
Ni fy = 1KHz [
533 -0 0

022 056 .0032 -5 - \
I -[ I 0 _ \ -~ 60dB/DECADE
g \
*Reference—EDN Dec. 15, 1970 5 \
Simplify 3-Pole Active Filter Design 2 -8
A. Paul Brokow = \
* \
-20
-25 \\
100 300 1K 3K 10K
Fig. 33.33 FREQUENCY — Hz
SPEECH FILTER (300 Hz .3 kHz BANDPASS)
=0 YouT
Ay=1
T T
IIIII\I\II Hlll Iillllll lIIiIHII
) mn TEYAY
I d 1kHr @ OdBor m
LA TR T
AT TR A AT
1 100 1 10k 10
FREQUENCY 1Hz2)
Fig. 33-34 Speach Filter Fr y Resp
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0.1 Hz TO 10 Hz BANDPASS FILTER

Fig. 33-35

HIGH-PASS ACTIVE FILTER

140

[H 0
002 uF

INPUT 4

(L1011 QuTPuT

“Vielues aee fou 100 Mz cutoH Use
mutahred polycarbonate capaciivg
far youd tetipavand e Slability.

Fig. 33.36

HIGH-PASS FILTER
(HIGH FREQUENCY)

—0C vour

%
we s {Hmz‘cwz)

IFCy~C2»

%
a » RI7R2
2
to e
Lt oF
BOOK no

€. THEM
A Rz a
f @
205 102K 0N

Fig. 33-38

SECOND ORDER
HIGH-PASS ACTIVE FILTER

OuUTrIT

*VALUES ARE FOR 10kMHz CUTOFF. USE
METALIZED POLYCARRONATE CAPACITORS
FOR GOOD TEMPERATURE STABILITY.

Fig. 33-37

160 Hz BANDPASS FILTER

100K 100K
Oluf OIuF ~
hY 1
7 r
50x
2V
s Z7K H N
[ .0
e
. A% uATal
OP-AMP
39K
-2y
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‘MULTIPLE FEEDBACK
BANDPASS FILTER (1.0 kHz)

L)
INBUT @——AAA-

3l
L4l
-
b
-
—AAA—S
E
O

b

1
'-] M
“or o 1O kHzliter Ry =180k
with 0= 10 R2 =320 -16V
and A gl et Rg = 300 k
C=0.014F

Fig. 33-40

outeuT

RUMBLE FILTER USING LM387

-0 Vour

I = 50H:z

SLOPE = -12dB/0CTAVE
Ag = -1

THD < 0%

Fig. 33-42

20 KkHz BANDPASS ACTIVE FILTER

4]

!:

n
820pF 3
Ll —y

R1 L2
Vin O—AAA—e-|

100k J820pF l

a5 I

fo = 20kHz
a=10
THD < 0.1%

Fig. 33-41

SCRATCH FILTER USING LM387
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Fig. 33-43
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34

Flashers and Blinkers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Auto, Boat, or Barricade Flasher
Flip-Fiop Flasher

Flashlight Finder

Low Frequency Lamp Flasher/Relay Driver
Low Cost Ring Counter

Ring Counter for Incandescent Lamps
Dual LED) CMOS Flasher

Automatic Safety Flasher

Neon Blinker

Transistorized Flasher

Flasher/Light Control

Neon Tube Flasher

D¢ Flasher with Adjustable On and Off Time

208

Low Voltage Flasher

1 A Lamp Flasher

Fast Blinker

3 V Flasher

Incandescent Bulb Flasher
Flasher for 4 Parallel LEDs
LED Booster

Safe, High Voltage Flasher
Alternating Flasher

Variable Flasher
Emergency Lantern/Flasher
High Efficiency Parallel Circuit Flasher
Minimum Power Flasher



R2 GE

(#1073
22KY 100 100 LAMP
JLF/25V pF/25V
S & ¥
250K T2A  C2B
, GE 2N2646 ScRa
@xn, (X)) 8 rvee
ol . . 4 _ {ON HEATSINK)
4 uF/IsvV T cs
Ol uF K
‘L NOTE. ALL RESISTORS {/2 WATT

Fig. 34-1
ig- 3 Circuit Notes

Because of its ability to withstand the heavy inrush currents, this incandescent lamp
flasher uses the C106 SCR. With the components shown, the flash-rate is adjustable by
potentiometer R3 within the range of 36 flashes per minute to 160 flashes per minute.

FLIP-FLOP FLASHER

—VE
LAMP LAMP k2 2V
12V 6W A3 - 12V 6W LAMP 2 T
Tk T 12V 6w R Saz 12v aw
X 1.5k > 1 5k
1
centre /' _ ™ centre ® ®\
CONTACT il ] CONTACT  CENTRE / L .
CONTACT =i ' CENTRE
470 uF Y o2 I'+— CONTACT
Q3
TIP32A

THP32A

470 uF ,-7\
Q1 Q2
t12v FE BFY52 -BFYS2 ;l
~VE e
NEGATIVE sarth version - Q3 Q4 o
6 POSITIVE earth version (7 @e
b

]
4

Fig. 34-2
Circuit Notes
The flashing action is provided by a simple astable multivibrator timed to give a

flashing rate of about 60 flashes for each lamp per minute. Circuit for positive earth
systems uses NPN transistors. The other uses PNP transistors.
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FLASHLIGHT FINDER

200.F
i 3v
SLIDE SWITCH CASE COMMON e
A \amm -
|4 B 2 1
# 4
AING CONTACT ON LM3903 SHORT 1.8 FOR
SINGLE CELL LIGHTS

BULR ASSEMBLY

CONTACT STRIP PASSES
{INSULATED! THROUGH

CASE BOTTOM .
|5 6 7 B
Note: LM3909, Capacitor, and LED are Installed in a White Trans- I-@

lucent Cap on the Flashlight's Back End. Only One Contact Strip
{in Addition to the Case Cannection) is Nesded for Flasher Power.
‘Drawing Current Through the Bulb Simplifies Wiring and Causes
Negligible Loss Since Bulb Resistance Cold is Typically Less than 2 §2

TRANSLUCENT

7 /
ey el
il B>y
\\\

Fig. 34-3
Note: Winking LED inside, Locatas Light in Total Darkness

LOW FREQUENCY LAMP FLASHER/RELAY DRIVER

R 1)
T8k R 1oy

AAA
v

'™ osewc
= a) Split Supplies b} Single Supply

Fig. 34-4

Circuit Notes

This circuit is a low frequency warning device. The output of the oscillator is a
square wave that is used to drive lamps or small relays. The circuit alternately flashes
two incandescent lamps.
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LOW COST RING-COUNTER

+E
40 SEC
JduF
Ik
Fig. 34-5
Circuit Notes
This ring counter makes an efficient, low cost circuit featuring automatic resetting
via the first stage 3N84. As many stages.as desired may be cascaded.
RING COUNTER FOR INCANDESCEN'F LLAMPS
+ +TV
233k
1 A =
a2k | 2N5354
2N5354 L ! ! !
322k 22kg 3470 322k 3903
O, O, O, ©
2330 47k 47k 47k
i e oAl Jeal
# -0l B 4 0l h 4 O 3
/‘a /) _fa /‘> 1
T CLEAR
AND SET
SUS - 2N4990 SUS-2N4986 =
Fig. 34.6
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DUAL LED CMOS FLASHER

Circuit Notes

Inverters IC1-a and IC1-b form a multivi-
brator and IC1-c is a buffer. Inverter IC1-d is
connected so that its output is opposite that of
1C1-¢; when pin 6 is high, then pin 8 is low and
vice versa. Because pins 6 and 8 are constantly
changing state, first one LED and then the
other is on since they are connected in reverse.
The light seems to jump back and forth be-
tween the LEDY's. The 470-ohm resistor limits

tage used, the value of the resistor may have to
be changed to obtain maximum light output. To
change the switching rate, change the vatue of
Fig. 34-7 the capacitor.

LED current. Depending upon-the supply vol- .

AUTOMATIC SAFETY FLASHER

Ci

_O12N366 1€ Q22N404
+ 1\
30 mid
[COLLECTOR
OLLECTOR
BASE A2 BASE _ Lt C@
7 EMITTER 4708 -
PC 1 EMITTER .
3 Fig. 34-8
A1S 53K '
F ¥y s
R3IZ1.2K
L1 = No. 47 type 6.3-volt bulb SW1 81
Q1 = 2N366 SN
Q2 = 2Nd64 &V({JLTS

Circuit Notes

This flasher only comes on at night. It comes up. The photocell must be mounted on
furnishes a bright nighttime illumination, and  top of the unit in such a way as to detect the
shuts itself off automatically as scon as the sun ~ greatest amount of available light.
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NEON BLINKER

012N464 | COLLECTOR %“ﬂ "
o

+
¢ ' EMITTER Fig. 34-9

10mid

]l [
n|
BVOLTS

A2 330K

A AN
L

Circuit Notes

The universal output transformer and-the transistor form a low-frequency oscil-
lator. The rate of flashing of the neon hulb is determined by potentiometer R1.

TRANSISTORIZED FLASHER

a1
2ZN2904

-0 +BY ‘Circuit Notes

This simple circuit will flash a 6 volt lamp
at arate determined by the size of capacitor C1.
It is most economical on power as it only draws
current when the-lamp-is on. When the lamp is
off, both transistors are biased off,

Fig. 34-10
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FLASHER/LIGHT CONTROL

RI
100 K R4
L2 K
Q2
R2 GE-X9
56 K *I
=
Ql -
GE-XB “'_ zo“g
R3 I
$56K wisso &@
LAMP
Fig. 34-11

Parts List

C1 — 20-mfd, 6-volt
electrolytic. capacitor

I1 — 6-volt, GE No. 1850
lamp and socket

Q1 — GE-X8 transistor

Q2 — GE-X9 transistor

Rl — 100K-ohm, 2-watt
potentiometer

R2, R3— 5.6K-ohm, 1/2-watt
resistor

R4— 1.2K-ohm, 1/2-watt
resistor

Battery — 6-volt dry pack

Circuit Notes

The circuit is a two-stage, direct-coupled transistor amplifier connected as -a
free-running multivibrator. Both the flash duration and flash interval can be changed by

turning the potentiometer, R1.

NEON TUBE FLASHER

f?lg 240v ¢) NEON
o

~ B2
10to 100k
. ISee text)
1NACO1
¥ BY126

h2 {

IN2B46

[ |

R1

Fig. 34-12

bl
a@ b2

ZN2646

—0

Circuit Notes

The voltage required to ignite the neon
tube is obtained by using an-ordinary filament
transformer (240-6.3 V) in reverse. Battery
draijn is quite low, around 1 to 2 milliamps for a
nine volt battery. The pulses from Q1, uni-
junction transistor, operated as a relaxation
oscillator and are applied to Q2 which in turn

drives Q3 i