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Monolithic Integrated Feature Phone Citcuit

Description

The telephone circuit U4089B is a linear integrated
circuit for use in feature phones, answering machines and
fax machines. It contains the speech circuit, sidetone
equivalent and ear protection rectifiers. The circuit is
line-powered and contains all components necessary for
the amplification of signals and adaptation to the line.

Features

® DC characteristic adjustable

® Transmit and receive gain adjustable

® Symmetrical input of microphone amplifier
® Anti-clipping in transmit direction

® Automatic line-loss compensation

® Built-in ear protection

® DTMF and MUTE input

® Adjustable sidetone suppression independent
of sending and receiving amplification

® Integrated amplifier for loudhearing operation
® Anti-clipping for loudspeaker amplifier

® Improved acoustical feedback suppression

An integrated voice switch with loudspeaker amplifier
enables loudhearing or hands-free operation. With an
anti-feedback function, acoustical feedback during loud-
hearing can be reduced significantly. The generated
supply voltage is suitable for a wide range of peripheral
circuits.

® Selectable line impedance
& Voice switch

® Supply voltages for all functional blocks of a
subscriber set

® QOperation possible from 10-mA line current

Benefits

¢ Complete system integration of analog signal
processing on one chip

® Very few external components

Applications

Feature phone, answering machine, fax machine,
speaker phone

Speech Audio
circuit amplifier
xs)lltcc T‘ —{ Dialer

Ordering Information

Package [

12683

Remarks

| uvasB T

~ SDIP30
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Block Diagram
1268 GT STO Vv, IMPSEL AGA IND SENSE V, Ve
MICIO
MIC2 vy
Power
DTMF(Q) Impedance supply 7
control —O GND
TTXAQ |
\
~ Current |23
) | F—
INLDRQ) cﬁr(u;tl wpply [ Rer
INLDTO Acoustical T
feedback
TLDR 5 suppression Transmit Supply
TLDTO control mute
control
ATAFS O
SAO
R-
I} attenuation
TSACL \
3
SAL
16 27 28 26 30
MUTX RECO GR STI RECIN
Figure . Block diagram
Table 4. Typical values of external components (figure next page}
Name Value Name Vatue Name | ~Valse . { Name |/ 'Value
Ca 4.7 oF Cie 47 uF R; >68 kQ Rig | 1 kQ
Cy 10 uF Ci7 10 uF Ry 10 kQ Ry "2kQ
Cy 220 plF C|3 10 MF RG 62 k2 ng 30 kQ2
Cs 47 uF Coy I uF Rg 22 kQ Ro; 15 kQ
— —_— —+— — e -
Cs 1 uF Cay 6.8 nF Rg 330 kQ Roa 330 kQ
Cg 100 uF Cag 10 nF Rio 3kQ Ra3 220 kQ
Cio 150 nF Cas 100 nF Ry ‘ 62 kQ2 Ro4 68 kQ2
Cuy 68 nE Ca 470 oF Ri2 30 kQ Roas 2kQ
C]g ‘33 nF C27 33 nF R]} 62 kQ Rz(, i3.3 kQ
Cus 100 nF Cas 10 uF R4 120 kQ Rag ke
Cis 1 uF R 20 kQ Ris 47kQ R N2kQ
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Figure 2. Application for hands-free operation
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Pin Description

Gr 1 - 30, RECIN
DTMF 2| 29 TTXA
MIC2 |3 28] oy

|
MIC] 43 27| RECO

o s 2 s

i = w
GND 7. 24 sto
SENSE 8 23| IREF

YB 9 22 AGA
SAO 10 21, TLDR
VMP ) 20| TLDT

IMPSEL 12, 19| INLDR

TSACL ]; 1§J INLDT
i

GSA 14 17] ATAFS

SAT 13 16 MUTX

12687

Figure 3. Pmnning

Pin ‘ Symbol

Function

1

Gt

A resistor from this pin to GND sets
the amplification of microphone
and DTMEF signals; the input
amplifier can be muted by applying
Ve to G

| DTMF

Input for DTMF signals. Also used
for the answering machine and
hands-free input.

MIC 2

Non-inverting input of microphone
amplifier

MIC 1

Lamplifier

Inverting input of microphone

IND

i The internal equivalent inductance
-of the circuit is proportional to the
i value of the capacitor at this pin. A
i resistor connected to ground may be
:used to reduce the DC line voltage.

Vi

‘Line voltage

GND

‘Reference point for DC- and AC—

output signals

SENSE

.from this pin to V_sets the slope of
“the DC characteristic and also

A small resistor (fixed) connected

affects the line-length equalization
charac- teristics and the line current
at which the loudspeaker amplifier
is switched on.

Vs

Unregulated supply voltage for
peripheral circuits (voice switch);
limited to typically 7 V.

SAO

Output of loudspeaker amplifier

Ve

Regulated supply voltage 3.3 V for
peripheral circuits. The maximum
output current is 2 mA.

IMPSEL

Control input for selection of line
impedance

1. 600 Q

2.900 Q

3. Mute of second transmit stage
(TXA); also used for indication of
external supply (answering
machine); last chosen impedance is
stored

122
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[ Pin | Symbol I Function Pin | Symbol Function
l 13 | TSACL |Time constant of anti-clipping of 22 AGA | Automatic gain adjustment with
| speaker amplifier line current. A resistor connected
T4 GSA | Current input for setting the gain of from this pin to GND sets the start-
; the speaker amplifier. Adjustment | | ing point. Max. gain change is 6 dB.
f i characteristic is logarithmical. For 23 IREF |Internal reference current genera-
i RGSA > 2 MQ, the speaker tion; RREF = 62 k€
! amplifier is switched off. IREF = 20 pA
| 15 | SAI | Speaker amplifier input (for loud- | 24 STO 1 Side-tone reduction output. Qutput
: : : speaker, tone ringer and hands-free } resistance is approximately 300 €
F |use) i : Maximum load impedance is
S 16 ‘ MUTX | Three-state input of transmit mute: 10 kQ.
! 1) Speech condition; inputs MIC1/ 25 VM  |Reference node for microphone-ear-
1 ! MIC2 active phone and loudspeaker amplifier.
| 2) DTMEF condition: input DTMF Supply for electret microphone
|

passed to the receiving amplifier as
i a confidence signal during dialing.
| 3) Input DTMF used for answering

26 STI Input for side-tone network
27~ RECO  Output of receiving

active. A part of the input signal is ‘ ‘ (IM <300 nA).
t
|

' machine and hands-free use; receive amplifier

] branch is not affected. 28 Gr A resistor connected from this pin

17 | ATAFS |Attenuation of acoustical feedback to GND sets the receiving ampli-
; suppression. Maximum attenuation fication of the circuit; ampllfler
| of AFS circuit is set by a resistor at ' RA1 can be muted by applying Vmp |

‘ this pin. Without the resistor, AFS is | ‘ to G

‘ ‘ switched off. 29 ‘ TTXA Time constant of anti-clipping in
| 18 | INLDT |Input of transmit level detector ‘  transmit path
L9 INLDR#Input of receive level detector 3OLRECIN 'I"PUt of recgivmg path: input 4/
.20 I TLDT | Time constant of transmit level — impedance is typically 80 k€2
: detector
i 21 TLDR | Time constant of receive level
L ‘ detector
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DC Line Interface and Supply-Voltage Generation

The DC line intertace consists of an electronic inductance  supplies an extra amount of current to the supply voltages
and an output stage which charges the capacitor at Vg.  when the NPN in parallel is unable to conduct current.
The value of the equivalent inductance is given by:

L =Rsense x Cinp X (Rpe X R30) / (Rpc + R3o) The U4089B contains a series regulator which provides
In order to improve the supply during worst-case a supply voltage Vyp of 3.3 V at 2 mA suitable for a
operating conditions, PNP current source ~ Igopt —  microprocessor.

33 Vé
2 mA]—-:17 uF

T
I'zzo uF

12688

Figure 4. DC line interface with electronic inductance and generation of regulated and unregulated supply

A 4 /LVH
Y
Power Voltage i
v
Vi O supply reg;tor MP
ES | iIMPED
LIDET '{,“7“72 “““““““““““““““““ /I 1&“‘ CONTR 'T IMPSEL
LON
T
|
TXA OFFSA | | |SAL,SA AFS MIC, DTMF
TXACL comp [~ | sacL AGA, RA
TX MUTE
_l_ J_ .J_ _J. MUT REC, STBAL
RECATT

12689

Figure 5. The supply of functional blocks is controlled by input voltages V|, Vg
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{. In speech condition, the system is supplied by the line
current. If the LIDET-block detects a line voltage
above the fixed threshold (1.9 V), the internal signal
VLON is activated, thus switching on all blocks of the
chip.

For line voltages below 1.9 V, the switches remain in their

quiescent state as shown in the diagram.

OFFSACOMP disables the group listening feature (SAI,
SA, SACL, AFS) below line currents of approximately
10 mA.

2. Selecting IMPSEL = high impedance activates all
switches at the ES line.

Acoustic Feedback Suppression

Acoustical feedback from the loudspeaker to the handset
microphone may cause instability in the system. The
U4089B offers a very efficient feedback suppression

circuit which uses a modified voice switch topology.
Figure 6 shows the basic system configuration.

Two attenuators (TX ATT and RX ATT) reduce the criti-
cal loop gain by introducing an externally adjustable
amount of loss either in the transmit or in the receive path.
The sliding control in block ATT CONTR determines
whether the TX or the RX signal has to be attenuated. The
overall loop gain remains constant under all operating
conditions.

Selection of the active channel is made by comparison of
the logarithmically compressed TX- and RX- envelope
curve.

The system configuration for group listening, which is
realized in the U4089B, is illustrated in figure 7. TXA and
SAI represent the two attenuators; the logarithmic enve-~
lope detectors are shown in a simplified way (operational
amplifiers with two diodes).

N X
/ attenuation
Handset
microphone
rerophon Logarithmic
Y
Hybrid
Attenuation n Line
control |
Logarithmic
Loud
speaker RX
attenuation -

12692

Figure 6. Basic voice-switch system
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Figure 8. Acoustic feedback suppression by alternative control of transmit- and speaker amplifier gain

126 Rev. Al, 14-Apr-98



TEMIC

Semiconductors

U4089B

A detailed diagram of the AFS (acoustic feedback
suppression) is given in figure 8. Receive and transmit
signals are first processed by logorithmic rectifiers in
order to produce the envelopes of the speech at TLDT and
RLDT. After amplification, a decision is made by the
differential pair which direction should be transmitted.

The attenuation of the controlled amplifiers TXA and SAI
is determined by the emitter current IAT which is
comprised of three parts:

IATAFS Sets maximum attenuation

TaTgsa decreases the attenuation when speaker
amplifier gain is reduced

IaGAFs decreases the attenuation according to the loop-
gain reduction caused by the AGA-function

IaT = IATAFs ~ laTGSA — 1AGAFS
AG =157 X 0.67 dB/UA

Figure 11 illustrates the principal relationship between
speaker amplifier gain (GSA) and attenuation of AFS
(ATAFS). Both parameters can be adjusted indepen-
dently, but the internal coupling between them has to be
considered. The maximum value to be used of GSA is
36 dB. The shape of the characteristic is moved in the
x-direction by adjusting resistor RATAFS, thus changing
ATAFSp,. The actual value of the attenuation (ATAFS,),
however, can be determined by reading the value which
belongs to the actual gain GSA,. If the speaker amplifier
gain is reduced, the attenvation of AFS is automatically
reduced by the same amount in order to achieve a constant
loop gain. Zero attenuation is set for speaker gains GSA
< GSAO0 =36 dB - ATAFS,,.

ATAFS (dB)
ATAFS | J-=-=mmmm=mmmoom oo
RATAFS 1
]
ATAFS RATAFS
GSA, GSA, 3608 4 (aB)—

Figure 9. Reducing speaker amplifier gain results in an equal
reduction of AFS attenuation

Operating Range of Speaker
Amplifier

The basic behavior is illustrated in figure 10. Actual val-
ues of ILON/ILOFF vary slightly with the adjustment of
the DC-characteristics and the selection of the internal
line impedance.

* 13284

SA

on

SA

oft -

1L

off on

Figure 10. Threshold of speaker amplifier

>
44— ——— [ R
|
|
3 !
10 12 14 16 18 20
94 9131 L ( mA)
o =ILON .
at =
o = ILOFF * line impedance = 600
o =ILON .. . _
o = ILOFF at line impedance = 900 Q

Figure 11. Comparator thresholds depend on DC mask and line
impedance
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Absolute Maximum Ratings

Parameters Symbol Value Unit
Line current I 140 mA
DClire voltage A\ 12 \%
Junction temperature T; 125 °C
| Ambient temperature Tamb 2510 +75 °C
Storage temperature Ty ~551t0+150 °C
Total power dissipation, Tymp = 60°C Pt 1 i w
Thermal Resistance
Parameters Symbol Value Unit
Junction ambient ~ SDIP30 Rinja 50 K/w
Electrical Characteristics
f=1kHz, 0dBm =775 mVyg, In = 0.3 mA, Iyp = 2 mA, RDC = 130 k€ Typp = 25°C, RGSA = 560 kQ,
Zear= 68 nF + 100 €, Zp; = 68 nF, Pin 20 open, VpmyuTx = GND, unless otherwise specified.
Parameters ‘ Test Conditions / Pin Symbol Min. ° Typ. Max. | Unit
DC characteristics
DC voltage drop over circuit I =2mA \'%3 24
=14 mA 4.6 5.0 54 A\
‘I =60 mA 15
1L =100 mA 88 94 100
Transmission amplifier, I = 14 mA, Vyic = 2 mV, RGT = 27 k2, unless otherwise specified
Adjustment range of transmit Gt 40 45 50 dB
gain
Transmitting amplification RGT = 12kQ 47 48 49 dB
RGT =27 kQ2 Gr 39.8 41.8
Frequency response I = 14 mA, AGT +0.5 dB
_____ “f =300 to 3400 Hz
Gain change with current Pin 20 open AGT +0.5 dB
S _L=140100mA
Gain deviation ' Tamb = — 10 to +60°C AGT +0.5 dB
CMRR of microphone CMRR 60 80 dB
amplifier
Input resistance of MIC RGT = 12 kQ R; 50 kQ
amplifier RGT =27 kQ 45 75 110
Distortion at line I > 14 mA dy 2 %
VL =700 mVyy
Maximum output voltage I > 19 mA Vimax 1.8 3 4.2 dBm
d<5%
Vmic =25 mV
CTXA =1 uF
Noise at line psophometrically IL>14mA no
weighted Gr=48dB -80 =72 dBmp
Anti-clipping CTXA=1uF }
attack time each 3 dB overdrive 0.5 ms
release time 9 {

128
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Electrical Characteristics (continued)

Test Cc;n(iitions / Pin

Symbol

Parameters Min. Typl ‘ Max. ‘ Unit ‘
Gain at low operating current Ip = 10 mA j
Inp= 1 mA Gt 40 425 dB
RDC = 68 kQ 1
Ve =1 mV
IM =300 |1A
Distortion at low operating I = 10 mA ‘
current [Iv =300 pA d; 5 ‘ e
[ IMP =1 mA i
: RDC =68 kQ |
i Vimic = 10 mV !
'Line-loss compensation I;. = 100 mA, AGrT( -64 -58 -52 dB
o - RAGA =20 kQ ) B o |
Mute suppression I = 14 mA Gm 60 80 dB
a) MIC muted Mutx = open
(microphone preamplitier) . -
Receiving amplifier, I}, = 14 mA, RGR = 62 k, unless otherwise specified, VGEn = 300 mV B
Adjustment range of receiving I; = 14 mA Gg -8 j +2 | 4B
(gain single-ended B o | i
.Receiving amplification RGR =62 kQ Gr -7.75 -7 1 -6.25 | dB
i } (ROR=22kQ . 15 i
Amplification of DTMF signal I = 14mA Grm ! 4 7 ‘ dB
from DTMF IN to RECO’ ,YML.II)L: Vmp 777»( ! J‘L
Frequency response IL> 14 mA, AGgp ‘ £05  dB |
| - . _.|f=300 to 3400 Hz o R
' Gain change with current L= l0mA | AGg . £05 . dB
Gain deviation Tomb = — 10 t0 +60°C AGg | 205 | aB |
iEar protection I} 2 l4mA EP 1.1 : Vrms
L = _ VGEN? ] Vrm,§ o L L ‘ o
MUTE suppression I 2 14 mA AGgr 60 . dB
' DTMF operation VMmuTx = VMp ] | ‘
Output voltage d < 2% |1, =14 mA :! 1 ]
1 Loar = 98 nF Oé ‘ ~ mvl'rns
: Maximum output current Zeor =100 Q 4 ' mA
4= 2% , ) , i . _(peak) |
j Receiving noise Zeoy =68 nF + 100 Q ni } —80 -77 ! dBmp
| psophometrically weighted I = 4mA ] i
| Output resistance Output against GND Ro [‘ | 10 | - Q
| Line-loss compensation RAGA =20 kQ, | AGy -70 | -60 | -50 | dB
I = 100 mA ] L L
| Gain at low operating current [ =10mA i
1 Imp =1 mA | !
[Int = 300 pA Gg -8 -7 \ -6 | dB
! 'Vaen =560 mV ‘ :
| RDC=68kQ e ]
i AC impedance L Zimp 840 | 900 | 960 ; Q
{ Distortion at low operating 1L =10 mA ‘ !
| current “Mp =1 mA dR s %
V(iEN =560 mV
|RDC = 68 k<2 ] i |
Rev. Al, 14-Apr-98 129
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Electrical Characteristics (continued)

Parameters | Test Conditions / Pin Symbol | Min. l Typ. ! Max. 1 Unit
Speaker amplifier
Minimum line current for No ac signal It min 15 mA
operation
Input resistance Pin 24 14 22 kQ
Gain from SAIto SAO Vsar=3 mV, Gsa
Ip = 15 mA, dB
RGSA =560 kQ2 355 36.5 375
RGSA =20kQ -3
Output power Load resistance
: RL=50Q d<5%
VS Al = 20 mV
Ip =15 mA Psa 3 7 mW
I =20 mA Psa 20
Output noise (input SAI open) Ip>15mA nsA 200 UV psoph
psophometrically weighted
Gain deviation IL=15mA AGga +1 dB
Tamb = =10 to +60°C
Mute suppression IL=15mA, VSAO -60 dBm
Vi =0dBm, :
VS Al = 4 mV
Pin 23 open ‘
Gain change with current Ip. =15 to 100 mA AGga I £1 | dB
Resistor for turning off speaker |Ip = 15 to 100 mA RGgpa ¢ 038 1.3 2 MQ
amplifier
Gain change with frequency I =15mA AGsa +05 dB
f = 300 to 3400 Hz
Attack time of anti-clipping 20 dB over drive tr 5 ms
Release time of anti-clipping te 80 ms
DTMF amplifier Test conditions: IMP =2 mA, IM = 0.3 mA, Vpmurx = VMP
Adjustment range of DTMF gain I} = 15 mA ! Gp 40 50 dB
Mute active :
DTMF amplification I =15mA, Gp 40.7 41.7 427 dB
VDTMF =8 mV
Mute active:
MUTX = VMP
Gain deviaton I =15mA Gp +0.5 dB
Tamb = —10 to +60°C
Input resistance RGT =27k R 60 180 300 kQ
RGT =15k 26 70 130
Distortion of DTMF signal I = I5mA dp 2 %
Vy=0dBm
Gain deviation with current I = 1510 100 mA AGD +0.5 dB
AFS acousting feedback suppression
T ‘ T
Range of attenuation I =2 15mA 0 ! 50 dB
Attenuation of transmit gain IL = 15 mA, AGt 45 . dB
IINLDT = 0 pA | |
RaTAFs = 30 kQ ;
IINLpR = 10 HA
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Electrical Characteristics (continued)

Parameters Test Conditions / Pin Symbol Min. l Typ. Max. Unit
Attenuation of speaker I 2 I5mA AGsga 50 dB
amplifier InLpp=0p

Rartars =30 kQ
Iinepr = 10 p
AFS disable I 2 I5mA VATAFS 1.5 v
Supply voltages, Vi = 25 mV, Ty = - 10 to + 60°C
Vmp IL = 14 mA, Vmp 3.1 33 35 v
RDC = 68 k2
ImMp=2mA
VM IL = 14 mA, VM 1.4 33 \Y
Im=300uA
RDC = 130 kQ
Vg Ig =+ 20 mA, Vg 7 76  V
I =0mA ) ‘
MUTX input
Input current VMuTx = VMmP IMuTx 20 30 LA
Vmurx =GND IMuTx =20 =30 HA
Input voltage Input high VMUTX Vmp - \%
03V
Input low VMUTX 0.3 v
U4089B Control
MUTX MODE IMPSEL MODE
0 MIC 1/2 transmit enabled Speech 0 Line impedance = 600 Q Speech
receive enable TXA =on
AFS =on ES = off
AGA =on 0toZ :Line impedance = 600 Q Transmit mute
TXACL =on TXA = off
Z DTMF transmit enabled For answering ES =on i
receive enable machine 1toZ |Line impedance = 900 Q Transmit mute
AFS =on TXA = off
AGA =on ES =on
TXACL = on 1 Line impedance = 900 Q Speech
1 DTMF transmit enabled DTMF dialling TXA =on
DTMF to receive enable ES = off ]
AFS = off
AGA = off ;
| TXACL = off \
Logic-level | . .

v AFS = Acoustical feedback-supression contro}
OZ=—< (?i] ) v v inout AGA= Automatic gain adjustment
) - > (V ) <(() 3“’{; —1'V) or (open input) TXACL = Transmit anti-clipping control

=>(Vmp-03 V) ES = External supply
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Figure 12. Typical DC characteristic
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Figure 13. Typical adjustment range of the transmit gain
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Figure 14. Typical adjustment range of the receive gain
AGA (dB)
0 T i
I N N """-\ : I N S T |
, b
-1 \ T - A"y T -
= _\ LY '\\
2 t AN \-‘\ T i i
1 N 13
i \L,.‘, Y T Tl
3 IS - 5
N L, 7
4 L ‘ Do -
5 1 — N :
b +
-1 wl B G N + P s TT7]
‘6 i : 3
[ L ‘ - !
| % 1
3 i !
a 10 20 330 40 50 60 70 90 100
IL(mA)
948855 R RAGA =16k -k RAGA =20k ¢ RAGA =24k
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Figure 16. Typical load characteristic of Vg for a maximum (RDC = infinity)
DC characteristic and a 3-mW loudspeaker output
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Figure 17. Typical load characteristic of Vg for a medium DC characteristic
(RDC = 130 k) and a 3-mW loudspeaker output
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Figure 18. Typical load characteristic of Vg for a minimum DC characteristic
(RDC = 68 kL2) and a 3-mW loudspeaker output
Package Information
Package SDIP30
Dimensions in mm 275
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