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'VOICE SWITCHED SPEAKER-PHONE

The KA2420 speaker phone chipincludes amplifiers, anenuators and
control functions necessary. to design a high quality speaker phone
system, It also includes a microphone amplifier and audio power
- amplifier for speaker, background sound level monitoring system, at-
tenuation control system, and the necessary regulated voltages for
internal and the external circuits. This:will permit operation from the
_ mains4ith no ddditional power supply required. N

The chip select pin will facilitate power down when the chip is not
selected. The volume control may be implemented by using an external
potentiometer. The KA2420 can be used in a wide variety of applications
such_ as; intrecom systems busmess automotwe or "household
telephones, -

FEATURES

« Level detection and attenuation controls ori single chip
* Monitoring for background noise Jevel with farge time constant

28 DIP

28 SOP.

* On-chip regulation for supply and reference voltages

* Wide range of operation due to signal compression

* Very low output power(10mW typ.) with peak limiting for mmlmlz-
ing distortion

* Chip Select allowing stahdby mode of operation

* Volume can be controlled linearly

ORDERING INFORMATION

* 28 pin plastic DIP & SOP- package’ Device | Package | Operating Temperature
KA2420N | 28 DIP-
. - - -20~ +60°C
BLOCK DIAGRAM KA2420D | 26 SOP
ELECTRIC
MIC . .
- : ' TRANSMI
| S TRANSMIT CHANNEL. : ouTPUT 4
MIC S ——— TRANSMIT
AMP ATI'ENUATOFV
I - TRANSMIT l
| LEVEL
| DETECTOR
| -1 sienau ATTENUATOR TRANSMIT/ ! SIDETONE
I NOISE —1 contRoL RECEIVE SIDETONE NETWORK
i DETECTOR COMPARATOR ———l
I fﬁuﬁen . RECEIVE
] LEVEL < -
| - - DETEGTOR I<—I
SPEAKER ' RECEIVE @ /I
ATTENUATOR RECEVE
! RECEIVE CHANNEL Vee ,'NPUT
. REGULATOR VYN
SPEAKERPHONE IC SYSTEM |. BCINPUT TELEPHONE
| KA2420 : LINE
[ VR W s
RECEIVE YOLUME GONTROL _.\:L,_ e
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PIN DESCRIPTION _
Pin | Name Description
1 RR A resistor to ground provides a reference current for the transmit and recelve attenuators, - |
. P R:rx A resistor to ground determines the nominal gain of the transmit attenuator. The transmit channel ‘
i gain is inversely proportional to the RTX resistance. : .
! 3 TXI Input to the transmit attenuator. Input resistance is nominally 5.0KQ. - I
i 4 O Output of the transmit attenuator. The TXO output signal drives the input of the transmit level
detector, as well as the external circuit which drives the telephone line. R
5 Tu Input of the transmit level detector..An external resistor ac coupled to the TLI pin sets the detection
level. Decreasing this resistor increases the sensitivity to transmit channel signats.
6 o Output of the transmit level detector. The external resistor and capacitor set the time the
comparator will hold the system in the transmit mode after speech ceases.
7 ALl Input of the receive level detector. An external resistor ac coupled to the RLI pin sets the detection
level. Decreasing this resistor increases the sensitivity to receive channel signals.
8 RLO Output of the receive level detector. The external resistor and capacitor set the time the
comparator will hold the system in the receive mode after the receive signal ceases.
9 MCI Microphone arrfplifier input. Input impedance is nominally 10KQ and the dc bias voltage is
< approximately equalto Vg, :
10 | MCO | Microphone ampiifier output. The mic amp gain is internally set at 34dB (50 V/V)
A parallef resistor and capagcitor connected between this pin and Ve holds a voltage
11 CP1 corresponding to the background noisé level. The transmit detector compares the CP1 voltage
with the speech signal from CP2. R : ’
A capacitor at this pin peak detects the speech signals for comparison with the background noise
12 CP2
level held at CP1,
13 XDI Input to the transmit detector system. The microphone amplifier output is ac coupled to the XDI pin
through an external resistor.
’ High current ground pin for the speaker amp output stage. The SKG voitage should be within 10mv
14 SKG . : .
of the ground voltage at pin 22.
L . 15 SKO Speaker amplifier output. The SKO pin will source and sink up to 100mA when a¢ coupled to the
.| speaker. The speaker amp gain is internally set at 34dB (50 Viv) i
16 Vi Input DC supply voltage. V+ can be powered from Tip and Ring if an ac-decoupling inductor is used
to prevent loading ac line signals. The required V+ voltage is 6.0 to 11V (7.5V nominal) at 70mA.
i A capacitor from this pin to VB slabilizes the speaker amp gain control loop, and additionally con-
17 AGC | trols the attack and decay time of this circuit. The gain-control loop limits the speaker amp input to
. prevent clipping at SKO. The internal resistance at the AGG pin is nominally 110KQ.
' _ Digital chip select input. When at a logic ™0 " (<0.7V). the V¢ regulator is enabled, Whén at a logic
18 Ccs “1"" (>1.6V), the chip is in the standby mode drawing 0.5mA. An open CS pinis a logic 0", Input
impedance is nominally 140KQ. The input voltage should not exceed 11V,
- 19 |. SKi Input to the speaker ampilifier. input impedance is nominally 20KQ.
’ A 5.4V regulated output which powers all circuits except the speaker amplifier output stage. Ve
B 20 v can be used to power external circuitry such as a mﬁroprocessor (3.0mA max.). A filter capacitor
ce is required. The KA2420 can be powered by a separa@e regulated supply by connecting V+ and
Vee to a voltage between 4.5V and 6.5V while maintaining CS at a logic 1",
=§§ SAMSUNG SEMICONDUCTOR X - 12
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PIN DESCRIPTION (continueq)

Pin | Name . Description

- An output v_oltagé equal to approximately V¢c/2 which serves as an analog ground for the
21 | Vg speakerphone system. Up to 1.5mA of external load current may be sourced from Vs. Output R
impedance is 250Q. A filter capacitor is required. . . . o P

: ’ 22 Gnd Ground pin for the IC (except the speaker amplifier)

Transmit detector output, A resistor and capagcitor at this pin hold the system.in the transmit mode
23 XDC during pauses between words or phrases, When the XDC pin voltage decays to ground, the

attenuators switch from the transmit mode to the idle mode. The Internal resistor at XDC is
nominally 2.6KQ (see Fig. 1) ’

24 VLG Volume control input. Connecting this pin to the slider of a variable resistor provides receive mode
volume control. The VLC pin voltage shouid be less than or equal to V.

Attenuator control filter. A capacitor connected to this pin reduces noise transients as the

25 ACF attenuator control switches levels of attenuation.
26 RXO Outp.u.t of the receive attenuator. Normally this pin is ac coupled to the input of the speaker
- amplifier.
27 RX1 Input of the receive attenuator. Input resistance is nominally 5.0KQ. -
A resistor to ground determines the nominal gain of the receive attenuator. The receive channel

28 . RRX gain is directly proportional to the RRX resistance.

. ABSOLUTE MAXIMUM RATINGS (Voitages referrgd to Pin 22, T,=25°C)

Characteristic . Value Unit
Speaker Amp Ground (Pin 14) +3.0, -1.0 \
V+ Terminal Voltage (Pin 16) +12, -1.0 v
CS (Pin 18) +12, —1.0 \
VLC (Pin 24) . Vee,. - 1.0 v
Storage Temperature ~ 65~ 150 °C
Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant
to imply that the devices should.be operated at these limits. The “Electrical Characteristics” tables provide conditions
for actual device operation.
RECOMMENDED OPERATING CONDITIONS
Characteristic Value Unit
Microphone Signal (Pin 9) 0~5.0 mvrms
Speaker Amp Ground (Pin 14) -10~10 mV
! V+ Terminal Voltage (Pin 16) +6.0~11 v
! CS (Pin 18) - 0~11 Y
i -
i lee (Pin 20) 0~3.0 mA
VLG (Pin 24) 0.55Vg~Vg v
Receive Signal (Pin 27) 0~250 mVrms -
Ambient Temperature -20~60 °C
:g SAMSUNG SEMICONDUCTOR 113
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ELECTRICAL QHARACTERISTICS (Refer to Fig. 1)

) Characteristic ‘ Symbol l : Test Condition | Min | Typ I Max | Unit
SUPPLY VOLTAGE Lo
] . V4 Shpply Current - v + V+ =11V, Pin 18=0.7V 9.0 mA i
{ : . V+=11V, Pin 18=1.6V 800 WA -
i Veo Voltage  © Vco V+=75V 4.9 5.4 5.9 v
Ve Line Regulation ™. AVeo 65V<V+ <V 65 150 mv y
Ve Output Resistance . Ro - lea=30mA - 6.0 20 Q j
Vs Drop Voltage VeoD V4+=50V N ; 80 300 mv
Vg Voltage "Va V4+=75V . 25 2.9 33 | V
Ve Output Resistance Ro . lg=1.7mA 250 @
"ATTENUATORS
Receive Attenuator Gain 1.0KHz * .
Rx Mode Arx Pin 24=Vg, Pin 27=250mVims | 2.0 6.0 10 dB
Range AArX Rx to Tx Mode ‘40 44 48 | dB
idle Mode Arxi Pin 27=250mVrms -20 -16 -12 dB
_ Rxo Voltage : Vrxo Rx Mode - ' 1.8 2.3 3.2 v
Rxo Voltage Change AVrxo From Rx to Tx Mode 100 mv
Rxo Sink Current lnsink - Rx Mode ' 75 7.3
. Rxo Source Current - Irsource | Rx Mode 1.0 30 || mA
Rxi Input Resistance Rrxi . » 35 | 5.0 8.0 | K@
Volume Control Range . Veon Rx Attenuator Gain, 245 32,5 dB
) Rx Mode, 0.6Vg<Pin 24<Vg
Transmit Attenuator Gain . 1KHz .
Tx Mode Atx Pin 3=250mVrms 4.0 6.0 8.0 dB
Range AAtX Tx to Rx Mode 40 44 48 dB
L Idle Mode Atxi Pin 3=250mVrms -165 | -13 -85 dB
Txo Voitage Vtxo Tx Mode 1.8 2.3 3.2 v
Txo Voltage Change AVtxo From Tx to Rx Mode - 100 mv
Txo Sink Current lysink TxiMode 75 A
Txo Source Current 'hsource Tx Mode " 1.0 - 3.0 mA
Txi Input Resistance Ritxi 3.5 5.0 8.0 KQ
| ACF Voltage Vact - | VeoPin 25 Voltage
. ’ Rx Mode 150 mv
Tx Mode 6.0 mv
Idle Mode ’ 75 mvV
SPEAKER AMPLIFIER
Speaker Amp Gain Aspk Pin 19=20mVrms 33 34 35 dB
SKI Input Resistance ’ Rski . ’ 15 22 37 KQ !
SKO Voltage Vsko Capacitor Tied | 24 3.0 3.6 \
to GND
SKO High Voltage Vskoh Pin 19=0.1V, | 58 Y
. -100mA Load at Pin 15

|
|
Eg SAMSUNG SEMICONDUCTOR ' 114 j
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L - 3
ELECTRICAL CHARACTERISTICS (continued) - : / ,’
Characteristic Symbol Test Condition Min Typ Max Unit ;
SKO Low Voltage Vskol Pin 19=-0.1V, e 600 mv !
. +100mA Load at Pin 15
MICROPHONE AMPLIFIER {
Mike AmpGain . . Amci Pin 9=10mVrms 1KHz 325 34 35 dB i
Mike Amp Input Resistance . Rmci ) 6.5 10 16 KQ S
LOG AMPLIFIER ' . ~
RLO Leakage Current . likrlo Pin 8=Vg+1.0V ) . 2.0 i !
TLO Leakage Current ) Iktlo Pin 6=Vp +1.0V . 2.0 A
“Tx-Rx Switching S, Th. Ratlo of Iz, to Iny 0.8 112
Threshold at 20¢A to Switch -

Tx-Rx Comparator

TRANSMIT DETECTOR .
XDC Voltage Vxde Idle Mode , 0 v
. Tx Mode 40 v
"CP2 Current Source lep2 : ’ : 5.0 10 13 A
DISTORTION i ,
Rx Mode-RXIto SKO . Rxd Pin 27=10mVrms, 1KHz 1.5 %
Tx Mode-MCl to TXO | Txd Pin 9=6.0mVrms, 1KHz 2,0 %

Note: 1. V+=75V, CS=0.7V except where noted.
"L 2. Rx Mode: Pin 7=~100g4A, Pin 5=+1004A except where noted.
Tx Mode : Pin 5, 13=-1004A, Pin 7= + 1004A, Pin 11 =0V
Idle Mode: Pin 5=-100yA, Pin 7, 13=+100,A
8. Current into a pin designated as +: current out of a pin designated as —
4. Voltage referred to Pin 22, Ta= +25°C.

TEMPERATURE CHARACTERISTICS (20 1o +60°c)

Characteristic Pin Typical Change Unit

V+ Supply Current (V+ =11V, Pin 18=0.7V) 16 -0.2 %/°C
V+ Supply Current (V+=11V, Pin 18=16V) 16 -04 %/°C
Ve Voltage (V+=75V) 20 +0.1 %/°C
Attenuator Gain (Max and Min Settings) . +0.003- dB/°C
Deita RXO, TXO voltage 4,26 +0.24 %/°C
Speaker Amp Gain 15,19 +0,003 " dBlc,C
Microphone Amp Gain 9,10 +0.001 dB/°C
Microphone Amp Input Resistance : 9 +0.4 %/°C
Tx-Rx Switching Threshold (@20yA) 57 +0.2 nA/°C
. ﬂg SAMSUNG SEMICONDUCTOR 115
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KA2420

TRANSMIT ATTENUATOR Vs RTX

] -
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LINEAR INTEGRATED CIRCUIT
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LOG AMP TRANSFER CHARACTERISTICS
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Fig.7
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_ LOG AMP TRANSFER CHARACTERISTICS 3:3{‘,’;?7_{3‘:@:;;“7
150 7 10
L ——
0 —Goone ’/ Py a0 i
= C=0088
gy 2 3 :
‘No Load
-
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g 1 J
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Fig.8 Fig. 9
RESPONSE AT CP2 AND CP1
600
L1
| i T
500 AVCP1 {Pin 11)
£ =]
£l A
z /
(3]
8 a00
g
% ol
§ 200 AVCP2(Pin 12)
=
o
100
0
[} 50 100 150 200 250
VMCO (mV RMS)
Fig. 10
TRANSMIT DETECTOR OPERATION
Input Signal u | ll: ll ‘ l. | -l
LR
| ]
( av 106, s
) “a ==c {=2Visec)
AV (=200mV)
CP2 (Pin 12)
Solid Line=CPA¢" [~~~ " ~""~""""""""™7 | %%mv =TT/ —7 A\ TTTTTTT
i |
Dotted Line= :
Noninverting |

Input of Transmit |

Detector Comp. 71

4 Volts

XDC (Pin 23)

|
NOTE: Above values are typical based
on components shown in Fig. 1.

Fig. 11
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. i Vs SPEAKER POWER
a0 — 35 - l
. - : 100mW—
70 Fo < N ) . l
30 omW ——
60 T /
sor 2 50
g . VSKO = 0Vrms T )
T 40 E
30|— 20
20mV\; —
20 - . ) |
15 \—
. / - 10mW
10 |
Cl_S=1 OmW
1 ] ol L P
40 50 60 70 B8O 90 10 1 40 50 60 70 80 90 10 n-
V+(VOLTS) - V+{VOLTS)
Fig.12 Fig. 13
’ " SUPPLY CURRENT Vs SUPPLY
. VOLTAGE (see Fig..14)
- . 25 - T
ALTERNATE POWER SUPPLY CONFIGURATION /
Allowable N /
20 Operating Range .. /
cs 18 KA2420 : g /
15
—_ 1 /'
20 16 22 tEt ix .
Vee V& iy i /
10 T
Is H B 4
{ ’ 4/5 .
Vs i /’ i
(Regulated supply) b 1000, ) 50 : g
i : i
) ;
Fig. 14 i !
o 1] 1
4.0 50 60 80
- e
SWITCHING TIME ¢

The switching times of the speakerphone depends on the external components and the instantanious operating conditions
at the time when a change takes place. For example, the switching time for changing between transmit and receive modes
is much longer than that from idle to transmit. .

The components connected at pin 5 “transimit turn-on”, pin 6 “transmit-turn-off, pin 7 “receive-turn-on” and pin 8 “receive-

" turn-off” have major influence on the timing between the transmit and receive mades. The Tx-Rx comparatdr compares

the relative and not the absolute values so the above referenced four timing functions interact with each other. The timing
from transmit to idle is affected by the components at pins 11, 12, 13 and 23. The timing from idle to transmit is faster and
hence the components have no major influence on it. .

=§§ SAMSUNG SEMICONDUCTOR ' 119
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. Thelta_ble below indicates the degree of influence of various components on the switching time, including the volume
control; . . . . )
- Additionally, the following should be noted:
1) The RCs at Pin 5 and Pin 7 affect the sensitivity of the respective log amplifiers, or how loud the speech must be for
. gain control of the speakerphone circuit. . ) .
/ 2) "The RC at Pin 13 controls the sensitivity of the transmit detector circuit. - .
3) The switching speed and the relative response to transmit signal are affected by the volume control, in manner as follows:
When the volume control reduces, the signal at TXO increases, and consequently the signal to the TLI pin in the feceive
mode circuit. st -

Components " RxtoTx - TxtoRx Tx to Idle. ’
RC atPin 5 . high ' medium no influence
RC at Pin 6 medium high ) no influence )
RC at Pin 7 medium - high no influence
- RCatPin8 high N B medium no influence
RC at Pin 11 low . ’ no influence medium
C atPin12 ’ low no.influence high
. RCatPin13, - low no influence low [
- : RC.at Pin 23 low no influence ) high e
V atPin 24 . medium. no influence . noinfluence
C atPin2s medium medium low

Switching response times for the circuit of Fig. 1 are shown in the photographs of Fig. 16 and Fig. 17.
In Fig. 16, the ciréuit is supplied a continuous receive signal of 1.1mVp at RXI as shown Trace #3. MCl as shown Trace
#1 operates a repetitive signal of 7.2mVe.» for 120msec, and repeated every 1sec. Trace #2 is the TXO output being about
650mVp.p at its maximum. Trace #4 is the RXO outpuf being about 2.2mVe.p at its maximum.
The switching time from the receive mode to-transmit mode'is about 40msec required for TXO to turn on, and for RXO
to turn off. After the signal at MCI is turned off, the switching time back to the receive mode is about 210msec. - .
In Fig. 17 a continuous signal of 76mVe. is supplied to MCI as shown Trace #1, and a repetitive burst signal of 100mVe. -
is supplied to RX! as shown Trace #3 for 120msec, and repeated every 1sec. Trace #2'is the TXO output and is about
90mVp. at its maximum, and Trace #4 shows the RXO output being about 150mVp. at its maximum, In this sequence, the
circuit switches between the idle mode and the receive mode. The required switching time from idle to receive modes is
. about 70msec as shown in the first part of Trace #2 and Trace #4. After the receive signal is turned off, the switching time
S . back to the idle mode is about 100msec. ' .
All of above mentioned switching times can change significantly not only-by varying the external components but also
by varying the amplitude of input signals. ’

TRANSMIT-RECEIVE SWITCHING IDLE-RECEIVE SWITCHING

1
Burst input @ MCI Input @ MCI

2 Oulput @ TXO Ouiput @ TXO

3 Input @ RXI Burst Input @ RXI
4 Output @ RXO " Output - RXO

Time Base=40ms/Div . . Time Base=30ms/Div
Fig. 16 Fig. 17
=§§ SAMSUNG SEMICONDUCTOR : 120
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BASIC LINE POWERED SPEAKERPHONE

st
- — o 0——Tip
. = : S _L _]_ Hook
200k $ $esx akg 0O : 0052 Switch
b S b3 < - """  —nfn
. 9
/ . . A :
l ' x $ 3
=001 R i : 00047 o.oo'n_i 470K
Y| $ex 1000 a
1N4737 ]
g2 2k| ==oo068 T8V | -
T . . ogot
To.m V{)c ve |
47K 33K | I
] ) | 100KS =47 10
co o1 | 0068 0068 < 4,7T
Microphone T T T T
' 01 TX MCO XDl TXO  TU  CPi  ACFlaGC V+  CS RU X
[¥el} .
47
Speaker KA2420 -
s OHMS,| ;ﬂ::k— sk . .
vLC VB Ve RTX RR RRX-RXO SKI CP2 XDC RLO GND
\ ¢ L Lo 1
a7 4.3K +| 200k 2.2M
" i‘ sk 1kE 005.\. M
Volume 24K K 3 T 4 L
Controt -]:001 Tm
1. Diodes are IN40OT unless otherwise noted.
2. 4 Transistors are KSC945-Y
3. Recommended Transformer: Seoul Jupa SJ-019-2040
N Fig. 18

DIGITAL TRANSMITIIDLE/RECEIVE INDICA'fION

TRLO TLO KA2420 Veg Ve XDC
120 21 |23

<b
56K

X
__l Idle

$ 56K
<

+ 1 HADLE.
>t [,
Rx

Compartors A & B=LM393 (Dual)
Fig. 19
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