HLF® MC34118

VOICE SWITCHED SPEAKER-PHONE CIRCUIT

DESCRIPTION

MC34118 includes the necessary amplifiers, attenuators,
level detectors and control algorithm.

MC34118's internal circuit, there is an internal microphone
amplifier with adjustable gain and mute control, internal transmit
and Receive attenuators (operate in a complementary manner),

level detectors at both input and output of both attenuators, and
background noise monitors for both the transmit and receive
channels.

The dial tone can be pretended from being attenuated by the
receive background noise monitor circuit by a dial tone detector.
There are also two line driver amplifiers which can be used to form a
hybrid network in conjunction with an external coupling transformer. A
high-pass filter can be used for other filtering functions, and especially
to filter out 60Hz noise in the receive channel.

mc34118 which requiring typically 5mA may be operated
from a power supply, or it can be powered from the telephone

line. MC34118DW SOP-28
FEATURES MC34118P DIP-28

DIP-28

* Attenuator gain range: 52dB (between Transmit and Receive)

* For line-powered applications : 3~6.5V low voltage operation

* For improved sensitivity :4-point signal sensing

* For Transmit and Receive paths: background noise monitors

* External resistors set microphone amplifier gain

* Mute function included

* Chip disable: active or standby operation

* During dial tone presence: dial tone detector to inhibit receive idle
mode
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MC34118

PIN DESCRIPTION

PIN NO PIN NAME DESCRIPTION
1 FO Qutput of filter. The output impedance is less than 50Q.
2 Fl Input of filter. The input impedance is less than 1MQ.
Chip Disable input .A logic low (voltage lower than 0.8V) sets normal operation. A logic
3 CD high (voltage higher than 2V) disable the IC. This pin’s input impedance is 90 KQ
nominally.
This pin requires a supply voltage of +2.8V ~ +6.5V at 5mA. After V¢ falls from 3.5V ~
4 Vee 2.8V, when in the receive mode, an AGC circuit reduces the receive attenuator gain by
25dB.
5 HTO+ The output of the second hybrid amplifier. This amplifier's gain is internally set at -1.
6 HTO- Output of the first hybrid amplifier. This amplifier's gain of the amplifier is set by
external resistors.
7 HTI The first hybrid amplifier's input and summing node. DC level is about equal to VB.
8 TXO The transmit attenuator’s output. DC level is about VB.
The transmit attenuator's input. It's maximum signal level is 350 mVrms. The input
9 TXI ) .
impedance is 10KQ.
10 MCQO The microphone amplifier's output. This amplifier's gain is set by external resistors.
11 MCI The summing node of the microphone’s input. DC lever is VB.
Input of mute. A logic low (voltage lower than 0.8V) sets the circuit normal operation. A
12 MUT logic high (voltage higher than 2V) mutes the microphone amplifier, but it doesn'’t affect
the rest of the circuit. The input impedance is 90 K ohms.
The input of Volume control. In the receive mode, when VLC=VB, the receive
13 VLC attenuator is at maximum gain. The receive gain is down 35dB when VLC=0.3dB, and
it does not effect the transmit modes.
14 CT At this pin, to switch modes, the RC sets the response time for the circuit.
In this pin, there’s an output voltage=Vcc/2 which is a system AC ground and biases
15 VB L .
the volume control. What required is a filter capacitor.
16 CPT The time constant for the transmit background side can be set by the RC at this pin .
17 TLI2 The input to the transmit level detector which is on the microphone/ speaker side.
18 TLOZ The output to the transmit level detector which is on the microphone/ speaker side.
Also the input to the transmit background monitor.
19 RLO2 The Qutput of the receive level detector which is on the microphone/ speaker side
20 RLI2 The input to the receive level detector which is on the microphone/ speaker side
21 RX| The input to the receive attenuator and dial tone detector. In this pin, the maximum
input level is 350mVrms,and the input impedance is 10KQ.
22 RXO The output of the receive attenuator. This pin's DC level is VB.
23 TLI1 The input to the transmit level detector which is on the line side.
The output to the transmit level detector which is on the line side, and also the input to
24 TLO1 . :
the transmit background monitor.
25 RLO1 The output of the receive level detector which is on the line side.
26 RLI1 The input to the receive level detector which is on the line side.
27 CPR The time constant for the receive background monitor can be set by the RC at this pin.
28 GND Ground.
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ABSOLUTE MAXIMUM RATING (Ta=25°C,Voltages referred to pin 22)

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage Vee -1~7 V
Voltage at Pin 3 V3 -1~Veet1 V
Voltage at Pin 12 ( mute) V12 -1~Vee +1 V
Voltage at Pin 13 ( VLC) V13 -1~Veet0.5 vV
Voltage at Pin 9, Pin 21, and Pin 2 V9, 21,2 -0.5~ Vee+0.5 vV
Storage Temperature Tstr -65~+150 °C

Note: Absolute maximum ratings are those values beyond which the device could be permanently damaged.
Absolute maximum ratings are stress ratings only and functional device operation is not implied.

RECOMMENDED OPERATION CONDITIONS

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage V4 3.5~6.5 \
Voltage at Pin 3 V3 0~ Vee \
Voltage at Pin 12 ( MUTE) V12 0~ Vee V
Voltage at Pin 13 (VLC) V13 0.3xVB~VB \
IVB Current ( Pin 15) lve 500 A
Attenuator Input Signal Voltage at Pin 9, Pin 21 V9, V21 350 mVrms
RXO, TXO(Pin8, Pin 22) 0~+-2 mA
Load Current MCO(Pin 10) 0~+-1 mA
HTO-, HTO+(Pin 6, Pin5) 0~+-0.5 mA
Ambient Operating Temperature Topr -20~+60 °C
ELECTRICAL CHARACTERISTICS(Ta=25°C)
PARAMETER | symoL | TESTconDITIONS | MIN | TYP | max [uNiT
Supply Voltages
Vcc=6.5V, CD=0.8V 5.5 8 mA
v+ Supply Current lcc Ve =6.5V, CD=2V 600 | 800 | pA
CD Input Resistance Rcop Vee =Vep=6.5V 50 90 kQ
CD Input Voltage High Veon 2 Vee | V
Low VebpL 0.8 V
Vg Output Voltage Ve Vee =3.5V 1.3 v
Vee =5V 18 | 21 | 24
Ve Output Resistance Rovs lyg=1mA 400 Q
Ve Power Supply Rejection Ratio PSRR |Cvg=220yuF, f=1kHz 54 dB
Attenuators
Rx Mode, Ry=150mVrms Gryx Vee=5V 4 6 8 dB
Receive Aftenuator Rx Mode, Rx=150mVrms Grx___ |Vcc =3.5V 4 6 8 dB
Gain Gain Change AGrx1 _ |Vcc =3.5V vs. Vec =5V 05| 0 [+05 | dB
- _ AGC Gain Change AGrx2 |Vec =3.5V vs. Ve =5V -25 | -156 | dB
(f=1kHz, ViLc=Vg)
Idle Mode, Rxi=150mVrms Grxi -22 | -20 | -17 dB
Rx to Tx Mode Range AGrx3 49 52 54 dB
Volume Control Range Vcr 27 35 dB
Rxo DC Voltage VRrxo Rx Mode Ve V
ARxo DC Voltage AVexo |Rx to Tx Mode +-10 [+-150| mV
Rxo High Voltage Vrxon  |lour=-1mA, Rx=Ve+1.5V 3.7 V
lout=+1mA, Rx;=Ve-1V,
Rxo Low Voltage Vrxor |[Output Measured with 1.5 | -1 \%
Respect to Vs
Rxi Input Resistance Rrxi Rx1<350mVrs 7 10 14 | kO
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MC34118

ELECTRICAL CHARACTERISTICS(Cont.)

PARAMETER | symoL |  TESTconDITiIONS | MIN | TYP | MAX [uNIT
Transmit Attenuator Gain (f=1kHz)
Tx Mode, Txy=150mVrms Grx 4 6 8 dB
ldle Mode, Tx,=150mVrms G -22 | 20 | -17 | dB
Tx to Rx Mode Range AGtx 49 52 54 dB
TxO DC Voltage VTXO Tx VB V
ATxo DC Voltage AVixo |Tx to Rx Mode +-30 |+-150| mV
Txo High Voltage V1xoH lout=-TmA, Tx=Ve+1.5V 3.7 V
loutr =+1mMA, Tx=Ve-1V,
Txo Low Voltage VrxoL |Output Measured with -1.5 -1 V
Respect to Vg

Txi Input Resistance Ry Tx1<350mVrs 7 10 14 kQ
Gain Tracking Grr Grx*+Grx, @Tx, loie, Rx +-0.1 dB
Attenuator Control

Rx Mode Vic=Vs 240 mV
CT Voltage ( CT-Vg) Idle Mode 0 mV

Tx Mode -240 mV
CT Source Current lctr (Switching to Rx Mode) -85 -60 | -40 HA
CT Sink Current letT (Switching to Tx Mode) +40 | +60 [ +85 | pA
CT Slow Idle Current leTs 0 pA
CT Fast Idle Internal Resistance R 1.5 2 36 | kQ
VLC Input Current g -60 nA
Dial Tone Detector Threshold Vor 10 15 20 mV

Microphone Amplifier ( Vyur< 0.8V, Avc1 =31dB, unless otherwise specified)

OL.Itlet Offset Mcovos  |Vmco-Ve, Re=180 kQ -50 0 50 mV
Open Loop Gain Avon |F<100Hz 70 80 dB
Gain Bandwidth Gewm 1 MHz
Quitput High Voltage Vueon  |lour =1mA, Vee=5V 3.7 V
Qutput Low Voltage VumcoL  |lour =1TmMA 200 | mV
Input Bias Current lam @MClI 40 nA
) . f=1kHz, V=2V -55

Muting(aGain) Gut |300Hz <f<10kHz 68 dB
MUT Input Resistance Rumut Vee=Vmur=6.5V 50 90 kQ
MUT High Input Voltage VumuTH 2 Vee | v
MUT Low Input Voltage VutL 0 0.8 V
Distortion THDw  [300Hz <f<10kHz 0.15 %
HYBID AMPLIFIER

HTO-Offset Hvos Vuto-~Ve, Re=51 kQ -20 0 20 mvV
HTO- to HTO+ Offset Hevos |Rr=51kQ -30 0 30 | mV
Open Loop Gain Avown  |Hm to Hro., F<100HZ 60 80 dB
Gain Bandwidth GewH 1 MHz
Closed Loop Gain Avcln |Hto- to Hros -0.35 0 0.35 | dB
Input Bias Current(@HTI) lgn -30 nA
HTO- High Voltage VHTH lout =-5MA 3.7 V
HTO- Low Voltage Vure  |lour =+5mMA 250 | mV
HTO+ High Voltage VHT+H IOUT =-5mA 3.7 V
HTO+ Low Voltage Vit |lour =+5mA 450 | mV
Distortion THDym  [300Hz <f<10kHz 0.3 %
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ELECTRICAL CHARACTERISTICS(Cont.)

PARAMETER | symBoL| TESTCONDITIONS | MIN | TYP [ MAX [UNIT

Level Detectors And Background Noise Monitors

Transmit-Receive Switching
Threshold( Ratio of Current at RLIT1+RLI2 to ltH 0.8 1 1.2
20uA at TLI1+TLI2 to Switch from Tx to Rx)
Source Current at RLO1, RLO2, TLO1, TLO2 ILso -2 mA
Sink Current at RLO1, RLO2, TLO1, TLO2 I sk 4 PA
CPR, CPT Qutput Resistance Rcp lour =1.5mA 35 Q
CPR, CPT Leakage Current lepLk -0.2 A
Filter
Voltage Offset at FO Fovos |VFo-Ve, 220kQ from Vg to Fl -200 | -90 0 mV
FO Sink Current lFo 150 | 260 | 400 | pA
F| Bias Current Iq -50 nA
SYSTEM Distortion (f=1kHz)
from F, to Rxo,
Rx Mode THDr Fo connected to Ry 0.5 3 %
from MCI to Hyo./Ho+,

Tx Mode THD includes Ty attenuator 0.8 3 %
TEMPERATURE PARAMETERS

PARAMETER TYP RATINGS (Ta=25°C) TYP CHANGE UNIT
Ve Supply Current(CD=0.8V) 5mA -0.3 %/°C
Ve Supply Current(CD=2V) 400pA -0.4 %/°C
Ve Output Voltage (Ve =5V) 2.1V +0.8 %/°C
Attenuator Gain (Max Gain) 6 0.0008 dB/°C
Attenuator Gain (Max Attenuation) -46dB 0.004 dB/°C
Attenuator Input resistance 10kQ 0.6 %/°C
Dial Tone Detector Threshold 15mV 20 pVv/eCc
CT Source, Sink Current +60pA -0.15 %/°C
Microphone, Hybrid Amplifier Offset 0mV +4 pv/eC
Transmit-Receive Switching Threshold 1 +0.02 %/°C
Sink Current at RLO1, RLO2, TLO1, TLO2 4pA -10 nAfC
Closed Loop Gain( HTO- to HTO+) 0dB 0.001 %/°C
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FUNCTIONAL DESCRIPTION

ATTENUATORS

The transmit and receive attenuators are complementary in function, and they are never both fully on or both
fully off. For example, when one is at maximum gain: +6dB, the other is at maximum attenuation: -46dB, and vice
versa. But sum of their gains remains constant at -40dB typically. To control the transmit and receive paths to
provide the half-duplex operation required in speakerphone is the attenuators’ purpose. The attenuators are
non-inverting, have a -3dB (from max gain) frequency of ~100kHz, their input impedance of each one is nominally
10kQ, and to prevent distortion, their input signal should be limited to 350 mVrms(same as 990mvp-p). After the
output current limit (typically 2.5mA) is reached, the output impedance is<10Q.

VB
o
10kQ Y
TXI/RXI ——\\A\— To Attenuator [nput
4.0kQ 96KQ

These attenuators can be controlled by the Control Block’s output signal. When the CT pin which measures the
signal is at +240mV with respect to VB, the circuit is in the receive mode and so receive attenuator is at +6dB. When
the CT voltage is equal to VB, the circuit is in an idle mode, and it also causing the attenuators’ gains to be halfway
between their fully on and fully off positions (typical -20 dB each). The most direct method to monitor the circuit's
mode is monitoring the CT voltage (with respect to VB).

LEVEL DETECTORS

There are two level detectors on the receive side and two level detectors on the transmit side. The terms in
parentheses form one system, and the other terms form the second system. All the four level detectors are high
amplifiers which have back-to-back diodes in the feedback path, and then it is resulting in non-linear gain, which
permits operation over a wide dynamic range of speech levels. TLI1, TLI2, RLI1, and RLI2, the external resistor and
capacitor determine the sensitivity of each level detector. Through a diode each output charges an external capacitor
and limiting resistor, thus providing a DC representation of the input AC signal level. The capacitor and an internal
350Q resistor provide the outputs’ quick rise time. And an internal current source and the capacitor set a slow decay
time. On the receive side, RLI1 is at the receive input receiving the same signal as at Tip and Ring, and RLI2 is at
the output of the speaker amplifier. On the transmit side, TLI2 is at the microphone amplifier, while TLI1 is at the
hybrid output.




HLF® MC34118

FUNCTIONAL DESCRIPTION(Cont.)
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BACKGROUND NOISE MONITORS

To distinguish speech (consists of bursts) from background noise (a relatively constant signal level) is the main
purpose of the background noise monitors. There is one background noise monitor for the receive path and another
one for the transmit path. The receive background noise monitor is operated on by the RLI1-RLO1 level detector, as
same as the transmit background noise monitor is operated on by the TLI2-TLOZ2 level detector. By storing a DC
voltage representative of the respective noise levels in capacitors at CPR and CPT, the background noise can be
monitored. At these pins, the voltages have slow rise times which determined by the external RC, but fast decay
times. The voltage at the non-inverting input of the monitor's output comparator won’t be more positive than the
voltage at CPR/CPT when the signal at RLI1/TLI2 changes slowly. But while speech is present, it will rise quicker
than the voltage at the inverting input, causing its output to change. The term’s output is sensed by the attenuator
Control Block.

VOLUME CONTROL

At VLC (pin 13) is the volume control input which is sensed as a voltage with respect to VB. Only in the receive
mode the volume control affects the attenuators. In the receive mode, the receive attenuator's gain will be +6dB, and
the transmit attenuator’s gain will be -46dB when VLC is equal to VB. When VLC is reduced below VB, the receive
attenuator's gain is reduced, and the transmit attenuator’s gain is increased, but the sum of them tow remains
constant. Out of the pin VLC, the bias current is typically 60nA.

DIAL TONE DETECTOR

This detector is a comparator with one side connected to RX| and one side input connected to VB with a 15mV
offset. Under this situation: the circuit is in the receive mode, and the incoming signal is greater than 15Mv, the
comparator's output will change, disabling the receive idle mode. Then receive attenuator will be at a setting only
determined by the volume control.

» To Rx Attenuator

RXI

To Attenuator
Control Block

15mV =
T
VB C4
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FUNCTIONAL DESCRIPTION(Cont.)

AGC

The AGC circuit only affects the circuit under such situation: when the circuit is in the receive mode, and when
V¢ is less than 3.5v. As while as V¢ falls below 3.5 volts, the transmit path attenuation changes so that the sum of
the transmit and receive gains remains constant.

ATTENUATOR CONTROL BLOCK

This block has the seven:

* C1: The output of the comparator operated by RLO2 and TLO2 (here means in microphone/ speaker side).
* C2: The output of the comparator operated by RLO1 and TLO1 (here means Tip/ Ring side).

* C3: The output of the transmit background noise monitor.

* C4: The output of the receive background noise monitor.

* Volume control

* Dial tone detector

* AGC circuit

The C1~C4 effect is as follows:

INPUTS

C1 Cc2 C3 C4 OuTPUT

Tx Tx 1 X Transmit Mode
Tx Rx Y Y Fast Idle Mode
Rx Tx Y Y Fast Idle Mode
Rx Rx X 1 Receive Mode
Tx Tx 0 X Slow Idle Mode
Tx Rx 0 0 Slow Idle Mode
Rx Tx 0 0 Slow Idle Mode
Rx Ry X 0 Slow Idle Mode

Switching to the full transmit or receive from any other mode is at the fast rate (~30 ms).
X :Don’t care
Y :C3,C4 are not both 0
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FUNCTIONAL DESCRIPTION(Cont.)

Definition of the above is as follows:

Trems Definition
Transmit The transmit attenuator is fully on: +6dB. And the receive attenuator is at max. attenuation :-46dB
Receive Both attenuators are controlled by the volume control. At max. Volume the receive attenuator is fully
on: +6dB, and the transmit attenuator is at max.attenuation:-46dB.
Fast Idle Both transmit and receive speech are present in approximately equal levels.
The attenuators are quickly switched to idle until one speech level dominates the other.
Slow Idle Speech has ceased in both transmit and receive paths. The attenuators are then slowly switched to

the idle mode.

A summary of the truth table is:
1. Under all the below situations the circuit will switch to transmit :
(1) Both transmit level detectors sense signals relative to the respective receive level detectors
TLI1 versus RLI1, TLI2 versus RLI2
(2) The transmit background noise monitor indicates the presence of speech.
2. Under all the below situations the circuit will switch to receive
(1) Both receive level detectors sense higher signal levels relative to the respective transmit level detectors
(2) The receive background noise monitor indicates the presence of speech.
3. Under all the below situations the circuit will switch to the fast Idle mode:
(1) If the level detectors disagree on the relative strengths of the signal levels
(2) At least one of the background noise monitor indicates speech.
There are two conditions which can cause the fast idle mode to occur:
(A) When both talkers are attempting to gain control of the system by talking at the same time
(B) When one talker is in a very noisy environment, forcing the other to continually over-ride that noise level. In
general, the fast idle mode will occur infrequently.
4. Under any of the below situations the circuit will switch to the slow idle mode
(1) Both talkers are quiet( no speech present)
(2) When one talker's speech level is continuously over-ride by noise at the other speaker’s location.
CT pin (pin14) determine the time required to switch the circuit between transmit, receive, fast idle, and slow
idle.
A schematic of the CT circuitry operates as follows:
*  RT=120kQ (typ.), and CT =5pF (typ.).
*  Switching to the receive mode
11 is turned on; 12 is off,
Charging the external capacitor to +240mV above VB
An internal clamp prevents further charging of the capacitor).
*  Switching to the transmit mode
12 is turned on; 11 is off,
Bringing down the voltage on the capacitor to -240mV with respect VB.
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FUNCTIONAL DESCRIPTION(Cont.)

*  Switch to idle quickly,
The current sources are turned off,
The internal 2kQ resistor is switched in
Discharging the capacitor to VB with a time = 2kQ x CT.
*  Switching to idle slowly
The current sources are turned off
The switch at the 2kQ resistor is open
Discharging the capacitor to VB through the external resistor RT with a time=RT x CT.

/J\ >
VB To Attenuator
o L\ — >

N Amplifier

SRT

Control
Circuit
— 1 oA
C1~C4
AGC Volume Control
T cT = = Dial Tone detector

CT Attenuator Control Block Circuit

MICROPHONE AMPLIFIER

While the inverting input and the output are pinned out, pins 10/11,the microphone amplifier, has the
non-inverting input internally connected to VB. This amplifier's open loop gain is typically 80dB when f<100Hz, and
the gain bandwidth is typically 1IMHz. Its maximum output swing (p-p) is typically 1 volt. MCI's input bias current is
typically 40nA out of the pin.

HYBRID AMPLIFIER

At HTO+, HTO-, and HTI, the two hybrid amplifiers provide the two-to-four wire converter for interfacing to the
telephone line. The first amplifier's gain is set by external resistor, and the first amplifier's output drives the second
amplifier (gain of -1).

FILTER
The external components determined the operation of the filter circuit.

POWER SUPPLY, VB, and CHIP DISABLE
For normal operation the power supply voltage is to be between 3.5v and 6.5v, but with reduced operation the
V¢ is possible 2.8 volts. VB’s output voltage is ~ (Vcc-0.7)/2, and also provides the AC ground.

10
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TYPICAL APPLICATION CIRCUIT

VB Ve

270pF

180KQ

0.24F 5.1kQ
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