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Introduction 

The D IT-1 Tone System is a vo ice-fr equency-carr ier communication system 
designed especially and solely for the purpose of carr ying a single command 
from one point to a nother ,  while simu ltaneously, exh ibiting an u nusual ly 
high degree of secur ity aga inst weak ness that could result in  either false 
commands or fai lure  to del iver valid commands. Such features, in a 
communication system, mak e  it especially attractive when appl ied for pro­
tective relaying, a nd the D IT-1 equipment has been designed specifica l ly for 
that appl ication. Throughout the descr iption of the circu its, the discer ning 
reader will sense an under lying phi losophy of design that constantly trades 
between the often-confl icting demands for both secur ity and dependabil ity. 
Redundancy, supervisory monitor ing, and logical testing for val id ity ar e used 
fr eely in the system to enhance its r el iabi l ity. 

The D I T- 1  Tone System is a completely self-contained, sol id-state, dual 
sub-channel system. It  can be used either d ir ectly over coll) munication circu its 
with self-generated voice-fr equency signals, or it may be fr equency translated 
to power -l ine carr ier fr equencies, including single-sideband systems. 
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Specifications 

GENERAL 

Primary de Supply Voltage: 21-28 V,  42-56 V or 
1 04-140 V de. Power- input circuit is floating. 

Power Consumption: Less than 50 watts. 

Operating Temperature Range: -30° to +60°C. 

Recommended Tone Frequencies: See Ta ble 1 .  

Tone Input and Output: Bal anced 600 ohms, adjust­
able l ink s for selecting either two-wire or four-wire 
circu its. 

Input and Output Filters: H igh-pass, with greater 
than 30 dB rejection at 50-60 Hz.  A received 
signal at a level of -30 dBm will not be affected 
by an extraneous 50-60 Hz signal at the i nput as 
great at 40 V rms. 

Trip- Time Delay: With transmitter and receiver con­
nected back-to-back ,  tr ip-time del ay is 12 mS 
with channel spacing of 340 Hz,  8 mS with spaci ng 
at 680 Hz.  Shorter t imes are ava i lable, for per­
missive-tr ip appl ications, with a reduction in se­
cur ity. 

Security and Dependability: See F igures 1 and 2. 

Trip I nput: Twenty to thirty mil l iamperes into float­
ing, optical - isolator input, from 24, 48, or 125 Vdc 
source. 

Trip Output: Type A R  relay (10-watt) for electro­
mechan ical systems, or 18 Vdc buffer s  for so lid­
state r elay systems. For details on A R  relay see 
I L  41-759. 

Block Output: Output signa l  is the transfer of two sets 
of For m-e relay contacts, each r ated 2 A, 50 Vdc, 
resistive load . These must be derated at higher volt­
ages. Relay de-energizes after 100 ms if abnor mal  
signal or power fa i lure  is sensed . An 1 8-Vdc buffer 
output is ava i lable for sol id-state systems. 

Alarm Output: Same as Block Output, foregoing, 
except relay de-energizes after 2 sec. 

System Reset Time: 1 2  mS for 340 Hz channel 
spacing; 8 mS for 680-Hz channel spacing. 

6 

Interface Dielectric Strength: Tr ip input, tr ip output, 
and tone l i nes ar e isolated from ground and from 
all other circu its. ', Breakdown is 1 500 Vr ms, 
50-60 Hz, or 2200 Vdc. 

Surge /Capability: \ The system meets the SWC r equ ir e­
ments of ANSI  C37.90a-1974. 

Dimensions and Weight: Fully  contained in  rack­
mounted chassis conforming to E I A  specifications, 
5% inches high, 1 2% i nches deep, 19 i nches panel 
width; less than 15 l bs. weight. 

TRANSMITTER 

Tone-Frequency Tolerance: ± 0.02%, crystal control led. 

Trip-boost
'', Level and Duration :  Adjustable by using 

plug-in networks with ranges fr om 0-1 2 dB boost, 
0-200 mS duration. 

Output Level: Adjustable; -40 to +30 d B m  (1 watt) 
for four-wire operation, -40 to +20 dBm for 
two-wire operation. 

Harmonic Output: All harmonics in  output are more 
than 40 dB below level of fundamenta l .  

Amplitude Stability: Output ampl itude will var y  
n o  more than ± 1  d B  over the specified r anges of 
pr imary input voltage and ambient temper ature. 

Relative Output Amplitudes: (a) Levels of guard­
signal output from Channels A and B are within 
1.5 dB; (b) Level d ifference between guard and 
tr ip output of each channel is with in 0.5 dB. 

RECEIVER 

Sensitivity: Adj ustable from -40 to 0 dBm.  

AGC: Dynamic r ange is 22 dB.  

Bandwidth: See F igure 3. 

Discriminator Response: See F igure 4. 
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Purpose and Description 
The Audio Tone System is a self-conta ined, sol id-state, 

dual-channel system, with excellent secur ity aga inst false 
tr ip combined with dependabil ity and good response time. 

Recommended frequency assignments are shown in 
Table 1 .  The selection of precise frequencies may be qu ite 
arbitrary so long as, for one set of guar d  and tr ip signals, 
one frequency is tak en from an "A" subchannel and paired 
with one from a "B" subchannel. Equ ipment can be supplied 
for oper ation on carr ier frequencies as high as 1 0  k Hz. 

Transm itter ,  receiver ,  power supply, and a l l  options ar e 
housed in a rack -mounted chassis i l lustr ated i n  F igures 5 
and 6. These i l lustrations show the back plate equ ipped 
with either a barr ier -type ter m inal str ip or a Var icon con­
nector . The Model 68 Chassis conta ins 32 one-half-inch

­

hor izontal spaces for mounting circu it car ds. Table 2 shows 
the hor izontal space requ ired by each mod u le of the System. 
Cards may be stack ed in the Model 68 Chassis up to the 
total of 32 one-half-inch spaces ava i lable. 

As shown in F igure 5, the front door drops below 
hor izontal for convenient access to circuit cards for testing 
or removal. F igure 7 detai ls the outl ine of the Model 68 
Chassis. 

-

A block d iagr am of the system is shown in F igure 8. 
fhe two channels of the tr ansm itter ar e on one circu it 
card .  Each receiver is on a separate card which feeds both 
a common, shar ed fr equency-shift ( FS) and ampl itude­
modulation (AM ) detector card,  and a r eceiver - logic card .  
A separate card carr ies tr ip circuits for both transmitter 
input and receiver output; and the block relay and the 
alar m  relay ar e mou nted together on one card .  An optiona l 
guard-output cir cu it and a transmit-f lasher circu it ar e avai l­
able on this card.  

At top left of F igure 8, a tr ip vo ltage of 24, 48, or 
125 Vdc is appl ied, through a current- l imiting resistor, to 
two optical isolator s used as input dev ices. Each isolator 
dr ives a separate Schmitt tr igger .  The h igh-fr equency fi lter ­
ing and the hysteresis of the Schm itt tr igger suppress 
transients that may be fed to the tr ip-input ter m ina ls from 
uti l ity cables or other extra neous sources. Each keying cir ­
cuit i s  wired out separately for test purposes. Keying circu its 
are connected in paral lel for keying by the relay system. 

The transmitter has two su b-channels each of which uses 
a crystal-control led osci l lator to deter mine output frequency 
on the channel on which it operates. One gener ates guard 
signal ; the other generates a signr.:l at tr ip frequency. Either 
can be gated to feed a d ig ital frequency div!der, the output 
of which passes through an active bandpass fi lter used to 
suppress harmonics and to del iver a pure. sine wave at its 
output. A tr ip command from the output of the Schmitt 
tr igger wi l l  gate from the guard oscil lator to the tr ip 
oscil lator, and it wi l l  simultaneously switch feedback 
resistors in the active fi lter to program its resonant frequency 
from guar d  to tr ip. This appr oach produces a constant-

7 

level, continuous-phase, low-harmonic sine wave signal with 
the stabil ity of a crystal osci l lator. Crystals and bandpass­
filter frequency-deter min ing components are p lug-in un its, 
so that field change of channel frequencies is possible. 

Both sub-channels of th is dual system are fed to a 
summing ampl ifier, shown at the top-r ight section of 
F igure 8. Gain of the summing ampl ifier can be raised upon 
command from a tr ip-logic circu it, activitated when a tr ip 
signal appears  at the outputs of both Schmitt tr iggers. A 
plug-in network determines both level and time duration of 
the tr ip signal chosen to impr ove dependabil ity of the 
system. 

The summ ing amplifier dr ives an output ampl if ier 
capable of +30 dBm ( 1 watt) output. An adjustable 
attenuator, on the interface card,  wi l l  br ing th is level to 
any convenient range between -40 and +30 dBm. The: 
output of the transmitter is then fed to a l i ne-matching 
circuit wh ich can be used for either two-wire or four-wire 
operation. 

L ine-coupl ing transformers for both transmit and receive 
functions are l inear toroidal un its, combined with tuning 
capacitors to for m  h igh-pass fi lters with 600-Hz cutoff. 
They wi l l  suppress any 50-60 Hz signal that may be induced 
in the communication circu it. These filters wi l l  not saturate 
with as much as 40 volts, r ms, of '50/60-Hz noise appear ing 
at their input terminals and thus wil l  not distort a received 
signal of -30 dBm. 

Received signals, shown at the left of F igur e  8,  are fed 
through two bandpass fi lters each selected for the channel 
frequency of its receiver , and thence to an input ampl ifier 
with slow automatic-gain control (AGC) .  The dynamic 
range of the AGC function is usual ly set for 22 dB. 

The input signal, leveled by the AGC action, is fed to a 
novel signal-level detector which has short response time 
and low output r ipple. The leveled, incoming signal is 
also spl it into a quadrature signal. The two components 
then are ful l-wave rectified, using oper ational amplifier 
(opamp) techniques, and appl ied to a summing ampl ifier 
feeding a three-pole, active, low-pass fi lter . The signal-level 
detector is extremely fast and wil l  effectively recognize 
both noise and weak signal, and wil l  block before a false 
tr ip can· be generated. The quadrature, fu l l -wave-rectified 
signals are interleaved so that r ipple frequency is doubled 
and r ipple ampl itude is reduced by 70% . This techn ique 
permits good rejection of the r ipple while using a fi lter 
with fast response obtained from a h igher cutoff frequency. 

The input signal, leveled by AGC, is also fed to a special 
l inear d iscr iminator which has h igh rejection against noise 
and so avoids generating false tr ip signals caused by h igh­
level interfer ence or no ise. This is a phase-shift d iscr iminator 
which featur es h igh speed (short response time), good 
l inear ity, and low output r ipple. www . 
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TABLE 1 

RECOMMENDED TONE FREQUENCIES 

340Hz SUB-CHAN NEL SPACING - 170Hz NOMINAL BANDWIDTH 

SUB-CHAN NEL  FREQUENCY & MODE 
SUB-CHANNEL 

GROUP CENTER FREQUENCY 

1 A 860 Tr ip 935Hz 
1010 Guar d  

B 1200 Guard 1275Hz 
1350 Tr ip 

2 A 1200 Tr ip 1275 Hz 
1350 Guard 

B 1540 Guard 1615Hz 
1690 Tr ip 

3* A 1540 Tr ip 1615Hz 
1690 Guar d  

B 1880 Guar d  1955 Hz 
2030 Tr ip 

4* A 1880 Tr ip 1955 Hz 
2030 Guard 

B 2220 Guard 2295Hz 
2370 Tr ip 

5* A 2220 Tr ip 2295Hz 
2370 Guard 

B 2560 Guar d  2635Hz 
2710 Tr ip 

6 A 2560 Tr ip 2635 Hz 
2710 Guar d  

B 2900 Guar d  2975Hz 
3050 Tr ip 

7 A 2900 Tr ip 2975Hz 
3050 Guar d  

B 3240 Guar d  3315Hz 
3390 Tr ip 

680 Hz SUB-CHANNEL SPACING  
340Hz NOMINAL BANDWIDTH 

8 A 785 Trip 935Hz 
1085 Guard 

B 1465 Guard 1615 Hz 
1765 Tr ip 

9* A 1465 Tr ip 1615 Hz 
1765 Guard 

B 2145 Guard 2295Hz 
2445 Tr ip 

10 A 2145 Tr ip 2295Hz 
2445 Guard 

B 2825 Guard 2975Hz 
3125 Tr ip 

*Preferred groups for minimum noise and to avoid roll-off at lower or upper end of communications channel. 
CCITT frequencies and spacings are available on request. 
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TABLE 2 
SPACE AND POWER REQUIREMENTS FOR CIRCUIT CARDS 

MODEL ASSEMBLY DESCRIPTION  
CURRENT REQUIRED CHASSIS 

+12V -12V SPACE REQ'D. "" 

68 HPS-(XXX)-1 HB-41 505 ( 1 )  Power supply, current capacity 1 .0A (2) 1 .0A (2) 1 .5" "" 
68 PS- (XXX)-1 HB-41 500 Power supply, current capacity 0.375A (2) 0.375A (2) 1 .5" 

67 R EC H B-41 005 Receiver, Channel A 30 mA 30 mA 1 .0" 

67 R EC 2 HB-41 005 Receiver, Channel B 30 mA 30 mA 1 .0" ,., 
67 TRANS HB-4 1 0 1 0  Transmitter, Channels A and B 1 1 0 rnA 20 mA 1 .0" 

67 FS/AM HB--4 1 0 1 5  FS/ A M  Detector 55 rnA 55 rnA 1 .0" " 

67 LOG IC H B-41 020 Logic Card 60 mA 50 rnA 1 .0" 

67 LOG I C  HB-41 020 Logic Card ( R edundant) 40 mA 1 0  rnA 1 .0" 
• 

67A I NTER HB-45790 I nterface Card 0 (3) 50 rnA 1 .0" � 

67B I NTER HB-46 1 70 I nterface Card 0 (3) 50 rnA 1 .0" 

67 R E LAY HB-41 030 Block and A larm Relay Card 0 45 rnA 1 .0" 
Ill/< 

67 N B  R E C  HB-41 085 Narrowband Receiver, Channel A 60 mA 25 mA 1 .0" �' 

67 NB R EC HB-41 085 Narrowband Receiver, Channel B ,  60 mA 25 rnA 1 .0" 

67 B U F F  HB-41 1 1 0  Buffer Card 1 00 rnA (5) 25 mA 1 .0" "" 

67 LEV E L  I N D  HB-41 1 00 Signal-Level I ndicator 20 mA 40 mA 1 .0" ., 

NOTES: ( 1 )  Requi res also Regu lator HB-41 520 mounted at back of Chassis, See Figure 6. 
(2) Also delivers 1 0 kHz, 40 V, u nregu lated. 

.. 

(3) Also requi res 35 rnA from 1 0-kHz output of 68 Seri es Power Supply. • 
(4) Operates di rectly from _ station  battery. 
(5) Requi res 35 rnA from 1 0-kHz output of 68 Seri es Power Supply when + 1 8  V output requi red. *' 

t" 

11\h 

• 
.. .. 

I 
. ·I 

! .. 
.. . 

t, .... 

, f 'k· 

"" 

/ 

Figure 5. Card Ch assis with Front Door Open . 
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Figure 6. Typical Card Chassis 
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Heat Sink 

(4) Mtg. Positions � 
Flush, 1-7 /8", 3-1/8", 5" 

� 

oo 

I" 5-4 
00 

Fi gure 7. Outlines, Model 68 Chassis. 

Each receiver sends the fol lowing signals, via the FS/AM 
detectors, to the receive- logic circuits, located on another 
card: 

(a) Tone output, which is the received signal after 
ampl ification and level ing by the AGC circu its. I n-band 
noise or interfering tones wi l l  modu late this level away 
from its normal value. A "dual-threshold window com­
parator", using voltage comparators set at the desired 
cl ipping levels for positive and negative excursions of the 
input signal, causes the receive-logic circuit to del iver a 
block-output signal when the level of the received signal 
reaches either the h igh or the low set point of·the window 
comparator. 

(b) Output from the FS discriminator, which is a de 
voltage that is negative when the tone is at guard frequency, 
positive at trip frequency. Threshold detectors sense 
whether a guard or trip signal is received. A signal from the 
receiver near zero volts ind icates that the FS d iscriminators 
are in their dead zone, that neither trip nor guard signal 
is being received, and this causes a block-output signal 
from the receiver-logic circu its. 

(c) The receiver mon itors the AGC-control-voltage level 
with detectors for both h igh level and low level. When 
beyond l im its, the receiver. sends an out-of- l imit signal to 

12 

the logic circuits which wi l l  deliver a block-output signal, 
as wel l  as give a v isual ind ication of status with lamps. 

A plug- in  network, located on the log ic  card, sets 
threshold levels for the AGC circu it, and for the threshold 
and window detectors. It is chosen to be complementary 
to the network used at the transmitter for trip boost. 

The logic circuits mon itor both received signals at a l l  
times for the fol lowing normal cond itions: 

(a) On the low-frequency channel, (Channel A) the 
guard frequency is h igh, and on the h igh-frequency channel, 
(Channel B)  the guard frequency is low. Th is is the guard 
mode. Both window comparators sense no u nacceptable 
noise or i nterference, and received-signal levels are with in 
l im its - neither too h igh nor too low. Or,  . . .  

(b) On the low-frequency channel, the trip frequency is 
low, and on the h igh-frequency channel the trip frequency 
is h igh. This is the trip mode. Level is either boosted, or  
not boosted, as  predetermined when the system was set up.  
Window comparators detect no unacceptable noise or 
interference, and signal levels are with in prescribed l im its. 

If neither cond ition (a) nor (b) ,  foregoing, prevails, or 
if (b) is not immediately preceded by (a) .  trip output wil l  
be inhibited by block output or alarm output. 
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Tr ip output can be inhibited by noise, by interference, 
by frequency translation, or if guard has been absent more 
than 1 00 mS prior to receipt of tr ip. The inhibition wi l l  be 
removed only after guard has been received for 1 00 mS, or 
more, when the jumper on  the Model 67 LOG I C  card is 
set in the G/T position. If any abnormal condition persists 
for 1 00 mS or more, or if other abnormal ities exist, such as 
loss of signal or wrong d isposition of guard a nd trip fre­
quencies, a block condition wi l l  occur that can be removed 
only by return to the guard state for at least 1 00 mS. Th is 
is the guard-before-trip feature of the system .  When the 
block condition occurs, a relay de-energ izes; and if the 
block persists for two seconds the alarm relay wi l l  de­
energize. 

For permissive-trip appl ications, the receive- logic circu its 
can be connected to defeat conditional ly the guard-before­
trip requ i rement. H igh security, however, is maintained 
because guard signal must sti l l  precede the first trip, after 

which guard signal need no longer precede tr ip signal to 
initiate a subsequent tr ip, prov id ing that an inva l id signal 
does not occur between trips. If guard signals are received, 
the guard- before-trip requ irement is again restored. This 
occurs when the jumper on the Model 67 LOG IC is set 
in the T position. 

To provide for the condition where a val id trip signal is 
received and accepted by the logic, but is not sustained 
long enough, perhaps because of fai lure of the communica­
tion circuit, to have the command executed, an optional 
trip-hold timer is available. I ts hold time may be selected 
between zero and 250 mS. 

F inal ly, the trip circuit drives an optical isolator w h ich, 
in turn, del ivers base-dr ive current to an NPN transistor 
switch. This floating electronic switch is capable of up to 
one ampere col lector current, which is used to drive a n  A R  
relay. For so l id-state relay systems, the trip-buffer output 
is dr iven d irectly from the logic card. 

B ibl iography 

( 1 )  Bel l  System Techn ical Reference, PUB-41 004, Trans­
mission Specifications for Voice Grade Private Line 
Data Channels. 

(2) Bel l System Technical Reference PU B-41 0 1 1 ,  Trans­
mission Specifications for Voice Grade Private Pro­
tective Relaying Channels" May 1973. 

(3) L. R .  Berke, E. W. Geer, Jr., D.  R. Tucker, Staged 
Fault Testing of Leased Audio Tone Relaying Chan­
nels Subject to Ground Potential Rise and Induced 
Voltage - Proceed ing of the I EEE,  I nternational 

Communications Conference, 1 972. 

(4) L. R. Berke, E .  W. Geer, Jr., M. Parente, T. L. Berri, 

Audio Tone Relaying Tests on Telephone Channels 
in the Presence of Induced Voltage - I E E E  Trans. 

on Communication, Vol.  COM-20, No. 3, June 1 972. 

(5) IEEE Guide for Surge Withstand Capability (SWC) 
Tests ANSI C37.90a-1974 - I E E E  Std 472-1 974. 
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Jliltiiiiiil Ill DIT-1 � , ._ u u u f PROTECTIVE RELAYIN .$' /J � o"' .::,.G .::,.G .::,.G ' ,tf 
$ '" r:;:,(J p, s Q. � � .!!.> Q� .::5 ., � ,_:.-:Q .§ .!Y .!!.> $' & rf" $ � ti? � f"-'-"' f� ll f� �:f/ �:f/ �f/ �<c:£'> tf g, q;. g,{[ �"' g,o g, g, g, g,,_, >bJi 

MODULE DESIGNATION � Q::; 
� «.0 -.._<:: � ">.§' � ,::r � ,::r � ..._'< .� q_'c � o" 

67 REC • 

67 TRANS • 

67 FS/AM • 

67B INTER • 

67B INTER-1 • • 
. 

68 HPS 129 DC-1 • • • 

68 HPS 48 DC-1 • . • • 

68 HPS 24 DC-1 • . • • 

68 REG • 

67 Butter HB-41110 Butter Card 

68 CHAS - HB-41140 - 5%" Chassis 

MOD WIRING - HB-41138 - Module Wiring 

68 EXT - HB-39585 - Card Extender 

*This regulator is a module separate from the power supply, but is always required 
except when ordering spare or replacement modules. 

-� 
PROTECTIVE RELAYING -'- te:i;' <c:q;.· 

� ?;) qJ' -}!I� � ...... PJ � � .... � c!f .§ <c: � <:::5 o"' r!:J � ./J � J' .;:'0 $ .;:' ;:'t .;:'� �(j 9:J ·-S' !-. cr 9:5 l' 95:e: 9:5 0 95 ,.l 
MODULE DESIGNATION � ... l' ;j? "lJ..$? �<:l �,_..$ �<il �;j 

67 LOGIC • 

67 RELAY • • 

67 RELAY-1 • 

67 GUARD OUT-2 • • 

67 RELAY-4 • • • • • 

67 RELAY-5 • • • 

67 RELAY-6 • • • • 

67 RELAY-7 • • 

67 RELAY-9 • • • • 

67 NB REC • 

67 TRIP RELAY-1: w/AR 125 VDC-4M 

67 TRIP RELAY-2: w/AR 48 VDC-4M 

67 TRIP RELAY-3: w/AR 125 VDC-2M/2B 

67 TRIP RELAY-4: w/AR 48 VDC-2M/2B 

67 T/G RELAY-1: w/AR 125 VDC-2M/2B (DUAL) 

STANDARD 6745 ASSEM8L Y CONSISTS OF: 121 67 REC, 111 67 TRANS, 111 67 FS!AM, 111 678 INTER, 
111 67 LOGIC, 111 67 RELAY, 111 68 HPS -- DC-1, 111 68 CHAS. 

DUAL LOGIC ASSEM8L Y is same as above except add 111 LOGIC and substitute 
111 678 INTER-1 for 678 INTER. 
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I nsta l l ation 
CAUTION: If the tone set is mounted i n  a cabinet, it must be bolted down t o  the floor, or otherwise 

sec ured, before swinging out the equipment rack, to prevent its tipping over. 

General: The standard chassis used for the D IT-1 System 
was described in the forego ing. Each chassis requ ires three 
standard 1 %- inch relay rack spaces in a 1 9-inch wide relay 
rack. Each chassis conta ins the complement of modules 
needed for the appl ication specified, and each is ind iv idual ly  
wired for that appl ication. Complete systems comprising 
a number of chassis may be ordered as assembl ies mou nted 
in relay-rack cabinets; and in such cases the assembly is 
shipped as a unit, mounted in a wood crate, in a horizontal 
position. 

Unpacking the Equipment: I nd iv idual chassis are shipped 
in commercial packing cartons, one per carton. Care shou ld 
be taken when open ing to ensure that the equipment

.
is not 

damaged or scratched. Carefu l ly examine al l  packing 
material so that items of value are not d iscarded. Any 
packing material used in the chassis to keep modules in 
place during transportation should be removed C(! refu l ly. 

The 5%- inch high chassis is fitted with a h inged front 
door. Access to the modules is gained by turning the 
locking screws counterclockwise u ntil the door can be 
opened. The 1 %-inch chassis has a removable front panel ,  
and access t o  the modules i s  the same. 

Chassis-mounting ears can be positioned so that the 
front panel is either fl ush or forward-mounted with respect 
to the vertical supporting channels of the rack. Two sets 
of mounting holes for these ears are provided. By reversing 
the mounting ears in either set of holes, four choices of 
position are available. 

Care should be taken, when runn ing the trip-input leads, 
to reduce the possibil ity of a false tr ip caused by induced 
currents in the tr ip leads. It is recommended that the trip­
input leads be a sh ielded,  twisted pa ir, with the shield 
grou nded at both ends. Refer to "Silent Sentinels", 
Publ ication 72- 1 , for recommended protection practices. 

Ventilation: To enhance rel iabil ity, the equ ipment shou ld 
be operated with in the range of ambient temperature 
specified. Ventilation shou ld be provided to ensure that 
l imits set for ambient temperature are not exceeded with in 
the enclosure in  which the equipment is mounted. 

Electrical Connections: Connections to either type 
chassis are made through barrier-type terminal blocks, or 
Varicon connector, mou nted on the rear. Deta i ls of input 
and output connections are shown in  the accompanying 
drawings at the end of this section. 

Table 4 is a tabulation of part numbers for a l l  frequency­
dependent components for both Transmitter and Receiver, 
for all standard operating frequencies. 

Table 5 l ists the standard choices for network R Z3, used 
to establ ish the level of the transmitted signal, including 
non-boost, during both guard and trip, and the standard 
choices for network R Z 1 6, mounted on the logic card, 
used to establ ish signal levels from the three output circu its 
of the receiver. Other choices can be supplied. 

TABLE V 

PART NUMBERS FOR STANDARD LEVEL NETWORKS 

FUNCTIO N 

TRANSMITTER (RZJ) RECEIVER (RZ16) 

LEVEL PULSE DURATIO N  
MILLISECO NDS 

Non-Boost H B-41 066-1 HB-4 1 067-1 

3 dB Boost 70 H B-41 066-2 HB-41 067-2 

6 dB Boost 70 H B-41 066-4 HB-41 067-4 

9 dB Boost 70 H B-41 066-5 HB-41 067-5 

1 2  dB Boost 70 H B-41 066-3 HB-41 067-3 
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Set-up Procedure: Al l  connections to the equ ipment 
are made on terminal blocks at the rear of the chassis. 
These termi nals appear in Figure 6. Detai ls  are shown on 
the chassis-wiring drawi ng supplied with each indivi dual 
system; and that drawing number is stamped on the back 
of the chassis. The fol lowi ng procedure then appl ies: 

( 1 )  Connect the primary-power supply, either 24, 48, or 
1 25 Vdc, as appropr iate, to TB 1 ,  Pins 1 0  and 1 1 .  
Pin 1 0  is positive. 

(2) To trip the Transm itter, apply 24, 48, or 1 25 Vdc 
to Pins 1 and 2. Pin 1 is positive. 

(3) To detect a tr ip f rom the Receiver, apply 24, 48, 
or 1 25 Vdc in series with either a lamp or relay to 
TB3, Pins 1 and 2. Pin 1 is positive. See F igures 
1 2, 1 3, and 1 4. 

(4) The Transmitter-output signal is on T B2,  Pins 3 and 
4;  600 qhms balanced. 

(5) The Receiver i nput is on TB2, Pins 1 and 2, 600 
ohms balanced. 

(6) Connect the output of the Transmitter (see (4) fore­
going) either to the communication system to be 
used, or to an adjustable attenuator if Transmitter 
and Receiver are to be tested local ly.  

(7) Connect the Receiver input (see (5)  foregoing) to the 
output of the communication system or of the 
attenuator. 

(8) Output level of the Transmitter is adjusted with the 
potentiometer on the front of the Transmitter card, 
Model 67 TRANS. 

(9) Sensitivity of the Receiver is  adjusted with the 
potentiometer on the front of the Receiver card, 
Model 67 R EC. 

( 1 0) Connect an R M S  voltmeter to the i n put of the 
Receiver at TB2, Pins 1 and 2. 

( 1 1) Turn on power. 

( 1 2) Adjust the Transm itter's  output for - 1 0  dBm. If a 
communication system is being used, adjust the out­
put level of the Transmitter so that it wi l l  drive the 
system properly. 

( 1 3) The level of the received signal at the input to the 
Receiver, TB2, Pins 1 and 2,should be about -20 d Bm. 

( 1 4) Drop the level of the received signal by 10 dB,  so that 
it is -30 d Bm. 

( 1 5) Adjust the sensitivity control of each Receiver !J nti l 
the low-level indicator of each Receiver just goes out. 

( 1 6) Return the level of received signal to -20 dBm. The 
Receivers are now adjusted so that a signal at -20 d Bm 
is in the middle of the dynamic range of the AGC 
system. 

( 1 7) There should be only two lamps li ghted, one on the 
Power Supply, and the guard-signal i nd icator on the 
Model 67 LOG IC. If trip boost is used, however, the 
AM-block lamp on the Logic card also wi l l  be l ighted. 

EXTERNAL CONNECTIONS TO CHASSIS 

Connections to Communication Circuit 

MODE (1) FUNCTIO N 
CO N NECTIO NS 

D IT-1 D IT-1 T 

2-Wire Transmit a nd R eceive P1 - 1 3, 1 4  TB2-1 & 2 

Receive P1 - 1 3, 1 4  TB2-1 & 2 
4-Wire 

Transmit P1 -1 1 ,  1 2  TB2-3 & 4 

( 1 )  Be sure that jumpers A,  B ,  C ,  D ,  a nd E on Model 67 I NTE R ( I nterface Card ) correspond 
to mode selected . 
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TABLE 6 

MAXIMUM BOOST LEVELS AND DURATIONS 

BOOST TIME 
BOOST 

LEVEL 

70 ms 75 ms 100 ms 125 ms 150 ms Units 

-. 112 -. 124 -. 158 -. 192 -.227 dBm 
3 dB . 977 . 975 . 967 . 960 . 952 mW 

. 765 . 764 . 761 .758 . 755 volts 

-. 308 -. 331 -.424 -.531 -.615 dBm 
6 dB . 934 .930 . 909 .888 .869 mW 

.748 . 746 . 738 . 729 . 722 volts 

-. 663 -. 712 -. 921 -1.123 -1.316 dBm 
9 dB . 859 . 851 . 810 . 774 .740 mW 

. 718 . 714 . 697 .681 . .  666 volts 

-1. 316 -1. 395 -1. 771 -2. 122 -2.443 dBm 
12 dB . 740 . 727 . 666 . 615 .571 mW 

. 666 . .  660 . 632 . 607 .585 volts 

this table represents the maxim,um level that may be sent over a 600 ohm phone-
line without violating the Bell System 3-SEC. Rule. 

TABLE 7 
PLACEMENT OF JUMPERS 

MODULE ACTION AT INSTALLATION 

67 Receiver Jumper for slow AGC must be in place when trip boost is used, absent 
in non-boost condition. 

67 Transmitter Select level network from Table 5 and install on transmitter card. 

67 FS/AM Detector Standard practice is to install Jumpers A, C, F, and G, although non-standard 
applications may require other arrangements. 

67 Logic Placement of Gff jumper is determined following settlement of the options 
given in the first and second paragraphs on page 13. 

67 B Interface Set Jumpers G and H to single or dual trip, as required. 
Set Jumpers A, B, C, 0, and E for two-wire or four-wire operation; as indicated 

on the schematic for this card. 
For multiplex operation, refer to Figures 9 and 10. 

67 Buffer Jumper is connected from G to E when single logic card is used, or from G to 
F when redundant card is used. 

Note In operating systems suppiied by the factory jumpers are Installed. 
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TX 

TX 

NOTE: 

T X  MULTIPLEX 
BLOCK DIAGRAM 

DIT- 1/DIT-IT 

I. INCLUDE llohm RESISTOR BY SELECTING 
JUMPER "E" ON MASTER CHASSIS ONLY. 

2. STRAP MASTER 678 INTER CARD A TO +30d8m, 

3. OMIT STRAP A ON MULTIPLEXED CHASSIS ONLY. 

F 

OIT-1/DIT-IT 

RX MULTIPLEX 
BLOCK DIAGRAM 

678 INTER 

[PI-11/TBZ-3 

TONE 
OUT 

Pl-12/TBZ-4 

Pl-17 

Pl-18 

PI-17/TBZ-7 

P l - 18/TBZ-8 

Figure 9. Multi plex Connections for Transmitters. 

5---4PH3/TB2-5 �20 L::_j21 19 Pc=f � � 
7--PH4/TB2-6 

TO 
PILOT WIRE 
CONNECTION 

�20 L::_J21 

�20 

L::J� 
r-:lzo �21 

-
-

-
.. 

-

F 
19 

OMIT JUMPER .,. ON 

RECEIVERS. 

Pi-19 
RX MUL�. 

Pl-20 

Pi-19 
RX MULT. 

Pl-20 

67 B INTER 

A L L  MULTIPLEXED 

DO NOT REMOVE JUMPER "F" ON CHASSIS 
THAT CONNECTS TO PILOT WIRES. 

18 

Figure 1 0. Multiplex Connections for R eceivers. 
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P1-8 

2 
Station -
Battery --

R1 

To Station 

Battery 

TB1 

CHANNEL 
A 

OPTO·ISOLATOR CHANNEL 
IC4 t-1--+--t B I I I I I I 

I I I I L-------- ---------� L _____ � 
(1) Choose R1, R2 from table on Figure 15 or 16. 

Figure 1 1 .  Dual-keying trip I n put, D IT-1. 

MODEL 678 INTER MODEL 67 TRANS r-----------------, r-----l 
R5 I I 

I 9 t---e---.,...._."" I I 
I I 1 �----
1 OPTO·ISOLATOR I I CHANNEL 
I I C3 t--:-1 ........... A 
I I I Jumper J I 

R17 

I 
I 
I 
I I 

OPTO·ISOLATOR t-:-' --7-t CHANNEL I 
IC4 I B I 

I I 
I I 

I I I 
L------------------� L-----� 
(1) Choose R1, R2 from table on Figure 15 or 16. 

Figure 12. Dual-keying tri p  Input, D iT·1T. 
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From 
Logic 
Card 

MODEL 678 INTER 

, --- -------- - ---
I 
I 
I 
I 
I 
I 
I 

OPTO· 
ISOLATOR 

IC1 

I I 
L _ _ ________ _ _ __ l 

TB3 on DIT-1T 

i 
TB2 

Trip Battery 

11�-----� 

"' t) � 
c: 
8 
a: 
<( 

Figure 1 3. Single tri p  output with single logic card, D IT-1 and D IT-1T. 

MODEL 678 INTER 

, --------

From 

1 
I 
I 
I OPTO· 

Logic ---'--I ISOLATOR 
Card 1 I IC1 

I 
I 
I 
I 
I 
I 

·I 
From I OPTO-
Logic .,..+--tiSOLATOR 
Card 2 1c2 I 

I 
I z 
I I 
L _ _ _ __________ _j 

"' ... tJ <U ... 
c: 
0 (.) 

a: 
<( 

Figure 1 4. Tri p  outputs In se ries with dual logic cards, D IT-1 and D IT-1T. 
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TABLE 8. COMPONENTS FOR DETERMINING FREQUENCY 

CENTER·FREQ. 
GROUP OF SUB-

CHANNEL Hz 

A 935 

1 
B 1275 

A 1275 

2 

B 1615 

A 1615 

3 

B 1955 

A 1955 

4 
B 2295 

A 2295 

5 
B 2635 

A 2635 

6 
B 2975 

A 2975 

1 
B 3315 

A 935 

8 
B 1615 

A 1615 

9 
B 2295 

A 2295 

10 
B 2975 

CHANNEL 
SPACING 

Hz 

(NOTE 2) 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

340 

680 

680 

680 

680 

680 

680 

MODE 
AND 

FRED. Hz 

T 860 

G 1010 

G 1200 

T 1350 

T 1200 

G 1350 

G 1540 

T 1690 

T 1540 

G 1690 

G 1880 

T 2030 

T 1880 

G 2030 

G 2220 

T 2370 

T 2220 

G 2370 

G 2560 

T 2710 

T 2560 

G 2710 

G 2900 

T 3050 

T 2900 

G 3050 

G 3240 

T 3390 

T 785 

G 1085 

G 1465 

T 1765 

T 1465 

G 1765 

G 2145 

T 2445 

T 2145 

G 2445 

G 2825 

T 3125 

TRANSMITTER 

CRYSTAL 

SUFFIX FOR 
FREQ. CIRCUIT JUMPER XTAL P/N 
MHz POSITION POSITION HA-41034· 

-7 3.522560 Y1 A 
-8 4.136960 Y3 

-5 2.457600 Y4 F 
-6 2.764800 Y2 

-5 2.457600 Y1 
B 

-6 2.764800 Y3 

-9 3.153920 Y4 F 
-10 3.461120 Y2 

-9. 3.153920 Y1 
B 

-10 3.461120 Y3 

-11 3.850240 Y4 

-12 4.157440 Y2 
F 

-11 3.860240 Y1 
B 

-12 4.157440 Y3 

-13 4.546560 Y4 

-14 4.853760 Y2 
F 

-13 4.546560 Y1 
B 

-14 4.853760 Y3 

-3 2.621440 Y4 G 
-4 2.775040 Y2 

-3 2.621440 Y1 

-4 2.775040 Y3 
c 

-1 2.969600 Y4 

-2 3.123200 Y2 
G 

-1 2.969600 Y1 

-2 3.123200 Y3 
c 

-15 3.317760 Y4 

-16 3.573760 Y2 
G 

-17 3.215360 Y1 

-18 4.444160 Y3 
A 

-19 3.000320 Y4 

-20 3.614720 Y2 
F 

-19 3.000320 Y1 
B 

-20 3.614720 Y3 

-21 4.392960 Y4 

-22 5.007360 Y2 
F 

-21 4.392960 Y1 

-22 5.007360 Y3 
B 

-23 2.892800 Y4 G 
-24 3.200000 Y2 

(1) There are two receiver cards per group, one for subchannel A and one for subchanne/ B. 
Positions shown are for both wideband and narrowband receiver at their respective locations. 
Do NOT place narrowban� receiver cards in wideband locations, and vice versa. 

WIDEBAND RECEIVER 
FRED. DETER. NETWORK 

P/N FOR POSITION INPUT FIL TEA DISCRIMINATOR 

RZ1 RZ2 P/N NETWORK P/N 

H8·41065·1 H8·74200·1 HB·74300·1 

HB·41065·2 HB·74200·2 HB·74300·2 

HB·41065·2 HB·74200·2 HB·74300·2 

HB·41065·3 H8·74200·3 HB·74300·3 

HB·41065·3 HB·74200·3 HB·74300·3 

HB-41065·4 HB·74200·4 HB·74300·4 

HB·41065-4 HB·74200-4 HB·74300·4 

HB·41065·5 HB·74200·5 HB·74300·5 

HB·41065·5 HB·74200·5 HB·74300·5 

HB-41065·6 HB·74200·6 HB·74300·6 

HB·41065·6 HB·74200·6 HB·74300·6 

HB·41065·7 HB·74200·7 HB·74300·7 

HB-41065·7 HB·74200·7 HB·74300·7 

HB·41065·8 HB·74200·8 HB·74300·8 

H8-41065·9 HB·74200·9 HB·74300·9 

H8-41065·10 H�·74200·10 HB·74300·10 

HB·41065·10 HB·74200·10 HB·74300·10 

HB·41065·11 HB·74300·11 HB·74300·11 

HB·41065·11 HB·74200·11 HB·74300·11 

HB·41065·12 HB· 74200·12 HB·74300·12 

(2) The pre-trip timer on the logic card is 4.5 ms for 340-Hz 
channel spacing, and is 2.5 ms far 680-Hz channel spacing. 

--···-

BOTH 
NARROWBAND RECEIVER 

RECEIVERS 

POSITION IN SUFFIX FOR, 
BEAT CRYSTAL JUMPER RZ1 NETWORK 

cf:gT���E FREQ. Hz 
XTAL P/N ! FRED. POSITION PART NUMBER 
HA·41034· MHz 

A 1200 -5 I 2.45760 F HB-41064·1 

B 1010 -8 4.13690 A HB·41064·1 

A 1540 -9 3.15392 F H8-41064·1 

B 1350 -6 
2.76480 F H8·41064·1 

A 1880 -11 

I 
3.85024 F HB·41 064-1 

B 1690 -10 3.46112 F HB-41064·1 

A 2220 -13 4.54656 F HB·41064·1 

B 2030 -12 4.15744 F HB-41064·1 

A 2560 -3 2.62144 E HB·41064·1 

B 2370 -14 I 4.85367 F HB-41064·1 

A 2900 -1 2.96960 E HB·41064·1 

B 2710 -4 2.77504 E HB·41064·1 

A 3240 -15 ! 3.31776 E HB·41064·1 

B 3050 -2 
I 

3.12320 E HB-41064·1 

A 1465 -19 3.00032 F HB-41064·2 

I I 
B 1085 -18 ! 4.44416 A HB-41064·2 

A 2145 -21 4.39296 F HB·41064·2 

B 1765 -20 3.61472 F HB·41064·2 

A 2825 -23 2.89280 E HB-41064·2 

B 2445 -22 5.00736 F HB-41064·2 
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67 LEVEL INC 67 B UFFER 

HB-41 1 0 0  
S2 3 

@ 
® 
@ 
@ 

LOGIC 
CARD 

67 LOG I C  

6 7  LOGIC- I 

67 L0GIC-2 

67LOGIC"I3 

NOTES 

p 2• 27 

BUFFER CARD 
HB- 41110 

LOGIC TIMING OPTIONS 
TABLE Il[ 

PRE TRIP GUARD TRIP 
TIMER B EFORE AFTER 

TRIP GUARD 

4.5 MS 100 MS 100 MS 

3 2 MS lOOMS lOOMS 

5 MS lOOMS 100 MS 

4.5 MS 25 MS 25 MS 

I S - I NDICATES PRINHD CIRCUIT BOARD SOCKETS 
TB- INDICATES BARRIER STRIPS 

• -INDICATES K E Y  LOCATION 

4 WIRING IS NO 22 STRANDED OF CO LOR M A RKED 
UNM ARKED W1RE IS BUSS WIRING 
REL AY CONT ACTS ARE SHOWN UNENERGIZED 

6. JUMPER Pl-21 TO Pl-22 WHEN EX-TERNAL 

TEST SWITCH IS NOT USED. 

67B INTER 

INTERFACE CARD 

6 8 >IPS 129 DC - I 

DC/DC CONVERTER 

HB-4 1505 
Sl 

E-1 

E- B 

E- 7 

E-6 

E-5 

p 1-1 

p ,_ 2 

for Solid State STU-12 A pplication with Level Indicator Option. 
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67 AR 125 2 2 00 V 67 LEVEl INO 

HB-46G66 HB-4 1 100 

s 27 s 25 

TB 13-1 
TB6-9 

TBt3-4 

® 
TB I3- 5 ® 

(j) 
T813-6 • 
T813-7 @) 

@ 
TB 13-9 @ 

@ 
TB 13-9 TB 6-10 

T813-10 

TB 13-11 

@ 
@ TB6-7 

@ TB 6-6 

@ TB 6-5 

LOGIC TIMING OPTIONS 
TABLE Il 

LOGIC PRE TRIP GUARD TRIP 
CAR[). TIMER BEFORE AFTER 

TRIP GUARD 

67 LOGIC 4 5 M S  lOO MS 100 MS 
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67 LOGIC-2 5 MS lOOMS 100 MS 

67LOGIC-13 4.5 MS 25 MS 25 MS 
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Wideband Receiver, Model 67 REC 
General :  The Receiver Input Assembly, Model 67 R EC, 

the schematic of which is shown as Figure 2, consists of a 
bandpass fi lter, preampl ifier, amplifier, frequency discrimi­
nator, quadrature-signal network and ampl ifier, and auto­
matic-gain-control (AGC) circuits. The receiver usual ly 
operates in the frequency range between 800 and 3300 Hz, 
although operation can be extended to as high as 10 kHz. 
Maximum input sensitivity is -40 dBm. Dynamic range of 
the AGC is usual ly set for 22 dB. 

Theory of Operation: The incoming signal is applied 
to a bandpass fi lter which is a passive, four-coil, 35 dB, 
Gauer (ell iptical ) filter. The filter assembly, H B-74200-X, 
is selected for the channel frequency. Jumper A is a 
factory adjustment for bandwidth and shou ld not be 
altered in the field. From the filter, the signal is passed 
to a 20-turn, cermet, stepless potentiometer used as a 
sensitivity control, and to a preamplifier. The output 
of the preamplifier, IC1, is fed to a voltage divider con­
sisting of R6 and 01. The signal then passes through two 
opamps, IC2/B and IC2/A, to the receiver output which 
delivers AM signal to the detector card. The same signal 
also is delivered to IC6/A and B for further processing. 

IC6/ A is the active element of a frequency-shift dis­
criminator, a discrimi nator whose center frequency is 
selected by cho ice of Filter Assembly HB-74300-X. The 
choice is a function of channel frequency. The output of 
th-e discriminator is fed to the FS/AM Detector Card, 
67 FS/AM. 

IC6/B is an amplifier which takes the same signal 
del ivered to the discriminator, IC6/A, but develops an 
output signal leading the rece ived signal by 90° because 
of the phase shift of R16 and C16 at its non-inverting 
input, Pin 5. This signal is used on the FS/AM Detector 
Card, 67 FS/AM. 

AGC Control System: IC3/B is a l inear voltage com­
parator used to compare the level of the rece ived signal 
against a reference vo ltage of magnitude determined by 
the level of trip boost se lected for a given instal l ation. 
The de reference, applied at Pin 6, is selected by cho ice 
of plug-in network RZ-16 on the Receiver Logic Card, 
67 Logic. At Pin 5 there is del ivered, from the FS/AM 
Detector Card, 67 FS/AM,  a rectified de voltage, taken 
from an operational-rect ifier signal-level detector, which is 

portional to the magnitude of the signal received. The 
difference, if any, between reference level and actual 
signal level appears at the output of I C3/B. It is sub­
sequently amplified and used to control the gate voltage 
of 01. This transistor, with R6, forms a signal-voltage 
divider between IC1 and IC2/B, and the voltage d ivision 
is adjustable by changing the resistance from drain to 
sou rce by variation of the gate voltage. If the signal is too 
low, gate voltage changes to increase · Rds, thus increasing 
signal at Pin 5 of IC2/B. H igh signal, of course, causes 
a reverse action. There is provision on the circuit card for 
add ing a jumper for slow AGC when trip boost is used. 

It is desirable to establish a reference level for the AGC 
voltage at the gate of 01, so that the dynamic range of 
the gate of 01 is in the same span of voltage as is the 
AGC-control signal.  Th is is done by mak ing zero signal 
(minimum attenuation) correspond to the pinchoff voltage. 
But the pinchoff voltage of 01, the voltage for max imum 
Rds and for m inimum attenuation, is not accurately 
predictable. IC3/A is provided, therefore, to establish 
whateverpinch off voltage is required at the gate of 01, by 
selection of R 25. 

R25 and R 27 establ ish the selected reference voltage at 
Pin 3 of IC3/A. At the junction of CR3 and C R4, the 
chosen reference voltage, plus the drop across C R  1 and C R 2, 
and less the voltage drop across C R 3, is added to the 
rectified signal to set the absolute level of control voltage 
at the gate of 01. 

Resistor R 25 is selected, during m anufacture, to make 
the reference-voltage level for the AGC circuits equal to 
pinchoff voltage of the unit used at 01. Resistor R26 is 
selected, at the same time, to provide the dynamic range 
desired for the AGC voltage. 

R29, C21, and C22 provide filtering and the necessary 
AGC time constant. IC4 provides both needed gain and 
output capacity for loads in addition to 01. 

IC5/A & B are low- and high-signal detectors. Both 
are voltage comparators. The low-signal detector uses AGe-
reference voltage from IC3/A as its minimum-signal ref­
erence. The h igh-signal reference is ground potential .  Each 
opamp excites an appropriate l imit indicator, DS1 or DS2; 
and their  outputs also del iver an out-of- l imit signal to Pin 
10 for use at the Receiver Logic Card, 67 LOG I C. 
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Figure L Receiver Card 

Table of Replaceable Parts 
DIAGRAM 

NAME OF PART AND DESCRIPTION PART NO. 
SYMBOL 

MODEL 67 R EC, P/N HB-41005 

CAPACITORS 

C1 thru C6 Part of input - fi lter assembly. P/N HB-74200-X. Absolute values 
depend upon frequency. See Table 

C7 Capacitor, dipped m ica, 220 pF, 2%, 500 V, Electromotive DM-19 HA-16616 

C8, 15, & 17 Capacitor, dipped mica, 22 pF, 5%, 500 V, E lectromotive DM-15 H-1080-325 

C9, 14, & 21 Capacitor, tantalum, 3.3 J.LF, 20%, 35 V, Corning CCL-035-335-20 H-1007-1260 

C10 & 20 Capacitor, poly., 0.047 J.LF, 2%, 100 V, Wesco 32P H-5115-67 

C11 Capacitor, tantalum, 1 J.LF, 20%, 35 V, Corning CCM-035-1 05-20 H-1007-496 

C12 & 13 Capacitor, dipped m ica, 100 p F, 2%, 500 V, E lectromotive DM-19 HA-16600 
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DIAGRAM 
NAME OF PART AND DESCRIPTION PART NO. 

SYMBOL 

C 1 6  Capacitor, dipped mica, 2000 pF, ±2%, Electromotive D M - 1 9  o r  DM-20 HA-1 6222 

C1 8 Same as C8, 33 pF HA- 1 651 1 

C1 9 Capacitor, ceram ic disc, 0.01 f.J.F, 20%, 1 00 V, Cornei i -Dubi l ier MGP0 1  H - 1 007- 1 26 1 

C22 Capacitor, tantalum, 15 f.J.F, 20%, 35 V, Corning CCZ-035- 1 56-20 H-1 007-654 

C23 Part of discriminator assembly, P/N HB-74300-X. See Table 

C24, 25, 26, & 27 Capacitor, tantalum, 15 f.J.F, 20%, 20 V, Corning CCD-020-156-20 H - 1 007-7 1 6  

RESISTORS 

R1, 7, 8, 13, 14, 15, Resistor, metal-f i lm, precision 1%, 1/8 W, value per schematic, H- 1 510-(XXX) 
1 7, 18, 19, 20, 24, per R F L Spec HA-38301 

27, 30, 3 1 ,  35, & 4 1  

R2 Resistor, variable, cermet trimmer, 1 0  K,  1 0%, 0.75 W, Hel ipot 79PR10K HA-39539 

R3, 4, 5, 6, 9, 10, 1 1 ,  Resistor, fixed composition, 5%, % W, value per schematic, H-1009-(XXX) 
1 2, 21, 22, 23, 24, 25, Allen Bradley CB 
26, 28, 32, 33, 34, 36, 

37, 38, 39, 40, 42 

R 1 6  Same as R 1 ,  for values see fol lowing Table 

Center Freq. R 1 6  R16 
Hertz Value P/N 

935 84.5K H-1 510- 1 554 
1275 6 1 .9K H- 1 5 1 0-1 555 
16 1 5  49.9K H-1 510-569 
1955 40.2K H-1 5 1 0-720 
2295 34.8K H-1510- 1 554 
2635 30. 1 K  H-1510-569 
2975 26.7K H-1 5 1  0-1 152 
3315 24.3K H-1 510-477 

SEMICONDUCTORS 

CR1 thru CR8 Diode, sil icon, type 1 N9148 I rlA-26482 

DS1 & 2 Light emitting d iode, D ial ight 550-0 1 02 HA-39568 

IC1 Integrated circuit, high performance l inear opamp, N ational LM741CN, H-0620-52 
or equal 

IC2, 3, 5, & 6 Integrated Circu it, l inear dual opamp, National LM-1 458M, or equal H-0620-51 

IC4 Integrated Circuit, high performance l inear opamp, N ational LM307N, H-0620-93 
or equal 

01 Transistor, F ET, si l iconix VCR4N HA-41008 
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Fig ure 2. Schematic of Receiver  
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Transm itter, Model  67 TRANS 

General:  The schemat ic of the transmitter is shown on 
Figure 3. The two channels of the transm itter are shown on 
this schematic diagram. Channel A wi l l  be described in detai l ,  
with the understanding that the same discussion applies to 
Channel B .  The symmetry of the drawing makes identi· 
fication of components simple for e ither channel. Each 
channel has its own Schmitt trigger circuit to accept trip­
input signal, gu ard-frequency and tr ip-frequency crystal· 
control led osci l lators which are running cont inuously, a 
d ig ital  frequency d iv ider, and a bandpass f i lter. At the out­
put of each f i lter, the channels are combined in a summing 
amplifier which, in turn, dr ives an output ampl ifier. 

Theory of Operation : Under normal cond itions, the 
Transm itter sends two guard signals. Thus, for Ch annel A, the 
tone frequency controlled by Y3, osci l l ating with IC1/A, 
is transmitted. That signal is divided by the digital divider, 
IC3, the output of which is a squ arewave. Straps, A, B, C, 
and D, at the output of IC3, permit a cho ice of dividing 
the crystal frequency by 29,  2 1 0, 2 1 1 ,  or 2 1 2 .  These 
choices, combined with the freedom to select a crystal 
frequency in the range between 2.4 and 4.5 M H z, make it 
possible to select any channel frequency that may be 
desired in a range from the lowest frequency shown on 
Table 1 to 3.5 kHz. 

IC4/B and IC5/A & B are three opamps constitut ing 
the active elements of an active bandpass fi lter which 
shapes the squarewave output of I C3 into a pure sine wave. 
Resonant frequency of the fi lter is determined, in part, 
by RZ- 1 ,  a plug-in e lement chosen for the frequencies of 
the channel in use, and by C13 and C 1 5. 

Output of the bandpass fi lter for Channel A is combined 
with that from Channel B in the summing ampl ifier, 
IC12/A. As described l ater, the summing amplifier never 
has a gain greater than un ity. Transmitter-output level is 
set by R 56. IC1 4 is the driver ampl ifier for the output 
circuit, whose active elements are 01, 02, 03, and 04. 

The foregoing outl ines the operation of the transm itter 
when guard tones are transm itted. Several changes occur 
when a trip signal from the interface card is received. 
Ch annel A is discussed. Channel B paral lels it. 

A negative-going, grounded, trip-input signal at Pin 19 
causes the output of the Schmitt trigger, IC1 0/B, to generate 
& posit ive-going signal at its output, Pin 7. Before trip, the 
guard signal passed through I C2/A and IC2/D to the 
div ider. With the appearance of the trip signal at Pin 1 
of IC2/A, and of an inverted trfp pulse at Pin 5 of IC2/B, 
guard signal is cut off and trip-frequency signal is passed 
through IC2/B and IC2/D to the d ivider. Hence, trip-fre­
quency tone is transm itted. 

The trip pulse from the output of IC1 0/B via IC1/C 
is used also to control switches IC6/A and IC6/C. These 

1 

switches open, thereby increasing the resistances used as 
frequency-determining elements in the active fi lter, and so 
to lower its resonant frequency to the lower, trip frequency 
of Channel A. Note that a positive-going trip pulse is used 
to control IC6/B and IC6/D to close the switches. This 
action adds resistors in paral lel ,  and thus raises the resonant 
frequency of the bandpass fi lter, as requ ired for Channel B 
in accordance with the fundamental phi losophy of the system. 

Final ly, it wi l l  be observed that the trip mon itor, DS1, 
wi l l  be excited through the presence of trip signal on 
Pins 8 and 9 of I C2/C. 

Trip-Boost Timer: The trip-boost timer, when used, 
effects an increase in output level of the transmitter when 
trip signal is sent, and it determines the length of t ime for 
which the signal level is increased, selectable up to a 
maximum period of 250 mS. The slow-AGC jumper in the 
Model 67 R EC must always be in place when trip boost is 
used. References 1 and 2 of the Bibl iography discuss the 
considerations involved. 

Signals from the two Schmitt triggers appear at Pins 5 
and 6 of IC1 1/B, the output of which is combined, at 
IC1 1 /A, with a gu ard-signal level to produce a positive 
pu lse at Pin 3 of IC1 1/A. That pu lse, coupled to the input 
of a voltage comparator, I C 12/B, forces the comparator to 
chang\! state, from a h igh level to a low level .  Output from 
the comparator excites the trip-boost monitor, DS3, through 
IC11/D, and it opens switch IC1 3/A. 

When IC1 3/A is opened, the resistance in the feedback 
loop of IC1 2/A, the summ ing ampl ifier, is increased, thus 
raising its gain. The magnitude of the increase in output 
level during the trip-boost function is adjustable by choice 
of Resistors R 1 6-1 1 and R 1 4-9 in the plug-in network, 
R Z-3. The length of t ime for which the enhanced trip signal 
continues is adjusted by Resistor R 8-3 in the same network. 
The time constant of this resistor and C21 determines when 
the charge on C21 fal ls to the point where the voltage on 
Pin 6 of IC1 2/B fal ls below the threshold level ,  held at Pin 
5 by R 51 and R 52, and so causes the output to retu rn to the 
non-boost state. 

IC13/C & D are normal ly closed switches used for 
rout ine maintenance and d iagnost ic work on the transmitter. 
They are used to reduce the output of the transmitter to 
zero in the event that the power-supply voltage drops 
below a predeterm ined value at which the. transmitter may 
fail to function properly. Under normal cond itions, 05 
is saturated, so that its col lector is at about +11.8 V.  This 
holds the two switches closed. If power-supply voltage 
drops to 9.8 V, or below, base drive for 05 is lost, and its 
col lector fal ls to ground potential ,  thereby opening the two 
switches and interrupting the signals  from Channels A 
and B .  

Figure 2 shows the format of transmitted signals during 
cond it ions of guard, trip boost, trip, and return to guard. 
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I Table of Replaceable Parts 
DIAGRAM 

NAME OF PART AND DESCRIPTION PART NO. SYMBOl . 

MODEL 67 TRANS, HB-41010 

CAPACITORS 

C1 , 2, 3, & 4 Capacitor, d ipped mica, 47 pF,  5%, 500 V, Electromotive DM- 1 5  HA- 1 65 1 5 

C5 thru C 1 2  Same a s  C1 , 56 p F  HA- 1 65 1 7 

C 1 3  thru C 1 6  Capacitor, si lver mica, 0.002 1-1 F ,  2%, 500 V, E lectromotive DM-20 HA- 1 6222 

C1 7 & 1 8  Capacitor, ceramic d isc, 0.002 1-1F, 20%, 1 000 V ,  Sprague 5GA-D20 H-1 007-942 

C1 9 Capacitor, ceramic disc, 220 pF,  1 0%, 500 V, Erie 831 -000X5F0221 K H-1 007-493 

C20 Capacitor, ceramic d isc, 0.02 1-1F,  +80 -20%, 25 V, Erie 5835-000Y 5U203Z H- 1 007-754 

C2 1 Capacitor, mylar, 0.47 1-1F,  2%, 1 00 V, Wesco 32M H-1 007-448 

C22 Capacitor, si lver mica, 1 00 pF,  2%, 500 V, Electromotive D M - 1 9  HA-1 6600 

C23 & 25 Same as C 1 ,  33 p F  HA- 1 65 1 1 

C24 & 30 Capacitor, tantalum, 1 1-1F,  20%, 35 V, Corn ing CCM-035-1 05-20 H-1 007-496 

C26, 27, 28, 29, & 33 Capacitor, tantalum, 1 5  1-1 F ,  20%, 20 V, Corning CCD-020- 1 56-20 H-1 007-7 1 6  

C31 Capacitor, tanta lum, 33 1-1 F ,  20%, 1 0  V, Corn ing CCD-0 1 0-336-20 H-1 007-653 

C32 Capacitor, M PC, 0.047 1-1 F ,  2%, 1 00 V, Wesco 32 MPC H - 1 007- 1 1 96 

C34, 35 Capacitor, ceramic, 0. 1 1-1F, +80 -20%, 25 V, Erie 581 5-000Y5U 1 04Z, or eq. H-1 007-646 

CRYSTALS 

Y 1 ,  2, 3, & 4 Piezoelectric quartz crystals  determining frequency of osci l lators. 
For fundamental frequencies see Table 4. 

RESISTORS 

R.1 thru R 1 0  Resistor, fixed composition, 5%, 'k.W, value per schematic, H- 1 009-(XXX) 
R 1 9 thru R22 Al len Bradley CB 
R29 thru R50 
R53, 54, & 55 
R57 thru R65 

R68 
R70 thru R76 

R 1 1  thru R 1 8  Resistor, precision, 1 %, 1 /8 W, va lue per schematic, H- 1 5 1 0- (XXX) 
R25, 26,  27, 28, per R F L  Spec HA-38301 

R51 & 52 

R23 & 24 Resistor, variable cermet, 2 K, 1 0%, 0.75 W, Hel ipot 79PR2K HA-39537 

R56 Same as R 23, 1 0  K, Hel ipot 79PR 1 0K HA-39539 

R66 & 67 Resistor, wirewound, 1 ohm, 5%, 1% W, Ohmite 4030, Style 995- 1 A  H-1 1 00-585 
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DIAGRAM 
NAME OF PART AND DESCRIPTION PART NO. 

SYMBOL 

R69 Resistor, wirewound, 1 0  ohms, 5%, 3% W, Ohmite 436 1 ,  Style 995-3A H-1 1 00-479 

RZ1  & RZ2 Bandpass .fi lter frequency-adjusting network. See Table for part numbers. 

R23 Gain-adjusting network for tri p  boost. Values per sales order. 

SEMICONDUCTORS 

CR 1 ,  2, 5, & 6 Diode, si l icon, type 1 N9 1 4B HA-26482 

CR3 & 4  Diode, sil icon rect., 1 A, Sol itron S4003TA20 HA-30769 

CR7 D iode, zener, 6 .2  V, 1 0%, 500 mW, Motorola 1 N5234 HA-29227 

CR8 D iode, zener, 9. 1 V, 5%, 400 mW, Fairchild 1 N960B HA-4 1 0 1 4  

DS1 , 2, & 3  Light · emitting d iode, D ial ight 550-0 1 02 HA-39568 -

IC1  I ntegrated Circu it, COS/MOS, Hex inverter/buffer, H-061 5-7 
RCA CD4049AE, or eq. 

IC2  & 9  I ntegrated Circu it, CMOS Quad, 2- input, N D R  gate, H-061 5-3 
RCA CD4001 AE,  or eq. 

I C3 & 8  I ntegrated Circu it, CMOS, 1 2-stage ripple-carry b inary counter/divides H-061 5-2 1 
RCA CD4040AE ,  or eq. 

I C4, 5, 7, 1 0, & 1 2  I ntegrated Circuit, l inear dual opamo, T 1  SN72558-P or eq. H-0620-51 

I C6 & 1 3  Integrated Circu it, CMOS, Quad bi latered switch, RCA CD401 6AE,  or eq. H-061 5- 1 5  

I C 1 1 I ntegrated Circuit, COS/MOS, Quad, 2-input NAND gate, H-06 1 5-5 
RCA CD401 1 AE, or eq. 

I C 1 4  I ntegrated Circu it, h i-performance, l inear opamp. Tl SN72741 P, o r  eq. H-0620-52 '" 

Q1 Transistor, si l icon, NPN,  type 2N3904 HA-2 1 563 

Q2 Transistor, sil icon, PNP, type 2N3906 HA-2 1 565 

Q3 Transistor, si l icon, PNP, power, Tl T I P-30 HA-39493 

Q4 Transistor, si l icon, NPN, 30 W, Tl T I P-29 HA-37425 

Q5 Transistor, PNP, type 2N4249 HA-4 1 9 1 9  
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FS/AM Detectors, M od e l  67 FS/AM 
General :  The FS/AM Detector Assembly, 67  FS/AM, 

carries two identical sets of circu its, one for Channel A 
( low frequency) and one for Channel B (h igh frequency ) .  
Each channel uses operational rectifiers, sum a n d  difference 
amplifiers, summing and inverting ampl ifiers, and low·pass 
fi lters. And these circu its are identical for the two channels. 
The block d iagram of F igure 2 relates specifica l ly  to the 
low-frequency channel.  F igure 3 is keyed to the block 
diagram and shows the waveforms at each po int in the 
circu it. There input signa ls are applied to each set of 
detectors, a l l  taken from the Receiver, F igure 2.  

Theory of Operation: The signa l · level detectors operate 
as fo l lows: On F igure 2, the received tone signa l ,  ampl ified 
and contro l led by the receiver's AGC circu its, is appl ied to 
I C3, a precision rectifier with a negative output. Another 
tone signa l ,  cal led quadrature, identical to the first in  
ampl itude but lagging in phase by  go0, i s  appl ied to  a second 
precision rectifier, I C6. The input signa ls are shown as A 
and B on F igure 3. Output signals for the two rectifiers 
are K and L, which are identical but d isplaced by go0 

The rectified tone signals are added and inverted with 
I C4/B, whose output is waveform M .  Note that ripple 
frequency is four times the frequency of the input signals. 
This approach permits the use of a fi lter with a relatively 
short time constant, thereby improving the speed of response 
of the signal-level (AM ) detectors. Th is is the "h igh-speed" 
detector appearing in F igure 8 of the Description. 

Final ly, the rectified signal is fi ltered with I C4/A, 
which functions as an active, low-pass fi lter. The de output 
of th is is returned to the receiver for AGC control, and it 
is also sent to the receiver logic card for use in the signal­
level and noise-detection logic functions performed there. 

The foregoing discussion, based on Channel A, appl ies 
directly to Channel B excepting for a change in the 
designation of integrated circu its used. Those for Channel 
B can be identif ied easi ly by reference to F igure 4, whose 
layout embod ies much symmetry to s impl ify such iden­
tification. 

Operation of the FS detector is based u pon the fact 
that when h igh frequency is received the output signal 
from the d iscrim inator is 1 80° out of phase with the 
quadrature signal, and that when low frequency is received 
the d iscr iminator del ivers a signal in phase with the 
quadrature-signal output from the receiver. The lower 
part of F igure 2 shows the FS detector plan for Channel A. 

Sum and difference of the two input signals, d iscr iminator 
and quadrature, are taken in I C 1 /B and I C 1 /A, respectively. 
Note, at D and E ,  F igure 3, the change between sum and 
d ifference signa ls for the change from guard ( h igh) to trip 
( low) frequency, as in Channel A. When guard is present, 
the output of the FS detector is negative ( low) .  When trip 
is present, the output is positive (h igh ) .  The relative fre­
quency d istr ibution of guard and trip signa ls is, of course, 
opposite for Channel B .  

I C2/A & B i s  a precision rectifier with output positively 
polarized, and the output of rectifier I C5/A & B is negative. 
The resu lts of rectification and of choice of output polarity 
appear as F and G, F igure 3. 

As in the case of the AM detector, the FS. signals are 
added and, inverted by I C 1 1 /B, and fi ltered by IC1 1 /A 
to del iver an FS output. This is negative for guard and 
positive for trip as shown at J.  

Connections shown between the sum and d ifference 
ampl ifiers and their respective rectifiers in F igure 2 apply 
only for the case of Channel A.  Protection aga inst fre­
quency translation depends u pon the fact that in Channel B 
the frequency disposition of guard and tr ip signa l s  is reversed 
from that used in Channel A. It st i l l  is requ ired, however, 
that the FS output, J, for Channel B be the same as for A, 
with trip positive and guard negative. This is effected by 
connecting the su mmed signal to the u pper rect ifier, F igure 
2, and the d ifference signal to the lower rectif ier. I mple­
mentation of this appears in F igure 4, where, at the output 
of I C 1 ,  straps A and D are used for Channel A, while for 
Channel B straps F and G are used at the output of I C8. 
Straps are preferred over fixed wiring to provide for 
versati l ity in applying the equ ipment to the requ irements 
of d iffering appl ications. 
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filii 

Table of Replaceable Parts 
DIAGRAM 

NAME OF PART AND DESCRIPTION PART NO. SYMBOL 

MODEL 67 FS/AM, HB-41 015 

CAPACITORS 

C l  thru CB, Capacitor, d ipped m ica, 33 pF ,  5%, 500 V, Electromotive DM- 1 5 HA- 1 65 1 1 
C2 1 thru C24 

C9 & 1 0  Capacitor, po ly. ,  0.022 /l F ,  2%, 1 00 V ,  Wesco 32P H -5 1 1 5-5 1 

C 1 1 & 1 2  Same as C9, 0.043 /l F  H-5 1 1 5-65 

C 1 3  & 1 4  Same as C9, 0.056 /lF H-51 1 5-7 1 

C 1 5  & 1 6  Same as C9, 0. 1 05 /l F  H-5 1 1 5-84 

C 1 7  & 1 8  Same as C9, 0.003 1 5 /l F  H-5 1 1 5- 1 0  

C 1 9  & 20 Same as C9, 0.0062 /l F  H-5 1 1 5-25 

C25 & 26 Capacitor, tantalum, 1 5  /lF, 20%, 20 V, Corning CCD-020- 1 56-20 H-1 007-7 1 6  

C27 thru C32 Capacitor, ceramic d isc, 0 . 1/lF ,  -20 +80%, 25 V, H1 007-646 
Erie 581 5000Y5U 1 047 

R 1 ,  2, 5, 6, 1 1 , 1 2, Resistor, metal f i lm,  precision per R F L  Spec HA-38301 ,  H- 1 51 0- (XXX) 
R 1 3, 1 4, 1 5, 1 6, 1 7, value per schematic 
R 1 8, 1 9, 20, 2 1 ,  22, 
R23, 24, 25, 26, 27, 
R 28, 3 1 , 32, 37, 38, 
R39, 40, 49, 50, 51 , 
R52, 57, 58, 59, 60, 
R6 1 ,  62, 63, 64, 69, 
R70, 7 1 ,  72, 73, 74, 
R 75, 76, 77, 78, 79, 
R80, 8 1 , 82, 83, 84 

R3, 4, 7, 8, 9, 1 0, 29, Resistor, fixed composition, 5%, % W, value per schematic, H- 1 009-(XXX) 
R30, 33,  34, 35, 36, Al len Bradley CB, or eq . 
R41 , 42, 43, 44, 45, 
R46, 47, 48, 53, 54, 
R55, 56, 65, 66, 67, 
R68, 85, 86, 87, 88, 
R89, 90, 9 1 ,  & 92 

SEMICONDUCTORS 

CR 1 thru C R 1 6  D iode, s i l icon, Type 1 N9 1 48 HA-26482 

I C 1  thru I C 1 4  Integrated circuit, l inear dual opamp., National LM1 458N, o r  eq. H-0620-51 

4 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



FROM CHAN. A AMP l AGC'O TONE IN ___. 
10 

FROM CHAN. B AMP l AGC ' D  TONE I N-

FROM CHAN A QUADRATURE I N -

FROM CHAN. A DISC IN -

FROM CHAN. B QUADRATURE IN -

R l l  
IOK 1% 

R l3 
IOK 1% 

R l  
IOK 

17 �---------------.�� 
FROM CHAN. B DISC. IN -

+ 1 2 V  

- 1 2 V  
4 ( 

+ C25 
15UF 
20V 

C28 
. IUF  
18V 

TP I fA\1 -------­BLK � 

JVERTERS 

R69 
20K 1 %  

R70 
20K 1 %  

R7 1  
20K 1% 

CHANNEL A 
F S  

R72 
20K 1 %  

CHANNEL B 
F S  

LOW-PASS F I LTERS 

CIS 
.105 
2 %  

Cl6 
.105 
2% 

R76 R80 R84 
IOK 1% IOK 1 %  IOK 1 %  

C2  
.043 
2 %  

4 V �--------------

0 v �---------------

r----------------+•) ��� 
R89 
470 

CHAN. A RECTIFIED AM OUT 

R90 
470 

TO RECEIVER AND LOGIC 

CHAN. B RECTIFIED AM OUT 

R91 
470 

TO RECEIVER AND LOGIC 

���--._--�c�HA�N�.A�FS�O�U�T--� 12 

R92 
470 

���--�---C�HA�N�B�F�S�OU�T ____ � 1 3 

----'"KE:..:_Y__:� 20 
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Logic C ircu its, M od e l  67 LOG IC 
General : The purpose of the logic card i s  to evaluate 

the incoming signal and to determine (a) whether a valid 
trip is received, or (b) a val id guard is received, and (c) 
whether an inva l id condition prevails. I n  each case, appropri­
ate action is taken. 

I n  order for the logic card to signal a received trip at its 
output terminal, the following conditions must be satisfied . 

(a) The ampl itude of both signals received in the AM 
channels must be within l imits, neither too h igh nor 
too low. 

(b)Both guard signals must have been received for at 
least 1 00 mS prior to the arrival of trip signal. 

(c) Both trip signals must have appeared within 1 00 mS 
after the loss of guard signal. 

(d) Trip signal must last for at least 4.5 mS. 

(e) No block conditions are received from any internal 
or external source. 

AM Window Detectors: I rrespective of whether guard or 
trip signals are being received, the AM detectors monitor 
the level of signal received on both channels. Their function 
is to signal appropriate action, usual ly by block ing the trip 

GUA R D/ T R I P  JUMPER 

TR I P  HOLD R E S I STOR R 8 4  

A M  BLOCK 

I NDI CATOR 

GUARD I N D ICATOR 

function, when the received signal fal l s  below or above 
certain prescribed I imits. Channels A and B are identical. 

Considering only Channel A, the signal received from 
the FS/AM Detector Card, at Pin 1 8, shou ld be +4 Vdc, 
normal ly, for a system not using the trip-boost feature. 
At I C 1 /A, a rise in received signal above +5.2 V wil l  
change the output from logic low to h igh. Simi larly, a drop 
in signal below +2.8 Vdc will cause an identical change uf 
state at the output of I C 1 /B. So long as the level of received 
signal stays with in the l imits prescr ibed, both inputs of 
I C4/D wil l  be low, and its output h igh. If signal level 
crosses either the low or the h igh l imit, as by the presence 
of excessive noise or an in-band signal, I C4/D wil l  change 
its output to low for the duration of that cond ition. 

For Channel B,  the same analysis perta ins, with the 
output of I C4/A h igh u nder normal conditions, low if 
either l imit  is transgressed. 

Outputs of I C4/D and I C4/A are fed to the input of 
I C5/A. A change of level from either channel wi l l  cause 
the output of I C5/A to go h igh, and this state is known as 
"AM Noise Block". This h igh appears at Output-Terminal U 
for u se elsewhere. Through I C6/B it excites monitor DS1 
to indicate a "block" condition, and it also appears at Pin 3 
of I C7/A. F inal ly, for a non-boost system, it also appears 
at Pin 8 of I C7/B. 

RECEIVE LEVEL 

NETWORK 

TRIP I NDICATOR 

AL ARM INDICATOR 

BLOCK I N DICATOR 

Figure 1. Logic Card 
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Reference to F igure 2 shows that I C4/B tests only 
for h igh- level l im its, but on both channels. A signal above 
the high l im it on either channel wi l l  cause the output of 
IC4/B to go low and, after inversion through I C6/A, this 
information appears as an output at Output-Terminal 1 
for use elsewhere in the system, and at Pin 2 of I C7/B for 
further use on this logic card. 

FS Guard Detection and Logic: Reference to F igure 
2 wi l l  show that guard signals from Channels A and B 
are detected by I C 1 4/A and I C 1 5/A, respectively. Typical 
input signals are shown on this F igure. Consider the non­
boost cond ition, when the non-inverting input of each of 
these opamps is fixed at approximately - 1 .5 V by net­
work • RZ 1 6. With guard signals received at the inverting 
input of any level more negative than - 1 . 5  V,  the outputs 
of I C 1 4/A and I C 1 5/A each are h igh; and the output of 
NAND gate IC5/D, therefore, wi l l  be low. Through R48, 
th is holds the inverting input of I C 1 3/ A low. Thus, its 
output is h igh, and the guard ind icator, DS2, is excited. 

Whi le  guard signal is being received, the trip detectors, 
IC3/A & B, I C 1 4/B, and I C 1 5/B a l l  have their outputs at 
logic low. This negates any possibil ity for trip action, both 
by hold ing C2 charged through IC5/B and by holding the I 
output of IC7/B h igh. Simi lar  analysis of the high-level 
trip detectors, whose output levels are combined in I C5/C, 
wi l l  show that I C7/A holds C 1  fu l ly  discharged. A simul­
taneous change of state of the outputs of IC7/A, I C7/B, 
and IC5/B is necessary to initiate and susta in a tr ip. Fa i lure 
of any one to change state wi l l  either inh ibit or cancel the 
tr ip action. 

FS Trip Detection and Logic: When the received signal 
changes from guard to tr ip frequency, the signals from the 
six FS detectors a l l  change their logic state. Consider 
the condition where the system has been arranged for non­
boost operation. For th is case, a l l  six detectors, which are 
voltage comparators, are referenced to 1 .5 Vdc. The low­
and high- level trip detectors are referred to +1 .5 '  V ;  the 
guard detectors to - 1 .5 V. For . non-boost operation, the 
input signal to a l l  detectors changes from more negative 
than - 1 .5 V to more positive than + 1 . 5  V. By symmetry, 
it can be seen that with a change from guard to trip the 
outputs of I C5/B, IC5/C, and IC5/D a l l  change state. 
Assuming no protective actions are prevai l ing, then the 
circu it is "normal" and the following action occurs: 

( 1 )  Output of I C7/A goes high, thus charging C1 whose 
time constant with R33 constitutes the pre-trip time 
delay establ ished to defeat the possibi l ity o'f the 
system's responding to trip-frequency noise of duration 
less than approximately 4.5 mS. It  wi l l  be observed 
that the output of IC8/A does not change state 
u nti l  C 1  charges above +6 V, which requires about 
4.5 mS. Protective signals (discussed later) at Pin 3 
and 4 of I C7/A can defeat th is action. 

(2) 1 n  analogous fash ion, the output of I C8/B wi l l  not 
change state in response to a trip condition, which is 
a l ow at the output of IC5/B unti l  C2 has discharged 
through R39 for about ooe time constant which, here, 
is about 1 0  mS. Thus I C8/A a lways responds to trip 
signal before IC8/B. 

2 

(3) F inally, excepting for protective action at Pins 2 and 
8 of IC7/B (discussed later) . the output .of I C7/B, 
Pin 9,wi l l  go low when guard is removed . 

Thus, excepting for protective actions, the fo l lowing con­
ditions are necessary and sufficient to in itiate a nd susta in 
a trip: 

( 1 ) 1C7/A output is h igh 

(2) IC5/B output is low 

(3) IC7/B output is low 

The presence of these signals ind icates that ( 1 )  the h igh-level 
trip detector senses a trip ( IC7/A ) ,  (2) the low-level trip 
detector senses a trip ( I C5/B) ,  and (3) guard signal from 
IC7/B has been absent no more than 1 00 mS prior to the 
establ ishment of cond itions ( 1 )  and (2) .  With these conditions 
prevai l i ng, it is possible to follow the trip signal through the 
logic card to its output at Pin H .  

With the output o f  IC7/A h igh (tr ip),  P i n  2 of I C8/A 
also wi l l  be h igh about 4.5 mS later, owing to the time 
needed to charge C 1  through R33. The output of I C8/A, 
then, wi l l  place a logic low at Pin 1 of I C 1 0/A. 

Next, the logic low (trip) at the output of I C5/B, Pin 4, 
wil l  resu lt in a delayed low at the input of I C8/B.  The delay 
is about one time constant of C2 and R39, or  about 10 mS. 
Thus, 10 mS after I C5/B del ivers its trip signal , the output 
of IC8/B moves high and appears at input Pin 6 of I C 1 0/B. 

Third,  the output of IC5/D goes high because of loss of 
guard due to trip. This causes the timing capacitor for 
guard-before-trip (C3) to charge instantaneously so that 
the inverting input of I C 1 3/A drives the output of that 
opamp to a logic low. Besides removing excitation from DS2, 
the guard-condition indicator, the output of IC9/D is. 
driven h igh, thereby causing the f l ip-flop, I C 1 0/C & D,  to 
introduce a logic h igh at Pin 5 of I C 1 0/B. Coincidence of 
this logic high with one at Pin 6, I C 1 0/B from I C8/B 
causes simi lar coincidence of logic signals at the input of 
I C 1 0/A. With th is coincidence, a "val id" trip signal appears 
as a logic h igh at the output of I C 1 0/A, Pin 3. 

From this point, the trip signal is easi ly traced to the 
output of I C 1 1 /B where the logical h igh of trip charges 
C8 a lmost instantaneously through R83. The resu lting low 
at the output of I C 1 2  drives 02 and 01 as an output 
signal for trip and excites DS3, the trip indicator, through 
IC6/C. 

Protective Logic: Many systems of protective logic are 
incorporated, and most of them are executed on the logic 
card. Some are intended to prevent del ivery of a trip signal 
when the signal received fa i ls  to conform to certa in estab­
l ished standards. Others permit trip only after a n  establ ished 
series of events, ind icating valid ity, have, in fact, met the 
tests set for ampl itude, duration, and sequence of. signals. 
All contribute to the abi l ity of the Series 6745 to exh ibit 
good security without sacrificing dependabi l ity, and v ice 
versa. The fol lowing discussion describes these features 
item-by-item. 
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The various sources of "block" information, or other 
conditions which wi l l  inh ibit a trip-signal output, are l isted 
'lnd discussed in the fol lowing:  

Item Condition Enters Logic At 

(a) Loss of guard signal IC5/D, Pin 1 1  

(b) Loss of trip signal I C5/C & I C5/B 

(c) Trip too late after guard IC 1 2  

(d) Signal level out of l imit for I C4/C 
Channel A or B 

(e) H igh- and low-l imit noise IC7/A, Pin 3 
IC7 /B, Pin 8 (note 1 )  

(f) H igh- l im it noise IC7/B, Pin 2 

(g) B lock input for delayed I C 1 1 /A, Pin 4 
response 

(h) Block input for fast response IC7 /C, Pin 1 3  

(j) Noise block from narrow- IC9/A, Pin 2 
band receiver or from 
diagnostic card 

(k) Block input from d iagnostic IC 1 1 /B, Pin 1 
card 

( I )  B lock and alarm circuit 

(m) U ndervoltage from power 07 
supply 

(n) Timing circuits 

(a) Loss of Guard Signal : When guard signal is present, 
a logic low is at the output of I C5/D, as discussed previously, 
and th is presents a low at Pin 1 of I C7 /B. Loss of guard 
signal reverses the situation, p laces a h igh at Pin 1 and a low 
at Pin 9 of IC7/B. Passing through IC9/B whose output 
goes high, the signal charges C6 qu ickly through CR 1 1 , 
and so causes a change of state at the outputs of I C 1 3/B 
and of I C9/C and at Pin 3 of I C 1 1 /A, which integrated 
circuit is a col lecting point for several protective-block 
signals. 

The change at the output of I C 1 1 /A is to a logic low, 
and with this change C5 d ischarges through R31 .  If the 
loss of guard signal persists for one time constant (about 
1 20 mS, here) the inverting terminal of opamp IC1 7/A, 
used as a voltage comparator, wi l l  cross the threshold at 
which it changes state and the output wi l l  go high and 
so introduce a low at the output of IC7 /C, which is 
another col lecting point for protective-block signals. I t  
wi l l  be observed that the output of IC7 /C normal ly is 
high and that C7, thus, is normally charged; and under 
normal conditions the charge on this capacitor holds the 
output of I C 1 7/B low. 

When any block information, such as loss of guard 
signal ,  moves the output of IC7 /C l ow, C7 d ischarges 
rapidly through R58 and CR 1 2  to move the output of 
IC1 7/B, Pin 7 h igh and so ind icate a block, as fol lows: 

( 1 )A block output ( logic h igh) appears at Logic-Card­
Terminal 1 1  for use elsewhere. 

(2)Aiarm timer, R69, C9 (discussed later) is activitated. 
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(3)The base of 07 goes h igh, thus open ing the transistor 
to cut off energizing current to K 1 ,  thereby releasing 
its contacts to indicate a block condition by whatever 
means has been chosen for the insta l lation.  

(4) Lamp DS5 is  energized to signal visual ly that a block 
condition ex ists. 

(5)The block condition is ind icated by a logic high at 
Pin 1 2, IC9/D and at Pin 1 ,  I C9/ A, and used for 
further logical contro l .  

With a logic high at I C9/ A, Pin 1 ,  reference to F igure 
2 will show that Pin 2 of I C 1 2 is held low through 
C R 26, thus hold ing the output ci rcu it in  a block condition 
and thereby blocking the possibi l ity of a trip. Th is condition 
is reinforced, a lso, by simu ltaneously placing a logic h igh 
at Pin 4 of IC7/A which, again, corresponds to a guard 
condition, for a logic high at any input of I C7/A inhibits 
the passage of a trip sig nal. 

(b)Loss of Trip Signal : As a protective measure against 
false trips, the philosophy of the design requires that a 
trip signal persist for about 4.5 mS before it is accepted 
as being val id. This delay has been introduced as a 
protection against the possibil ity of spurious noise con­
forming to the pattern of a trip signal. It is k nown to be 
statistical ly un l ikely that such an inval id signal wou ld 
persist for a significant period of time. 

To effect the delay, trip signal, which is a logic h igh at 
Pin 6 of I C7/A, wil l  not be transmitted to Pin 2 of I CB/A 
unti l  C1 has charged, for about one time constant, through 
R33. When C1 has charged above the reference voltage 
on P in 3 of ICB/A, which requires about 4.5 mS, the trip 
wil l pass through th.e circuit. C1 and R33 are identified as 
the Pre-Trip Timer. 

With Jumper G/T-T placed in the G/T position, a val id 
guard is requ ired to precede every trip signa l .  With this 
Jumper in the T position, a val id guard must precede only 
the first trip signal received.  Shou ld the tr ip signa l later be 
lost, as by carrier fa i lure or other d isturbance on the l ine, 
it is not necessary that a guard signal precede the tr ip signal 
to return the equ ipment to trip status when the trip signal 
returns. 

(c ) Trip Too Late After Guard: It was shown in (a) 
foregoing, that loss of guard signal for 1 00 mS or more 
resu lts in a block ( logic high ) at Pin 4 of I C7/A. Thus, 
if a guard signal has not been present within the 1 00 mS 
period just prior to arrival of a trip signa l ,  no trip is 
possible, because a block is appl ied to Pin 2 of I C 1 2. 

(d)Signal Level Out-of-Limit: Out-of-l imit levels of 
incoming signal,  either too high or too low, are sensed 
at the receiver. When either condition persists, a logic 
high appears at the logic card on Terminal 21 for Channel 
A, Terminal Y for Channel B. I n  either case, the condition 
appears as a logic h igh at Pin 5, I C 1 1 /A, and so in itiates 
discharge of C5 through R 3 1 .  I f  the condition persists for 
1 00 mS or more, Pin 2 of IC1 7/A wi l l  drop below the 
reference voltage on Pin 3 and so in itiate a block condition 
as described earlier. 
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(e) High- and Low-Limit Noise: Out-of- l imit signal levels 
discussed in (d),  foregoing, must continue for a period of 
time determined by the time constant of the automatic· 
gain-control (AGC) circuit of the receiver before protective 
action is taken. To protect against short bursts, or spikes, 
of noise, the four "window" or l imit detectors of I C 1  and 
IC2 are used. These all are opamp voltage comparators 
which change the state of their output when their reference 
levels, shown on F igure 2 are crossed . The four possib i l ities 
of high- l imit and low-l imit noise are col lected in I C5/A, 
where any noise signa l appears as a logic high at Pin 3 and, 
thus, as a block preventing trip at I C7/A. 

(f) High- Limit Noise: Noise signals exceed ing the pre­
determined h igh l imit are col lected at IC4/B and, so, appear 
as a block at the input of I C7/B. From there, they cause 
a logic h igh at the output of I C9/B which charges C6 nearly 
instantly through C R 1 1 ,  and so passes a block condition 
to the input of I C 1 1 /A. When the noise disappears, this 
block wi l l  continue for about 20 mS while C6 discharges 
through R50. For non-boost systems, it wi l l  be observed 
that the same action occurs also with high- and low- l imit 
noise signals at Pin 8 of IC7/B. And, in a l l  systems, a valid 
guard signal must persist at Pin 1 of IC7 /B for 20 mS before 
block is released by discharge of C6. 

(g) Biock Input for Delayed Response: Terminal 1 3  of 
the logic card is provided for acceptance of a block signal 
from elsewhere. A logic h igh appl ied here wi l l  be delayed 
by the block timer, C5, R31 , for about 1 00 mS, after 
which time the system wi l l  be blocked. 

(h)Biock Input for Fast Response: Terminal A of the 
logic card is provided for acceptance of a block signal 
from elsewhere with instantaneous response thereto. When 
a second logic card is used, its block output from Terminal 
1 1  is connected to Terminal A of the first logic card. 

(j) Noise Block I nput: When the system is equ ipped 
with either a narrowband receiver or a d iagnostic card, a 
block signal representing no ise is introduced at Terminal 22, 
and del ivered to the input of IC9/A. Response of the 
circuit is the same as to an internal block at the other 
input of I C9/A. 

(k)Siock I nput: Terminal 1 4  has been provided primarily 
as a block-signal input from a d iagnostic card, when used, 
although it may be used for any other purpose. 

( I )  Block and Alarm Circuit: If a block cond ition persists 
for more than about two seconds, the logic high correspond­
ing to block at Pin 7, I C 1 7B, wi l l  appear at the input, Pin 6, 
to IC1 8B because C9 discharges through R 69. The resu lting 
low at the output of I C 1 8 excites the alarm ind icator, DS4, 
and, through IC6/D, removes base drive to 08. Loss of 
col lector current in 08 removes coil current from K2, on 
the block and alarm relay card, releases its contacts, and so 
act ivitates whatever alarm system has been prov ided. 

(m) Undervoltage Protection : Provisions are made to 
block the output of a trip ' signal and to establ ish a block 
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and a larm condition when the level of the power supply 
becomes less than either plus or  minus 9.8"Vdc. 

To effect this, the de supply for 0 1 ,  02, 07, and 01:1 
is taken from the co l lector of 06, so when 06 is open, an 
output signal clearly wi l l  be prevented. 06 is controlled by 
the level of power-supply voltage. The operation of the 
circuit fo l lows: 

So long as the + 1 2  V supply l ine is at a level greater than 
9.8 V (9. 1 V across zener C R 2 1  plus 0.7 V Es E)  03 is a 
short circuit (saturated) and holds the base of 05 at about 
zero volts through the d ivider of R98 and R 1 00. Simu l ­
taneously, so long as the - 1 2  V supply l ine is  at a level 
greater (more negative) than -9.8 V (9. 1 V across zener 
CR22 plus 0.7 V VsE)  04 is a short circu it (saturated) and 
so holds the emitter supply of 05 at about - 1 1 .8 V. Thus, 
so long as power-supply output voltage is above the l im its 
of plus and minus 9.8 V, 05 is con,ducting, 06 is forward­
biased and saturated, and the supply voltage of 01 , 02, 
07, and 08 is 9.8 V or greater, so that dependabi l ity 
is assured. 

If either power supply fal ls below 9.8 V, then either 
base or em itter of 05 wi l l  be open-circu ited to cut off 06 
and, thus, to remove supply voltage from the other trans­
istors. Hence, protection against low power-supply voltage 
is effected. F inal ly, when 07 opens, col lector current d rawn 
through K 1 (on the block-and-alarm-relay card) drops to 
zero, thereby initiating a block signal by movement of the 
contacts of K 1 .  

(n) Timing Circuits: There is a group of n ine R C  circuits 
each of whose time constants contribute to the system of 
protective logic. These wi l l  be described separately. Each 
timer is arranged so that its capacitor must charge, or dis­
charge, for about one time constant to reach a new voltage 
level, after receipt of an input pu lse, at which new level it 
wi l l  cause an opamp vo ltage comparator to change state. 
There is also an alternate path, through a diode, for fast 
charge or d ischarge, as the case may be. 

( 1 )  Pre-Trip Timer: C1 R 33, time constant about 4.5 mS. 
This timer holds off response to a trip command for about 
4.5 mS to ensure that the system does not trip on short 
bursts of no ise. If a tr ip signa l does not persist for at least 
4.5 mS, there wi l l  be no response thereto when the channel 
spacing is 340 Hz. In systems using 680-Hz spacing, this 
period is reduced to 2.5 ms. 

(2) Trip-Sequence Timer: C2 R39, time constant about 
1 0  mS, this timer delays transmission of low-level trip signal 
for a period greater than the delay of the Pre-Trip Timer, 
which operates only on h igh- level tr ip signa ls. The delay is 
necessary to ensure that loss of guard at Pin 5 of I C 1  0/B 
wi l l  give a logic low at output Pin 4 with the arrival of low­
level trip at Pin 6. 

(3) Guard Before Trip: C3 R48, time constant about 
1 0  mS. This timer provides that there sha l l  have been a n  
acceptable guard signal present for a t  least 1 0  m S  before 
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trip can be effected.  With guard signal present, the output 
of IC5/D is low a nd C3 is d ischarged through R 48. Loss of 
guard signal causes C3 to charge a lmost insta ntly through 
CR5 and thus change the output of IC1 3/A from h igh to 
low, where it wil l  stay u ntil  its input-term inal 2 drops 
below about +6 V.  

Upon return of guard signal, C3 wi l l  d ischarge slowly 
through R48 and IC5/D. About 1 0  mS later, its potential 
wil l  drop below 6 volts and so cause IC1 3/ A to change state 
and thereby acknowledge receipt of a val id guard signal for 
the prescribed period of time. Note that to u nblock the 
system after a hard-block condition has occurred an u n­
disturbed guard signal must be received for at least 1 00 mS 
to enable the system again to receive a trip signal.  

(4)Trip HysteJesis: C4 R66, time constant about 20 mS. 
There is always the possibil ityithat extraneous noise can be 
present in conjunction with receipt of a trip signal, but th is 
need not inval idate the trip. The noise, however, will 
introduce rapid blocking at I C7/A which could cancel the 
trip permanently owing to the possible absence of guard 
signal for more than 1 00 mS prior. 

At the start of trip, C4 is charged rapidly through CR 1 3  
and R65. Thereafter, with a brief loss of trip it d ischarges 
slowly through R66 and so holds Pin 8 of IC9/C h igh for 
about one time constant. Th is prevents the block signal 
at Pin 9, IC9/C, due to absence of guard, from becoming 
effective at Pin 1 0  of IC9/C. 

(5)Biock Timer: C5 R 3 1 ,  time constant about 1 00 mS. 
This timer delays transmission of a block signal from 
IC1 1 /A, Pin 6, for about 1 00 mS. Block signals of shorter 
duration are considered transient and relatively inconse­
quential, so that the system is protected only during the 
period of the disturbance, and no longer. B lock signals 
of greater duration, as sensed by th is timer, in itiate further 
protective action by activitating the Restore Timer C7, 
R57. A new 1 00 mS period of u nd isturbed guard is required 
to remove the block condition. 

(6)Pulse Stretcher: C6 R50, time constant about 20 mS. 
Whenever a short noise spike is received, this t imer charges 
C6 rapidly through CR 1 1  and then holds the block condition 
for about 20 mS. It also stretches a loss-of-guard signal, and 
so requires a good-qual ity guard signal for at least 20 mS 
before the block is released. 

(7)Restore Timer: C7 R57, time constant about 1 00 mS. 
This timer establ ishes that all prohibitions against trip must 
have been removed for at least 100 mS before trip is 
permitted. It restores permission to trip about 1 00 mS after 
the output of I C7 /C goes h igh, but it restores a block 
condition rapid ly through CR 1 2  if block, a logic low, 
appears at the output of I C7 /C. 

(B)Trip Hold: C8 R83. This timer is optional, and its 
time constant is selected when the system is specified. C8 
charges rapidly when trip is received and ho lds it for RC 
seconds by holding the i nput of  I C12 l:l igh. I t  is useful for 
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ensuring completion of the trip action when such comple­
tion is essential even though the communication system 
may have failed or become noisy. 

{9)Aiarm Timer: C9 R69, time constant about 2 sec. 
This time holds the block signal from the input to I C 1 8/B 
for about 2 sec., after which the alarm signal is released 
to 08, and DS4 is excited. 

Except for the alarm timer, a l l  timing capacitors are 
returned to ground. C9 is returned to +1 2 V so that in the 
event of power fai lure fol lowed by subsequent restoration 
of power the alarm wil l  not cease until  both guard signals 
have been received for 1 00 mS. 

From the action of these timers, it is apparent that 
three d istinct levels of protection have been establ ished : 

{a) For faults lasting less than about 1 00 mS, the system 
blocks during the fault, but is fu l ly  operat ive immediately 
thereafter. 

(b) For faults lasting more than 1 00 mS, but less than 
2 Seconds, the system waits for about 1 20 mS after the 
block condition is removed before trip is permissible. 

(c) For faults lasting more than about 2 Seconds, the 
alarm timer alerts supervisory personnel. 

Voltage Reference: I C 1 8/A is an opamp connected as a 
voltage fol lower. I ts i nput, from d iv ider across the + 1 2  V 
power supply, is about +6V. Thus, at. its output there is 
+6 V avai lable with very low source impedance, and this is 
used as a reference for many opamp vo ltage comparators on 
the logic card. 

Trip-Boost Operation: For simpl icity, the foregoing 
discussion of logic functions was based on a system without 
the trip-boost feature. The fol lowing describes the changes 
effected when trip boost is added. 

Both duration and ampl itude of trip boost may be 
selected qu ite arbitrarily, as an option, when the equ ipment 
is specified. An increase beyond 1 2  dB, however, is not 
recommended. When Bell System circuits are used, other 
l im itations apply on ampl itude and time; and it is recom­
mended that References 1 and 2 of the Bibl iography be 
used when establ ishing the trip-boost characteristic. 

To describe the operation of a logic system using trip 
boost, it wi l l  be assumed that a 1 2  dB boost, lasting for 
70 mS, has been selected. For this system, plug-in net­
work RZ 1 6  is specified so that: 

R4-5 is open 

R 1 0- 1 5  and R7-2 are scaled to provide a reference 
of -0.375 V 

R 1 1 - 1 6  and R 1 4-9 are scaled to provide a reference 
of +0.375 V 

R3-8 and R6- 1 are scaled to prov ide an AGC reference 
of 1 . 0  V 
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Under the foregoing conditions, input signals from 
Channels A and B wi l l  be 1.0 V, as determ ined by the 
AGC reference level.  Reference levels  for the four window 
detectors of IC1 and IC2 have not been ch anged, and so 
the system wi l l  block at IC7/A because the AM signals 
received are bel ow the l ow-l imit level of 2.8 V. N ote, 
however, that because of the rem oval of R4-5 in RZ 16 
the bl ock signal does not appear at Pin 8 of I C7/B. Thus, 
guard signal is not bl ocked. It shou ld  be noted, however, 
that in any system using trip] boost the AM-block indicator, 
DS1, wi l l  always be excited except during per iods of trip 
boost. 

The level of FS input signals, from both channels, 
which was just above ! 1 .5 V in non-boost operation, is 
now about 0. 7 V. But, with the reference levels for the 
trip and guard detectors now at 0.375 V ,  these detectors 
function as previously descri bed, and all guard and protective 
features are operat ional.  

11\hen the boosted trip signal arrives, the AM signal 
now rises to a level of 4 volts and so removes the block 
signal at I C7/A. 
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The arrival of boosted FS trip signal at the high-level 
detect or, I C3, and its propagation through the circuit, 
starting at IC7 I A occurs as previously described for the 
non-boost case. Simu ltaneously, the trip-output signal from 
the low-level trip detectors, del ayed only by the trip­
sequence t imer, passes through IC8/B and introduces a 
logic h igh at Pin 6 of IC10/B. At the same t ime, loss of 
guard signal pl aces a l ogic h igh at the other input of 
IC10/B. These combine for a logic low at output and, 
thus, at the input of IC10/A, Pin 2. 

The l ogic low at Pin 1 of the same gat�4 caused by the 
high-level trip signal, causes a high, which is a trip, at the 
output. At the end of the boost period, the AM detectors 
wil l  return to block and so cancel the signal from the h igh­
level detect ors and thereby introduce a high at Pin 1 of 
IC10/A. Low-level trip signal is st i l l  present, however, and 
so the trip-output signal from IC1 0/A wi l l  continue so 
long as a trip signal is present at the input, even though at 
low level.  It is clear, however, that no trip can be initiated 
with the presence of only a l ow-level signal. 
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I Table of Replaceable Parts 
DIAGRAM 

NAME OF PART AND DESCRIPTION PART NO. 
SYMBOL 

MODEL 67 LOG I C, HB-41 020 

CAPACITORS 

C1 Capacitor, po ly., 0.047 f.lF, 2%, 1 00 V, Wesco 32P H-51 1 5-67 

C2 & 3  Same as C1 , 0.033 f.lF H-51 1 5-59 

C4 Same as C1 , 0 . 1  f.lF H-51 1 5-83 

C5 & 7 Capacitor, tanta lum, 1 f.lF,  1 0%, 35V, Union Carbide T1 1 0A 1 05K035AS H-1 007-1 1 56 

C6 Same as C 1 ,  0.056 f.lF H-51 1 5-71 

C8 Same as C1 , 0.01 f.lF  H-51 1 5-35 

C9, 1 1 ,  & 1 2  Capacitor, tantalum, 1 5 f.1F ,  20%, 20 V, Corning CCD-020-1 56-20 H-1 007-71 6  

C1 0 Capacitor, tantalum, 0.33 f.1F, 20%, 35 V, Corning CCT-035-334-20 H-1 007-871 

C1 3 Capacitor, tantalum, 3.3 f.lF, 20%, 35 V, Corning CCL-035-335-20 H - 1 007-1 260 

R ESISTORS 

R 1 ,  2, 3, 4, 9, 1 0, Resistor, meta l : f i lm, precision, per R F L  Spec HA-38301 ,  H-1 5 1 0- (xxx) 
31 , 33, 39, 41 , 48, value per schematic 

50, 57, 69, 1 02, & 1 03 

R 5  thru R8, Resistor, fixed composition, 1 0%, % W, A l len Bradley CB or eq. H-1 009-(xxx) 
R 1 1  thru R 30, R 32, 
R34 thru R 38, R40, 
R34, thru R 47, R 49, 

R 50 thru R 56 
R 58 thru R 68 
R 70 thru R83 

R85 thru R 1 0 1  
R 1 04 thru R 1 1 3 

R87 Same as R 1 ,  value per sales order IH-1 51 0-(xxx) 

SEMICONDUCTORS 

C R 1  thru C R 20 D iode, sil icon, Type 1 N91 4B HA-26482 
CR23 thru CR26 

CR21  & 22 D iode, zener, 9 . 1  V, 5%, 400 mW, Type 1 N960B HA-41 0 1 4  

DS1 thru DS5 Light - emitting d iode, Dia l ight 550-01 02 HA-39568 

I C 1 ,  2, 3, 8, 1 3, 1 4, I ntegrated circu it, l inear dual opamp., National LM 1 458N, or eq. H-0620-51 
1 5, 1 7, & 1 8 

IC4 & 9  I ntegrated circu it, COS/MOS, Quad. 2-input NOR,  RCA CD400 1 A E, or eq. H-061 5-3 

IC5 & 1 0  I ntegrated circuit, COS/MOS, Quad. 2- input NAND, R CA CD401 1 A E ,  or eq. H-061 5-5 

IC6 I ntegrated circu it, COS/MOS Hex I nverter/Buffer, R CA CD4049AE, or eq. H-06 1 5-7 

IC7 & 1 1  I ntegrated circuit, COS/MOS Triple 3- input NO R ,  RCA CD4025AE ,  or eq .  H-061 5-20 

IC1 2 I ntegrated circuit, l inear h igh-perf. opamp., National LM 741 CN, or eq . H-0620-52 

Q1 , 6, 7,  & 8 Transistor, si l icon, PNP, Type 2N2907A HA-37439 

Q2, 4, & 5 Transistor, sil icon, NPN,  Type 2N2222A HA-37445 

Q3 Transistor, power, PNP, National .  2N4249, or eq . HA-41 9 1 9  
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I nterface Card ,  Model  678 INTER 

Genera l :  The interface card is provided to connect the 
Series 6745 equ ipment to the external devices with which 
it is associated. I nterfaces for tr ip input, tr ip output, and 
communication circuits are col lected at this point. The 
card also protects the equipment from any transient 
potentials that may be induced in input or output l i nes. 
F igure 3 deta i ls the circuits involved. 

Signal Interface: Transformers T2 and T3 provide l ine 
matching in either 2-wire or 4-wire form. C R 1 8  and C R 1 9  
protect against h igh, transient voltages that may be induced. 
C4, C5, C7, and CB, in conjunction with the inductance of 
T2 and T3, provide h igh-pass fi lters with a low-frequency 
cutoff at about 375 Hz.  Jumpers A, B, C, D, a nd E may be 
adjusted i n  the field for choosing between 2-wire and 
4-wire systems, and for selecting the range of transmitter­
output level desired. 

Trip-Input Circuits: Two optical isolators are used to 
key the transmitter from guard to trip. The isolators have 
a breakdown-voltage rating of 2300 Vac. Reference to 
F igure 3 wil l  show that jumpers G and H have been pro­
vided so that Channels A and B can be tripped from a 
single source (ST position) ,  or the jumpers may be plugged 
so that dual sources of trip (DT) are required . 

JUMPERS 

FOR 2W OR 

4W APPLICATIONS 

Trip is effected by passing a current through the tr ip­
input term inals at TB 1 ,  Term inals 1 through 4. The current­
l imit ing resistor is insta l led external ly, at the barrier-strip 

· term inals of the 68 CHAS; and resistance values for 
d ifferent station-battery voltages are l isted on the instal lation 
(CR )  drawings suppl ied with the equipment. 

Trip-Output Circuits: Trip output is effected with a 
floating electronic switch , based upon use of an NPN 
transistor driven by an optical isolator. Through the use 
of an isolator and an independent, floating power supply, 
the trip-output circu its are completely isolated from 
ground and from the balance of the equ ipment. 

The circu it is relatively simple. Trip signal from the 
logic card excites a l ight-emitting d iode in IC1  and so 
provides base drive to the transistors in IC1  and to 0 1 .  
The output transistor, 01 , acts as a switch for the external 
load circuit, it is protected against transients by C R 1 6. 

Greater security is avai lable by use of a second trip-output 
circuit, 67B I NT E R -1 , also shown on F igure 3. Its physical 
form is as a "piggy-back" plug-on to the main board, and its 
layout is a m irror image of the basic circuit. Use of this op­
tion requires the use, also, of a second (redundant) logic card. 

JUMPERS 

--- FOR OUTPUT 

ATTENUATOR 

J UMPERS FOR 

MULTIPLE X ING 

Figure 1.  I nterface Card 
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PLUG -ON 

67 8 I NT E R - 1  

Figure 2. O ptional,  Redu ndant Trip-Output Circuit for I nterface Card 
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Module Designation 
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Table of Replaceable Parts 
DIAGRAM MODEL NAME OF PART AND DESCRIPTION RFL 
SYMBOL PART NO. 

CAPACITORS 

C I  All Capacitor, met. poly. :  0 .1  JJF , I O%, 2SO V, Seacor I 06-0I H-I 007-I 2S S  

C 2  All Capacitor, electrolytic: SO JJF, -IO% - + I OO%, I SO V, H-I 007-I 263 
C-D WBR-SO-I SO 

C3 All Capacitor , mylar, 2.2 JJF,  S%, 200 V, Wesco 32MM H-I 007-833 

C4 All l 29 V  Same as C I  
C4 All 48 V Same as C I  
C4 All 24 & 1 2 V C4 is omitted 

cs All i 29 V  Capacitor, tantalum: 6.8 JJF, 20%, 3S V, H-I 007-6SS 
Corning CCD-(}3S-68S-20 

cs All 48 , 24 V, Capacitor, tantalum: 2.2 JJF,  I O%, -2S V H-I 007-7S 2  
& I 2 V  

C6 & 7 All Capacitor, tantalum: 22 JJF,  20%, 3S V, H-I 007-6S7 
C8 & I I  All 0.37S-A Corning CCZ-03S-226-20 

C9 & I 2  All 0.37S-A Capacitor , met. poly. :  0.1 JJF, I O%, 2SOV, Seacor I 06-0.1  H-I 007-I 2SS 

C I O & I 3 All with 0-V Capacitor , met. poly. :  0.1 JJF, I O%, 2SO V, Seacor I 06-0.1  H-I 007-I 2SS 
Protection 

C I 4  All Capacitor, ceramic disc: O.OOS JJF, -20 - +80%, 3 kV H-I 007-I 264 
RMC 3KVSOOOZSU 

C I S  All i 29 V  Capacitor, dipped mica, 470 pF, 2%, SOO V, HA-I 6632 
Electro Motive DM-I 9  

C I S  All 48 V Capacitor , dipped mica, 2000 pF, S%, SOO V ,  HA-I 6222 
Electro Motive DM-20 

C I S  All 24 & I 2 V  Omitted 

FUSES 

F I  & 2 All i 29 V  Fuse, slo-blo, * A, I 2S V HA-I 0780 

A11 48 V Same, I .S A HA-3S8S2 

All 24 & I 2 V  Same, 3 .0 A, I 2S V, Littlefuse 3 I 3 003 HA-6607 

F3 & 4  All with 0-V Fuse, l .S A, 2SO V, 3AG, Littlefuse 3 I 2-0 l .S HA-4I S24 
Protection 

INDUCTORS 

Ll All Choke , Ferrite-core, I OO JJH, 2 A, O.I03 ohm, HA-41 074 
Caddel Burns 63I 0-8 

T l  All Transformer , inverter-driver HB�38366 

T2 All i 29 V  Transformer, power HB-3806 I 

T2 All 48 V Transformer, power HB-38062 

T2 All 24 V Transformer, power HB-4 1 939 

T2 All 1 2  V Transformer, power HC-463S7 
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Table of Replaceable Parts 
DIAGRAM MO D E L  NAME OF PART AND DESCRIPTION PART NO. SYMBOL 

MISCELLANEOUS COMPONENTS 

S 1  All Switch, toggle SPDT: Right angle mtg. HA-39562 
C & K Components 7 1 0 1 -A 

TP1 & 3  All Test jack, red : Cinch 1 1 9437-B HA-38 1 1 6-2 

TP2 & 4  All Test jack, black: Cinch 1 1 9437-C HA-38 1 1 6-3 

RESISTORS 

R1 All 1 29 V  Resistor, fixed comp.: 1 5  K, 5 %, 2 W, Allen Bradley HB H-1 009-25 1 

All 48 V and Same as above, 2.7 K H-1 009-1 062 
All 24V & 
1 2 V  

R2 All 1 29 V  Resistor, fixed. :  33 ohm, 5%, 2 W, Allen Bradley HB H-1 009-1 064 

All 48 V and Same as above, 22 ohm H-1 009-1 063 
All 24V and 
1 2 V  

R3 All 1 29 V  Resistor, fixed comp. : 1 2  ohm, 5%, 1 W, Allen Bradley GB H1 009- 1 065 

All 48V and Same as above, 1 0-ohm H-1 009-4 
All 24V and 
1 2 V  

R4, 5 ,  6,_ &  7 All with 0-V Resistor, fixed comp. :  47 ohm, 5%, %W, Allen Bradley CB H- 1 009-832 
Protection 

R8 All Resistor, fixed comp.:  3K, 5%, 1 W, Allen Bradley GB H-1 009-466 

R9 All Resistor, fixed comp.: 5 .1 ohm, 5%, * W, Allen BradleyGB H-1 009-7 1 2  

SEMICONDUCTORS 

CRl ,  2, 1 2, 1 3  All Diode silicon, Type 1 N9 1 4B HA-26482 

CR3 & 4  All Rectifier hridge assy., Varo VS-1 48>1( HA-39509 

CRS & 7  All with 0-V Diode, zener : 1 4  V, 5%, 500 mW, Type 1 N5244B HA-41 075 
Protection 

CR6, 8, 1 0, 1 1  All 0.375-A Diode, rectifier: 1 A, Type 1 N4003, Solitron S4Q03TA20 HA-30769 
.. 

units .. 

DS1 All Light-emitting diode, Dialight Cp. 5 50-0 1 02 HA-39568 

IC 1 & 2  All Three-terminal voltage reg., Fairchild UGH 78 1 2393 H-0620-69 
National LM340-1 2T 

Q1 & 2  All 1 29V Transistors, matched pair HA-46756 

All 24V & Transistors, matched pair HA-46757 

12 v 
SCR1 & 2 All with 0-V Silicon controlled rectifier, Motorola 2N4441 or GE C 1 22F HA-41 072 

Protection 

All Schematic HD-41 502 

PARTS LIST FOR l-AMP EXTERNAL REGULATOR, 
P/N HB-41520 

C1 & 2 All 1 -Amp. Same as C8 in basic unit 

C3 & 4  All 1 -Amp. Same as C9 in basic unit 

CR1 , 2, 3, & 4  All 1 -Amp. Diode, rectifier, 1 A, Type 1 N4003 HA-30769 

IC l & 2 All 1 -Amp. Same as in basic unit 
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B lock and A larm Re lay Card ,  M od e l  67 RELAY 

Description: The block and alarm relay card_ is equ ipped 
with two 24-volt  relays, each with two sets of Form C 
contacts. The 2-Ampere contacts are silver, gold-d iffused. 

There is ample space on the card for mounting additional 
relays, or other components, if the user so desires. Of the 
44 pins ava i lable on the card, only 1 9  are used, so that 
many terminals are ava i lable for use with additional equip­
ment, if desired. 

Operation: The coi l  of each relay is held energized by 
circuits on the logic card, so long as no block or alarm 
condition occurs. If a block, or alarm, condition arises, 
the logic circu its wi l l  interrupt the coi l  current, and thus 
cause the contacts to fal l to the de-energized position. 
Release of the contacts can be used to create any signal 
desired to ind icate the u nsatisfactory cond ition. V isual 
signals, audible signals, or both frequently are used. 

Figure 1 .  Block and Ala rm- Relay Card, Series 6745. 

Table of Replaceable Parts 
DIAGRAM NAME OF PART AND DESCRIPTION PART NO. SYMBOL 

MODEL 67 R E LAY, HB-41035 

C R 1  & 2 D iode, si l icon, Type 1 N 9 1 4B HA-26482 

K1 & 2 Relay, P/C mtg. two Form C contacts, si lver, gold-d iffused 2 amps., HA-46592 
Coi l :  800 ohms, 24 Vdc 
Potter and Brumfield R40- E 1 -W2-V800 
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Figure 2. Schematic of Block and Alarm Relay 

2 

lll!!f 

.. , 

,.., 

BLOCK 
RELAY 

,.. 

-

,. 

90-·,-

... 

"' 
ALARM 
RELAY .li,c, 

• 

..,,, 

• 

.,., 

.. 

,.., 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



SERIES 6000 DC-DC CONVERTER PO WER SUPPLIES 

MODELS: 

68 PS 12DC 

68 PS 24DC 

68 PS 48DC 

68 PS 129DC 

68 HPS 24DC 

68 HPS 48DC 

68 HPS 125DC 

Figure 1 .  Typical 0.375-Ampere DC-DC Power Supply.  Metal bracket 
spanning the circuit card is the heat sink for I C l  and I C2. 

DESCRIPTION 

These seven DC-DC Converters are part of the group 
designed to supply necessary de power to the DIT-1 and 
DIT-1 T equipment. Power supplies operating from an ac 
source are not described in this data sheet. All power 
supplies provide dual 1 2-Vdc outputs which are isolated 
and surge-protected from the primary-power source. The 
two 1 2-volt outputs are completely independent and may 
be wired externally to obtain plus and minus 1 2  V de, 
+24 Vdc, or -24 Vdc. An auxiliary 1 0-kHz squarewave 
output has been provided for low-power external functions. 

Models with "PS" in their designation utilize an integral 
series-pass-type voltage regulator and will deliver 0.375 
ampere from each, independent output. 

Models with "HPS" in their designation utilize an 
external regulator and heat dissipater,  and will deliver 
ampere from each independent output. 

As suggested by their model numbers, both low-current 
and high-current models are available for operation from 
primary-power sources with levels of 1 04-1 40 Vdc (nom­
inal 1 25 V), 42-56 Vdc (nominal 48 V), 2 1 -28 Vdc (nom­
inal 24 V); or 1 0.5 - 1 4  Vdc (nominal l 2 V). 

Overvoltage protection, based upon the familiar crowbar 
principle, is optional on all models. Its presence/ is indicated 
by adding ·the suffix "- 1 "  to the model number. 

Table 1 summarizes the various models. 

THEORY OF OPERATION 

These supplies use a two-transformer inverter, as shown 
on Figure 6. Power transistors Q l  and Q2 act as switches 
alternately turning on and off, and so reversing the flow 
of primary current through T2. 

In both T1 and T2, the sides of the windings indicated 
by dots have the same polarity. When Q 1  is on, for example, 
all the dotted sides are positive. The secondary windings 
of T 1  hold Q 1  on and Q2 off. When the flux density of 
T 1  reaches stauration, its voltages (irop to zero and then 
reverse. At this point, Q2 turns on and Q 1  turns off, and 
the sequence starts over again. The frequency of oscillation 
is approximately 1 0 kHz. 

• 
The output of T2 is rectified and filtered by CR3, 
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functioning as series regulators. In low-current converters, 
these regulators are located on a heat sink attached to the 
circuit board carrying all other circuits. For one-ampere 
converters these series regulators and their associated 
filter capacitors C8 and C9, or C 1 1  and C 1 2, are located 
on the external heat dissipater of Option HB-4 1 5 20. 
Notes on Figure 6 describe the physical and electrical 
differences. The schematic of Option HB-4 1 5 20 is shown 
in Figure 5 .  

On converters equipped with overvoltage protection 
(OVP) , the output voltage is monitored by zener diode 
CRS or C R7. If output voltage exceeds the zener voltage, 
current through RS , or R 7, will fire the gate of SCR 1 ,  or 
SCR2, and the SCR thus becomes a short-circuit across 
the power supply. The current so drawn will destory Fuse 
F3,  or F4 and, so, drop the output voltage to zero. Power 
to the load cannot be restored unless the fuse is replaced, 
and should not be restored until the fault is cleared. 

An auxiliary 1 0-kHz squarewave output is available at 
Pins 1 7  and 1 8  for external functions. The output will 
vary between 34 and 52 volts, peak-to-peak, depending 
upon input voltage to the converter. The sum of currents 
taken from Terminals 1 7  and 1 8  plus that from the lower 
output circuit, Figure 6,  should not exceed 1 ampere. 

TABLE  I 

Module Designation 

* 
68 HPS 1 29DC • • 

* 
• • 68 HPS 1 29DC-1 

68 HPS 48DC • 
* 

• 

68 HPS 48DC-1 • * • 

68 HPS 24DC • * • 

68 HPS 24DC-1 • * 
• 

68 PS 1 29DC 

68 PS 1 29DC-1 

68 PS 48DC 

68 PS 48DC-1 

68 PS 24DC 

68 PS 24DC-1 

68 PS 1 2DC 

68 PS 1 2DC-1 

TECHNICAL DATA 

Input Voltage : - 1 2-volt units: 1 0 .5 - 1 4  V d e  
24-volt units: 2 1 -28 Vdc 
48-volt units: 42-56 Vdc 

1 25-volt units: 1 04- 1 40 Vdc 
Allowable ripple: 1 .5 Vrms, max. 

Output Voltage: Two independent 1 2-V de outputs, 
not adjustable. Each output will be between 1 1 .4 
and 1 2 .6 V for any combination of input voltage, 
load, and temperature. 

Output Current: 0.375 A max. from each output for 

68 PS units, 1 .0 A from each output for 68 HPS 
units. See Figure 4 for max. total rating of 
68 PS units. 

Overvoltage Trip : 1 3 .5 to 1 5 .5 Vdc, not adjustable. 

Ambient Temperature : -30°C to +70°C .  

Size: 1 .5 '' x 4.7 1 3" x 8 " .  Requires three module 
increments in Model 68 Chassis for either high­
current or low-current modules. In addition, ! ­
Ampere units require space at rear o f  68 Chassis 
for mounting HB-41 5 20 ,  for which pn;>Vision is 
made with certain backplates. 

• 

• 

• 

• 

• • 

• 

• • 

• 

• • 

• 

• • 

* This regulator i� a unit  separate from the power su pply, but Is always required except when· ordering spare 
or replacement modu les. 

2 

-

.. 

. ., 

''" 

II' 

.. 
' ' � :, 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



INSTALLATION 

The accompanying curve shows recommended deratings 
for all 0.375-ampere power supplies. It does not apply to 
one-ampere units, for which no derating is required owing 
to their external heat sink. These curves are based upon 
maximum input voltage and upon installation in a chassis 
which itself was mounted between two unventilated chassis 
in a 1 9-inch rack. 

Other considerations can modify the curves. If forced 
air is used, the curves will improve. On the other hand, 
the temperature inside a chassis will rise approximately 
�°C per watt dissipated in the chassis itself and so cause 
the curves to worsen. A small improvement is obtained 
when an air gap of I -* inches is left between chassis. 

The power output is based upon the sum of the powers 
taken from the two output sections. One side of the supply 
may be used at a higher output current than the other ; 
and it is neces

.
sary only to keep the total power output 

below the derating curves. Of course, the maximum out­
put-current levels given in the Specifications should not 
be exceeded. 

Figure 2. Typical l·Am pere DC·DC Powe r Supply. Heat radiators 
shown on CR3 and C R4 are used to I ncrease heat dissipation. 
Series regulator for one-ampere u n its Is separate modu le, 
shown In Figure 3, 
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Table of Replaceable Parts 
DIAGRAM MO D E L  NAME OF PART AND DESCRIPTION PART NO. SYMBOL 

MISCELLANEOUS COMPONENTS 

S l  All - Switch, toggle SPDT : Right angle mtg. HA-39562 
C & K Components 7 1 0 1 -A 

TPl & 3  All Test jack, red : Cinch 1 1 9437-B HA-38 1 1 6-2 

TP2 & 4  All Test jack, black: Cinch 1 1 9437-C HA-38 1 1 6-3 

RESISTORS 

R1 All 1 29 V  Resistor, fixed camp. : 1 5  K, 5 %, 2 W, Allen Bradley HB H-1 009-25 1 

All 48 V and Same as above, 2.7 K H-1 009-1 062 
All 24V & 
1 2 V  

R2 All 1 29 V  Resistor, fixed. :  33 ohm, 5%, 2 W, Allen Bradley HB H-1 009-1 064 

All 48 V and Same as above, 22 ohm H-1 009-1 063 
All 24V and 
1 2 V  

R3 All 1 29 V  Resistor, fixed camp. : 1 2  ohm, 5%, 1 W, Allen Bradley GB H1 009-1065 

All 48V and Same as above, 1 0-ohm H-1 009-4 
All 24V and 
1 2 V  

R4, 5 ,  6, & 7 All with 0-V Resistor, fixed camp. :  47 ohm, 5%, � W, Allen Bradley CB H-1 009-832 
Protection 

R8 All Resistor, fixed camp.: 3K, 5%, 1 W, Allen Bradley GB H-1 009-466 

R9 All Resistor, fixed camp. :  5 .I ohm, 5%, * W, Allen BradleyGB H-1 009-7 1 2  

SEMICONDUCTORS 

CRI & 2  All Diode silicon, Type I N4448 HA-29074 

CR3 & 4  All Rectifier bridge assy., Varo VS- 1 48� HA-39509 

CR5 & 7  All with 0-V Diode, zener : 1 4  V, 5%, 500 mW, Type I N5244B HA-41 075 
Protection 

CR6, 8, 1 0, 1 1  All 0.375-A Diode, rectifier : 1 A, Type 1 N4003,  Solitron S4Q03TA20 HA-30769 
units 

DSl All Light-emitting diode, Dialight Cp. 5 50-0 1 02 HA-39568 

IC 1 & 2 All Three-terminal voltage reg., Fairchild UGH 78 1 2393 H-0620-69 
National LM340-1 2T 

Ql & 2  Al1 1 29V Transistors, matched pair HA-46756 

Al1 24V & Transistors, matched pair HA-46757 
1 2  v 

SCR1 & 2 All with 0-V Silicon controlled rectifier, Motorola 2N4441 or GE C 1 22F HA-41 072 
Protection 

All Schematic HD-41 502 

PARTS LIST FOR l-AMP EXTERNAL REGULATOR, 
P/N HB-41520 

C1 & 2  All 1 -Amp. Same as C8 in basic unit 

C3 & 4  All 1 -Amp. Same as C9 in basic unit 

CR1 , 2, 3, & 4  All 1 -Amp. Diode ,  rectifier, 1 A, Type 1 N4003 HA-30769 

IC 1 & 2 All 1 -Amp. Same as in basic unit 
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Table of Replaceable Parts 
DIAGRAM MO D E L  NAME OF PART AND DESCRIPTION PART NO. SYMBOL 

MISCELLANEOUS COMPONENTS 

S l  All Switch, toggle SPDT : Right angle mtg. HA-39562 
C & K Components 7 1 0 1 -A 

TPl & 3  All Test jack, red : Cinch 1 1 9437-B HA-38 1 1 6-2 

TP2 & 4  All Test jack, black: Cinch 1 1 9437-C HA-381 1 6-3 

RESISTORS 

Rl All 1 29 V  Resistor, fixed comp.:  1 5  K, 5%, 2 W, Allen Bradley HB H- 1 009-25 1 

All 48 V and Same as above, 2.7 K H-1 009- 1 062 
All 24V & 
1 2 V  

R2 All 1 29 V  Resistor , fixed. :  33 ohm, 5%, 2 W, Allen Bradley HB H-1 009-1 064 

All 48 V and Same as above, 22 ohm H-1 009-1 063 
All 24V and 
1 2 V  

R3 All 1 29 V  Resistor , fixed comp. : 1 2  ohm, 5%, 1 W, Allen Bradley GB H 1 009-1 065 

All 48 V and Same as above, 1 0-ohm H-1 009-4 
All 24V and 
1 2 V  

R4, 5 ,  6 ,_& 7 All with 0-V Resistor , fixed comp. : 4 7 ohm, 5%, � W, Allen Bradley CB H-1 009-832 
Protection 

R8 All Resistor , fixed comp.: 3K, 5%, 1 W, Allen Bradley GB H-1 009-466 

R9 All Resistor , fixed comp. :  5 . 1  ohm, 5%, � W, Allen BradleyGB H-1 009-7 1 2  

SEMICONDUCTORS 

CRI , 2, 1 2, 1 3  All Diode silicon, Type 1 N9 1 4B HA-26482 

CR3 & 4  All Rectifier bridge assy., Varo VS- 1 48:X HA-39509 
CR5 & 7  All with 0-V Diode, zener : 1 4  V, 5%, 500 mW, Type 1 N5244B HA-41 075 

Protection 

CR6, 8 ,  1 0, 1 1  All 0.375-A Diode, rectifier : 1 A, Type 1 N4003, Solitron S4Q03TA20 HA-30769 
units 

DSl All Light-emitting diode, Dialight Cp. 550-0 1 02 HA-39568 

IC l & 2 All Three-terminal voltage reg., Fairchild UGH 78 1 2393 H-0620-69 
National LM340-1 2T 

Q l  & 2  All 1 29V Transistors, matched pair HA-46756 

All 24V & Transistors, matched pair HA-4675 7 
1 2  v 

SCRl & 2 All with 0-V Silicon controlled rectifier, Motorola 2N4441 or GE C 1 22F HA-41 072 
Protection 

All Schematic HD-41 502 

PARTS LIST FOR l-AMP EXTERNAL REGULATOR, 
P/N HB-41 520 

C l  & 2  All l -Amp. Same as C8 in basic unit 

C3 & 4  All l -Amp. Same as C9 in basic unit 

CRl , 2, 3, & 4  All l -Amp. Diode, rectifier, 1 A, Type 1 N4003 HA-30769 

IC l & 2 All l -Amp . Same as in basic unit 
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Cl4 

.005UF 

GND  li(( 
3XV 
I 

Fl 

Rl 

C3 
2.2UF 

T2 

I I I 
C I I C 1 7 } AUX. PWR OUTPUT I � - - - - - - - - - - - - - - - - - - - -ii------7)-!..!... lOKHz SOUAREWAVE 
D I I D 18 34-51V P-P I 1- - --'- - - - - - - - - - - - - - - - - - ----0--------7)-.!.!!.. I 

1 r _Ot)I� JIB::4J!i1.Q. -, I 
I r--------------..-------"'UN�RE�G�HI_�� '- _ 0 El  � ' I ,..---- I t'3 I I C R I I  �� , !  
I F3 * IN4003 : =:� : 1 
I I.SA � � - o u ;:., > I  
I 1 1'  + � ,  ' I 
I (NOTE 51 �luF �ffi : 1 
I 00<=' : I  I '!.l� , 1  
I � � 'I .._ __ _. ___ �.___-�,__--+=C....:::"'-�P - 0 E4 �:5 I I F �!!1 , !  
I : (NOTE 31 :;3., : I I '

F "l = · , I  
___________ ,_ _______ -+--------��' 1 _ _ _  0 � UNREG COM ,....a.s _ 0 E1 "' "  ' I  

[ E 7� c>t:: I 

R2 

OMITTED ON 24V  A S S Y  H8-41933 
AND ON 11V ASSY HB-46356 

01 & 01 ARE MATCHED PER RFL SPECIF I CATION 

I UNREG HI '-"lJ6 _ _ 0 ES 'i:i iQ , 1  
I ;r- ,  I :;:  ' I 

CR IO  I g?� I
I I IN4003 I 

= 
I 

I I �� ' I  
I �1:- - o  E7 :5,; : 1 
I I �� I I �LUI : �� : 1  

C6 
11UF 

·� 
OSI 

Cl3 * 
.IUF 

I � ,; 'I 1 :«!�� I 
I i5,.,tcl , !  --4----4----t--!�='---�� :- - 0 E8 ��� : I 

H � I : (NOTE 3) r�� : 1  I
H ::z � 2!  I 

- - - o � UNREG COM ,�4 1 _ _  0 ES �g = , !  7� , - ' I 
· POWER SUB·ASSEM B LY HB-4 1 5 04 (FO R 1 2 5·V M O D ELS) 

HB·4 1 5 1 4  (FO R 48·V M O D E LS) 
NOTES: 

( I I  FOR OVERVIIl TAGE PROTECTION (OVPI WITH ANY OPTION , 
AOD COMPONENTS MARKED WITH ASTERISK (•I 

L _ _ _ _ _ _ _ _j l  
�)'illo I 

I 
I HB·4 1 9 3 3  (FOR 24·V M O D ELS) 

I 
HB-46356 ( F O R  1 2·V M O D E LS) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 

OPTIONAL C O M PONENT L I S T !  N G  
S U B - A SS'Y R l  R 2  R 3  F I , F2 C 5  C l 5  

H B - 4 1504  1 5K  33  1 2 112A  22UF 4 7 0  PF 

H B - 4 15 1 4  2 .7K 2 2  1 0  I 5A  22UF 2000 PF 

H B - 4 1933 2.7K 22 10 3 A  22UF 

HB- 46356 820 22 10 3 A 22UF 

(11 FOR 0.375- AMP REGULATED OPERATION USE COMPONENTS 

(31 FOR I-AMPERE REGULATED OPERATION , OMIT ICI, IC1, 
I
I C8. C9 . Cll, Cl1, OPEN JUMPERS FF AND HH, 

NOT MARKED WITH AN ASTERISK 

AND ADO OPTION H8- 41510 I 
(41 TPI THRU · TP4 ARE PART OF POWER ASSY I (51 ii ��l ��E���EO 

REPLACED WITH JUMPERS WHEN OVP I 
I I 
L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  

Figure 6. Composite schematic o f  w i ring for al l  models of DC·DC converters for Series 68 50. 
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MODEL 67 BUFFER 
(A part of Series 6745 System) 

Figure 1. Model 67 Buffer. 

S P EC I F ICAT I O N S  
Inputs: Six logic-level inputs and four analog-signal inputs, 

taken from the Series 6745 System. 

Outputs: All buffers del iver a logic one when the cond ition 
is pr�sent, except for the Block-signa l output, wh ich is 
a logic one when the condition of the System is norma l .  

Each buffer w i l l  del iver either (a )  12  Vdc at  up to 
1 0  rnA, when operated from a +1 2-V power supp ly, or 
(b) 1 8  Vdc at up to 1 0  mA, when operated from the 
isolated 1 8-V power su pply provided on the circu it card. 

Ambient-Temperature Range: -30 to +60°C. 

Power Requirements: (a) - 1 2  Vdc, 25 rnA u nder a l l  con­
ditions, plus one of the fol lowing : E ither + 1 2 Vdc, 1 00 
rnA when the 1 8-V isolated power supply is not used, 
or + 1 2  Vdc, 40 rnA, plus 42 V, 1 0  k H z, 35 rnA ac when 
the 1 8-V isolated power supply is used. Al l  voltages may 
be taken from the 6000 Series DC-DC Converter supplied 
with the System . 

Dimensions: The circu it card is 4 .7 1 3 inches h igh, by 8 
inches deep, by 1 inch wide. I t  occup ies two one-half­
inch modu le  spaces in the Model 68 Chassis. 

D ESC R IPT I O N  
The Model 67 Buffer i s  a u n it of the D IT-1  System. 

This card prov ides buffered outputs for d iagnosis and 
mon itor ing purposes. It is a single, plug- in  circu it card with 
eleven identical output-buffer ampl ifiers, designed to accept 
the various output signa ls of the D IT- 1  equ ipment, and to 
prov ide buffered, so l id-state outputs. 

The eleven buffered outputs are: Guard, Subchannel A; 
Guard , Subchannel B; Trip, Subchannel A ;  Trip, Sub­
channel B; No ise, Subchannel A; Noise, Subchannel B ;  
Out-of- l imits, Subchannel A; Out-of-l im its, Subchannel B ;  
B lock; Trip; and Trip, Subchannels A and B .  

A l l  buffers del iver a logic one when the cond ition i s  
present, except for the B lock output wh ich del ivers a log ic 
one when the block is absent. Test points are provided for 
mon itoring the output of each buffer ampl ifier. Ampl ifiers 
are powered, as a group, from either the 1 2-V supply or 
from an 1 8-Vdc col lector supply isolated from the main 
power supply of the Series 6745. 

Supplementing the buffer ampl ifiers, the Model 67 
Buffer also carries window detectors for guard and for tr ip , 
signals, window detectors for noise i n  Channels A and B, 
an u ndervoltage d etector which prevents generation of a 
trip  signal in the event of fa i lure of the power supply, and 
a stable reference-voltage generator used to su pply reference 
voltages to the severa l detectors on the card. F igure 2 is a 
block d iagram outl in ing the plan of the design. 

T H E O R Y  O F  O P E RAT I O N  
Typical Buffer: All  buffers are essential ly identical .  For 

typical deta i l ,  consider the logic-block buffer at the right­
hand edge of F igure 3 the input of which wi l l  be a logic 
one at Term inal 1 1 .  The resu lting low at the emitter of 
023 brings that transistor into conduction and produces a 
logic low at the base of 024. When 024 is thus caused to 
conduct, it pu l ls Terminal  R h igh to produce the desired 
logic one at that point. A logic one at the output is.1 2 or 
18 Vdc, depend ing u pon the power supply used, and each 
buffer can supply a load up to 1 0  rnA de. www . 
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Detectors: From the FS/AM Detector card, the AM­
signal output of each subchannel is fed to four sets of 
window detectors. Referri ng to F igure 3, it wil l  be seen 
that I C5A a nd IC5B form the window detector for noise 
from Subchannel A, and IC2A and IC2B detect the signal 
for Subchannel B. Any noise whose level exceeds the l imits 
set by these detectors wiH be detected' and passed to the 
appropriate buffer ampl ifier. 

The FS-signal output of the FS/AM Detector card is 
fed to two window detectors to sense the tri p  and guard 
signals. Signals fFOm Subchannel A pass thr.ough the detector 
formed from IC7B and I C9A. For the same function, 
Subchannel B uses IC7A and IC38. 

Reference-Voltage Generator: Reference vo ltages used 
for the window detectors are based u pon AG C-reference 
levels which have been determined by the choice of net­
work R Z 1 6  on the Logic card. R Z 1 6  is chosen on the 
basis of trip-boost level desired for the system, including 
the case of non-boost operation. Based u pon the AGC 
level received at terminal 1 6, IC9B suppl ies positive ref­
erence voltages. The level establ ished at the output of 
IC9B is i nverted by IC3A to create a negative reference. 
The low output impedance of the two opamps minimizes 
coupl ing among the detectors. 

Isolated Power Supply: The isolated power supply is 
powered from a 1 0-kHz power source provided by the 
DC-to-DC Converter. I solation is effected by Transformer 

HI/LO '11" llllfU <Cc---+-< 
��U����LIIIITS>---+----" 

FROII HS Dt:TECTOR:>----f-------f-----''--J 

fROIIHS DETECTOR:>----f------+----:co 

FROII PCI'EW SUPPLY :>----------j 

ltY ISOLATEIIPOIEaSUf'PLY 

2 

Tl , wh ich is fo l lowed by a separate rectifier, f i lter, a nd 
series-type regulator. Note that the Model 67 Buffer a lso 
requ ires positive and negative 1 2-V power from the main 
power su pply of the System. 

Und11rvoltage Detector: 05 is the u ndervoltage detector 
used to sense fa i lure of the 1 2-V power supply. So long as 
1 2-V power is present, CR 1 0  holds the base of 05 at about 
9. 1 V so that 05 is conducting with its col lector at about 
8.4 V. Th is is a ppl ied to the bases of 03 a nd 04 to bias 
them so that they wi l l  conduct whenever a logic h igh is 
received. If  power fai ls, the co llector of 05 moves to 
ground potential a nd cuts off 03 and 04 to prevent the 
possibi l ity of creati ng a false trip  because of fau lty voltage 
levels. 

Redundant Logic: When a second logic card is used i n  
the basic Series 6745 to create a redundant- logic system, 
the trip-output signa l from each logic card is fed separately 
to the Model 67 Buffer. Here, using separate buffers, they 
are combined by the series connection  of 01 a nd 02 to 
prodoce a single buffered output at Terminal M. Place­
ment of Jumper E determines whether the logic-tr ip  
buffers respond to single or to a dual logic-tr ip- input signa l .  

Summation of Detected-Trip Signals: D iodes CR28 a nd 
CR29 form an AND gate for tr ip signals detected at IC7B 
and IC7A. When this occurs simu ltaneously, Termina l  L 
rises to a logic one, driven by the buffer comprised of 
06, 07, 08, and IC8B. 

,-----------t---<HOII LGGIC TRIP OUTPUT 

r------+----<[��rcRr������� 

�---------J----< FJiON A-AIII OETECTOII 
,-�--------j----< Fii'OII 8-,\I D£TfCT!I1 

f--------------< FRDN LOGIC ACC REf 

- THE 18-Y ISOLATEOPOIU SUPPLY IIAY 
lf OIIITTED, IN IIIICH CASE Tif POSITIVE 
LINE SH!l.lD BE COUECTED TO THE 
+ 12Y LINE. 

Figure 2-. Block Diagram Model 67 Buffer. 
\p 
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Fig ure 3. Schematic of Mode/ 67 Buffs. 
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Table of Replaceable Parts 
DIAGRAM 

NAME OF PART AND DESCRIPTION PART NO. 
SYMBOl 

"""' 

MODE L  67 BU F F E R ,  HB-41 1 1 0  

CAPACITORS 

C1 , 2 Capacitor, tantalum, 1 5  JJ.F, 20%, 35 V, Corning CCZ-035-1 56-20, or eq. H- 1 007-654 
l/lf!O' I 

C3, 4 Capacitor, tanta lum,  1 5  JJ.F, 20%, 20 V, Kemet T324D1 56M020AS, or eq. H- 1 007-71 6 

C5, 6 Capacitor, tanta lum, 1 JJ.F,  20%, 35 V, Kemet T324A473M035AS, or eq . H - 1 007-496 
.. 

�· 
RESISTORS 

R 1 - 1 8, 20-27, 31 -36, Resistor, fixed composition, 5%, Y.. W, va lue per schematic, H- 1  009- (XXX) • 
38-41 ' 43-44, 46-50, Al len Bradley CB, or eq. 
5 1 - 59, 61 -70, 72-77, II<. 

87-94, 96- 1 02, 
1 04-1 09' 1 1 1 - 1 1 7' r 

and 1 1 9 
... 

R 29, 30, 37, 45, 79-86 Resistor, meta l -f i lm,  1 %, 1 /8 W, value per schematic, H-1 51 � (XXX)  
per R F L  Spec HA-38301 • 

R 1 8, 1 9, 28, 42, 50, Resistor, wirewou nd, 1 50 ohms, 5%, 3Y..W, Ohm ite 4396, or eq. H- 1 1 00-566 
60, 7 1 '  78, 95, 1 03, """ 

1 1  0, 1 1 8 
-

R 28 Resistor, wirewound,  1 0  ohms, 5%, 3'1.. W, Ohmite 436 1 ,  or eq . H - 1 1 00-479 

SEM ICONDUCTORS 

C R 1 -6, 8, 9, 1 1 , 1 3-20, Diode, Type 1 N91 4B HA-26482 

22-24, 26-30, 32-34, 
36, 38, 40, 42, 44, 46 

CR7,  1 2, 2 1 , 25, 3 1 ,  Diode, zener, 24 V ,  Type 1 N4749A HA-346 1 9  
35, 37, 39, 4 1 , 43, 45 

CR 1 0  Diode, zener, 9.1  V, Type 1 N960B HA-4 1 0 1 4  

I C 1  IC  Regu lator, +1 8 V, Motorola MC781 8CP, or eq. H-0620-79 

I C2, 3, 5, 7, 9 Dual Linear, opamp., National L M  1 458N, or eq. H-0620-51 

I C4, 6, 8 CMOS Hex I nverter, RCA CD 4049 AE, or eq. H-061 5-7 

01 , 2, 6, 1 0, 1 2, 1 4, Transistor, PNP, Type 2N2907A HA-37439 
1 6, 1 8, 20, 22, 24, 26 

03, 4, 7-9, 1 1 , 1 3, 1 5  Transistor, NPN, Type 2N 2222A HA-37445 

1 7, 1 9, 2 1 ,  23, 25 

05 Transistor, PNP, Type 2N4249 HA-41 91 9  

T1 Transformer, power, R F L  mfg. HA-43838 

Schematic H E-41 1 1 2  
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Model 67 AR ( ) 
TRIP AND GUARD RELA Y ASSEMBL Y 

LEFT LEFT RIGHT 
CENTER CENTER 

RIGHT 

Figure 1 .  Model 6 7A R  ( ) Trip and Guard Relay Assembly. 

D ESC R I PT I O N  
The Model 67AR ( ) is a modu le that mounts either 

one or two Westinghouse A R  relays for convenient insertion 
into a D IT-1 or a D I T-3 chassis. Mounting cards carrying 
either dual or single relays occupy 3.5 inches (seven one­
half-inch horizontal chassis spaces) in the chassis. The 
module is usua l ly mounted on the far-right of the chassis, 
as viewed from the front. 

Deta iled model numbers, shown on the front handle 
of each modu le, are based on the structure shown on 

F igure 2. Note that a 00 in the contacts position designates 
that the relay is not suppl ied . Cards can be suppl ied 
with relays mounted either vertica l ly or horizonta l ly, 
when the card stands vertical in  the chassis, accord ing to 
whether the f ina l letter is V or H .  

NOTE: Relay co i l  must be  in the vertical position when the 
card is mounted within the chassis. 

For more deta iled information on the relays used, 
consu lt Westinghouse Publ ication I L-41 -759. 
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I 
lEX L____ 

" ' !\' ltl ' 

K 2  

I II ,M I9,W 

IGHT LEFT RIGHT 
CENTER I EFT 

ENTER I --I ----1�----I --
HANDLE STRAPPING I NFORMATION 

MODULE NO. 

HB-46666- 1 
HB-46666-2 
HB-46666-3 
HB-46666-4 
HB-46666-5 
HB-46666-6 
HB- 46666-7 
HB- 4 6666-8 
HB- 46666-10 

STAMP HANDLE 

67 AR 125 4000V 
67 AR 48 4000V 
67 AR 125 2200V 
6 7 AR 48 2200V 
67 AR 125 2222V 
6 7  AR 125 4022V 
67 AR 125 3100V 
67AR 125 4022V 
67 AR 125 3 1 22 H  

V=VERTICAL 
CALL OUT BREAK DOWN H=HORIZONTAL 

COIL-- Kl RELAY K2 RELAY CARD 
MODEL VOLTAGE CONTACTS CONTACTS MOUNTING 

NAKE 1 BREAK MAKE I BREAK POSITION -- - - --- - -

3 I I o 1 o LE 67,AR 125 V OR H -· - ---

\! ' ' ' ' ' 1: ' f ' 

R2 

COIL 

l e � 
K l  

@ 

K l  

I tO,L I8,V I4,R 

IGHT LEFT RIGHT LEFT 
CENTER CENTER 

I� I�---I'---I�-
K l  K 2  

STYLE NO. RT LT RC LC STYLE NO. RT LT RC LC 
408C845G-

1--01 
4,6 10,8 

05 
09 
25 
09 
01 
23 
23  
23  

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

R l  8 R2 

200 OHMS 
1.5K 
6K  

18,16 
NO 
NO 
NC 
NC 
NC 
NO 
NO 
NO 
NO 

14,12 408C845G-
NO 
NO --
NC --
NC --
NC 09 
NO 09  
NC --
NC 09 
NC 09 

DC VOLTAGE 

48V 
1 25V  
250V 

5,7 

-
-
-
NO 
NO -
NO 
NO 

1 1 ,9 19,17 15,13 

- - -
- - -
- - -
NO NC NC 
NO NC NC - - -
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Figure 2. Schematic of circuit and details of model designations, Model 6 7A R  ( ) .  
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