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SECTION 240-103-101

1.03 Each of the DRC circuits has access to all distributor or gates. The original tone, consist­
of the digit trunk circuits (128 maximum). ing of two frequencies, one low and one high, is

Both program controls have access to both DRC now represented by two 5-psec ground pu lses
circuits. appearing on leads L- and H-. A 2-out-of-8 trans­

lation takes place in the digit control circuit .
1.04 E ach g roup of t h ree digit receivers con­

1.08 In a d d i t ion to the above, the digit circuitsnects to a s ingle digi t d ist r ibutor where
the sampled receiver outputs are combined in an also serve another purpose, that is, to send

dial tone to the switch unit over the assignedor gate. The distributor outputs (14 circuits for
digit t runk pair . This is accomplished by usinga fully equipped system) are mult ipled and de­
part of the in i t ia l command to the DRC ( f r oml iver the digit i n formation, now in dc f o rm, to

2-out-of-8 translators in each of two digit control program control) to enable the dial tone func­
t ion of the DRC receiver number translator. Thiscircuits.
results in enabl ing the d ia l t one gate via receiver

1.05 Scanning of t h e d igi t i n formation every t ranslator d ia l to n e h o r i zontal o u tpu t l e ads
1360 p,sec (leads X-, Y-, Z-) is provided by (DTHO to DTH3) and the t ransmission of d ia l

data controls 1 and 2. tone to the switch unit subscriber. At the same
time, a sampled output is sent to the digit con­

1.06 D i g i t c on t rols 1 and 2 , on l eads TOW, trol circuit on dial tone lead DTO1 to ready the
command the digit receiver to gate off the digit control for accepting digits.

dial tone in the case of a time-out. Also, via the
remove data store reset (RDSR) lead, the digit 2. D IGIT RECEPTION
control circuits rcmove the reset data store pulse.
The m a in tenance c enter , wi t h app r opr iate A. General

ground or battery on inhibit leads IN1 and IN2, 2.01 Th e m ain funct ion of the digit receiver is
determines which of the two digit control cir­ to accept TOUCH-TONE signals from the
cuits has control over the reset dial tone (TOW) switch u n i t , d e code t hem i n an ass ociated
and RDSR functions. TOUCH- TONE calling receiver,and present

them to a digit control ci rcuit. An in termediate
C. Circuit Operation circuit, the digit trunk, faces the digit trunk pair.
1.07 A 2 - f r e quency tone representing a specific The sections that fol low make reference to Fig. 2.

d ialed digi t f r om a T O U CH-TONE set ,
B. Transmission Path

arrives from the switch unit and is entered into
a digit t runk c i rcuit . When the digits or iginate 2.02 Th e o peration of the d ig it t r u nk and re ­
from a rotary dial, the dc dialing pulses are con­ ceiver circuits depends on the simultane­

verted in the switch unit digit t runk circuit to a ous closing of t i m e d i v ision switches in bo th
two-tone signal. FIorizontal ( H - ) a n d v e r t i cal circuits by translator output pulses from the

(V-) leads, from the digit receiver connector digit receiver connector c i r cui t (D R C ) . Tw o s pe­

translator, enable a t ime division switch which cific pairs of leads H- and V- to the trunk and

closes a path for the received signal through the horizontal transmission (HT) and vertical trans­
digit t r unk c i r cui t t o a c o mmon bus. Simi lar mission (VT) to the receiver cause the switches
leads activate the time division switch in a digit to close to a common bus for a 2-psec interval

receiver and connect the receiver to the same bus every 80 @sec. A TOUCH-TONE signal, arr iving
for the same interval of t i me. The or iginal ac f rom a switch unit , w i l l pass through the t ime
signal appears at the input to the digit receiver d ivision network d u r i n g t h i s t i med i n t e r va l a n d
i n 2-@sec increments every 80 @sec. Af te r f i l t e r ­ be restored to its basic 2-frequency tone at the
ing, which removes the high frequency compo­ output of t h e low pass fi l ter i n t h e T O U CH­
nents and restores the 2-frequency tone, the sig­ TONE t ime d i v ision switch ( T T T DS) o f t he
nal is en tered i n to a TO U CH- TONE calling digit receiver.
receiver for detection and conversion to dc form.
Scanning pulses on leads X-, Y-, Z- from the data C. TOUCH-TONE Calling Receiver

control circuit, appearing once every 1360 p,sec 2.03 Th e output of the transmission switch en­
for 5 @sec, sample the two dc outputs and present ters the TOUCH-TONE ca l l ing receiver
them to the d igi t control c i rcuits via the d ig i t where the signals are decoded and converted to
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ISS 1, SECTION 240-103-101

battery. pulses. The TOUCH-TONE cal l ing re­ for this receiver. This causes a positive battery
ceiver, SD-98148-01, in production for other ap­ p ulse to se t d i a l t o n e ( S DT ) f li p - flop. T h e
plications, is considered to be a part of the digit positive output of SDT is used to enable the dial
receiver for descriptive purposes. The original tone gate resulting in the t r ansmission of d ia l
2-frequency tone, after detection, appears as one tone through the same time division network as
low group output (LG1-LG4) and one high group used for TOUCH-TONE signal reception but in
output (FIG1-HG4). Each pulse is timed to have the reverse direction. The ground output from

a duration of approximately 45 msec. Accom­ SDT is scanned during the appropriate interval
panying these pulses is lead STR which is pres­ and sent to t h e d i gi t cont ro l c i r cui t v i a l ead
ent as long as a legitimate TOUCH-TONE signal DTO1 in order to put the digit control in a con­
appears on the receiver input. These outputs are dition for accepting digits and start ing the t ime­
not compatible with the system logic input re­ out count.
quirements and, therefore, a voltage translation
is required. Besides adjusting the voltage to 2.07 Re m oval of d ia l t one is accomplished by
standard logic levels, the voltage translator cir­ resetting the fl ip-flop SDT w ith the fi r s t
cuit inverts its input signal polari ty . signal tones ready (STR) p u lse occurring co­

incident with the LG- and HG- TOUCH-TONE
D. Digit Receiver Scanning receiver outputs. This action also removes the

2.04 Dig i t s ignals may be present in many re­ ground pulse on lead DTO1 to the digit control

ceivers at any one time and are available circuit.

to the digit control circuit. However, in order
to differentiate between signals from the various 2.08 A second reset path for SDT is derived

digit receivers, the data control circuit originates f rom lead TOW f r o m on e o f t h e t w o

scanning leads (X-, Y-, Z-) wh ich are assigned digit control c i rcuits. The condition of i n h ib i t

to each receiver according to receiver number. leads IN1 and IN2 f rom the maintenance center

(The scanning leads from data control originate determines which of the two d igi t control c i r ­

in the store address counter and are gated cuits wil l have access. Lead TOW wi l l d rop to

through the trunk and digit receiver scanner to ground when a predetermined time-out interval

the digit receiver circuits.) The combination of has elapsed and, after being scanned, the result­

the assigned X-, Y-, and Z- leads causes an ef­ ing battery pulse resets flip-flop SDT.

fective 5 fusee ground for sampling purposes.
When the appropriate scan interval occurs, an G. Digit-Data Store Reset
interrogation of the contents of one particular

2.09 Upo n c o m p letion o f dia l i ng, t he d i g i t
r eceiver takes place. Two d ig i t samp l ing c i r cu i t s t runk t o d i g i t r e ce iver t im e d i v i s ion con­
(Fig. 2) are provided, one for each of two digit­

nection is no longer required. Therefore, pro­
data control circuits. g ram con t ro l i n i t i a tes a c o m m an d t o t h e D RC

to remove the connection and to reset the digit­E. Digit Distribution
data store area associated with th is par t icular

2.05 The sampled digits are fed through the digit receiver. This command causes the receiver
digit distr ibutor gates which provide an translator of the DRC to produce a single 2-psec

or function for groups of three digit receiver pulse between leads VT and horizontal reset data
outputs. This furnishes the correct signal polar­ store (HRD) t o e nergize t ime d iv ision switch
i ty (g round) t o t h e d i g i t c ont ro l c i r cui t an d TDS2. The resulting battery pulse sets reset data
satisfies equipment considerations. store (RD1) fl ip-flop and during the appropriate

scan time causes a ground to appear on reset
F. Dial Tone

data store (RDS) lead to the digi t control c i r ­
2.06 Th e d ig it receiver circuit also contains cir­ cuits for clearing the digit-data store.

cuitry to t ransmit dial tone from the con­
trol unit to the switch unit subscriber. Part of H. Reset of Flip-Flop RDl
the in i t ia l c o mmand f r o m pr o g ram control
causes the DRC receiver translator to enable 2.10 Fl i p - f lop RD1 remains in the set condition
t ime division switch TDS1 (F ig. 2) for a s ingle until the next t ime the receiver is selected
2-@sec interval during the appropriate time slot by program control. When the dial tone indica­
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ISS 1, SECTION 240-103-101

tion is sent to digit control via lead DTO1, digit B. Clock Operation
control generates a ground on lead RDSR. When 3.05 Th e D RC c lock circuit consists of a crys­
this ground is scanned by the online data control, tal control led 812.5-kc oscillator provid­
the resulting battery pulse resets flip-flop RD1. ing 0.5-IMsec output pulse every 8.2 psec. These
This action removes the store clearing pulse on pulses drive a 8-@sec delay line having 80 equally
lead RDS and enables a path for s tor ing d igi t spaced taps with 0.1 p.sec between each tap. The
i nformation in the s tore area assigned to th is delay line outputs are used to control the state
particular receiver. of various flip-flop whose outputs are combined

in gates to satisfy t iming and load requirements.
2.11 A se cond reset path for RD1 occurs upon

receipt of the first dialed digit. This is the 3.06 There are 18 clock outputs used through­
same reset pulse that resets the dial tone fl ip­ out the DRC. The phasing and duration of
f lop SDT (to d isable dial tone), but when i t i s each output are shown in Fig. 4. They provide
used to reset RD1 it merely guarantees that the the means for sequencing all the DRC functions.
store is in a condition to accept digit information. For instance, one of these outputs is the ad­

v ance (ADV ) l e ad , used t o a d vance the r e ­
ceiver address binary counter. This lead carries

3. D IGIT RECEIVER CONNECTOR — GENERAL a positive 0.5 pscc pulse beginning at time 0 (TO)
and ending at time 5 (T5) and recurring every

A. Basic Features 8.2 psec. The delay l ine tap number is used to
designate the t imed in terval. The ADV p u l se,3.01 Th e d i g i t r e ceiver connector constitutes
determined by taps 0 and 5, is said to be active

the heart of the digit subsystem. Its pr i ­
during the interval TO to T5.

mary function is to translate binary coded infor­
mation from program control into output pulses 3.07 Th e c lock circuits in each of the two DRC
suitable for completing time division connections circuits operate independently of each
between specific digit receiver and trunk circuits. other and of the remainder of the system.
Secondary functions include those that enable
dial tone and cause a reset of the digit-data C. Receiver Address Binary Counter
s tore on command.

3.08 Fig. 5 depicts the receiver address binary

counter and output waveforms. This is a
3.02 The complexity of the DRC circuit is due

5-stage, parallel advance counter and is unique
to its nonsynchronous operation with re­ in that i t counts f rom state 1 th rough 25 and

spect to the program control (driven by the sys­ recyc les.tem clock) and the l a rge storage capacity re­
quired to m a i n t a in a m u l t i t ud e o f s i m u l t a neous 3.09 The advance gates (Gl to G6) are diode
time division connections. logic with n o i n v ersion. They are a n d

gates for positive voltages, ie, when al l the in­
3.03 A lar ge p a r t o f t h e d i g i t r e c e iver connec­ puts are positive the output is positive. How­

tor (DRC) operates continually in a cyclic e ver, the ac t ive s tate o f t h e g a t e a s f a r a s t h e
manner regardless of the state of the input sig­ binary stage is concerned occurs with the appear­
nals from program control. These circuits are ance of the negative advance pulse. The result­
the clock, receiver address binary counter , reg is­ ing negative transition is coupled via a 510-ppf
ter enable and translator drive, horizontal ac­ capacitor to the negative side of a diode which
c ess to the memory a r r ay , and t h e g r ea ter pa r t drives the positive collector of the binary coun­
of the horizontal and vert ical receiver t ransla­ ter (BC) stage transistor to ground and reverses
tor circuitry. F ig. 8 shows the relative position t he output s t a tes. ( P osi t ive t r a nsi t ions a r e
o f these circu its w i t h i n th e D R C . blocked by the diode.) Ampli fiers on each side

of the BC stage invert the output voltages.
3.04 Many sections of the DRC depend on the

clock and receiver address binary counter 3.10 The BC advance takes place by setting up

outputs fo r t h e i r o p era t ion. Fo r t h i s r eason, the the appropriate positive BC states on the
clock and binary counter w i l l bc d iscussed be­ gates and then grounding the gate output via
fore treating other circuitry. the advance pulse.
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3.2 USEC
P — FI — 01 USED (ONE TIME SLOT)

To I 2 3
0

6 7 6 9 11 12 13 1 4 16 17 16 19 2 1 2 2 23 24 26 2 7 26 29 31 PRIMARY FUNCTIONSI
RST ADVANCE BC. RESET BIT REGISTER',

(ADV) RESET NMV AND RDSV FF (FS 7)

SVO

PROVIDES DELAY IN CHECK BIT' PATH

P30

GATE CHECK BIT TO READ TRK REGSV

HOR READ — WRITE ICOMMON HOR ACCESSRW
TO STORE)

HOR READ(READ STORE)HR

HOR WRITE ( WRITE INTO STORE)HW

STROBE SENSE GATESSTR

RESET RCVR ADRS REG (FS15)RC

GATE INTO STORE FROM BIT REG

SET E N A BLE FD R RC V R A D RS R E G
P50

ENABLE TRNSL SWITCHES
PC

ACTIVATE RESONANT CKT
PTO AND BUS CLAMP

NOTE — SHADED AREAS DENOTE ACTIVE
PERIOD FOR LISTED FUNCTIONS

Fig. 4 — Clock Output Pulses and Their Primary Functions
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3.11 Th e B C o peration is more easily under­ 3.15 Reference to these waveforms, remember­

stood by assuming that it runs in the con­ ing that the reset or "0" side of the binary

ventional manner, for a parallel advance coun­ counter stage is shown, wil l simpl ify the under­

ter, from count 1 (00001) to count 25 (11001). standing of the connecting circuits.

At this time, counter state 11001 (25) must be
changed to 00001 (1). At t ime 25, the BC count 4. PROGRAM CONTROL COMMAND REGISTRATION

is such that stages 1, 8, and 16 have a positive A. Lead Identification
voltage on their reset side. This is t rue only at 4.01 A s shown in F ig. 8, two identical sets of
count 25 and therefore thcsc states can bc used input gates are provided to accept com­
to return the counter to the 1 count. To change mands f rom e i ther o f t w o p r o gram controls.
from count 11001 to 00001, BC1, BC2, and BC4 B oth sets o f g a tes are control led by a le a d
must be held and BC8 and BC16 must be set. (BSYO), generated within the DRC, which inhib­
This is accomplished by anding the reset side of i ts thc m essage wr i t e -in w hen t h i s c onnector i s
B C1, BC8, BC16, and thc advance pulse A i n processing a previous command. Program con­
gate G5 and then invert ing the output vol tage trol leads, PC1 and PC2, from the maintenance
in gate N2 to give a ground during the interval center, enable the proper gates according to
of count 25. This eft'ectivcly holds BC1 and BC2 which program control is active. The WRI lead
by inhibit ing the next advance pulse. BC4 i s carries a 8-p,sec positive pulse, coincident wi th
held by the ground on lead 20 of gate G8. the command to direct the command to thc DRC

circuits only.

3.12 The remaining action necessary to return 4.02 T h e switch unit (SU) number is contained
count 25 to count 1 is to set stages BC8 on leads SU1 to SU5, in binary form wi th

and BC16. The same gate (G5) that holds BC1 SU1 containing the least significant bit . T runk
and BC2 is used to set stages BC8 and BC16 number leads CO8, CO9, and CO10 give the digit
to ground at the leading edge of the next advance t runk n u m ber w i t h t h e l e as t s i g n i fi can t b i t in

pulse. The resulting state for al l s tages (BC16, CO8.

BC8, BC4, BC2, and B C1) becomes 00001 or
4.03 Receiver number leads CO11 through

count 1. Recurrence of thc advance pulse (every CO16 carry the digit receiver number as­
8.2 psec) advances the counter through to count signed to a specific connection. When lead CO11
25 and then recycles as described. is ground, it indicates that this command is in­

tended for the odd DRC (DRC No. 1). A p os i­
3.13 T o g uar an t ee a g a i n st l o c k up w he n t h e t ive vo l t age d i r e ct s t h e m essage t o t h e even

counter is first powered or following volt­ DRC (No. 2). (The technique for accomplishing
this wil l be discussed later in thc text.) CO11 isage surges, special consideration is given to ad­

vancing stages BC8 and BC16. The advance gate the least significant bit of the digit receiver num­
ber. The remaining portion of the digit receiver

G4 will set or reset BC8 depending on its pre­
n umber o ccurs o n le a d s C O 1 2 t h r o ug h C O 1 6 .

vious state. (The set gate, G5, for BC16 also sets
T his serves to determ ine the memory a r ra y t i m e

BC8 following count 25 as previously described.) slot number to be used for trunk and switch unit
The reset gate for BC16 is enabled at count 15 number s t o rage.
only. The result of this treatment is to allow
the counter to advance even though it may start 4.04 A ground on the new message bit lead

up in an unwanted state, ie, state 0 or states (CO7) indicates that th is is a new mes­
26 to 81. s age and t ha t d i a l t o n e should be sent , v i a t h e

assigned digit receiver and trunk circuits, to the
switch uni t subscr iber .

3.14 Th e s e quence diagram in F i g . 5 shows the
state of the reset side of each BC stage 4.05 The reset data store bit lead (CO6) car­

for each time slot. One time slot refers to one ries the command to reset the digit-data
of the twenty-five 8.2-@sec intervals. Various cir­ s tore area assigned to t h i s d ig i t r eceiver. In n o r ­
c uits within the DRC use combinations of B C mal operation, this bit when accompanied by the
outputs. appropriate receiver number and zeros for the
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switch unit and trunk numbers, also r«moves the Dial Tone and Reset Data Store Circuits
transmission time division connection after dial­ 4.09 T h i s c i r cui t ga tes the bi t a ppearing on
ing has been completed. lead NM1 or RS1, when there has been

a comparator check (CBE), into a flip-flop for

B. Temporary Storage of Command temporary storage until the next appearance of
RST (TO to T5). This insures that the dial tone

4.06 A n y t ime the DRC is idle, a program con­ and reset data store functions of the receiver
trol command wil l pass through the input translator wi l l be enabled only dur ing the as­

gates and be temporarily stored in the receiver signed time slot.
and trunk register stages. The trunk and switch
unit number wi l l r emain in the t r unk r egister Trunk Gate Enable (TGE) Circuit

awaiting the t r unk g ate enable (T GE) p u l se 4.10 D u r ing c lock t ime T10 to T22 ( lead SV),
(Fig. 3). However, the receiver number passes provided there has been a comparator
on to the comparator and control circuits imme­ check (lead CHK), lead TGE wil l go to ground
diately. The receiver and trunk numbers remain to permit gating f rom the t runk register to the
i n thei r r e spect ive reg isters un t i l t h c c o m m a n d memory array. At, thc termination of SV, T22,
has been processed, the trunk and switch unit a positive pulse starts the 10-psec timing mono­
numbers have been stored in the memory array, pu lser.
and the control timer cycle completed.

Timing Circuits

4.11 U pon registrat ion of a d ia l tone or reset
C. Receiver Number Comparison

data store bit, the 120-@sec timer (mono­
4.07 F o l l owing registration of t h e command, pulser) is started. If , for any reason an i l legit i­

one of the first actions within the DRC is mate receiver number is registered, there will
the comparison of the registered receiver num­ be no check, and the timer will time out after
ber and the state of the receiver address binary 120 psec and the receiver and trunk registers
counter. This wil l eventually determine thc po­ will bc reset by a positive pulse on reset register
sition in the memory array to be used for stor­ lead (RSTR). A lso, via lead BYSO, the DRC is
age. A comparator check is accomplished in the made available for subsequent commands.
f ollowing manner. A t s o m « t i m e w i t h i n t h e

4 .12 I f t he r e g i s tered reccivcr num ber and t h e8 0-)Mscc cycle per iod f o l l o w in g r e g i s t r a t i on , t h e
receiver number and the binary counter state DRC number do not match with respect

will agree. Also, a check is made to ensure that to the odd ot even aspect, the 10-p,sec mono­

a dial tone or reset data store bit is registered pulser wil l be started immediately. At the end

and that the receiver number is directed to this of 10 psec, the 120-@sec timer wil l be reset. This

particular odd or even DRC. Wh en all these
also results in the receiver and t r unk r egister
being reset.c ondit ions have been sa t i s f i e , a po s i t i ve p u l se

will occur on lead CHK, which, after gating and 4.13 W h en t h e n o r m a l s i t u a t i on e x i s ts, that i s
inversion, appears on lead TGE as a ground. there has been a comparator check, the
(Sec Fig. 6.) This is a signal to gate the t runk 10-psec monopulser is started by a pulse from
and switch unit number from the trunk register the trunk gate enable circuit. Again, at the end
into the appropriate memory array time slot of the 10-psec period thc 120-psec timer is reset,
during t h i s 3 . 2-@sec t ime i n t e r v a l . M e a n w h i l e , resulting i n t h e r c ceivcr and t r un k r e g isters
the proper time slot has been sclccted by hori­ being reset and made available for a subsequent
z ontal w r i t e l eads HW - a n d R W - , d e r i ved f r o m registration. In this way, the receiver and trunk
the clock and receiver address binary counter registers are cleared regardless of the legitimacy
through the horizontal access circuits. of the command from program control.

Digit Receiver Connector (DRC) Busy
D. Control Logic

4.14 O ne o f t h e i m m e d i a te ef fects of a ny r e g ­
4 .08 F ig . 6 b r e aks down th e con t ro l l o g i c i n t o istered command is the activation of a

four basic parts as described in the fol­ d owncheck c i r cu i t . T h i s i s n o t h ing m or e t h a n a
lowing paragraphs. large or ga te w h ich combines the outputs of
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each receiver and t runk register stage. The re­ the receiver address register. The actual setting
sulting gate output, ground, anded with the ter­ takes place at T18 to T29 (P50, clock) when an
mination of the program control wr i te pulse, is output from gate SDT occurs. The reset of RMDT
used to set a busy fl ip-flop. The fl ip-flop positive is a pulse derived from clock output RC via gate
output, on lead BSYO, disables the input gates RRG. Note that in the sequence diagram the
(Fig. 8) wh ich prevents acceptance of f u r ther DT1 lead is at ground from T18 of the first t ime
commands until the receiver and trunk registers slot to T12 of the next. However, this does not
have been reset (approximately 10 @sec later). mean that the dial tone wil l be enabled in the

d igit receiver associated with the second t ime
E. Dial Tone slot. I t i s t h e t r anslator sw i tch that suppl ies
4.15 T h e r eceiver number t ranslation is re la­ the dial tone enabling pulse and its durat ion is

t ively straightforward as seen in F ig . 8. determined by circuit constants within a b lock­
Once the comparator match has been made and ing oscillator type circuit. The t ranslators and
the trunk and switch unit number stored in the related circuitry are discussed later in the text.
proper time slot of the memory array, there is
no further need for the receiver number bits with 4 .18 T h e p osi t ive output o f R M D T , D TO, is

the exception of the dial tone or reset data store used to disable the horizontal translator

bit. Special consideration is given to these two switches for transmission and reset data store

functions before they are translated in order to functions. Lead DT1 enables those switches as­
guarantee that either of them will appear only sociated with the horizontal port ion of the d ial
once at the assigned digit receiver and that a tone function. Af ter t r anslation, a single nega­
comparator match has occurred. It should be t ive going horizontal swi tch output ( D THO to
noted that for a particular digit receiver the DTH8) and a positive going vertical switch out­
transmission gate is enabled every 80 @sec with put (RVO to RV7) are combined to activate the

the exception of the in i t ia l t ime slot when the time division switch in the digit receiver in order
dial tone or reset data store bit appears. This to enable dial tone.
occurs as a result of receiver translator action.

4.19 The treatment of the reset data store bit
4.16 I n F i g . 7 the logic and sequence diagram (lead CO6 from program control) is simi­

for a dial tone command is detailed. The lar to that described for dial tone.
dial tone bit is included as a part of the receiver
number portion of the initial message to the DRC 5. TRUNK AND SWITCH UNIT NUMBER STORAGE
from program control. The dial tone bit is called
a new message bit and therefore the designation A. Processing a Trunk Number Command
N M is used when re fe r r ing t o i t .

5.01 The leads carrying the trunk and switch
4.17 Ag a i n, re ferr ing to F i g . 7, the d ial t one unit numbers, described in subsection 4,

bit appears as a g r ound on l ead CO7. are unique in that they are destined for storage
When the supplementary inputs are in an appro­ in the memory array. In Fig. 8 a ground on lead
priate state, gate NM w i l l g o p osit ive for ap ­ CO8 is traced through the affected circuitry to
proximately 8 @sec which wil l set fl ip-flop NM. its destinations, the memory array and the trunk
At T10 to T22, lead CBE, derived from the com­ memory register. This is one of eight similar in­
parator output when a check occurs, will go to put paths to the memory.
ground and when this is anded with the ground
side of flip-flop NM, a positive output occurs to 5.02 As i n the case for the receiver number, the
set special fl ip-flop NMV. [ The f o l lowing RST trunk number is processed through a set
(TO to T5) w i l l r eset NMV causing this to be of input gates (Fig. 8). A ground on the particu­
the only pulse from NMV. The message will be lar lead being discussed, CO8, generates a posi­
completely processed and cleared from the reg­ tive pulse from input gate TO to set flip-flop
isters before the next comparator check is at­ TO (part of the trunk register) . The ground out­
tempted 80 @sec later.] The positive output from put enables one of the 2 inputs to and gate
flip-flop NMV ( T 1 0 t o T O), anded wi th c lock SOV. The ground remains on gate SOV un t i l
pulse P50 in gate SDT, drives to ground the set some time during the next 80-@sec receiver ad­
output of special flip-flop RMDT which is part of dress binary counter cycle when a eomparator
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check will occur and lead TGE drops to ground. has a significant funct ion in c learing the DRC
This satisfies the and condition for g a te SOV. store module because it w i l l g enerate another
T he resulting posit ive output w i l l se t t h e b i t comparator check bit. Again referr ing to Fig. 8,
register which is part of the vertical register and it is seen that fl ip-flop TO is in a reset condition
amplifier circuit. The positive output, anded with and remains reset because of the absence of bits
the write pulse on clock lead W (T18 to T29) in in thc t r unk and sw i tch uni t n u mbers. Then,
a special and gate, drives both the vertical wri te when thc comparator derived ground pulse ar­
winding of the memory arvay and the trunk rives on lead TGF., gate ROV wil l r ise to a posi­
memory vegistcr. The bi t w i l l bc s tored in t he tive potential for a du rat ion of the TGE pulse,
horizontal i ow ( t im e s l ot ) t h a t i s b e ing ad ­ approximately T10 to T22. This pulse, appearing
dressed by the receiver address binary counter on lead RO, is of sufficient durat ion to overlap
at this time. the sense gate output (T7 to T13) and hold the

5.03 The reset for the bit register occurs at bit registcv in a reset state for thc remainder of

the beginning of the next t ime slot by the the 8.2-@sec time slot interval. Then, when the

RST clock lead at TO to T5. The bit stored in the next clock write pulse occurs (lead W, T18 to

memory avray is vcad 80 pscc later when the T29) i t w i l l f i nd the vei t ical w r i t e path inh ib i ted.

time slot is again addressed by the horizontal Rewrite has been prevent,ed and the bit removed

read pulse during T5 to T16. Reading destroys f vom the memory a r r a y .

the stored information in t h is t ime s lot . How­
cvev, the sense winding (SO+, SO — ) has de­ C. Store Operation
tected that a stored bit was read and has pro­
duced a voltage pulse to one input of a special 5.06 Thc preceding subsection has treated the

and gate called the sense gate. A s t robe pulse trunk and switch unit number port ion of

(STR), dur ing T7 to T18, serves to sample the the program contro l command t ha t u ses t he

sense winding ou t pu t w h ich r «su i t s i n a p o s i t i ve memory ar ray f o r t e m p orary s t o rage. Thc mem­

output from thc sense gate. This output pulse ory array and its access circuitry is detailed in
is used to again sct the bit register flip-flop. Dur­ Fig. 9. The following paragraph describes the

ing the fo l lowing wr i te pulse (W, T18 to T29) oI>crating techniques used in the storage process.

the bit is vewvitten into the store and the trunk

memory vegistcv. is again enabled. Thus, it can 5.07 T h e store module, as used in the DRC cir­
be seen that the bit is retained in the memory cuit, consists of a 3-hole core matrix com­
array by a process of reading out during T5 to prised of 8 ver t ical columns and 25 hor izontal
T16 and immediately rewr i t ing dur ing T18 t o r ows. Each of the 25 hor izonta l r ows, cal led t im e

T29 of the same t ime s lo t pei iod. slots, arc addressed sequentially by pulscs de­

rived from thc receiver address binary counter

B. Clearing the Time Slot and th«. clock c i r cu i t . A t i m e s lo t i s a ss igned to
each digit reccivev. Odd numbered receivers are5.04 I t w oul d a p pe iv that once a bit was s tored
assigned t ime slots in DRC No . 1, and even num­

in the memoiy, the cycling of the read
b ci'cd vcccivcvs i n D R C N o . 2 . Ea c h t i m e s l o tand w r i t e p u l s c s w ou l d ret a i n t h e b i t per ­
encompasses a t ime in tei val o f 3 .2 psec in wh i chmanently. This is part ially t rue because the bit
the 8 coi'es in a specific horizontal row are pulsedwil l bc ve ta ined un t i l t h e a p peai ance of a r e set
(addrcssed) in parallel with first read pulscs andd ata store message fvom p r o g ram c o n t r o l . N o r ­
then write pulses. The occurrence of a read pulsemally, th is messa«c wi l l no l , appear un t i l d i a l i ng
(HR-) or w r i te pu lse (FIW-) is a lways accom­

has been complctcd and processed. This message
w il l con tain t h e n u m b ei ' o f t h c t i m e s lo t w h i c h p <nicd by a common r ead / w r i t e p u lse ( R W- ) t o

complete the current path for the horizontal ad­i dent i f i e t h e d i g i t r c c c ivcv, t r un k n u m ber z e r o ,
switch unit zero, and a reset data stove bit. dressing f u n c t i on . T h ere m us t b e a c o i n c idence

of a ver t ical w r i t e ( V - ) p u lse and hor izontal
5.05 Th«. vcs«t data store bit merely causes a write (EIW-) pulse to set the magnetic cove. The

single rcccivcv t r anslator ou tput, ( l ead cores are destructively read by a single horizon­
RSHO to RSH8) which is used by the digi t re­ tal (HR-) pulse and if t,hc stored bit is to be re­
ceiver to clear the digit-data store area assigned tained it must be sensed and rewvittcn upon

to this ice< iver. IIowevev, the receiver number a pplicat ion of t h e « lo«k-d«r ived wr i t e pu lse (W )
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occurring wi thin t h i s same t ime s lot i n terval . RSTR. This pulse would last as long as i t took
The circuitry and method for accomplishing this the receiver and trunk registers to bccomc reset,

has been discussed in the previous subsection. at which time the lower BS1 input would go posi­
t ive and disable BS1. This would hold the DRC

D. Timing Logic busy for a g r eater t ime t han i s n ecessary to
process a command. Therefore, a reset for TMO

5.08 When sufficient time has elapsed for the
is initiated to shorten the timed busy interval.

complete processing of the program con­
t rol command, the state of a l l t r un k an d r e ­ 5.12 It must be realized that the command
ceiver register stages must be reset to a "0" con­ must remain registered until there has
dition. Unt i l t h i s i s d o ne, th e DR C r e mains been a comparator check which may occur as
inhibited to fu r ther commands by a positive in­ late as 80 p,sec after the registration. The pres­
hibiting voltage to the input gates on lead BSYO. ence of this check is used to start an additional
See Fig. 3 for the broad perspective. 10-@sec count which resets timer TMO at the end

of the 10-p,scc period.
5.09 Fi g . 1 0 d e ta i ls the c i rcuitry i nvo lved in

the timing operation. There are four ways 5.13 Wh e n a comparator match docs occur, it

in which the t iming circuit may act to produce appears as a ground from the ST flip-flop
the register reset pulse on lead RSTR. Each of to and gate RS (Fig. 10). Then, at the end of
these methods depends on a different variation the positive SV clock pulse, T10 to T22, gate RS
in the receiver number portion of thc program r ises positive wh ich s t a r t s t h e 1 0 -psec TRS
control command. Regardless of wh ich t im ing monopulser. At the end of the 10-@sec pulse the
path is uti l ized, the end result is a positive pulse trailing edge (negative-going) of thc waveform
on lead RSTR to clear the receiver and trunk is differentiated and inverted in d i ff ercnt iator
registers and make them avai lable fo r subse­ TR. The resulting. positive transition resets the
quent commands. Each of the four timing paths TMO timer immediately and returns its positive
will be described separately. output to ground. Both inputs to and gate BS1

arc now at ground which produces a positive
Normal Operation RSTR pulse which lasts as long as it takes the

5.10 An y l e g i t imate program control command receiver and trunk register stages to become re­

will contain either a reset data store bit set by RSTR. When all the registers have been

or a dial tone bi t and appear at the output of reset, the BSY f l ip-flop returns to an idle state
which terminates thc RSTR pulse by inhibit ingthe receiver register as a posit ive potential on

lead RSO or NMO, respectively. Again referr ing gate BS1.

to Fig. 10, i t i s seen that e i ther lead RSO or 5.14 The second setting (starting) path to the
NMO will cause a ground output f rom OR gate TRS 10-@sec monopulser via gates FTO
STM. The ground-going transition is di fferenti­ and FTA, has been ignored for this reason. The
ated and inverted in diffcrentiator TS to produce command that was discussed above was a nor­
a positive sett ing ( s tar t ing) f u n c t ion fo r t h e m al command, ie , i t w a s i n t e nded fo r t h i s p a r ­
120-@sec timer TMO. The TMO t imer ou tpu t r i ses t icular DRC. By op t i onal w i r ing X o r Y , the least
to plus TRL potential wh ich inhibits and gate significant, bit in the receiver register caused a
BS1. The other input to gate BS1 (from the BSY p ositive battery to appear on lead OR or E R .
flip-flop) went to ground fol lowing the registra­ This inhibited and ga te F T O a n d pr o h ib i ted
tion of the command and the return of the pro­ it from setting the TRS 10-pscc monopulser.
gram control wr i te i n ( W RI , 3 p ,sec) pulse to
ground. (I t remains in this state until the regis­ Other Digit Receiver Connector (DRC)
ters are cleared.)

5.15 Let us consider what would occur if this

5.11 T h c g r eater par t o f t h e t im ing c i rcuit ry was the other DRC, ie, the receiver num­

is used to produce a reset for the 120-psec ber was not intended for this DRC. Immediately
timer TMO. If no reset circuitry existed, the TMO upon registration of the receiver number, lead

timer would time-out after 120 @sec and its out­ R SO or NMO would star t t h e 120-@sec timer T M O
put would return to ground. This would enable as previously described. Also, this DRC would
gate BS1 and result in a posit ive pulse on lead temporarily be marked busy. However, because
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this is the other DRC a comparator match can 5.19 It s h o u ld be point.ed out that in every sit­
never occur t o s t ar t t h e 1 0-@sec TRS mono­ uation except the normal case, no com­

pulscr and reset the timer TMO. The timer TMO parator check occurred. As a result , the t runk
would eventually t ime out af ter 120 p,sec, how­ and switch unit number portion of the command
ever, i t i s i m por tant t ha t t h i s DR C b e m ade proceeded no further in the DRC than the trunk
available for a subsequent command as soon as register, because a ground on lead TGE, nor­
possible. Therefore, another sett ing ( s tar t ing) mally derived from the check bit, never occurred
path is required for the 10-p,scc TRS monopulser. to enable the trunk register output. gates. (See
This is accomplished by anding t he OR or E R Fig. 3.)
lead, which is now at ground because this is the
other DRC, with the inverted TMO timer output. 5.20 From the foregoing, it can be realized

t hat t h ere i s n o c o m b ina t ion o f p r o g r a mThis produces a positive output from and gate
control command bits that can cause the DRCFTO to start the 10-@sec monopulser which wi l l
to be locked up, and that the maximum time thatreset the 120-psec timer TRIO after 10 pscc and

cause an immediate reset of t h e r eceiver and an illegal receiver number wil l cause the DRC to

trunk registers by a positive pulse on lead RSTR be marked busy i s 120 iiLscc. Also, th is im p r oper
command wi l l never cause a trunk t r ans la tor ou t ­as previously described. In this way, the DRC is

made available for further commands in approx­ p ut t o m a k e a n un w a n ted d i g i t t r u n k a n d re ­
ceiver t ime d iv is ion connection.imately 10 ILsec.

Illegal Receiver Number 6. TRANSLATION AND TIME DIVISION SWITCH
DRIVES

5.16 Th e re is the possibility that an i l legal re­
ceiver number could bc registered, ic, a A. Receiver Translator (Fig. 3)

number ot,her than 1 through 25. Therefore, the 6.01 The receiver translator output pulscs arc
comparator would never produce a check bit to used to enable the t ime division switches
cause a normal reset of t i mer T MO. Actual ly , in the digit receivers. The pulses to the trans­
t his condition is handled in t ,wo ways. I f t h e mission switch in the digit receiver occur coinci­
least significant bit of thc i l legal receiver num­ dent with those supplied to the digit trunk cir­
ber agrees with this DRC option, ie, the number c uit i n or d e r t o con n ec t b o t h t he t r u n k and
is intcndcd for this DRC, no setting path for the

receiver circuits to a common bus on a time di­
10-iiLsec TRS m o n opu lscr e x i st s a nd , t h e r e f o re , vision basis.
t imer TM O cannot become reset. However, a f t e r
1 20 psec the t i me r T M O w i l l t i m e o u t t o c l e a r 6.02 To clo s e a t i me d i v i s ion swi tch, both hor i ­
t he registers and i d l e th e D R C . zontal and vertical pulscs are required.

The receiver translator vertical section is en­
5.17 Seco n d l y , i f t h i s i s t he o th er D R C , t he X abled by outputs from thc three least significant

o r Y opt ional w i r ing ( l eads FR or OR ) stages of the receiver address binary counter.
wil l cause an enable for gate FT O wh ich 'wi l l r e ­ The trans la tor ou t p u ts , RVO to RV7 , are the r e ­
sult in thc resetting of TMO after approximately sult of a 1 -out -of-8 t r ans la t ion. A s i n g le ver t i ca l
10 iiLscc and the clearing of the registers as de­ t ranslator o u t pu t p u l se i s c o m mon t o a l l t hr e e
scribed ear l ier . t ime d i v i s ion s w i t ches i n a g iv e n r e ce iver a n d

are applied cont inual ly regard less of other act ion
No Reset Data Store (RSO) or New Message (NMO) Bit within the DRC.

5.18 The fourth receiver number variation can 6.03 T h e hor i z o n ta l t r a n s l a tor i s d i v i d ed i n t o
also be considered an illegal number. This three sections to supply horizontal pulses

i s the s i t u a t ion w h er e n e i t her R S O o r N M O i s to each o f t h r ee d i gi t r e ceiver t ime d i v ision
p resent to s t ar t t i m e r T M O bu t a r e ce iver n u m ­ switches. Output leads RI I- , DTH- , and RSH­
ber has b een r e g i s tered. T h i s w i l l r es u l t i n a s upply the negat ive-going pu l ses to ac t i vate t h e
: round on the BS1 gate lead f r o m t h e BS Y fl i p ­ switches for transmission, dial tone, and reset

f lop and a ground on the input f rom t imer TMO. data store functions, respectively. The 12 trans­
The resul t i s a n i m m e d i ate pos i t ive vo l t age on lator outputs (of a possible 16) are derived from
lead RSTR t o r eset the reg isters. t he 2 m os t s i g n i fi can t r e c e iver a d d r ess b i n a r y
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counter stages, dial tone bit, and rcsct data store pulse length to enable the t ranslator. Fur ther­
bit. When a dial tone or reset data store bit en­ more, a high fanout capability provides adequate
ables thc translator, a single pulse results to input levels to eight translator gates.

activate the associated t ime d iv ision switch in
the digit receiver. This causes a single pulse to
b e missed for thc t r ansmission switch. A t a l l D. Translator Switch Enable (Fig. 3)

other t imes thc t r anslator suppl ies pulses to 6.08 Lea ds T HP 1, THP2, TVP1, and T V P 2 ,
enable the transmission switch and connect the derived from clock pulse PC, serve to en­
receiver to the common bus. able the trunk horizontal and vertical translator

s witches only d u r ing T2 4 t h r ough T 12. T h i s
g ives the t r un k m e m or y r e g i s ter su f f i c i e n t i m e

B. Trunk Translator (Fig. 3) l.o stabilize, and thus make up thc difference

in switching speeds of the various parallel paths6 04 T he t r unk t r ansl a t o r i s m ad e up of a
to the translators. Thc object of this treatmentvertical and horizontal section which sup­
is to prevent spurious translator outputs during

ply enabling pulscs to the d igi t t r un k c i r cui t
t,he period that the registers are in transition.time division switches. They occur co incident

with the d i g i t r eceiver t r ansmission enabling
pulses in order to complete a t ime division con­ 609 L ea ds R H P 1, R HP2, RVP1, and R V P 2

nection over a common bus between the digit provide a simi lar service to thc receiver

trunk and receiver circuits. transl ~tor during the same clock time.

6.05 Th c t r un k t r an s l a t i on ga tes and s w i t c hes E. Resonant Circuit
arc similar to those used in the reccivcr

t ranslator ; ho w e ver , a 1-o u t - o f -16 t r a n s l a t i on 6.10 Resonant circuits are used in conjunction

is used for each of the horizontal and vertical with thc vertical switches of both the

sections. trunk and receiver translators. In effect, the res­

onant circuit is in series with both the vert ical
and hor i zonta l t r a n s la l .or sw i t ches because the6.06 Th e i n p u ts to t h e t r u nk t r a n s lator a re
current through thc t ime division switch load is

derived from thc same leads that write
common to both of them. The basic configuration

into the memory array, that is, the outputs from
of the rcson tnt circuit consists of an inductor­

t he ver t i ca l w r i t e a m p l i f i e rs . T h ese ou tputs a r e
c apacitor n e t w or k w h i c h d e t e r m ines th e a m p l i ­

made up of t r unk and switch uni t number bi ts
tude and duration of thc half sine wave current

that are part of the program control command
t hrough t h e s e lected t i m e d i v i s ion s w i t ch . T h e

to thc DRC. The three trunk number bits and
ideal waveform is a hal f s ine wave with a cur­

t he least s igni fi cant s w i t ch u n i t n u m ber b i t a r e
used in th e v e r t i ca l t r a n s l a t i on . Th e h o r i zonta l

rent peak of 450 ma and a duration of 2 @sec.

translator is gated by the four most significant
switch unit number bits. F. Capacitor Discharge Switch

6.11 The proper operation of the resonant cir­

C. Temporary Registration (Fig. 3) cuit requires the usc of an associated ca­
pacitor discharg«switch. The purpose of this

6.07 For both the receiver and trunk transla­ circuit is to resonantly discharge the voltage on
tors, a set of temporary registers feed the the timing capacitor in the resonant circiut after

input bits to the gates that do the actual trans­ the 2-@sec switching pulse. This discharge action
lation. These registers serve to temporarily store must be completed within the next 1.2 @sec in
the bit in formation while thc binary-to-decimal order to make the resonant circuit available for
translation takes place. The register stages are subsequent pulses every 3.2 p,sec. Note that one
unique in t ha t an o perat ing t h reshold is p ro­ resonant c i r cui t an d c a pac i tor d i scharge sw i t ch
vided to make them immune to vo l tage t ran­ is common to all switches in each trunk and re­
sients. A reset pulse derived from the clock ceiver t r a n s la tor . T h i s a r r a n gement i s p o ss ib le
during T12 to T16 every 3.2 @sec terminates the because only one sct of switches is actuated in
register output signal result ing in an adequate each t rans la tor d u r i n g on e 3 .2-@sec interva l .
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