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10.

11,

i2.

—

REVIEW QUESTIONS -

The subscriber’s loop is generally a- twisted
pair of number gage wires.

The tip has a potential which is more
than that of the .

The -48 V talking battery is connected to the
line, which may also be marked
L2.

The twisted wire pair is
with respect to a ground.

In a balanced loop, the talking current is
and in each

line.

A longitudinal voltage produces a current in
each line which is Y

The ratio of the talking signal to the longitu-
dinal signal is a measure of the

A carbon-button microphone requires a cur-
rent of mA.

The K-500 model telephone set has an
equivalent impedance of ohms.

The subscriber's loop is generally considered

to have a ohm resistance.

When on-hook, the same dc current flows in
the loop as .

The subscriber’s loop is also referred to as a

BORSCHT includes: -

. 2 . 3 ,

.3 , 6 ,

40
i

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Dialing is carried

3

»

SLIC refers to the -* ]

which is located in the

In electronic telephones, the 160 : xu
likely to be higher than 50 mA%‘r‘l\ y

The levél of signals on the line-is "'gé"nemi_l_;? ”

referenced to
ohm line.-

The unit for power measurementé on thé

is in .

OTLP means

ona . -

e £
= 16‘

ey e
- ;’\

In ringing, the signal is-on for .
onds and off for . seconds.

¥

The three main types of si_gtig'ffné‘

2

In .touch-tone,
cies are transmitted.

The standard dialing rate is
per second..

The ringer. has a -frequency

Hz.

The receiver off-hook alert consists of

different frequencies.

*¥
¥

=




ANSWERS TO REVIEW QUESTIONS '

10.
11,
12.

13.

22-26

Positive, ring

Ring “
Balanced

Equal and opposite
Inphase
Common-mode-rejection-ratio (CMRR)
23

400

1.3k

When off hook
Line-side interface

Battery, overvoltage protection, ringing, su-
pervision, coding, hybrid, and test

14,

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.

-

o a T
L ) . . +5 it

Subscriber's Joop interface cir¢
tral office

True
1 mW, 600 : *
dp’s .

Zero transmission-level point .

2 seconds, 4 seconds

S -

ag i *
. Supervision, address, and subscriber alert

Pulse dialing or touch-tone
2
10 .

20 Hz .

iy
3y

=

#u "



TONE DIALING (DTMF) AND PULSE DIALERS
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PULES DIALER
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- Laboratory Experimentation
M

TEST AND MEASUREMENTS

In the laboratory study, touch-tone calling and
dial-pulser circuits. will be investigated. In the
first experiment, both dual and single tones are
produced. The focus of the second IC experiment
is on a memory-redial feature.

MATERIALS REQUIRED

SIP397-2 and 300 PSB or 300 B.

MISCELLANEOUS

Keypad (S390 KP)
) .EXEEMENTAL PROCEDURES

DUAL-TSNE MULTIFREQUENCY DIALER:

1. A7 .dual-toné multi-frequency IC (5089) is
evaluated first. Power up a prewired circuit
397-2 section P, and refer to Figure 8.11.

Y the ,cxrcuxt can operate on 3-10V. Since the

T g t gl ‘of fice supphs -48 V, the IC is oper-

£ at:é"(f on tlie negative supply of -5 V to -lO

SR 4 Close the voltage supply switch 3b.

23

ﬁx“ 2 'i'ﬁ C produces both dual and single tones.
Lo ; Wli Switch 2b is closed, both types of tones

T are. @ilable at TP2. Close 2b.
¥

1

FUNCT Iﬁ“AL DESCRIPTION

Wxth no key inputs to the device, the oscillator is
mhxbnted the output transistor is pulled OFF, and
the current consumption of the device is reduced
to ‘a, minimum. To insure that no modulation of

. the line occurs-when. tones are not being. gener-
“7 ated, key closures are sensed statically. Any key
closure will activatg the MUTE output, start the
oscillator, and set the high-group and low-group

oy .gprogrammable counters to the appropriate divide
.,gauds Thése _catnters. sequence two ratioed-ca-
3 qto?“ D-A coriverters through a series of 28

The values of the two groups of tones are addeq
together by a mixer amplifier, with pre-emphasis
applied to the tones of the high group. The resul- '
tant output is a negative-positive-negative (NPN)
emitter follower, requiring the addition of an ex-
ternal load resistor to Vss. This resistor facilitates
adjustment of the signal current flowing from
Vdd through the output transistor.

Connect an oscilloscope to TP2 and a counter to
TP3; to this point also connect a second oscillo-
scope channel. The 100 k2 resistor (R27) and 560
pfd capacitor (C12) form a filter which permits
the counter to function properly. The audio out-
put may also be connected to an audio amplifier
and speaker. A vglume control (R24), is shown in
section O, Pulse Dialer Circuit.

3. By pressing two buttons at a time: 1 and 2; 2
and 3; or |1 and 3, a single-row tone is pro-
duced. Repeat this procedure for rows 2, 3,
and 4. Complete the chart.

TONE . ENCODER MEASURED
LOW GROUP OUTPUT OUTPUT
Row 1 697
2 770
3 852
.4 941

NOTE: Measured values may differ from encoder
output.

4. Test the columns by repeating this procedure;
press two buttons at a time.

TONE ENCODER MEASURED
HIGH GROUP ' OUTPUT OUTPUT
Col. 1 1209

2 1336
3 1477
4 (optional) 1633

NOTE: Measured values may differ from encoder
output.

5. At TP2 observe. the dual-tone wave shape
when 1, 2, 3 and 4, etc. are depressed one at a
time. Is a staircase approximation of a sine
wave present? . -



6. Check the frequency of the clock at TP1 |. Ey
(Note: TPI is located to the right of the 3.579 V D°°5 the ke ?9?!@
crystal and may not be labelled), using a low- | trol shift levels swnﬁ:”aﬂ j(e ‘I,i :

= ,..,

capacity probe to prevent interference. Clock . v ( gries,

Frequency = when key is depressed. 8. Distostion measmemen{s 3‘@‘ o)
- however, the. student may be. m(eggﬁt;f

7. When a tone key is depressed, the IC has the measuring the third harmonics c?intg

capability of turning on another circuit, such measurement which may be 0000?1? 150

as a transmitter or a recorder. Measure the ing almost any distortion meter,

voltages at TP4 when a key is not depressed

and again, when it is depressed. Record both in the Appendix.

s
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REVIEW QUESTIONS

Alan B. Strowger invented the

The carbon-microphone mouthpiece was in-
vented by

The current for operating the subscriber set
comes from the

The dc voltage for operation of a subscriber
set is V.

Off hook means

The mechanical rotary dial produces

for each number.

The mechanical dial activates its contacts
during its motion.
There are wires between

the subscriber set and the central office.

Central offices can handle
subscribers with only a 4-number assignment.

The dial speed of the rotary dial, is
pulses per second.

12.

13.

14.

15.

16.

7.

18.

19.

20.

In a push-button toné"system; 7.

produce dlglts

Dial pulsing can be transmitted either m se- i
ries or parallel with the

Touch-tone can also be transmxtted e:thbrﬂ'
series or parallel with the §

During the time that.tone.ptilses_ are ‘being
transmitted, the receiver circuit is .

Varistors are used in ;the subscriber selsto*

The word RAM means . .

The electret microphone operates on a
changing p’rig_ciple.

The term 2 of 7 means




1. Procedural

2. Procedural

3. TONE  ENCODER  MEASURED
OUTPUT OUTPUT
Row | 701.3 763 Hz
2 771.4 833 Hz
3 857.2 909 Hz
4 935.1 1 kHz
High Group
4. Column 1} 1215.9 1.32 kHz
2 133.7 1.43  kHz
3 1471.9 1.56 kHz
(optional) 4 1645.0 1.65 kHz
5. Yes

ANSWERS TO REVIEW QUESTIONS

10.
11.
12.
13.
14.
15.

16.

Key open,
Procedural
P}ocedural
Observation
Observation
Pulse duratnori approx. 40 me:"
Procedural

0V, -5.¥ (supply)

“On”, 42 ms; “Off " 64 m§§

I. Rotary dial and central station switching sys-
tem.

2. Thomas A. Edison

3. Central office

4. 48V

5. The handset is out of its cradle :
6. Digital pulses

7. Return

8. 2

9. 10,000

11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

12
Voice circuit

Voice circuit

Muted .
Absorb voltage spikes

Random-access memory

Capacitive

50-700 T

17 .

Y

:rwo tones out of 7 possxbxlmes are produce‘d
when any 1 key is pressed rﬂ, \

.
" L]
T




THE ELECTRONIC RINGER
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struments.

—4L
Wit

3
- o

LS |

¥ AN
SERES APPING
REGU- s

[ 3
PROTECTION

Ring Deteclor DH\er-Speaker Output
<(TCM 1506A) -

FIGURES1 = .7

v

SR T o .
e
00V T osc

£

" Ring Detector Using a Piezoelectric Transducer

2. "% FIGURE9-2



JLTACE { 40 - 150 Vac E_}ﬂ RECTIFIED §78 FULL - WAVE PRIDGE LLNSfJ
DIOCE salutiiatinefu Bumsieanniies uawingns ANTI - TAPPING \ilafnda PULSE
A lslaan g %Lﬁ@%?ﬂﬂ??ﬁ&@iﬂ?ﬁwﬁ,ﬂﬁﬁua sae O/P wwU¥UlE Hous 450 Hz B9 1 1GHZ
¢ &y vuad ToM 1501 wuFudous 1.8 - 4 khz )
Wi erduras  VOLTAGE viidenwly ug aanadonast fuoveast anan, Haold
YATAGE 40 V 1 iuagnetianlunisiinei Low VOLTAGE i iifeideosuniuuas  IC
~

RINGER 1% %3 I/P IMPEDANCE Usvunm 100 K #3awnnninuwae  IC el tuda

LOAD w3833 Re 1Thudadnke nszuﬁiﬁagnﬁﬂﬂu 8 MA

TO RELAY

‘/ TO TPOON SP397:2 . Sy
e ‘RELAY  S0OVAC 2N3904  FROM SLCV Y Ges

MOC 3010

TP24

N

1 AW oS
5VAC 50V- ( TR o\

mlua
()

0s W

1N4148
T N
10t S :
_;Zoi 1 A'B ¥
.o . c13
TP 10 ' 13
- 25

]

© B

OV s W N
) ,
e e e oo == (] — ——
o

T
30
~

Ringer-Generator Experimental Circui( ‘



RINGER GENERATOR
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SUMMARY

1. The electromechanical ringer can be replaced
by a lqw-voltage IC (electronic) ringer.

2. The electronic ringer's output sound can ema-
nate from a speaker or a piezoelectric
transducer.

3.. The electronic ringer can also be used in se-
curity applications.

4. The electronic ringer uses less current than
the electromechanical ringer.

5. The frequency and volume levels of the elec-

tronic ringer are adjustable.

(i

b. A ringer generator generally produces a volt.
age of 50-100 V. The duty cycle is 2 second;
on and 4 seconds off.

7. The ringer generator relay grounds the tj
line and feeds the ring line.

8. Since the subscriber set needs dc to operate,
should not be removed from the loop durin
ringing.

9. When the hook switch is lifted, the hook-
sense output of the SLIC device goes high
and the ringer generator is switched off.

10. In the same manner as the ringer generator i
brought on the line by closing the hool
switch, a dial-tone generator can be brough
on the line.

§ Laboratory Experimentafion

'MATERIALS REQUIRED -

SIP347-2 and 300 PSB or 300 B.
sxPsm-sm 300 PSB or 300 B.

TEST AND MEASUREMENTS

Fot Three nf rmgers are available: namely, the
~. old-f: ned electromechanical bell; the piezoe-
! Iectnc ucer, which possesses a frequency
' rangqo }-2.5 kHz, and the speaker driver, which

possesses. a range of 300 Hz to | kHz. In this ex-
. periment, the speaker driver will be evaluated.

DESCRIPTION - TCM 1506A

* _The TCMIS06A is a monolithic, integrated-cir-
Cmt telephoae—tone ringer driver that, when
coupied with an' appropriate transducer, replaces
“the electromechanical bell. Using BFET technol-
ogy, these devices have been designed for use with
an meipensave. transformer-coupled speaker to

. produce a pleasmg tone composed of a high fre-

v "nﬁenéy (l‘,l alternatmg with a low frequency (f D

,-r?s,u;,ngf ¥ 8 warble frequency. The device is

3 gcivgeted ;ﬁd activated by telephone-line’ ring

‘vol(age,, whlch may vary from 50-150° Vrms at

:es l’rom 15-63 Hz

Interference from telephone DTMF or voice sig-
nals can be prevented without the use of expensive
mechanical switches by relying upon a typica
input impedance greater than 1 M durmg low-
voltage (off-hook) standby. This high standb;
impedance is achieved with the Zener diode
which is an integral part of the IC, and it is acti-
vated below a differential input voltage of typi-

.cally 8.9 V (at pins 1 and 8). A differential volt-

age level of typically 17 V at pins 1 and 8 deacti-
vates the internal Zener diode, allowing for a more
efficient power transfer to the load when the de-
vice is in the operating mode.

During ringing, the impedance of the applied cir-
cuit, which varie§ from 8-30 kQ over the Class E
ring signal, is reasonably independent of the out-
put load. Figure 9-5 shows a block diagram of :
ringer and appropriate external protective cir-
cuitry. These devices incorporated hghtmng pro-
tection features designed to allow the ringer 0
withstand lightning strikes of 1.5 kV for up to 200
ps duration and transient protection, as well. In
addition, the internal circuitry will reject dial
pulses from parallel telephones in order that false
ringing, or “tapping,” does not occur.
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This telephone-tone ringer driver can be used in
nontelephone communications applications. For
example, the dévices can be used with a few exter-
nal components to produce an inexpensive and
highly efficient security alarm.

T aae e—

Vo

UL Y 2

ov
QL Gad, ATOR

.i 200

(14 n

1 >
ol A

[ SEmSOA

| ] e

£ -~ TERNAL
3
gTms3
M

Functional Block Diagram - Ringer

FIGURE 9-5

The experimental ringer circuit to be tested is
shown in Figure 9-6. .

In the experimental circuit. dx ,,
R32 and C14 provide two f uqcuons

tor blocks the dc current from:the ~33‘ _
and the 2.2 kfl resistor limits-the :lxne*curra_"
bridge rectifier within the IC provndesﬂag opera
ing dc voltage from the phone tines,; The gg f
from pin 6 to the ground is used to“‘hlte ﬂh;*d
Increasing the value of Ci4 ¢ciuses the rmgcr

delay in start up and close down. ~ .

[N

The value of C14 also determines the minimum }
ringing voltage. The capacitor and the intérn
resistors reduce “tapping.” A ‘telephone whi¢h h
a rotary dial or an electronic pulse dialer ny
cause the partial ringing of a second. telephone ¢
the same line. This ringing is referred to as *taj
ping.”

The IC.is “off”’ until an ac voltage, which appea
at the internal bridge -- pins 1 and 8 -- reach
8.9 V. Because in the “off™ state the ihput impe
ance exceeds 1 Mf, ‘the ringer does’.not “affé
voice signals. “

thyristor (SCR) are utilized.

-



The transformer-coupled output impedance is

" driven by a push-pull stage -- pin 2. A trans-
former with a turns ratio of 4 kQ - 8 k03 is recom-
mended. Although a 1.2 k2 transformer is more
readily available and has been used, some power
loss takes place.

10k
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T
I 4k
7 ~TCM1501A
H TCM15124, )]
§ 2 —TcmI513A 3 4
F N
T N
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< U \
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Rosc—Oscillator Resistor—k§Q

e :
2« Oscillator Frequency vs. R

(Circuits and Graphs Courtesy of Texas Instruments)

FIGURE 9-7

The resistors R30 (82 k) and R31 (potentiometer)
determine the frequency of the ring. R30 sets the
upper frequency limits. Figure 9-7 shows-a graph
of the ROSC -- Oscillator Resistor -k.

EXBERIMENTAL PROCEDURES

-1
1. Power up the prewired circuit of the ringer,
shown in Figure 9-6. An ac voltage of 50-
. 100 Vac is required to activate the ringer. On
the SIP 397-3 panel this voltage is obtained
from a pre-wired transformer located in the
lower left corner. V(5 Vac) is automatically
supplied to the transformer primary whenever
the panel'is inserted into a powered-up Mas-
ter Builder (S300B) or a Power Supply Base
(300 PBS). ‘'When measuring the transformer's
voltages, remember to connect both leads of
your ac voltmeter to the transformer’s termi-
nals. Do not connect the common lead of
* your ac voltmeter to chassis ground. To do so -
would result in erroneous voltage values.
Figure 9-8 shows the transformer circuit ar-
rangement. '

The transformer shown is designed for a 110-;
VY primary. The turns ratio provides 50-65 Va

" PRIMARY SECONDARY

SVAC ' SOV

Wiring an Isolation Transformer for 50 Vac

FIGURE 9-8 _

The Electronic Telephone, SIP 397-2 panel, a
the Central Office, SIP 397-3 panel, are mov
close together. A jumper wire should be co
nected from the T terminal on the left hand ed
of the Central Office board to the top *“‘line” te
minal on the right hand edge of the Electror
Telephone panel. Note that this terminal is ¢
rectly connected to TP9 on the Electronic Tel
phone (SIP 397-2) panel. Next connect a jumg
wire from the R terminal on the left hand edge
the Central Office (SIP 397-3) panel to the bottc
“line” connector on the right hand edge of t
Electronic Telephone (SIP 397-2) panel. Note tt
this connector is directly connected to TP10 on t
Electronic Telephone (SIP 397-2) panel.

Two jumper wires are required for the tip (T) al
ring (R) connections.

The Hook Switch on the Electronic Telephone (S
397-2) panel must be in the on-hook position f
the ringer voltage coming from the Central Offi
to activate the ring detector circuit. Opening t
Hook Switch (Hook Switch OFF) will stop t
ringing signal. This action duplicates what ha
pens on your home phone when your phone ring
When you pick up the handset (take the hand-s
off hook) the ringing stops. Do not connect :

outside ac voltage to the telephone panel.

When the RINGER-START button is depresse
the ringer voltage will cycle on and off (4 secon
on and 2 seconds off). The ringing voltage appea
at “T" and “R" on the Central Office panel.




2. Apply the 50 Vac to the “T" and “R” of the | B. .In actual appl;cauon theagnxer%
ringer, by pressing the ringer-generator start front of t}\e hook sthch gngahea
switch. Record the frequency of the sound “age is prodneed in the ceﬂ‘trq‘offw?
heard. Vary the 100 k1 potentiometer ‘be- loop 1ength mcreases, the" hvauh’be
tween its limits. F, , 1, and the ringing level at the subscnbe «s,:sel
. The frequency is measured at decreases.
audio out, Section O. Sketch the wave shape . A
present . " RINGER-GENERATOR CIRCUIT O
3. Determine the line current used for ringing Refer to Figure 9-4. The 50 Vac yoltage. wh:cbm.
by measuring the voltage drop across the 2.2 cycled. on and off, is used to control the rmgergoh
kQl line resistor. I = rms. a separate electronic telephone
The line voltage present at TP9 and TPIO is .
V. 4. The student should connect a telephone ;9 '1he
central-office experimental system and Npi-
Notes: tially evaluate the action of thexinger geiiéri-
tor. Wave shapes should be bbserved fag” L
A. The ringer can be interfaced with a voice cir- monostable and astable ‘cirtuits. The-
cuit so that the tone is processed by the re- periods should be recorded. Pencd m
ceiver which may be a speaker-type » period QEE ac—nngeu
transducer. This circuit arrangement is not voltage (rms) .
included in the experimentation, !
5. Relay action should be observed both durmg
ringing, and whenthe hook sthch s Tifted
Describe your observations of the cn'ngfa
operation. e
. REVIEW QUESTIONS »,,'i-m,_
1. An electromechanical bell operates on 9. Telephone “tapping” occurs when telep]wpt
to Vac. as another pho
on the same line is being dialed.
2. The preferred ringer tone range is to )
Hz. 10. The electric ringer has an input impedanée o
3. The ringer tone range also includes a low-fre-
quency shift of or Hz. 11. When the ac ringer is on the loop, the looj
also contains a
4, Electronic ringers are basically B
12. The total ringer-generator period is
5. A ringer is placed the hook seconds.
switch.
13. The monostablé time period -is less than I(
6. A ringer circuit derives its voltage from seconds. True/False?
14. HOS refers to
7. Piezoelectric transducers generally operate at ‘
frequencies above kHz. 15. AC ring voltage is applied to the :
side of the loop.” <
8. A ringer must be protected against




EXr cRIMENTAL ANSY. oHS

Procedural
FL 500 Hz; F, 1 kHz, (square wave.)

I, = 1.3 mA, rms; line voltage: TP9 - TPI10 =
approximately 65 V.*

Period on is 4 seconds; period off is 2 seconds.
AC ringer voltage (rms) = 60.

ANSWERS TO REVIEW QUESTIONS

.

When the rmg-staﬂ bm;on
genérator vo!tage pu?ses ong dIE:
hook switch is closed, the ﬁupbr?{

"5 -gtéa.: {
from the SLIC interrupts-.the Tinger s iaﬁ

The hook-switch output (HSO) basa -15: :voft
swing. . 5 Ay

A -

80-120 Vac

300-800 Hz

3-6 or 9-13 11z

Oscillators

In front of

Bridge rectifiers -
1 kHZ o

High-voltage spikes

10.
11.
12.
13.
14.

15.

Clicks or tinkles ., i
.

Over 100 k0

DC current ) : - xz?

6 seconds L j“

False : | . T

Hook-sense output . Cw

Ring



TELEPHONE — SET VOICE CIRCUITRY

INTEGRATED VOICE CIRCUITRY
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MATERIALS REQUIRED

SIP397-2 and 300 B or 300 PSB.
SIP397-3 and 300 B or 300 PSB.
Variable Resistor Wheel

TEST AND MEASUREMENTS

In the laboratory experimentation, a TCM1705
speech-circuit IC will be evaluated. Because spe-
cialized telephone testing instruments may not be
available, certain tests are omitted and changes in
procedures are necessary. Isolation transformers
T1 and T2 are 600 0, I:1, isolation.

EXPERIMENTAL PROCEDURES

1. Power up the prewired circuit 397-2 section
N (TCM1705 amplifier), Be sure to use the
correct supply voltages as indicated on bot-
tom of the board, and refer to Figure 10-6.
The tip and ring inputs can be fed with up to
48 V from a power switch set to the central-
office supply (397-3). For a local voltage
source, set the power switch to “local,” and
the hook switch to “off.” In this position,
the tip is placed at ground and the ring at -
10 V. Measure the input voltage at TP13

and TP14 )

o iyl

2. On the telephone panel, check the effects of .

the bridge when the line voltage is reversed.
Measure the voltage between TP15 and TP16
when the loop wires from the central office
to the telephone panel are reversed. Voltage
TP15-TP16

Laboratory Experimentatib’r‘i""' %

AMPLIFIER TESTS

3. Since most function generators 60 not hai"éi
differential output, a 600:600 0 line -trafis-
former is used to develop” thé d:ffe‘rentxa]
signal. Open switch 1a and closé 2a. ‘Sef: the
power switch to *“‘local,” dzsconnectmg the
microphone and connecting—n : !he&xg’nal
transformer. Set the generator to a ‘1 kHs
sine wave, at @ 2 mV level. Feed the s;gna]
into transformer T1, and connect pne‘ctggqnel
of the oscxlloscope to the- secondary of trans-
former T2. (Make sure that no samratxpn of
the amplifiers occurs),

4. View the input signal at the mbm of FI' anc!
the transmitter output at TPl’I Iy 'there A
gain or loss? Récord L e ,,.,‘.t

- . t«

5. While feeding the signal to the trin;l;m ,j
record the output from the rei:elv’er”(ac §
T2) ' How -&nuch ,sxﬁita‘l'
would be present if the s:detone ’é,ytﬁxt ‘were
completely balanced? Y A

3
- ¥

RECEIVER GAIN MEASUR'EMEN'i.‘.S

im

6. Simulate an incoming receMng sxgnal by
connecting a 2 V, 1 kHz signal to” trangs
former T3. The receiver output m TP20. lS
and input of TP28 is
The receiver gain is

1

7. The receiver gain is dependent on the ratio
of R12, the resistance, in steps, down to 47
{s. Observe the speaker output at T2. What
happens to the signal?




SIDELTUNE

8. Return the generator to the transformer TI,

and record the transmitted input at TP19,
and at the output, TP2

9. Place a resistance box across the sidetone re-

"~ sistors R6 to TP18. Reduce the value by
paralleling a resistor. Start'at 60 k2, and de-
termine what happens when the resistance
value is reduced.’

10. Close switch la and open 2a, in order to con-
nect. the microphone. View the output at
TP13, and speak toward the microphone.
Try distances of up to 10 feet. This exercise
provides an idea of microphone and ampli-
fier sensitivity.

‘T

-

OPTIONAL

11. It is also suggested that the pass-band ¢t
evaluated.

12. Feed the line with 48 V, and at the suppl
couple in an audio signal, thereby simulatin
the central-office feed.

13. Connect an electret microphone and a re
ceiver from an electronic telephone. Tal
into the microphone and listen to ti
receiver’s sidetone level.

Other possible tests are left to the student. i



REVIEW QUESTIONS

1.

The sidetone circuit enables a speaker to
himself..

A transmitted voice signal is a differential

voltage between the loop lines. True/False?

Although the speech circuit is of
the receiving circuit, i
enables the speaker to adjust the volume
level of his voice.

A voice-circuit IC functions similarly to a
wire transformer.

A voice-circuit IC is designed for an

microphone.

Voice circuitry includes a form of
to compensate for line changes..

the sidetone circuit.

11.

f ormat

In the telephone a
converts a 2-wire in
-wire connection jo
the microphone and regexver. I




EXPERIMENTAL ANSWERS = .

1. Procedural
10 V supply
TPI3= -2V

TP14 = -7.8 V-(to ground)
2. -4.25 V (TP15-TPI6),

3. Procedural

4, TI1 =2 mV
TP17 =2V
Gain = 1000

5. Across TP2 =16V
Comipletely bal. = 0

6. TP =2V
TP28 =2V
Rec. G =1

7. The gain is reduced.

8. TPI9=16YV
TP2 =171V

9. The sidetone decreases.
10. Observation

11. Optional Tests

12. Optional Tests

13. Optional Tests

’
» -

9

(.

ANSWERS TO REVIEW QUESTIONS

1. Hear

2. True

3. Independent
4. Two

5. Electret

6. AGC

10.
11.

12.

Cut off the speaking voices
Transmit amplifier

False

Yoice and data; pulse
Hybrid; 4.

Hear his/her own voice

Y Y
FEREL
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SUMMARY ian

1. As presented herein the SLIC refers to the
subscriber’s loop interface circuit or card,

located at the central office. Some of the

functions of this card can be replaced by anIC,

2. BORSCHT, located in-the CO, refers to key
interfaci requirements between the Subscri-
ber's set and the central office.

Laboratory Experimentation - %7

3. Inolder equxpment the hybnd trai’fsrorlﬁbras

3}

used to converta 2-wire lineihtoa - wge]ine
This conversion permits the- pla\oement;i}'f Bl
microphone and the rebe:vemniih‘eimﬁi; SEY
'well as the Separation of: theﬁransimt;, ‘]

recexve in the SLIC. ;

R

gt

The SLIC devxce replaces thg"&

transformer. S

P
PR
%

M ‘

whenever you use the SIP397-3 panel with the
Master Builder or the Power Supply Base be sure to
set all voltage sources to maximum V_,. This panel
requires maximum V_, for the ringer circuit.

MATERIALS REQUIRED
§IP397-3 papel and 300 B or 300 PSB.

TEST AND MEASUREMENTS

A SLIC performs the function of a hybrid trans-
former and contains many of the BORSCHT opera-
tions. The SLIC will be evaluated for talkjng,
batter control, line balance, longitudinal -mode
measurements, stage gain, and supervisory func-
tions.

EXPERIMENTAL PROCEDURES

Figure 12-4 shows both an experimental circuit,
which can be constructed, or a prewired test circuit,
which can be evaluated. Several different measure-
ments are to be made. The IC normally operates
from a -48 V supply, but the IC can operate down
16-20 V. Minus 20 V is obtained from the Master
Builder by connecting the +5 V supply in series with
the -15 V supply such that -20 V with respect to
ground is obtained.

GAIN MEASUREMENTS

. Gain is measured by feeding a signal into the
line input and viewing the outputat V. . Since
a differential source is required, a tra1stormer
is connected to the input. The capacitor C30
prevents dc current from flowing through the
windings. R1, the 470 fl resistor, prov ides adc

—

load, and the loop current is in the range of 20 -~
mA. When switch 1a is closed; resistors R2 and-
R3 simulate the resistance of the wire dines..
The loop resistance is approximately 1.4 kf}, not
counting the SLIC-input. )
Close la, 2a, 3a and open 4a to connect the
transformer, and feed a 1 kHz sine wave irito
TP1. All other SIP397-3 swifches can be
ignored until further notice. Use a voltage of
0.1-0.3V__, whichis referred toas V. View,
the output at V.. (The operating supply is +5
V and -15 V.) Minimum operatmg voltage s .
=20 V. o

The power-up switches, 2a and 3a, should bé
closed. How much gain is provided?

Gain is controlled by the 220 k{? feedback
resistor R15 and R13 (the 20 k{1 resistor). -
Place a resistor decade box across R15.

Start with F Ml and reduce to 220 kfl. - What
happens to the forward gain?

Remove decade box from R15. Try feeding
the same generator signal through the IC in the
opposite direction. Connect the signal to Vg,
(input)and view the output at TPI. How much
gain is provided? . (Reverse
gain is controlled by RIl. The IC is bi-
directional and acts as a transformer with a
turns ratio of 1:1.)

*
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4. Check the static voltages for each PIN and the

gain in both directions.
Pin Pin V
ON OFF ON OFF

10.,

11~

12.

13. ‘
14.

15.

16.

17.

18.

WO AEWN -

remains 0.1 V.. Compare YV,
measured at TP4, ~

POWER UP/DOWN

) u, 4;( e VY

7. This is asimple test. As‘!ong&iﬁ} 0518? g
processed by the SLIC, a power-np £0 ni:
must exist. Terminal 15 (PDI) pinst be h;g ke ¢
or S V. With no signal, the IC can'be, ﬁowé;ed A
down (PDI = 0 or -V). o e

3 St WAL
—— P z.ﬁ,:s&
&,

Forward Gain = . Reverse Gain =
If the loop current is too far from its proper
operating level, the SLIC will power down.

LONGITUDINAL VOLTAGE MEASUREMENT

(Viow)

This is the common-mode measurement, which is
used to determine how well the SLIC IC will reject
power-line pickup and other noises common to both
lines.

5. The generator settings will be essentially the
same as for gain measurement. Set switch.Al
high. Clip leads TP2 and TP3 together, and
feed a |1 kHz signal into TP4. The clip lead
shorts out the transformer, and the loop leads
are fed in parallel. Record the signal output
V... If the output voltage is very small, increase

the generator’s output and obtain at least a 0.1

op V. signal. Record the voltage at the output
and at TP4. Vi

TP4. Compute the reduction in voltage in dB;
this measurement is known as the common-
mode ratio (CMR). It is computed from dB =
20 log V ../V . Note: Since the
output will be smaller than the input, use the
reverse ratio V,,../V and call this a negative
gain, -dB.

6. Compare the V. with the unity gain ampli-
fier. Unity gain is equal to 0 dB. Note: Since
the.input and output are not equal in imped-
ance, an error may exist. -

If the V, output recorded in the Vw,‘ measure-
ment vnas 0.1 V, set the signal input into TPI
(jumper removed) in order that the V.

Pass a signal through the IC (V_/V,), and open
3a to change PDI from +5 to ground. This is |
acurrent- savmg procedure. Does thes:gnalcnt :
off when in power down? Slxde
3a to +5 V for power up..

~

LOOP CURRENT

8.

The loop current should be the same in both .
wire lines. The current in both loops can ‘be
determined by measuring the voltage drrecthly'-:
across resistors R2 and R3. Switch la mpst be’: e
closed. Use a DMM to record the drfferehual
voltage drop The current i, = ___
j, = (Use Ohm,s law’)

When the line currents are not equal, what i$ the_ ‘-
effect on the CMR?

" TRANSHYBRID REJECTION

10. Transhybrid rejection refers to the leakage of

signal between the forward and the reverse am-
plifiers. It is the ratio of V_/V_.. )

Feed a slightly less than 3 V , 1 kHz sine wave
signal into TPI, and record & the outputs at V_,
and V . (Note: If V,,
is greater than or equal to 3 V__ serious
distortion and loss of amplitude will occur.
This effect will cause no problems, butiyou may
find it easier to use nondistorted wave shapes.)
If V_, is too small to record, increase the input
signal level. (Note: V. ¢ may be so small as to
be unmeasurable. If thrs is the case, you may
want to-use approx:mately 10 mV asa valve for
Vo) The ratio is recorded as a negative dB..
Compute the -dB of separation. ~<’
Technical data values range from -23 to -55 (}B%;
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SUPERVISORY STATUS

Several supervisory controls are available:

a)
b)
c)
d)

e)

Hook-status -output (HSO) -

Ring-sense current (RSO)

Ring-trip detect (TSO)

Hook-status threshold (HST), resistor R7,
determines the value of the loop resistance and
the ON-OFF hook-switching level.

Since Vg sets the voltage for R, the loop feed
source, V. determines the current level in the
loop. Loop voltage is 4 V less than Vs (Note:
Since V_ is +5 V and not at ground, 1ts usual
connect_xon the loop feed voltage source xs
approximately 16 V+ 5 V=21 V-4V =

V. The source resistances R, and Tgare in the
order of 600 01 each.

1. Test the hook-status output (HSO). When an on

=

x>

e

]:9 &
I“"'t.r

Aldapsate o,
he

hook condition exists, loop current is low, loop
resistance is high, and HSO stays high (posi-

. When the hook is returned to the -15 V
lm v:a the 47 M resistor, the HSO perfornis a
ldg‘fc‘change from high to low. This action can
be‘QSed to activate a dial tone or perform some
othér function. Record the voltage at TP9
whenthe loop isopen (open 1a)..Off
hook exists when loop current is flowing. Close
swztch Ia and again record TP9. 5

i2~;i Tbe rmg-tnp detect or tip sense (TSO) can be
o used to sense an ac ringing voltage present at

o=
x>y
::ﬁ%f,

mq’?

.
T

the wp. Ciuse swiicn oa, ana open la, whij
returns the tip to ground. Between ground ay
the tip, connect a 5 or 6 Vac while observm,
the TSO at TPi10. The TSO voltage with ringiy
is V; and without ringing the TS()
is V.

Formal experimentation is hereby completed. Fg
further information, the student should consult ths
technical data sheets suppiied by Motorola, locate
in the Appendix. Additional measurements, sucha
band-pass, audio distortion, loop resistance vs. log
current, and the interfacing of supervisory control
with optoelectronic isolators can be investigated.

Attention is also called to the fact that in the interes

of clarity, high-voltage protection diodes (bridge
and current-}imiting resistors have been omitte

from the circuitry. Although these protectiv

devices are shown in the manufacturer’s literature

their function is-external to the operation of th

SLIC. However, they do serve to protect the SLI

from potential hazards. ,

]

Sin¢ce a number of the measurements made in thi
section relate to the subscriber’s loop, Experimen

7, which is concerned with the loop, should b
reviewed.

Values shown are approximate. The quantitie
obtained may differ by +10 percent or more.

- ox . s



The hybrid transformer converts a 2-wire line
into a wire line,

SLIC stands for:

The central office d¢ supply voltage is gener-
ally v.*

The subscriber’s loop current ranges from
to mA.

In a subscriber’s handset, the ringer is located
the hookswitch.

The voice sound in the receiver is reduced by
the cancellation of coil .

The transmitter requires a 2 -wire line separate
from the . .

During pulse dialing, the receiver is

10.

1.

12.

13.

14,

15.

Line-sensing circuitry detectsu'whether th;

0vervoltage protection l; provnded by mput
an ) O

hookswitch 1s

In speech circuit IC’s, the ear‘b'on
is replaced by the . ., SogfY
microphone.

from the

Monolithic speech circuifs operatc m t(he.‘-;,ﬁ‘:;‘.
a) 2-4, b) 5-8, ¢)10-12, d) 48-60Vraﬁgq &

The sidetone allows the speakerto hear hls?ﬁétﬁ :
own in the receiver. Sl

‘The electronic telephone handset is cons:depp
to be a/an iermmai

*



EXPERIMENTAL ANSWERS-

I. Sine wave output; unity gain (0.9Y)
2. It decreases

3. Unity or less, depends on side tone control.
Feeding R_with | mvsine wave at 1 kHz, V

out

at TP1 was approximately 0.4 V. Signal loss:

is about 8 dB.

4. Static voltage provided in tests with off to on
hook positions (open or closed switch la).

Pin Pin V
ON OFF ON OFF

1. +498 + 498 10. - 16 - 16
2. +458 +498 1. +1.35 -156
3. +337 +4098 12.+295 0
4.+3 +3.79 13. - 0.8 - 153
5.-620 - 156 14. + 4, - 134
6. -14 - 146 15.+ 498 + 498
7. -144 - 16 16. - 2.83 * + 3.21
8. -156 - 16 17. + 0.2 + 3.06
9. -16 - 16 18. + 498 + 498
Gain is unity in ‘both directions.

5. TPA=14YV b .
V=1V
20'1og 0.1/7°4 = -24.7 dB
dB = -24.7

6. CMRR =-23dB. Since theamplifier has unity
gain, CMRR = CMR

7. Yes

8. i,=i,=18 mA (Appendix resistance tolerance)
9. CMR would decrease

10. V_=12V

v =10 m¥

11. On hook, TP9 = 12.84;
Off hook, TP9 = +4.33

12. Ringing TSO = +2.7 V;
With no ring, TSO = -14.7V

LN B WD -

. Electret or dynamic
. Loop lines

ANSWERS TO REVIEW.QUES.TIQNS

.

Four - '\,
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Laloraiory experimentaton

MATERIALS REQUIRED

SIP397-3 and 300 B or 300 PSB.
Reminder: When using SIP397-3 with the Master
Builder or the Power Supply Base be sure to set all

supply voltagesto V___.. The ringer circuit requires
this maximum voltage.

TEST AND MEASUREMENTS

CODEC

-1

In the following experimental tests, the MC14402
Codec IC will be évaluated. The frequency re-
sponses of the two intrinsic voice filters and the
encoders will be generally evaluated.

EXPERIMENTAL PROCEDURES

1. Power up the 397-3 panel (Sections H, J, K, L)
turning both adjustable supply voltages to
maximum. Then refer to Figure 13-11, This
circtit includesa clock,a CODEC, and a TSAC.
Begin by setting the switches as follows:

SR
SWITCHE- PEN CLOSE
A 1, 4 2,3
B 2,3,4 1
C 1,2,3,4 -
D 1,2,3
E RN, 3 22

Adjust the clock frequency while observing
TP19 with a counter. Turn R36 to obtain a
frequency of 1.2 to 1.5 MHz.

»L view the output at TP16. Connect channel A
- toV INand connectchannel Bto V,, OUT. This

. can be done by usiiig two BNC cables Record
‘the wave shape and amplitude at TPiS
-and TP16 | .

.

168 Experiment 13

2. Injecta3 v,,1 kHz sine wave into TP15 and

Do you observe a chopping in the output sig

(Note: Anexternal sync may be required. The ou
can be made to vary as a function of R36. If sig
output at TPI16 is not a good sine wave try ad jus
R36 for best sine wave.)

SIGNAL GAIN

3. How much closed-loop gain does the t
conversion circuit provide? G =
What is the phase relationship between ir
and output? The pl
relationship. between input and output is
proximately zero, but this too is R36 depe
ent. Try adjusting R36 slightly clockwise
then counterclockwise. Observe phase sh

¢

4. The gain of the input OP AMP to the transr
ter is controlled by the ratio of the feedb
resistor between pins 7 and 8 (R21) and the
kQ input resistor R22. By closifg switch
thereby reducing 20 k(1 to 10 k0, the r
becomes I:1. Again measure the gain betw
the input (TP15) and the output (TP16).
Gain = /

SIGNAL PHASE

5. Thesignal output at pin 3 (RxQ) is out of p!
with pin 5 (Rx0O). Open switch 2e and close
With a dual-trace oscilloscope, compare
output of the two signals use external syn
external trigger. Source of extérnal s
(trigger) may be either RxO (pin 3), RxO {
5), or TP15. Are they in-phase?

POWER DOWN

. 6. ‘When not in use, the circuit can be powe

.down by a computer signal. Simulate
procedure by opening switch 3a (POW
DOWN). Does the output signal disappe

. Return the switch to the
position (POWER UP).



1.

8.

Check the trequency response of the.complete

circuit. Vary the function .generator’s fre-.

quency and determine the 3 dB points.
fo____  Hzf, Hz.

Try to determine the dB/octave roll-off of the
high end of the bandpass.

DIGITAL STREAM

stream. (It you exiernai irig. O1f OI ¥Z0 you
might geta stronger trace.) LR

11. Without changmg any switches m;ecf { 3
V,, 1 kHz signal into TP}5 and scope:; TPbb
(Leave sweép at 1 uSec, lncrcase hmpln;nﬁg
generatoy monjtoring the, senal stream ,(TPQO) 5
Describe yourpbservat:on. TR YR

L4 (
RS T oy v
A F

9. The digital stream is observed at TP20. Close | NOTE: When evaluating lheTSAC arcmt.j’idd Fe
3b and 4d, and open 1b. With the clock set at tests will be performed with this c(rcmt., LE ave
2.04 MHz (or as close to it as possible, record switches in their usual operaling qsellmgs
the time between framing pulses; t= - -
(determined by clock rate).
REVIEW QUESTIONS
T
1. A CODEC system requires the use of ADC and 9. In a digital system all noxse is removed. . Tm;/
DAC circuits. True/False? False? . -
2. How many sample-and-hold circuits are gen- 10. The sample rate is the hxgheﬂ
erally used in a CODEC system? frequency in the analog bandpass. I
3. PCM (the CODEC) produces a serial or a 11. 1Ina24-channel frame, with 8 bits perch:mnél,
parallel output? .. the frame is transmitting __ bats m
second.
4. An “antialiasing’ filter prevents ’
12. The time period of a frame is mncroseconds
5. Thefilters used in modern CODEC systems are . )
called 13. The assigning of time slots for multiplexing”fis;_
performed by a _® chip. . .«
6. One frame of data, in the United States, : Ty
contains channels. 14. A disadvantage of PCM is the additionhal
that it requires.
7. Frame.synchronizing takes place prior to the
bit. 15. Although 8 kHz is being transmitted on a line,
128 kHz is required for synchronization. What
8. Signaling is inserted in the time

slot of every frame.

type of chip is suggested to acquire the higher
rate of 128 kHz? .

-
Experiment 13 ~i5



EXPERIMENTAL ANSWERS

1. Procedurz;l
2. TP15 sine wave, 3 V__; TP16 sine wave, approximately 5.6 V. yes.
3. G =-6 dB; phase depends on clock frequency.
s ks -
4. Gain is 1. Gain of | equals 0 dB. B
. i u“!‘wté‘:.‘
5. No, they are approximately 180° out of phase and are essentially equal in ampljtude’
6. Yes
7. f, = 2.5 kHz to 3.5 kHz, (depending on clock frequency); f, = 100 to 300 Hz
8. Approximately 30-40 dB per octave
9. 125 us = 8 kHz
10. 3.3 to 3.9 ps (depends on signal present) ‘
11. Pulses vary in width.
ANSWERS TO REVIEW QUESTIONS
1. True
2. One
3. Serial
4. Foldover, interferences from higher frequencies.
5. Switched-capacitor filters
6. 24 k
7. First
8. Eighth, sixth
9. False; noise results from A/D conversion.
10. Twice
11, 193 (192 + 1)
12. 125 )
13, TSAC -
14. Bandwidth -
15. PLL
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_ Laboratory Experimentation

MATERIALS REQUIRED

SIP397-4 and 300 B or 300 PSB.

TEST AND MEASUREMENTS

In the experimentation, one CVSD device will be
used as an encoder and another, similar device
will decode the digitized signal. The circuits are
evaluated in terms of their general operation, the
gain of the system, frequency response, effects of
clock frequency on -performance, and granular
noise. Filters are included.

EXPERIMENTAL PROCEDURES

The various test points referred to in this experi-
ment are to be found on “Section C, Delta Modu-
lation" on the signal converters SIP397-4 panel.

1. Power up the prewired circuit 397-4 (Section
C) and refer to Figure 14-9. Make sure that
you use 'the proper supply voltage as indi-
catéd on, the lower left of panel. Set the
clock frequency in the range of 32 kHz
Close 4b, and connect the oscilloscope or fre-
quency meter to TP4 (pin I4). Adjust Ri7.

OVERALL OPERATION Pe

2. Obsérve how the systenis function by feeding- ]

the input, TPI, with a | V,,-sine-wave signal

set at 1 kHz. View the signal output at TPG,

and compare it with the original signal at the
input, TP1.

TPI , TP6

. 3. How much gain or loss is present?

:/4.. 'What is. the bandpass between the 3 dB
- poiits? -, -
P t’:(:"iti;“f!ﬁi'. &
- ‘l:@t‘:?:-ﬁ 3 sxﬁ";l’ : N i % :
"By gBiefving. the oliftiut at TP3. (Section C),
:oté tﬁat" thé signal 'ig digitized. Observe the
... Quiput- when_na, input signal is. present at
) TP{. Expléid ‘o . . r
i 21 A 3 A . N

-_tg.

&

‘a

6. Reconnect the .signal source. Observe th
effects of the receiver’s filter by viewij

" TP6 (unfiltered wave) and TPS, the filtere
output. TPé6 , TP8

EFFECTS OF THE CLOCK FREQUENCY

7. The higher the clock frequency, the highe
the SQR. View the output at TP6 while re
ducing the clock rate toward 20 kHz. De
scribe what is observed. Use a | kHz signa
input to TPI.

Increase the clock to above 50 kHz, an
again observe the output signal.

8. Connect the output at TP6 to an audio am
plifier and speaker' Listen to the I kHz sig
nal as the clock rate is reduced. Does th
noise level increase?

What is the lowest clock rate you would sug-
gest using? .

9. Is the noise level greater at.32 kHz than a
100 kHz? .

10. Commercial telephones use clock rates of 3
kHz and up. Set the clock at 32 kHz, anc
listen to the audio output while the signa
source is varied between 300 Hz and 4 kHz
-Describe the effects you observe.

~

11. Why shouldn't a clock rate of 200 kHz to |
MHz be used on telephone lines?

12. When no audio signal is present at TP1, what
digital sequence is transmitted (scope TP3)?

13. Is the transmitted data.framed or unframed?

14. View TP6. If the input audio to TPl is de-
creased toward zero, does the output follow?

-,
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MINIMUM S'}EP SIZE

The quality of the transmitted signal depends
upon the level of the signal, the noise level, and

the alternate transmission of 1's and 0, When

the clock only (no signal) is viewed at TP6, the
digital output will appear as a series of small tri-
angles whose amplitude should be a minimum of
20 mV. Mismatches within the receiving IC, plus
external component values, can alter the step size
and hence the output’s wave shape. The, MC3417
is rated at 20 mV with a 16 kHz clock rafe, The
step size, is set by the resistor between TP11 and
ground. When the resistor is reduced in value, the
step size is increased and the output becomes
jumpy and distorted.

15. View TP6 when no signal input is present.
Set the clock at 32 kHz. The triangular step
amplitude is .

" 16. Feed uggo TP1 a 300 Hz signal of 60-70 myV,
and viezy‘ the output at- TP6. How much sig-
nal is bé‘esent? . Is the wave
shape reasonably clean?

17. Place a resi§tance decade box across the §
MR resistor, TP10 to ground.. How muc
voltage is present at TP6 (no signal)?

What happens to the output at TP6 when
300 Hz signal-is inserted?

18. Is the step size important in the reproductio
of the signal? - .

19. Try reducing the clock rate to 26 kHz an
then to 20 kHz. Describe the effects,

20. At higher clock rates, is the step size as muc}
of a 'problem? . Increase the clocl
to 64 k and 100 kHz. Then observe the out-
put at TP6 with a 300 Hz to | kHz signal
present. Describe your observations.

No experimentation is provided for in the areas of
filter design and system gain. For additional de-
sign data, reference should be made to the techni-
cal data on the Motorola MC3517.
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REVIEW QUESTIONS

In delta modulation, the digital output re-
flects the of the input signal
and its from the last bit.

“Slope overload” occurs when the digital
conversion cannot keep up with the

The comparator of the encoder compares the
polarity (sign) with the
output.

When an analog signal is not present, the
digital output consists of

The sampling rate of a delta modulator is.

higher than the upper

audio band-pass.

PCM uses a sampling rate which is in the
range of the upper dudio bandpass.

Delta. modulation is used since it conserves
the number of i in the output
during analog conversion and transmission.

SQR refers to the

T

In linear delta modulation, each step is the
same-

. the amplitude of
In CVSD systems, the
of the step is also con-
trolled by the amplitude of the signal input.

Companding
the signal.

11,

12.

13.
14.

15.

16.

17.

18.

19.

20.

In speech, vowels are
than consonants -

Cyclic tones iptoducpﬁ,ﬁl,_‘;_’ 5
fﬂl

.,and’3

The three. types of sounds W@W“W* %t,
1. , 2 3

CVSD modulators require that the analog-sig-
nal be frequency limited. True/False? .

Companding is not- used in CVSD- enooder&
True/False" .

;‘
i)

The dynamic range of the CVSD is mcreased
by controlling the gain of. the e ot s
When no analog mput signal -i§ presenl the
CVSD produces noise known as ' nd_‘ise

To form a duplex system, 3
CODEC IC’s are required. ’ e
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‘ EXPERIMENTAL ANSWERS .

Procedural
TPl =1 VH,,

TP2 = | Vp_p

Unity
250 to 3.4 kHz
At TP3, square waves exist at approximately

one-half the clock frequency. The amplitude
is 5 V. With an audio input, the output con-

tains square waves of different widths. Yes.
TP6, TP8
As the clock rate is lowered, the sine wave

changes into a signal with rate pulses super-
imposed. As the clock frequency increases,
the digitized sine wave is sampled more fre-
quently and the wave shape shows fewer and
fewer digitizing effects.

Yes; 15 kHz and up is adequate, but for
fewer digitizing effects: you might want to
clock at 50 kHz or more.

Yes

The signal is present, but there is baékground
noise, Wave shape and sound improves whemr

ANSWERS TO REVIEW QUESTIONS

11,

12.

13.

i4.
15.
16.

17.

18.

A

20.

the audio s:gnal is low (300 500 H
rioration occurs as-gudio signal- gée
4 kHz. S
The hxgher ‘the clock rate (}’h‘g; ‘
to operate the telephoxie’l o

Hum modulated tnang\ﬂér js{a\?q £
mately 6-10 mV,

Unframed. Very simple method, for dal:
transfer. . PR

~———

Yes
10 mV

60 mV going in and out. Yes, but with delt:
steps. -

With no input sxgna‘l and with no shunt VTP
= 8 mV triangle wave. With 1 MQ shun*
VTP6 = 200 mV. As shunt goes towards zei
ohms, VTP6 increases in magnitude -to abou
1.2 V.

Yes, smaller step size is desired. ' o
The delta steps become fewer in number anc
greater in size. This causes more dxstomot
in the output (TP6) waveform

No, the higher the clock rate and .the lowe:
the input -signal frequency, the better th
output will be.

N

—

=

Direction, difference

Analog input

Analog, integrator

I's and 0’s

6-10 times

Twice

Bits

Signal-to-quantizing-noise ratio
Amplitude

Reduces, amplitude

L

11
12.
13.
14.
15.
16.
17.
18.
19.
20.

Lower

Longer

VYocal cords

Formants

1. formants, 2. fricatives, 3. plosives
True

False

Integrator

Granular .

Two
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MATERIALS REQUIRED

Laboratory Experimentation

SIP397-3 panel and 300 B or 300 PSB.

NOTE: When using the 397-3 panel, be sure the
Power Supply V_, is set to “maximum.”

TEST AND MEASUREMENTS

In this experiment, the basic operation of the
TSAC will be evaluated. Although a channel se-
lection of 1 of 64 slots can be performed by a
microprocessor, for the experimental demonstra-
tion, switches are used instead. PCM pulses will
‘be observed in different slot locations.

EXPERIMENTAL PROCEDURES

The timesslot assignment circuit (TSAC) is used
for selecting a désired voice channel, which can
operate within a 24, 30, 32, or 64 slot frame. The
TSAC generates an enabling pulse which turns on
the CODEC at the assigned time.

The. TSAC is activated by both a framing rate and
a direct clock. Figure 15-2 shows a block dia-
gram of a Motorola MC14417. R

o

,, 'l‘:SAC, MC14417, Block Diagram
- . FIGURE15-2

The IC has two major sections, namely, the tran
mitter-controller and the receiver-controlle
Because the transmitted (FST) and received (FSI
signals are tied together, they can be operated
the same slot, or the transmitter and receiver c:
be placed in different slots. In this experimer
both the transmitter and receiver operate in tl
same time slot.

A clock operating at 2.204 MHz is fed to pin |
of the TSAC, which is the direct clock (DC) ir
put.

Inside the IC are two sets of dividers, but whe
FST and FSR are tied together, they operate |
unison. One counter provides a divide-by-
which feeds a divide-by-64.

After the framing pulse has been activated, tl
binary input to the latch and comparators dete
mines the slot location. The 8 kHz rate decid
the length of the frame, at 125 us, and the D
clock, 2.04 MHz, determines the number of slo
and the slot width. The MC14417 can produce u
to 64 slots. Figure 15-3 shows the TSAC cor
nected to the CODEC IC.

The operational slot is determined by the binar
setting of switches 1-4c. The IC has a 6-bit inpn
(DO-DS5). When all switches (inputs) are low, tt
signal appears in the first slot after the framin
pulse-zero position. When DO (switch Ic)
made high, the enabling output, a positive puls
from TyE will turn on the CODEC as soon as tt
clock has reached the count necessary to chang
the state of the comparator. Closing switches !
and 2c, and opening 3¢ and 4c, permits th
CODEC to operate in slot 3. In Figure 15-3, th
experimental circuit shows inputs D4 and D
strapped to ground with this circuit configuratios
The maximum number of channel selections |
limited to 15 slots. The channel selection by th
TSAC will be observed in the following proce
dures.
H

The circuit used in the experiment is the same 2
the one used in Experiment 13, Pulse-Cod
Modulation.
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FIGURE 15-3

VIEWING THE TIME SLOT 5. The TSAC control switches are b”xnaryk,ii_iiz_.‘_ .
4-8. When the first switch is on (high), the:-

1. Set the clock at TP1! to 2.02 MHz. pulse” moves one position, -which -is

bs.  This is channel ],
2. Record the frame rate at TPj7 located in NOTE: You should have switches 3a, b1, 44
Section G of CODEC B closed, and scope probe on TPI7.
Connect the external trigger input (sync) of
your oscilloscope to TP26 (Section K). 6. Turn off switch 1, and make switch 2 (high).
) What' channel is now turned on? .
3. Set switches 1-4c to the off position. Con-
nect one of the oscilloscope'’s inputs to TP13 7. Turn on all switches. The enabling pulse is
in order to view the enabling pulse. What is on channel , which is ps removed
the pulse width of the enabling pulse? from the framing pulse. ! v
Amplitude?
4. When all switches are low, the first pulse

should appear at the triggering start. Set the
oscilloscope sweep to 20 us.

Experiment 15



YikwinG CODEC OUTPUT Inject a 100 to 200 mV, 1 kHz, square or sine

wave into Va in-(TP15). Scope TP17 and you wil

8. Close switch 3b, which connects the PCM observe: the eight pulses which are occupying
output to the light modulator. View TP17, channel #1 (switch Ic brings channel #! on line).
and start with all “c” switches set at low If you scope TP13 you will see the alloted space
(zero channel). Maintain the oscilloscope of channel #1. If you use alternate mode switch-
sync connection (TP2). Also close switch 4e, ing on your scope you will see the eight data
which loads the PCM input. Sketch pulses pulses and channel #1 sumultaneously.
observed at TP17 -- expand sweep to | or 2 ) )

#s. How many pulses are present? . 9. Switch in slot 3 or 4 by making switches |
and 2 or 3¢ high. Observe TP20. What hap-
. pens to the position of the pulse?

- Are individual pulses

ADDENDUM still visible?

An alte.mate method of ob;erving this effect can 10. Return to the zero slot, and observe TP20
be obtained by setting the switches as follows: when the clock frequency is lowered. What
happens to the period (width) of the slot?

QPEN CLOSE
la, 4a 2a, 3a 11. If one slot wére to be used for transmission
1b,%9b, 4b 3b and another for reception, what would be re-
2C._'§??. 4c le quired of T,E (pin 16) and R,E (pin 15) of
14,%4, 34 . 4d the TSAC?
le, e Ze, 42 .

12. Can the switches be replaced by logic gates,
allowing the slot's microprocessor to be se-
lected?




REVIEW QUESTIONS ) Y

The line repeater in PCM ftransmission is
used to the t4ransmitted pulses.

Repeaters used
spaced

in fiber optic§ lines are
miles apart.

PCM requires a bandwidth
than the transmission of standard analog sig-
nals.

Unipolar pulses are either all . or
going.

Is the MC14402 CODEC a unipolar device?

The clock frequency generally used in the
United States is MHz.

The framing pulse operates at

AMI stands for

encoding.

10 1

1L

12.
13.

14.

15.

PCM transmits a
of pulses.

slots

When the clock fféguency;aa
frame rate is 8 kKHz." The. .perioﬂ (ﬁ' one"

) P
slot is

"microseconds, < &

Each bit in the 8-bit serial Stream OCCnpj
microseconds. )

e
~ ¥
—

The MC14417 ’I‘SAC has tin
slots.
The TSAC turns on the .encode

The TSAC can turn a transmitter and a re
ceiver on to channels.
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TELECOM
CIRCUITS

TCM1501A/05A/06A/12A
RING DETECTOR DRIVERS

Features

Ring detector driver IC famity

L 3 o)

* 150V BIDFET technology for efficient use INTENDED
of telephane line powaer PART NUMBER | RECTIFIER ouTRUT TRANSOUCER
* Requires 50% fewar parts than a typical TEMTSOTL - Do Beees, ?frmom
CMQOS ringer TCM1505A Votoge Seier | Sevpn-anded Sster
. . Froq = 20C0H: -
¢ Provides up to two times the output power CM1535A Owade Brdge Singee-srded Pars
of a typical CMOS IC {40V peak) TR I gy
* Built-in lightning and static protection Fou - o

* Built-in anti-"tapping’ circuitry

¢ Built-in regulators
* High input standby impedance

Description

The TCM1501A.05A706A/12A ring detactor ‘drivers
are ronatithic ICs designed, using BIDFET technology,
to serve as the alerting device in the telephore. These
ICs sense incoming ring signals and drive sither a piezo
transducer or a trarsformer counied speakar,

The: Tl ring detector-drivers are designed to withstand
lightning strikes of up to 1500 v @ 200usec duration. In
addition, internal circuitry will ignore dial pulses from
parailel phones so that 3 false ringing {tapping) will not
occur.

The TCM1501A,05A 06A. 12A are not limited to tele-
communigations applications. For example, the ring
detactor driver can be used, with just a few exterral
comporents, to produce an rexgensive and highly
eff.ciant alarm.

Absolute maximum ratings:

Maximum cortinuous nput voliage

tPin 1 ref. to Pin 83 * ) 70V X
Maximum continuous V¢ supply
Pin 6 raf, to Pin 71 ° . .70V
Maximym package power capabihty PARAME"ER CONDITICHS
tJG gackage) . 840mw  25°C Stardby ‘put - Vin = 3 Voyg AOHMS
\P package) E 1 watt  25°C ‘mgedance Frog € 20 kH:
Operating arbient temperatyre . . =20%70°C Standdy Carvort [ 0] ut
Storage ambient temperature -40%0 +125°C BY et - “open”
Surge SCR on-state current Thiesod Yasiage s‘;"::';.:‘_"";‘ LU
fon-urre < 200 usec) ., .. 09 Amp. s Fragercy of Yoty Nig a8 puund | 1800 4000 W
Maxmum continuous nput current e Lt Tones F
{w1th SCR triggered) * . 0.5 Agms ‘rz‘v_.:erc':i'a,()ﬂ - 1200
RUEDY 930 1000
* NOTE Normaity tre 1€ 3 ‘ed ath 30 AC $gral througn 3 22 Joeratmg Jmiage OC Betmenn Py 1 & B 15 10] Vo
NCHM esstor 1o guariatee comgignce a th I“ese mMaxm.m 8 < pen”
3G r Ll A5e taken aner nreching ~er ty 2 .
RS B sl e ST o e e
Tutput Yatage Y- 10V 0 v,
Sy Aoy = $630M

264 Appendix

-

pin configuration

A ¢
" N FLTER

-«

[ wr L
" Nt

A
asc

TCM 1501A/TCM1506A/TCM1512A

L

TCM1501A/TCM506A/TCM1512A
telephone application




TELECOM
CIRCUITS

TCM1705A
INTEGRATED VOICE CIRCUNT

5.

Features

e Monolithic replacement for hybrid coit for
the 2/4 wire convarsion

* {ow power requirement

* Automatic gain variation with DC line

¢ Externally adjustable transmitting and
recelving gains

e Fiat electrical response

¢ Externslly adjustable sidetone

* Externally adjustsble regulation function

e Externally achievable unregulated version

s

Description

The TCM1705A Telephone hybiid/gain IC is 8 monolithic
circuit which performs the functions of the receiving and
transmitting amplifiers and sidetone operations, The Ti
telephone hybrid/gein IC replaces the hybrid coil for the
2/4 wirs conversion, thus sliowing the replacement of the
cerbon microphone with 8 passive and more refiable
transducer.

The TCM1705A is designed for use with either an elec-
tromagnetic microphone or 8 FET buflered slectret
slement.

Specifications
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% National
Semiconductor
TP5089 DTMF (TOUCHTONE®) Generator

General Description

The TP508Q is 8 low threshold vo'tage. fieid-implantea. B 25V-10V operaticn whe” generating tones
grated circuit, itinterfaces cirectly
to a s'andard te'ephone keypad and generales all dua!
tone mu't-freguency pairs req
terns Thetore sy~thesizersare locked o anon-chig refer-
inexpensve 3 579545 MKz crystal !
cystal and an output ioad internaily
! comzonents regquirec for

metal gate CMOS inte

ence osciligtorusngan
for h.gh tone accuracy. The
resistor are the only externa
tone genetation. A MUTE OUT logic signal, wh
stale wher any key is dep

vired in 1one-dialing sys:

ichchanges
recsed. is also provided.

Telephone Set
Components
PRELIMINARY

Features

® 2V operation of keyszan anc MUTE logic

B Static sensing of key ciosures or Jogic inpuls

B Onchip 8575545 WHz crystat-controlied oscillator

B Kigh g-oup anc 10w group tones generated anZ mixed

High grous pre-emphas:s
Low harmonic distorion
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TP5089

.

Absolute Maximum Ratings
Supply Voltage (Vg ~ Vge)

15v
Maximum Voitage at Any Pin Voo +0.3Vto Vg - 0.3V
Operating Temperaturs -30°Cto +60°C -
Storage Temperaturs ~55°Cto +150°C *

Maximym Power Dissipation

Electrical Characteristics Ta within aperating temperature range,

500 mw

2.5V <Vpp < 10V-uniess otherwise stated.

Parameter Conditions Min Typ Max Units
Minimum Supply Voltage for Keyscan 2 v
and MUTE Logic Functions ’
Operating Current ) .
idte R =10ka g 20 A
Generating Tones Voo =5V 2 mA
Input Resistors ' ’
COLUMN and ROW {Pull-Up) 40 kQ
SINGLE TONE INHIBIT (Pull-Down) 50 . k0
. ___TONE DISABLE (Pyll-Up) 50 ki
MUTE OUT Sink Current Voo =3V 0.5 v mA
(COLUMN and ROW Active) Vo =0.5v
Output Amplitudes Ry =240Q
Low Group Voo =3V 250 mvrms
. VYoo =10V 850 mvrms
High Group Voo =3V - 315 mvrms
Voo = 10V 1000 mVrms
Mean Output OC Offset Voo =3V T2 . v
Voo = 10V 42 v
High Group Pre-Emphasis 24 27 3.0 dB
Dua! Tone/Totai Harmonic Distortion Ratio * 1 MHz Bandwidth 22 dB8
Start-Up Tima (to 90% Amplitude) 5 ms

Connection Diagram

Dusiin-Line Package
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Order Number TP5039N

See NS Package N18A
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Pin Descriptions

Voo (Pin 1): This is the positive voltage supply to the de-
vice, referenced to Vgs. The collector of the TONE OuT
transistor Is connected to this pin,

Vg (Pin 8k This Is the negative voltage supply.

OSCILLATOR (Pins 7 and 8): All tone generation timing is
derived from the on-chip oscillator circuit. A low-cost
3.579545 MHz A-cut crystal {NTSC TV colior-burst) is
needed between pins 7 and 8. Load capacitors and a feed-
back resistor are included on-chip for good start-up and
stability. The osciliator stops when column inputs are
sensed with no valid Input having been detected. The

osciliator is also stopped when the TONE DISABLE input
Is pulied to logic low.

Row and Column Inputs (Pins 3, 4, 5, 9, 11,12,13, 14):

no key Is pushed, pull-up resistors are active on row and
column inputs, A key closure is recognized when a single
fow and a single column are connecled t0.Vgs. which
starts the osclilator and initiates tone generation. Nega-
tive-true logic signals simulating key closures can also be
used.

’



TP5089

Pin Descriptions (continuea)

TONE DISABLE Input (Pin 2): The TONE DISABLE input
has an interna! pull-up resistor. When this input is open or
at logic high, the normal tone output mode will occur.
when TONE DISABLE input is at logic 1ow, the device will
be in the inactive mode, TONE OUTPUT will be at an open
circuit state.

MUTE Output (Pin 10): The MUTE output Is an open-drain
N-channe! device that sinks current to Vgg with any key in-
put and is open when no key input is sensed. The MUTE
output will switch regardless of the state of the SINGLE
TONE INHIBIT input.

SINGLE TONE INHIBIT Input (Pin 15k The SINGLE TONE
INHIBIT input is used 1o inhibit the generation of other
than valid tone pairs due to multiple row-column closures.
it has a pim-down resistor 40 Vgg, and when left open or
tied 10 Vgg any input condition that wouid normatly result
in a single tone will now result in no tone, with all other
functions operating formally. When tied to Vpp, single or
dual tones may be generated, see Table il.

TONE OUT (Pin 18): This oulput is the open emitter of an
NPN transistor, the coliector of whichis connected to Vpp.
When an external load resistor is connected from TONE
OUT 1o Vge. the output voltage on this pin is the sum of the
high and low group sine-waves superimposed on a DC off-
set. When not generating tones, this output transisjor is
turned OFF 1o minimize the device idle current.

Adjustment of the emitter load resistor results in variation
of the mean DC current during tone generation, the sine-
wave signal current through the output transistor, and the
outpul distortion. increasing values of load resistance
decrease both the signal current and distortion,

Functional Description

With no key inputs to tne device the osciltalor is inhibited,
the output transistor is pu'led OFF and device current con-
sumplion is reduced to a minimum. Key closures are
sensed statically to ensure no modulation of the line when
tones are not being generated. Any key ciosure aclivates
the MUTE output, starts the oscillator and sets the high
group and low group programmable counters t