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1. I'\ 1 '!'his 
voice- frequency 
multifrequency (MF) 

ci=uit 
sionals 

code. 

generates 
in the 

'!hese signals 

are used to trans111it the directory number 
of a customer to distant central offices 
over a trunk circuit. In addition this 
circuit checks the continuity of trunks and 
will observe battery-reversal start-pulsing 
signals fr0111 the M~ receiver of a distance 
office. 

2.01 When a call is to terrrinate in a 
distant of£ice, that office must be sent 
the called number so that it can complete 
the call. An M:' 'Irans111itter is the circuit 
that sends the callEd number in the form of 
tone signals to the distant office. After 
the calling customer has dialed the called 
number and the processor has determined 
that the call is to another cffice, the 
processor locates an idle MF transmitter 
and connects it to the appropriate trunk 
circuit via a n~•,10r!c ?ath through a 
bypassed junctor. '!he trunk circuit will 
then send a seizure (start) signal to the 
distant office. ~he distant cffice will 
connect an idle M: receiver tc the trunk 
and the MF transmitter will detect the 
connection with the continuity scan point. 
when the distant office is readv to receive 
digits, the MF receiver will send a 
wink (reverse battery) signal which will be 
detected by the polarity scan FOint. Th~ 
process.'.>r will then operate the appropriate 
tone-select relays and tbe check relay to 
send the digits to the distant office. To 
verify that a digit was sent, the processor 
monitors the 2-of-6 check/digit-transmit 
scan point. AftEr all digits have been 
sent, the processor idles the M: 
transmitter and releases it. 

S];CTION !I - omILED DESCPlPTICN 

1.,__Gl::Nei:iJI.L O:SSCPIP'!!ON 

1.01 M? signaling uses one group of six 
frequencies in thE speech band (700, 900, 
1H'•), n1n, 150~, and 1;00 Hz). ~ valid 
~~ signal consists of exactly two of these 
six frequencies. !his signaling code is 
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kTiown as the 2-cut-of-6 code. There are 
only ,~ valid co~binations, which can be 
used as digits or other signals. 

1.1'2 Wher. a call is to a distant 
office, the processor will locate and 
connect an idle ~~ transmitter to the 
appropriate trunk circuit via a network 
path through l::ypa ssed junctor. ':'his 
connection will then cause the trun1c 
circuit to ser.d a seizure (start) signal to 
the distant office. 

,.n 7 ~he prccessor will scan the 
ccntir.uity scan i::oint of the '': transmitter 
to verify the trunk connection. ':be 
processor will no,, scan the polarity scan 
point of the ~= traTTs~i~ter for a 
start-?Jlsing signal from the M? receiver 
when the receiver is ready to receive 
dioits. 

1.n~ When the M~ trans~itter receives a 
wink sigral, the orocessor operates the 
ap~ropriate two of the six tone-select 
relavs to connect taps on two oscillator 
ccils corres~ondir.g to the h:o frequencies 
that are tote sent as the MF signal. ~o 
verify that cr.ly two of the six tone-select 
relays are o~erated, a relay logic circuit 
(2-of-6 check) will operate a relay to 

allow the cscillators to be started when 
only two tor.e-select relays are operated. 
7he processor will then operate the chec~ 
relav to start the oscillators and sene the 
,~:' sianal. ':he crocessor will scan the 
2-of-E check/~one-transrr.it scan point to 
verifv that the sianal was sent. Tne 
processor will operate and release the six 
tone-select relays a:'ld the check relay to 
ser.d the~~ signals N~i=h ccrrespond to the 
digits b~ing s~nt. 

2.~, ':he relationship bet~~en digits 
and other signals and the MF signaling 
frequ~ncies in the 2-of-6 sigr4ling code is 
shown ir ~able A. 

3." 1 71-e ''!' trans1t1itter has eignt state 
relays, S 7 (i) thr~ugh CK(H), which are 
controlled ty the distributor circuit. 
?elays s~c;i thrcuqh s· 7 1~) provide tone 
select, relay -(G) provides a test state, 
and relay CK(~) provides the tone 
start/stop control. ':he processor 
deten::,ines the state required and, via tne 
peripharal decoder circuit, operates the 
approoriate relays. 

3.n2 ?elays S7(Al through ~IG), 6riven 
tv -UP volts, each have a 100~-ohm 
resistor, in parallel wi~~ one break 

?aae 2 

TABLE A 

M:' 2-00':'-0F-6 CODE 

!"REQO~IES MEANING 
HZ 

700, 900 1 
700, 110'.) 2, cc 
70'\, 1300 u 
700, 15(10 7 
70".', 1701) P,ST3P 
91)1) I 11cc 3 
900, 1300 5 
900, 15{'0 e 
900, nc, S'!'P 

1100, 1300 6 
1 1 ')0 , 1501) 9 
1100 I 1700 KP, CR 
1300, 15M 0 
1300, 1'700 ST2P 
1500, 1700 ST 

~: cc = Coin collect 
C:? Coin return 

p = Rering or ringback 
KP = ~eypulse 
ST = Start ( =1 + Coin for 

'!SP (s) ), [ ncrrral -:.runk 
start] 

STP = Start ( =C + Coin for 
':"SP (s) ) 

S'!'2P :: Start ( =1 + NonCoin for 
'I'SP (S) ] 

S'!3P "' start ( :I) + Noncoin for 
':SP (s) ] 

contact, in series with the coil to 
initially provide rapid operate. This 
arrange.'!lent also limits the 1raxi~ll' 01rrent 
through the distritute point when the relay 
is operated. ~ diode is connected from the 
distribute point to -48 volts to limit the 
transient volta~e soike when the relay is 
releasei and to dissipate the relay-coil 
energy when released. 7he anode of the 
diode is connected to -us volts. 

3.~3 Pelay C~(H), driven ty -us vo1ts, 
has a UJ0l)-ohn resistor in series with the 
coil to limit the maximum current through 
the distribute point when the relay is 
operated. ':his relay is a roer01ry type 
designed for speed of operaticn without a 
relay contact around the resister. A diode 
is connected ~rom the distribute point to 
-es volts to li~it the transient voltage 
spike when the relay is released and to 
dissipate the relay-coil energy when 
released. ':he anode of the diode is 
connected to -1:e volts. 
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3.l'4 The MF transmitter states 
shown in Table Band Table c. 

are 

3.~s Pelays- will be referred 
their functional names and/or 
distri1:utcr triplet narre. 
representation of relays is: 

to by 
their 

Binary 

C~ T 517 515 S13 S11 S9 

H G F E C C B 
1 1 1 1 1 .1 1 

S7 

1'. 
1 

3.~6 When the M: transmitter is in the 
idle state, all relays are released and no 
tone is sent. Operating any tw-o of 
relays S7 (:zl.) through S17 (F) and relay CK(H.) 
will send an "ff signal. ci;:erating relays 
s 17 (F} , T (G) , and relays S7 (A) 
through S15(f) will send the lower five 
frequencies frorr the lower-frequency 
oscillator. Operating relays S7(A), T(G), 
and relays S9(B) through S1 1 (F) will send 
the higher five frequencies from the 
higher-frequency oscillator. 

SEQUENCES OF OP=.'R,TION 

3.r, Tal:::le D shows the typical state 
sequences cf this circ-ui. t. See 
ESP 233-151-lCS for more details. 

3 -~ fl 
bypassed 
The onlv 
must l:::e 
released. 

':'he nonal return to idle may be 
during extreroely heavy traffic. 

reouirement is that relay CK (H} 
idled before the circuit is 

TABI.E B 

TP~NSM!TTER STATES - TONES 

IS7 (A) IS 0 (P) 1511 (Cl I S13 (!:) 1S15 (E) I 517 (F) I 
r--+---·+----+----•1----+------i 
t 1 l'OHzf900Hz11100Hzl1300Ezf1500Hz11700Hzl 

'!'A?!. E C 

~~:zl.NSMITTE"P STATES - CCNTROL 

RcLAYS STATE 

IT (<;) CR (R) S7 S171 

(I " 'I '} ·I Idle 

(' , 0 0 fM: Tone out1 

,. ,, t!"est lower l 
Jfreg osc I 

, 1 , 0 !Test highert 
lfre~ osc I 

4. CIPCUIT OPER.P. '!ION 

LOCF ':'RONKS 

~.01 After an M;' transnitter is 
connected to a trunk circuit, the processor 
will n:onitor the M:'" continuity scan 
point (SCO) for continuity tetween the 
M: transmitter· and the trunk circuit. If 
continuity is not satisfied after a timed 
interval, the processor will connect the 
M: transmitter to a different trunk and/or 
connect a different ~~ transroitter to the 
trunk. 

4.02 After scO operates, the processor 
will monitor the ~F polarity scan 
point (SC1) for a wink (start-pulsing 
reverse-battery) signal from the 
MF receiver. SC1 with diodes CR1 and CR2 
will operate when tip and ring are 
connected to -ua volts and ground 
respectively. While waiting for the wink 
signal, the processor will operate 
relay H(CK) to force tr.e 2-of-6 
check/tone-transmit scan point SC2 to 
ooerate so that it can te verified that it 
will operate if a 2-of-6-check failure or 
failure to tone transmit occurs. 

4.03 When the wink signal is Jeceived, 
the distant office is ready to receive the 
M? signals. The processor will operate 
tone-select relays 511 (C} and S17(?) to 
configure the tone oscillators to send the 
keypulse signal. Two LC tone oscillators 
(Q1 and Q2) generate the MF signals. The 
two tones are added together ard amplified 
in mixer/amplifier circuit (Ql) and are 
transforroer coupled to the tip and ring for 
a balanced signal for trans~ission. The 
MF signals are comprised of two different 
tone frequencies and the oscillators are 
designed (with appropriate relay contacts) 
such that Q1 will generate the lower 
frequency (701, 900, 1100, 1300, 
or 1500 Hz) and Q2 will generate the higher 
frequency (901), 1100, 1301), 15('0, 
or 1700 Rz). A fixed capacitor (C1 and C2J 
is provided and it is switched via relay 
contacts to an appropriate tap on the 
inductor (L1 and L2) to vary the frequency 
of the LC oscillators. These relay 
contacts frelays S7(A) through Sl7(F)) are 
arranged such that the capacitor is kept 
charged through the break contacts to 
provide immediate oscillations when the 
circuit is operated. 

~.ou A relay logic circuit (comprised 
of contacts of each of the six tone-select 
relays) checks that two out of the six 
relays are operated when a M? signal is to 
be sent. t.hen only two select relay are 
operated, relay R operates, thus allowing 
the tone oscillators to operate. If 
relay~ is not operated, the tone 
oscillators are inhitited frcrr operating 
and scan point SC2 will operate, thus 
indicating 2-of-6 failure . 

Page 3 
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1'?\BLE D 

SEQU:::NCES OF OFER.l\.TION 

Oi>~ATIO~ I STATE SEQUENC;I M'£..11..NINt; 
I JHG Fc'D CB:P. I 

I send 1359 1)1)0 OC(I oco I Recebire wink ' I 01'10 100 100 I Set Kt' I 
1 on 1 ('0 100 I send KP I 
I QI\(\ ')0') •), 1 I Stop KP, set 1' 
I 0 1 0 coo ~11 I Send 1 I 
1 :}00 'lOO 110 !Stop , , set 3 I 

' 01n 000 110 I Send I 
I ')00 ~01 ') ,o I Stop 3, set 5 ' t ')10 ')(11 )10 tSend 5 I 
I ')01) ~10 100 I Stop 5, set 9 t 
t 010 010 ,co 1send 9 I 
I OCI) 110 :>00 !Stop 9, set STI 
I n10 , 1 I) MO I Send ST t 
I MO 000 000 I Stop S'!', idle I 
I I I 
!Test low frequency 1)/\0 (100 ,co !Idle I 
I (11(\0 Hz) ')00 11)1) 100 I Send 1 ,on I 
I 0C') ooc 1100 l!dle I 
I I t 
!Test high frequency 1)1)0 000 )00 l!dle I 
I ( 151)0 Hz) ll 11 n,o 0'> 1 I Send 1500 I 
I 00(1 ('100 ')00 !Idle I 

~9~: Pelay triplets ~.BC, and ~EF may te 
o~erated either ABC and the DE: or DEF and then 
AEC. When a digit is stopped and then the relays 
are set for the next digit, triplet G?.J is set to 
zero first and t.~en t~iplet ASC is set followed 
by triplet DEF. ~he time between triplet orders 
is apprcxi~ately 150 us~c. 

u."5 The i:rocessor will operate the 
Cl< (F.) relay to send the ~F siqnal. The 
procPssor will scan SC2 to verify that it 
is not operated, thus indicating 1:.hat the 
sigr.al has teen sent. 

~.~6 If SC2 iroicates a tone-tra~smit 
failure, the call is abandooe1 and a second 
atterrpt with,a different~~ transmitter is 
tried. >fter a ti~ed interval, the 
processor will release the CK(H) relay to 
stop the ~F signal and will reconfigure the 
tone-select relays s., (Al thrcugh S17 (:} fo?: 
the first cigit to be sent. ?elay H(CK) is 
a !l'e.rcury-tyi;:e relav chosen for speed of 
operation. 7his ?:elay will operate anj 
release ?ruch faster than the tone-select 
relays. ~~is feature enables simultaneous 
ccnt=ol of tt:e stq:ping of an :➔:: signal an:i 
reconfiguring for the next signal in one 
order wi~hout false signa1ing. After a 
ti~ed interval, the orocesscr will operate 
the C~(P.) relay to send the first digit. 
After a tiwed interval the processo?: 
?:eleases relay C~(n) and reconfigures 
relavs Si(~) throuqh 511c~) for the next 
dioit. ~his sequence is rei;:eated un~il the 
last dioit ~as been sent. ':'he processor 

Page u 

will then configure relays S7(A) 
through Sli(?) to send the start signal and 
operate relay CK(H). After the ti~ed 
interval, the processor releases 
relay CK(H), idles the path, idles the 
M~ transmitter, and releases the circuit 
for the next call. 

::&M TRUNKS 

U.07 E&M trunk calls are processed like 
loop trunks, as previously ex~lained, with 
one exce?tion. ~he wink signal is received 
from the ::&M trunk scan point and not from 
the ~F transmitter i;:olarity scan point. 

T:S! LOW=:R-FR::QUENCY OSCILLATOR 

u.oe when testing the M~ transmitter, 
the ability to test each oscillator 
independently is necessary. Tc test that 
the lo·,-,er-frequency oscillator can provide 
five tones, relays SP (F), T (G), and any 
one of relays S7(P.) through S15(E) are 
operated. ?elays S17(F) and T(G) provide a 
connection to start cnly the 
lower-frequency ~scillator and i;:rOYide one 
of tile two relays necessary to operate the 
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2-of-6 check circuit to 
sent. operating 
throogh S15(F), one at 
the 2-of-6 check ard 
ccrrP.st>Onding to the 
the oscillator. 

allcw tone to be 
relays S7 (A) 

a tirre, satisfies 
sends one tone 

relay connection on 

TFST HIGBEP-FPEOOENCY CSCiltA70P. 

u.c9 ~s with testing the 
lower-frequency oscillator, a similar test 
can be perforired on the hiaher-frequency 
oscillator. Operating relays S7(AI, T(G), 
and Cl(('H) prcvides the connection to start 
only the higher-frequency oscillator and 
provide one of the two relays necessary to 
operate the 2-of-6 check circuit to allow 
tone to te sent. Ocerating relays S9(B) 
throuqh S17("), one at a time, satisfies 
the 2-of-6 check and sends one tone 
ccrresponding to the relay connection on 
the oscillator. 

SECTION I!I ~ PEFE'PENC~ O~Tl 

1.('11 !-'axiirun, external loop resistance 
is 600" ohrrs. 

1.02 ~inirrurr insulation resistance is 
30 ,(!('(' ohrrs. 

1."3 Pattery limits·.are -42.75 volts to 
-52. St' volts. 

2."1 ~sscciated Scanner ,errods 

sec continuity 
SC1 Polarity 
SC2 2-of-6 Check/Tone-Transmit 

2.1')2 Circuit ~S!~ 

nesianation 

NU >1ot Used 

2.r ~ PelaY§ 

nesignation Meaning 

A select no Rz (S7) 
= Select 900 Hz (S9) 
C Select 110" !iz (S11 I 
D select 1 300 ftz (S13) 
E Select 1501) Rz (S15) 
1" Select non !'lz (S17) 
G Test C!') 
R Tone ':"ransmit (f'K) 

BELL TELEPHONE LABORATORIES, INCORPORATED 

DEPT 5341-DJS-LEG 

3 • ,'ffiCTI ONS 

3.01 Provides for 
loop for continuity 
(wink siqnal) (SC 1). 

1.02 Provides for 
to a distant office 
M,. signals (2-tcne 

monitoring the trunk 
(SCO) and polarity 

transmitting digits 
in the form of 

frequencies) and 
was sent (SC2) . verifies that the signal 

11 • CONNECTIN:i CI E£!1ITJ 

u.01 When this circuit is listed on a 
keysheet, the connectinq information 
thereon is to be followed. 

(a) 'laster scanner Circuit - SD-3R1U0-01. 

(b) Oistril::ute 
S')-3R 150-{I 1. 

Point Circuit -

(c) Junctor and Junctor Control Circuit -
!'!')-'3H200-') 1. 

(d) universal 
so-3a220-01. 

Circuit -

!ntermediate Peouirements 

5.~1 Before circuit packs are inserted 
in the unit, it should be verified that the 
unit is wired in accordance with the 
schematic and wiring drawings tc prevent 
damage to the circuit packs. 

5.02 This circuit should te tested to 
verify that it is wired in acccrdance with 
the schematic and wiring drawings, ~hat the 
requirements of the circuit reguire~ents 
table are met, and that the circuit is 
capable of performing all functions stated 
in this circuit description. 

6.01 This circuit is fused individuallv 
with one fuse to the -ue volt signal supply 
and one fuse to the -ue volt talk su~ply. 
If either or both fuses !::low, i~ will cause 
an FA relay, in the frame or which this 
circuit is mounted, to operate an alarm. 

7.01 Information on taking ~his circuit 
out of service can te round in =~-3F.000 and 
o~-3F.'lOO. 
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