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This thesis presents the design and construction of the Wireless Telephone Exchange
System for Rural which derives the principle of radio signal receiving and transmission of 141-147
MHz to use in the link between the line of Telephone Organization of Thailand (TOT) and the
subscribers’. The system provides the service for rural which the line of TOT is not accessible,
which will be an extension of communicative area for rural such as a rural area which does not have
the communication service from TOT. The Wireless Telephone Exchange System for Rural can
support one line of TOT and serve eight extension lines at the destination and the radio signal

receiving and transmission of the system employ Very High Frequency (VHF) through Yaki

antenna

II

Wireless Telephone Exchange System for Rural
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MOTOROLA
m SEMICONDUCTOR s s ey

TECHNICAL DATA
MC34014

Specifications and Applications

Information TELEPHONE SPEECH NETWORK
WITH
TELEPHONE SPEECH NETWORK WITH DIALER DIALER INTERFACE
INTERFACE SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC34014 is a Telephonas Speech Network integrated circuit
which incorporatas adjustable transmit, receive, and sidstone
functions, a dc loop interface circuit, tona dialer interface, and a
regulated output voltage for a pulsetone dialer, Also included is
an squalization circuit which compensates gains for line length
variations. The conversion from 2-t0-4 wire is accomplished with
a supply voltage as low as 1.5 valts. The MC34014 is packaged
in 8 standard 18-pin {0.3" wide) plastic DIP and a 20-pin SOIC

package. 181 ! P SUFFIX
® Transmit, Receive, and Sidetone Gains Set by 1 PLAS;?&::.S;(AGE

Extarnal Resistors

e Loop Length Equalization for Transmit, Recelve, and
Sidstons Functions

© Operates Down to 1.6 volts (V +) in Speach Mode

® Provides Regulsted Voltage for CMOS Dialer DW SUFRIX
& Speech Amplifiers Muted During Pulse and Tone Dialing PLASTIC PACKAGE \ «
» DTMF Output Level Adjustable with a Single Resistor CA:OE ;::D 1
e Compatible with 2-Terminal Electrat Microphones
® Compatible with Recelvar Impedances of 160 0 and Higher
» AAA~—~ A 1710
-.!.- ANA r—.e-_-—-_-} Racaiver
Ring ; (Mute)
DCLoop -
interfacs Recsive
Amplifi
Sidetons PR
= Amp. To
Regulator l Rexagtor = Dialer
Cireuit

<}_ Lq_ Ml
DTMF Transmit gl

Driver Amplifier
From 7 \
DTMF I Mute Pulee/Tons
Input Microphone 1o Selsct
MC34014 . MOTOROLA

2-448
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PIN DESCRIPTION (Ses Figure 1)
Pin #{Pin # Pin #{Pin #
SOIC| DIP | Nams | Description SOIC| DIP | Nume | Description
1 1 MIC | Microphone aegative supply. Bias cur- 11 | 10 | v~ | Nagative supply. The most negative
rent from the elactret microphone is input connsected to Tip snd Ring through
d to V~ through this pin, through tha polarity guard dlede bridgs. .
an opan coflector NPN tansistor whoss
base is controllad by an internal mute 12 e ':wum” valtage outpiL: The VA vott
_ ; e is cegulated st 1.2 V and bluses the
: ugna!. During disling, the transistor is ralcrophone and the spaech circults. An
off, dissbling the microphons. internal series pass PNP transistor allows
2 2 TXI | Transmit amplifier input. Input impadance for regulation with a line voltage as low
is 10 k0. Signals from the microphone as 1.5 V. Capacitor C8 stabilizes the
sre input through capacitor C5 to TXI. regulator.
3 3 | TXO | Tranamit amplifier output, The ac signal 131 12 LC | DCload citor, An paci
| current from this output flows through €7 and an internal resistor form a low
the VR series pass transistor via RS to pass filter between V4 and LA 10 pre-
drive the line at V+. Increasing RS will vent ac signals from being loadsd by the
decressa the signs! wt V+, The output is de load resistor RS, Farcing LCto V-
biased 3t ~0.85 V 10 sllow for meximum will turn off the dc load currant and
swing of sc signats. The closed loop incraasa the V + voltage,
gain from TXI to TXO fa intarnally set at . 14 | 13 | LR | DCload resistor. Resistor RS from LR 10
648 V- determines tha de resistance of the
4 | 4 | STA |Sidetone amplifier output, Input to this leph end power dissip
amplifier 18 TXO, The signal at STA can- tion from ths chip. The LR pin is biss
cals the sidatona signals in the receive 2.8 volts bolow the V + voitage {4.5 volts
amplifier. The signal level at STA in the tone disling moda).
: incresses with loop length. 15 | 14 | V+ | Positive supply. V+ is the positiva line
515 CC | Compensation Capucitor, A capacit voltage (from Tip & Ring) through the
from CC to ground will compensats the polarity guard bridge. All sactions of the
foop length equalization circuit whan MC34014 are powersd by V+,
additionsl aiabllity is required. in most 17 | 15 | Vpp | Vop regutstar. Voo is the cutput of
applications, CC remains open. shunt type regulator with a nominal volt-
7 8 £Q | Equatization amplifier output. A portion age of 3.3 V. The numinal output current
of the V+ gignaf is presant an this pin to ig increased from 550 pA t0 2 mA whan
peovide negative feedback around the diating. Capacitor C9 stabilizes the regu-
transmit amplifiar, Tha fesdback 1ator and sustains the Ypp voltags dur-
dacresses with increasing loop leagth, ing pulss dialing.
sausing the ac impedancs of the cirouit 1 | 16 | T | Tone input. The DTMF signal from o
b Joid dinler crcuit is input at Ti through an
8 7 RX! | Receive amplifier input. Input impedance axternal rasistor R7. The current &t Tt is
is >100 k1. Signuls from tha ine and smplified to drive the line stV +.
sidetone amplifiar are summed at RXI. Incraasing RY will reduce the DTMF out-
3 | 8 | AXO | Recsive Amplifier output. RXO ix bised L AR i impedatice at Tl s
by @ 2.5 mA current source, Feedback ] . nominily 1; -
msintains the de blas voltage st ~0.65 V. 18 | 17 | MS | Mode select. This pin is connected
Increasing R4 (betwaen RXO and RX1) through an internal 800 kD resistor 1o the
will incrasse the raceive gain, C4 stabi- bass of an NPN transistor. A Logic ‘1
lizes the amplifier, C3 coupies the signals (>2.0 V) selects the pulse disling moda,
to the receiver, The 2.5 mA currsnt A Loglc 0" {<0.3 V) selects the tane
source is reduced to 0.4 mA when diating moda.
dialing. 201 8 | MT | Muteinput: MT is connected through an
10 | 8 | RMT | Receiver Mute. The sc receiver current is internal 100 k2 resistor to the bese of
returned to V = through an opsn collec- PNP transistor, with tha amittar at Voo
tor NPN teansistor and a paraifet 10 k) A Logic 0" {<1.0 V) will mute the nat-
rosistor. The base of the NPN is con- work for aithar pulss or tons dialing. A
trolled by an intemal mute signal. During Logie 1" (>Vpp ~ 0.3 V) puts the
diating the transistor s off, leaving the MC34014 into the spesch mode.
10 ki} resistoc in series with the receiver.
MOTOROLA

MC34014
2-449



107

FIGURE 1 - TEST CIRCUIT
c8 »
2.0
& P iL
R9 R = 8
S R8 2000 = Rin| : ;
$s5000 AL> 5 0% |
Equalization TX0f3 1 18V
i £Q Amp
') AEQ J. =
V+

s \\I ! - 4:>
210k 3 R1

e e | o A g s 150K3

T, i St fic Q301 2, %W
T 4
LR RY
Transmit
Microphone Ao
MIC |
R?
2k
OTMF Input DA

4

R £ : =
0.1 Voo
; 1 Regulator

[— -8
m Dalay 10kS
Voo Voo !
e

1
WMute > I
Putse/Tones, Ms 117
Select e

NOTE: Pin numbers are for 18 pin DIP.

MC34014 MOTOROLA
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ABSOLUTE MAXIMUM RATINGS (Voitages referred to V-, TA = 26°C) (See Note 1.)

Paramater Value Units
V+ Voltags -1.0, +18 Vde -
Vpp (externally spplied, V+ = 0) ~1.0, +86 Vde¢
VLR ~10,V+ - 3.0 Vde
T, MS Inputs =1.0,Vpp +1.0 Vde
Storage Ternperature -85, +180 c

NOTE 1: Devices should not ba opsrated st thess values. The “Recommended Operating Conditions” provide
conditions for actual davice opecation.

RECOMMENDED OPERATING CONDITIONS

Parameter Value Units
V+ Voltage (Spesch Mods) +151t0 +15 Vde
{Tons Dialing Mods) +33t0 +15 Vde
)0 (Instantaneous) Gt s mA
Ambient Tamperature T -20to 460 - ‘c

ELECTRICAL CHARACTERISTICS (Refer to Figure 1) (Ta = 26°C)

[ “Parsmeter [symbot | Mn_ | Typ | Max | Units

LINE INTERFACE - - p

V+ Voltage V+ Vde
Hoop = 20 A {Speech/Pulse Mods) 28 . 32 38
Hoop = 30 mA (Speech/Pulse Mode) 3.0 3.7 4.4
hoop = 120 mA {Speech/Pulse Mods) 7.0 8.2 9.5
llgop = 20 mA (Tone Mods) 41 49 57

__J_Qop = 30 mA (Tone Mode) 4.6 5.4 8.2

V+ Current (Pin 12 Grounded) i+ - mA
V+ & 1.7V (Spesch Mode) 4.0 6.8 -3
V+ = 12V (Spesch/Pulse Modes) 55 84 128 -

V4 = 12V {Tone Mods) - 8.0 8.8 14.0

LA Lavel Shift (V+ — ViR) ViR L Vde
{Spesch/Pulse Mode) ) — 27 —

(Tone Mode) - 43 =

LC Terminal Resistance RLe 38 ‘87 94 ki

VOLTAGE REGULATORS !

VR Voltage (V+ = 1.7 V) va 11 1.2 1.3 Vdc
Load Regulation {0 mA < Ig < 6.0 mA) AVRLD - 20 — mv
Lina Regulation (2.0 V< V+ < 85V) AVRIN — 26 o myv

Vop Voltage (V+ = 45V} Voo 3.0 33 38 Vde
Load Reguiation {0 < Ipp < 1.6 mA)

{Diating Made) AVDDLD -~ 0.25 — Vde
Line Ragulation (All Modes) (4.0 V < V+ <9.0V) AVDOLN — 50 - mv
Max. Qutput Current {Spesch Mode) lppse 375 550 1000 ph
Max, Qutput Currant (Dialing Mods) IpDDL 18 2.0 36 mA

Vpp Leakaga Current (V+ = 0, Vpp = 30V) 1DBLK - e 1.5 BA

SPEECH AMPLIFIERS

Transmit Amplifier
Gain (TX1 to TXO} ATXO — 20 - N
TXO Bias Voltags {Spesch/Fulse Modes) VIXOSP 0.45 052 0.60 X VR
TXO Bias Voltage {Tone Mode Mode) VIXODL VR-28 VR-50 e mv
TXO High Voltage {Speech/Pulse Mode) VIXOH VR~25 VR~-5.0 — mv
TXO Low Vaoltage (Speach/Pulse Mode) VIXoL — 125 250 mv
TXI Input Resistance Rrxi = 10 — )

Receive Amplifier
RXO Blas Voltage {All Modes) VRXO 0.46 0.52 0.80 x VR
RXO Sourca Currant {Speech Mods) IRXOSP 185 2.0 - mA
RXO Source Current (Pulse/Tone Mode) IRxQ0L 200 400 e pA
RXO High Volitage (All Modaes) VRXOH VR~ 100 VR-£0 — mv
RXO Low Voltags {All Modes) VAXOL o 60 150 myv

MOTOROLA MC34014

2-451
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ELECTRICAL CHARACTERISTICS -~ (continued) (T4 = 25°C)

[ Parameter [symbot | Mmin_ | Typ | Max | Units
MICROPHONE, RECEIVER CONTROLS
MIC Saturation Volitage {Spsech Mode, | = 500 xA) Votmic - 50 125 my
MIC Lenkage Current (Dialing Mode, Pin 1 = 30V} IMIC K g [} 5.0 pA
AMT Resistance (Spesch Mode) RRMTgp - 8.0 1% 0
(Dialing Moda) RRMTpL 50 10 18 0
RMT Delay (Dialing to Speach) . RMT 20 40 20 ms
DIALING INTERFACE
T input Resistance RMT 58 100 — [%¢)
MT input High Voltage VIHMT | Vpp-0.3 — — Vdc
MT input Low Voltage i ViLMT — — 1.0 Vde
MS Input Resistance © Bms 280 600 — k)
MS Input High Voltage ViHms 2.0 — — Vde
MS Input Low Voltage ViLMS — — 0.3 Vde
T Input Resistance fn — 1.25 - kQ
DTMF Gain {See Figure 2) (V+Nip) ADTME 22 4.8 6.2 dB
SIDETONE AMPLIFIER
Gain (TXO to STA) i ASTA d8
(Spoaech Moda) @ Vi g = 0.5V - =15 —
{Speech Mode) @ ViR = 25V = -21 -
{Pulse Mode) @ ViR = 0.2V — -1 -
{Pulge Mode) @ Vg = 1.0V — -21 —
STA Bias Voltage {All Modss) VSTA 0.85 0.8 0.8 x Vg
EQUALIZATION AMPLIFIER
Gain (V+ to £Q) ) AEQ d8
{Speech Mode) @ VL.g = 0.5V = -12 —
{Speech Mode) @ Vg = 2.5V e -25 -
(Pulse Made) @ Vig = 0.2V — -12 —
(Pulse Mode) @ Vg = 10V - ~2.5 -
EQ Bias Voltaga Vea Vde
{Speech Mode} @ Vg = 05V — 0.68 —
{Pulse Mode) @ V| = 05V - 13 -
{Speech, Pulse) @ Vig = 25V « - 3.3 -
NOTE: Typical values ara not tasted or guarantaed,
FAGURE 2 < DTMF ORIVER TEST
22k
Vin il V+
400 mVrma
1.0 kHz ~M634014 .
T E :
-T: 1.0V M y. LC toop
MC34014 MOTOROLA

2-452



SYSTEM SPECIFICATIONS (Ta = 25°C) (See Figures 1-4)
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Parameter Min Typ Max Unit
Tip-Ring Voltage {including polarity guard bridge drop of 1.4 V) Vde
{Speech Mode)  ljpop = 5.0 mA — 24 -—
lloop = 10 mMA - 39 =
lloop = 20 mA - 486 -
* ‘loop = 40 mA ey 5.6 oo
liogp = 60 mA — 6.6 —
Transmit )
Gain from Vg to V+ {Figure 3] {lioop = 20 mA) 28 30 N d8
Gain change as ligop s increased to 60 mA -8.0 ~45 ~38 a8
Distortion - 2.0 — %
Output noise — 11 - dBrne
Receive
VRXONVS (f = 1.0 kHz, ljogp = 20 mA) (See Figure 4) -16 -18 -13 ds
Receive gain change 8s ligop is increased to 60 mA -50 ~3.0 -20 d8
Distortion — 2.0 — %
Sidetone Level dB
Vaxo/V + (Figure 3}
lloop = 20 mA W, ~38 —
ljgop = 60 MA - -21 -
Sidstone Cancellation i 20 28 - dB
VRXQ VAX0
Vi {Figure 4)] a8 - [ I3 (Figure 3)| 4p Moop = 20 mA
DTMF Driver 32 48 6.2 d8
1 V+Nj, (Figure 2) lioop = 20 mA
AC Impedance Q
Speach mode (incl. Cg, See Figure 4) ligop = 20 mA - 750 —
Zyc = (B0Q)V +AVg ~ V+) iy = 60 mA - 300 -
Tone mode {including Cg} 20 mA < lioop < 80 mA - 1850 -

NOTE: Typicals are not tested or guarantesd.

FGURE 3 — TRANSMIT AND SIDETONE LEVEL TEST

008

FIGURE 4 — AC IMPEDANCE, RECEIVE AND SIDETONE
CANCELLATION TEST

Pil

0067

150

it
4 L

MOTOROLA

MC34014
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DESIGN GUIDELINES (Refer to Figure 1)

INTRODUCTION

Tha MC34014 is a spesch network meant for connec-
tion to the Tip & Ring lines through a polarity guard
bridge. The cireuit incorporates four amplifiers: trans-
mit, receive, sidetone, and equalization, Some param-
aters of each amplifiar are set by external components,
and in addition, the gains of the sidetons and equali-
zation amplifiers vary with foop current.

The line interface portion determines the dc voit-

age versus loop current characteristics, and pro-
vides the required regulated voltages for internal
and external use. )

The dialer interface provides three modes of opera-
tion: speech {non-dialing), pulse dialing, and tone
{DTMF) dialing. When switching to either dialing mode
some parameters of the various sections are changed
in order to optimize the circuit operation for that mode.
The following table summarizes those changes:

TABLE 1 — OPERATING PARAMETERS AS A FUNCTION OF OPERATING MODE

5 Function Spesch Pulse Tone
LR Leval Shift (V+ = Vi g) 27V 27V 43V
Vpp Source Current 550 uA 2.0 mA 2.0 mA
Transmit Amplifier Functional Functional inoparative
MIC Switch (Pin 1) On Off Off
Equalization Amplifier See Transfer Curves — Figure 8
Sidetone Amplifier Sae Transfer Curves — Figure 8
Racaive Amplifier Output Current 2.5 mA 400 pA 400 pA
RMT (Pin 9) Impedance 800 10 ki) 10 k)
DTMF Amplifier fnoperative Inaperative Functional
CC Voltage Vi3 VLR VLR

DC LINE INTERFACE (Figure 5) resistance of the circuit, raising the voltage at V+ to

The dc line interface circuit (Pins 10, 12-14) sets the
dc voltage characteristics with respect to the loop cur-
rent. The loop current enters at Pin 14 where tha internal
circuitry of the MC34014 draws 5-8 mA. Pin 3 sinks
{typically) 3 mA through Rg, The remainder of the loop
current is passed through Qzgq and Rg. The resulting
voltage across the entire circuit is therefore squal to the
voltage across Rg, plus the level shift voltage from Pin
13 (LR} to Pin 14 {V +}, nominally 2.7 volts in the speech
and pulse modes. in the tone mods, the level shift in-
creases to 4.3 volts, the internal current changes slightly
{Figure 6), and the current required at Pin 3 decreases
to near zero. These changes increase the equivalent de

¢

ensure adaquate voltage at Vpp for the external tone
dialer. Sea Figure 7 for typical voltage varsus loop cur-
rent characteristics.

Capatitor Cy at Pin 12 provides high frequency rolloff
{above 10 Hz) sa that Ry does nottoad down the speach
and DTMF signals.

The voltage at VR is an intarnally regulated 1.2 volt
supply which provides the bias currents for the micro-
phone and the transmit amplifier output (Pin 3), a8 well
as internal bias for the various amplifiers. Capacitor Cg
stabilizes the regulator. The use of an (internal) PNP
transistor allows VR to be regulated with a V + voltage
as low as 1.5 volts,

FIGURE 5 — DC LINE INTERFACE
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FIGURE 6 — INTERNAL CURRENT versus VOLTAGE
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The transmit amplifier {from TXI to TXO) is inverting,
with a fixed internal gain of 20 VAV {26 dB),and a typical
input impedance of 10 kQ {Figure 8). The input bias cur-
rénts are internally supplied, allowing capacitive cou-
pling of the microphone signals to the amplifiar,

In the speach and pulse modes, the dc bias tevel at
TXO is typically 0.52 x VR (=~0.63 V), which permits
the output to swing 0.65 voits in both positive and
negative directions without clipping. The ac voltage
signal at TXO (the amptified speech signal) is con-
vertad to an ac current by Rg. The ac current passes
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FIGURE 7 — CIRCUIT VOLTAGE versus LOOP CURRENT
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through the VR serigs pass transistor to V+, modu-
lating the loop current. The voitage signal atV + isout
of phase with the signal at TXI. .

In the tone dialing mode, the TXO dc bias level is
clamped at approximately VR-10 mV, rendaring the am-
plifier inoperative. This action also raduces tha TXO bias
current from 3.0 mA to less than 125 pA.

MIC {Pin 1) is connected to an opan-collector NPN
transistor, and provides the ground path for the micro-
phone bias current. In gither dialing mode, the transistor
is off, disabling the microphone.

FIGURE 8 - TRANSMIT SECTION
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SIDETONE AMPUIFIER

The sidetone amplifiar provides inversion of the
TXO signal for the reduction of the sidetone signal at
the recaive amplifier (Figure B). Resistors Ry and R3
determine the amount of sidetone cancellation. Ca-
pacitor Cy provides phase shift to compensats for the
phase shift created by the complex impedanca of the
Tip & Ring lines.

The gain of the sidetone amplifier variss with the volt-
age at LR {Pin 13), in effect making it a function of the
loop current. The maximum gain is — 15 dB {0.17 VV)
at low loop currents, and the minimurmn gain is —21 dB
{0.09 VAV} at high loop current {sse Figure 9 for transfer
curvas). For axample, using 47 0 for Rg, the gain would
begin to decrease at ~30 mA, and would stop decreas-
ing at =57 mA {spesch mode). The dc bias voltage at
STA {Pin 4) changes slightly {~50 mV) with variations
in loop current, The output Is inverted from TXO, which
is the input to this amplifier, Since the transmit amplifier
is Inoparative in the tone dialing mode, the sidetone
amplifier is also ingperative in that mode.

FIGURE 9 - SIDETONE AMPLIFIER GAIN
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The gain of the receive amplifier {from V+ to RXO)
is determined according to the following equation (refer
to Figure 10):

_BKQA+ iR} (Agq) (AT { JxRAXR
V+ Ry {{Xc/R2) +Rg) (Ra+Rgl x Rz

Where Ra = Rg/10 k01 {10 k0 = Ry of T Amp}
Agq = Gain of Equalizetion Amp
Atxo = Gain of Transmit Amp (20 VV)
AgTA = Gain of sidetone Amp
Xg = Impedancs of Cy at frequency of

interast

The wavaform at STA (Pin 4) is in phasa with that at
V+ {for recaive signals), hence the plus sign between
the tarms. Due to the variations of Agq and AgTA with
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loop current, the receive gain will vary by ~1.5 dB. If
capacitor Cy is not used, the above equation is simpli-
fied by deleting the terms containing X¢. ‘

The output at RXQ is inverted from V+ in the receive
mode. In the transmit mode, the V +-t0-RX0 phass re-
lationship depends on the amount of sidetone cancel-
fation {determined by Rg and Ry and C4), end can vary
from 0° to 180°.

in the speech mode, the output current capability {at
RXO) is typlcally 2.0 mA. In either dialing mode, the
currant capability is reduced t0 400 pA in orderto reduce
internal current consumption. This featurs is baneficial
whan this dsvice is used in conjunction with a line-pow-
eved spaakerphone circuit, such as the MC34018, whare
the majority of the loop current is needed for the
speakerphone.

RMT {Pin 9) is the return path for the raeaivaf's ac
current, This pin is internally connected to an open col-
lector NPN transistor, parallelad by a 10 ki) resistor. In
the spesch mods, the transistor is on, providing a fow
impedance from RMT to ground. In either dialing mode,
the transistor is off, muting the receive signal. This pre-
vents loud “clicks” or loud DTMF tones from being
heard in the recaiver during dialing. Whan switching
from either dialing modse to the speech mode (MT
switches from tow to high), the RMT pin switches back
to a low impuadance safter a delay of 2-20 ms. The delay
reduces clicks in the recaiver associated with switching
from the dialing to speech mode,

EQUILIZATION AMPLIFIER

The equalization amplifier gain varies with loop cur-
rent, and is configured in the circuit so as to cause a
variation of the natwork ac impedance {when looking in
from the Tip & Ring linas). The gain varies with the
voltage at LR {Pin 13), in effect making it a function of
the loop current. The maximum gain is ~ 2.6 dB (0.76
V/V) at high loop current, and the minimum gainis — 12
«dB {0.25 VV) and tow loop current {see Figure 11 for
transfer curve). For example, using 47 {2 for Rg, the gain
would begin to increase at ~30 mA, and would stop
increasing at ~57 mA {spsech moda). The output signal
is in phase with the signal at V+, which is the input to
this amplifier.

The dc bias lavel at EQ {Pin 6) varies with the voltage
at LR {Pin 13) according to the curve of Figure 12. In
most applications, this lavel shift is of little conse-
quence, and may be ignored. if a particular circuit con-
figuration should be sensitive to the shift, however,
the output signal at EQ may be ac coupled to the rest
of the circuit.

The equalization amplifier remains functional in all
thren modes, although in the tone mode, its function
has no consequance when tha circuit is configured as
shown in Figure 1.

Vpp REGULATOR
The Vpp regulator is a shunt type regulator which
supplies a nominat 3.3 volts for external dialers, and/or

MC34014
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other circuitry. In the speach mode, the output current
capability at Pin 18 is typically 580 A, In sither dialing
mode, the current capacity is increased to 2,0 mA,

Vpp will be regulated whenever V+ is >300 mV
above the regulated value. As V + is lowered, and the
internal pass transistor bacomes saturated, the circuit
steers current away from the axternal load through an
internal current sourcs, in order that theVpp capacitor
{C9) does not load down speech and DTMF signals at
V+. As V+ is lowered below 1 volt, Pin 15 switches
to a high impedance state to prevent discharging of
any storage capacitors, or batterles used for memory
retention, .

The Vpp voltage is unaffected by the choice of op-
erating mode,

DIALER INTERFACE’

The_dialer interface consists of the mode control
pins, MT and MS (Pins 18 and 17), and the DTMF cur-
rent amplifier.

The MT pin, when at a Logic "1” {> Vpp — 0.3 V),
sets the circuit into the speech moda, independent of
the state of the MS pin. When the MT pin is at a Logic
“0" {< 1.0 V), the dialing mode is determined by the MS
pin. When MS is at 8 Logic “1” {> 2.0 V), the circuit is
in the pulse dialing mode, and when ata Logic D" (<
0.3 V) the tone {DTMF) mode is _in effect,

The input impedance of the MT pin is typicaily 100
k), with the input current flowing out of the pin
{from Vpp). The input impedance of the MS pin is
typically 600 k{1, and the input currant flows into the
pin {Figure 1),

The DTMF amplifier (Figure 13) is a current amplifier
which transmits DTMF signals to the V+ pin, and con-
sequently onto the Tip & Ring lines. Waveforms from a
DTMF dialer are input at Ti (Pin 16) through a current
limiting resistor (Ry). Negative fesdback around the am-
plifier reduces the overall gain so that return loss spec-
ifications may be met. The voltage gain is calculated
using tha following equation:
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e €0 Be
Vi = {1 + 0.795R7 + 0.4RgRy)
{Rg, Ry in kQ)

whaere Rg = R(//2 kD (2 k) = internal dynamic
impedancs)

Using 22 k0 for Ry, and 600 O for Ry, the voltage
gain is a nominal 4.3 dB. The minimum loop current
at which the circuit of Figure 1 will oparate without
distortion is 12 mA.

The DTMF amplifier is functional only in the tone
dialing mode, and the waveform at V+ s inverted
from that at Tl The T pin requires a dc bias current
{into the pin) of 20-50 nA, which may be supplied by
the Tone dialer circuit, or by using the biasing scheme
of Figure 14.

CC {PIN 8)

The CC pin {Compensation Capacitor) has two func-
tions: 1) to provide equalization loop stability where the
normal stabilizing components are ineffactive; and 2)
to allow optional controi of the equalization functions.

In most applications, the capacitor at LC {Pin 12) pro-
vides the required stability, and no further compensa-
tion is required. In applications where changes are
forced at Pin 12 and/or 13 {e.g., see Figure 23), the LC
capacitor's effectiveness may be lost. The addition of a
10 uf capacitor to Pin 6 will provide the reguired ad-
ditional compensation.

The CC pin may be used to force the loop length com-
pansation circuits to specific modes. Grounding CC will
set the sidatons and equalization amplifiers at the low
loop current values. Connecting CC to VR will set the
amplifiers at the high loop current velues.

Variations in the curves of Figures 9 and 11 may be
obtained by using external resistors from LR to CC, and
from CC to V—.
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RGUAE 11 — EQUALIZATION AMPLIFIER GAIN FIGURE 12 - £Q (PIN 8) DC VOLTAGE
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APPLICATIONS INFORMATION

AC IMPEDANCE

One of the basic problems with early telephones I8
that the performance varied with different line lengths
{distance from the Cantral Office to the telaphons), If a
particular phone were optimized for short loops end
then connected to a long loop, both the transmitted and
recelve signals would be difficuit to hear, On the other
hand, phones optimized for long loops would then be
annoyingly loud on short loops. The process of equal-
fzation is one whereby the performance is forced to vary
with loop length inversly to the expected variations.
Monitoring of loop length is accomplished by monitor-
ing the loop current at the telephone. In the MC34014,
loop length equalization is provided by varying the ac¢
impedance of the telephona circuit, In this manner the
MC34014 mimics a passive network, with varistors pro-
viding the aqualization,

Figure 16 depicts the situation in the receive mode.
“The receive signal coming from the Central Office is Vg
and is independent of the loop langth, 2y is the ac
{mpedance of the Central Office, nominally 800 (1. Zy is

the characteristic Impedance of the phone line, and is
a nominal 600 Q. The signal applied to the line (V1) is
tharafore a portion of Vg. That signal is attenuated by
the distributive impedance of the phonae line, with 8 re-
sulting signal V2 at the telephone. The amplitude of V2
depends on the amount of attenuation, the impedence
of the phone line atthe telephone and the ac impedance
of the telaphone {Za), according to:

V% Zac
Zge + 2,

where Viis the equivalent signal source at the re-
ceive end of the phone line, providing the signal V2
through the impedance equal to the characteristic
impedance of the lina (21). The vaiue of V{depends
on how much V4 has been attenuated by the length
of phone line, By increasing Z¢ on long loops, Vz is
a greater portion of V4, resulting in a stronger receive
signal at the telephone.

V2

FIGURE 15 — RECEIVE MODE
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Figure 16 depicts the situation in the transmit mode.
In this mods, the MC34014 is an ac current source, with
afinite output impedance, modulating the loop current.
The voltage signal Vy is therafore equal to the ac signal
currant acting on 2y in parallel with the charactaristic

impedance of the phone line {Z.). The signal is atten-
uated by the distributive impedance of the phone line,
and 80 only a portion of that signal {Vg) appears at the
Central Office. By Incrsasing Zag on long loops, V1 is
increased, resuiting in a higher signal lavel at Vo,

FIGURE 16 — TRANSMIT MODE
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The ac impedance of the telephone circuit is deter-
mined by the transmit amplifier, equalization amplifier,
and external resistors Rg, Rg, and Rg. In Figure 17, a
portion of the receive signal at V+ appears at EQ. That
signal is reduced at TXI by the Rg-Rg divider (the slactret
micraphone is a high impedance). The signal at TX! is
then amplified by 20, and that signal {at TXO) is con-
verted to an ac current by R9. The ac impedance of the
circuit is therefore V +/ix0, and is defined by the fol-

lowing equation:
2.. = {1+ AgRe) Rol
2 ~ 20xAx{Rg/Rg)

where A = the gain of the equalization amplifier
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Since the gain of tha equalization amplifier varies by
a factor of 3, the sc impedance will vary the same
amount. Using the resistor values indicated In Figure 1,
the ac impedance will vary from 280 Q {short loop} to
840 0} {long toop).

When calculating or measuring the scimpedancs, ca-
pacitor Cg (~8.0 &} at 1.0 kHz) and the dynamic imped-
ance of the MC34014 {~10 k() must be taken into ac-
count. If the microphone has an impedanca lower than
that of a typical electret, then its dynamic impedance
must ba accounted for in the above sguation,

{0.25 to 0.75)
FIGURE 17 — DETERMINING AC IMPEDANCE
from
Tip & Ring | v+
Equalization r VR
VR Amp
EQ
- @ M7
an VR R9
8 <RB — Regulator l
10k )
57 S > = ) X0
+ TXO
Mike f Transmit
= Amp
MiC

Hf a variation in Zy¢ of less than 3:1 is desired, the
cireuit configuration of Figure 18 may be used. The ac
impedance is the parallel combination of Ry and the

impedance presented by the remainder of the circuit.
With the values shown in Figure 18, the ac impedance
varies from 400 £ to 800 .

FIGURE 18 — REDUCED AC IMPEDANCE VARIATION
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TRANSMIT DESIGN PROCEDURE
Referring to Figure 17, first selsct Rg for the desired
maximum output level at Tip & Ring, assuming a signal

tevel at TXO of 1.0 V p-p. The maximum signal level at .

Tip & Ring will be approximately:

Vrxo! Zy)
Ry

where Zi_is the charactaristic ac impadance of the
phone line. Capacitor Cg and the ~10 kQd dynamic
impedance of the MC34014 must aiso bs considered
in the above computation, since they are in parallel
with Z. " ;

The next step is to select the Rg/Rg ratio, according
to the required Za¢, using the equation on the previous
pags. Then Rg is selected to set the microphone sen-
sitivity. Rg is typicaily in the range of 0.5 k to 1.5 kQ,
and is dependent on the characteristics of the micro-
phona. Rg is then calculated from the above men-
tioned ratio.

FIGURE 19 -~ ALTERNATE MICROPHONE BIAS

g
%
IlH

Elactret
Microphone

The overall gain from the microphone to V + will vary
with loop current due to the influence of the equalization
amplifiar on TXI. The signal at £Q is out of phase with
that at TXI, therefore the signal atV + decreases asloop
current {and the EQ signal) incraases, Variations are typ-
ically 2.0 to 5.0 dB and dapand largely on the impedance
characéteristics of the microphone.

ALTERNATE MICROPHONE BIASING

In the event that the microphone cannot be properly
biased from the 1.2 volt VR supply, a higher vollage can
be obtained by biasing from the V+ supply. The con.
figuration shown in Figure 19, provides a higher voitage
to the microphone, and also filters the speech signals
at V+ from reaching it, preventing an oscillatory loop
from forming. The maximum volitage limit of the
microphona must be considered when biasing this way.

If 8 dynamic microphonae is to be used in place of an
electret unit, the circuit in Figure 20 will buffer its low
impedance from the MC34014 circuit, maintaining the
high impedance required 8t the junction of Rg and Rg.
The circuit shown provides a gain of ~2.8 for the mi-
crophone signals, and can be adjusted by varying the
160 ) resistor.
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HANDSET/HANDS-FREE TELEPHONE

Figure 23 indicates a circuit using the MC34014
speech natwork, MC34018 speakerphona circuit, and the
MC34017 tone ringer to provide a complete telephone/
speakerphona, Switch HS (conteining one normally
open and one normally closed contact) is the hook
switch actuated by the handset, shown in the on-hook
position, When the handsat is off-hook (HS1 open, HS2
closed), power is applied to the MC34014, and conse-
quently the handset, and the T3 pin of the MC34018 is
held high 80 as to disable it. Upon closing the two poles
of switch S5, and placing switch HS in the on-hook po-
sition, power is then applied to both the MC34014 and
the MC34018, and TS is held low, snabling the speak-
srphona function. Anytime the handset is removed from
switch HS, the circuit reverts to the handset mode. The
diode circultry sets the MC34014 to the pulse dialing
mods to mute the handset microphone and receiver
whan using the speakerphone. To compsnsate for the
different equalization response of the MC34014 when in

FIGURE 20 — INTERFACING A DYNAMIC MICROPHONE

VR
o
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2N2222 0.05
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L ™
d > MC34014
Dynamic 2‘7k§: 160
Microphone ]
(160 ) S
= MIC

the pulse dlaling mode {Figures 9 and 11), the 47 Q2 re-
sistor normally found at Pin 13 of the MC34014 s instead
divided into two resistors (33 Q and 16 Q). This arrange-
ment provides similar equalization response in both the
handset and in the speakerphone modes. Since the LC
capatitor {Pin 12) Is.ineffactive in the speekérphone
mode, a capacitor is added at Pin 5 (CC) to provide com-
pensation for the equalization loop when the speaker-
phone mode is in effect.

SWITCHABLE TONE/PULSE TELEPHONE

Figure 21 indicates a switchable tone/pulse telephone
cireuit using the MC145412 tone/pulse dialer, MC34014
spesch network, and the MC34017 tone ringer. The di-
aler is programmable, and can store up to 10 phone
numbers. As can be seen, tha interface to the MC34014
is straightforward.

PULSE ONLY TELEPHONE

Figura 22 indicatas a pulse only telephone circuit us-
ing the MC145409 pulse dialer, MC34014 speech net-
work, and the MC34017 tone ringer. The dialer has last
number redial, and provides a pacifier tone to the re-
ceiver during dialing.
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FIGURE 21 — COMPLETE TELEPHONE WITH PULSE/TONE DIALING
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p Microphona/Receiver

Piezo Sounder

Modsis KSN 1113-1118
Motorolas, Inc.
Albuquerque, N.M.
505-822-8801

TRANSIENT PROTECTION & RFI SUPPRESSION
Protaction from voltage transients is necessary in
most telephone circuits, and may take the form of zener
diodes, RC or LC filters, transientsupprassors, or a com-
bination of the above.
_Potential radio fraquency interferance problems
should be addressed early in the electrical and me-
chanical design of the telephone, RFI may enter the cir-

Microphone model EM-86
Receiver model DH-34
Primo Microphone, Inc.
Elk Grovs Village, lll.
312-595-1022

Microphone Modal KUC2123
Hosiden Electronics
Chicago, M.

312-966-7707

cuitry through the Tip & Ring lines, through the micro-
phona and/or raceiver leads in the handset cord, or
through any of the wiring or PC board traces. Ceramic
decoupling capacitors, ferrite beads, and other RF
suppreasion techniques may be needed. Good PC board
design techniques, such as the avoidance of loops,
should be used. Long tracks on high impedance nodes
should be avoided.
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