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L ow-Voltage Voice-Switched | C for Hands-Free Operation

Description

The low-voltage voice-switched speakerphone circuit,
U4082B, incorporates the wide range of functions listed
below. Versatility of the device is further enhanced by
giving accessto internal circuit points. The block diagram
(figure 1) shows amplifiers, level detectors, transmit and
receive attenuators operating in complementary func-
tions, background noise monitors, chip disable, dial tone

Features
® | ow-voltage operation: 3t0 6.5V

® Attenuator gain range between transmit and
receive: 52 dB

® [our point signal sensing for improved sensitivity
® Monitoring system for background-noise level
® Microphone amplifier gain adjustable

e Mute function

detector and mute function. Due to low-voltage opera-
tion, it can be operated either by a low supply or via a
telephone line requiring 5.5 mA ,typiéally. Also featured
is stand-alone operation through a coupling transformer
(Tip and Ring) or in conjunction with a handset speech
network, as shownin figure2(

\
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Extended Type Number Package Remarks
" U4082B-A DIP28
U4082B-AFL SO28
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Pin Description

Symbol

Function

TI

Transmit attenuator input. Maximum
signal level is 350 mVrms. Input im-
pedance is approximately 10 kQ2

10

MICO

Microphone ampllf ier output.
Gain is set by external resistors.

1

MIC

Microphone ampllfler |nput Bias
voltage |swapprpx1mately Vg.

12

MUTE

Mute input. A logic low (<0.8V)
sets normal_operation.

A logichigh (> 2 V) mutes the mi-
crophone amplifier without affecting
the rest of the circuit. Input impedance

ishominally 90 kQ.

13

VCI

_|When VCI

‘;\Volume control input. When VCI =
\| Vg, the receive attenuator is at maxi-

mum gain when in receive mode.
=0.3 Vg, thereceive gain

" |lis down 35 dB. It does not affect the

"~ transmit mode.

14

Response time.
An RC at this pin sets the response
time for the circuit to switch modes.

15 -

VB

Output voltage = Vgp». It isasystem
ac ground and biases the volume con-
trol. A filter cap isrequired.

CPT

An RC at this pin setsthe time
constant for the transmit background
monitor.

/17

TLI2

Transmit level detector input on the
microphone/speaker side.

18

TLO2

Transmit level detector output on the
microphone/speaker side, and input to
the transmit background monitor.

19

RLO2

Receive level detector output on the
microphone/speaker side.

20

RLI2

Receive level detector input on the
microphone/speaker side.

21

RI

Input receive attenuator and dial tone
detector. Maximum input level is
350 mVrms. Input impedance is
approximately 10 k<.

22

RECO

Receive attenuator output.
DC level is approximately V.

23

TLI1

Transmit level detector input on the
line side.

24

TLO1

Transmit level detector output on the
line side.

25

RLO1

Receive level detector output on the
line side and input to the receive
background monitor.

26

RLI1

Receive level detector input on the
line side.

FO [1] U 28 GND
Fi [2] 127 CPR
CD [3] 26 RLI1
VS [4] 258 RLOL
HTO+ [5] 24 TLO1
HTO- [6] 23 TLI1
HTI 7] 22 RECO
TO  [8] 2] RI
Tl [9 120 RLI2
MICO [10 119 RLO2
MIC [ 118 TLO2
MUTE [12 117] TLI2
ver 13 16| cPT
cT 4 115 VB
Pin Symbol Function N
1 FO Filter output. Output |mpedance is' |
less than 50 . )
2 Fi Filter input. Input |mpedance1s
greater than 1 MQ. )
3 CD Chip disable. A logic low- (< 08V)
sets normal operation./A-togic high
(> 2V) disablesthe |C to conserve
power. Input |mpedance isnominally
90 kQ.
4 Vs Supply voltage 2 8 to 65 V, approxi-
mately 5 mA.
AGC circuit reduces the receive atten-
uator,gain @25dB — Receive
mode at 2.8 V.~
5 HTO+ | Output of thesecond hybrid amplifier.
— /Hybrid output.
Gainisinternally set at —1 to provide
| adifferential output, (in conjunction
Wlth HTO-) to the hybrid transformer.
6 HTO- C Output of the first hybrid amplifier.
| Hybrid output. Gain is set by external
" resistors.
7 HTH "'| Input and summing node for the first
- hybrid amplifier.
DC level is approximately Vg.
8 . TO Transmit attenuator output.

DC level is approximately Vg.

27

CPR

An RC at this pin sets the time
constant for the receive background
monitor.

28

GND

Ground

Rev. A1, 29-Apr-98
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I ntroduction
General

The fundamental difference between the operation of a
speakerphone and a handset is that of half-duplex versus
full duplex. The handset is full duplex since conversation
can occur in both directions (transmit and receive)
simultaneously. A speakerphone has higher gain levelsin
both paths, and attempting to converse full duplex results
in oscillatory problems due to the loop that exists within
the system. Theloop isformed by the receive and transmit
paths, the hybrid and the acoustic coupling (speaker to
microphone).

The only practical and economical solution used to date
isto design the speakerphone to function in a half duplex
mode. That is, only one person speaks at atime, while the
other listens. To achieve this, a circuit is required which
can detect who is talking, switch on the appropriate path
(transmit or receive), and switch off (attenuate) the other
path. In this way, the loop gain is maintained less than
unity. When the talkers exchange function, the circuit
must quickly detect this, and switch the circuit
appropriately. By providing speech level detectors, the
circuit operates in a “hands-free” mode, eliminating the
need for a*“ push-to-talk” switch.

The handset has the same loop as the speakerphone.
Oscillations don't occur because the gains are

considerably lower and the coupling from the earpieceto,
the mouthpiece is almost nonexistent (the receiver |s )

normally held against a person’s ear).

The U4082B provides the necessary level detefctors,t
attenuators, and switching control for a properly
operating speakerphone. The detection sensit’ivity and
timing are externaly controllable. Additionally, the
U4082B provides background noise monitors (which
make the circuit insensitive to room'and line noise),
hybrid amplifiers for interfacing to tip and ring, the
microphone amplifier, and other associ ated functions.

For further explanation which |sg|Ven beI ow, pleaserefer
tofigurel N

Transmit and RecerveAttenuatorsTI TO
and RI, RECO NN
The attenuators are complementary in function, i.e,

when one is at maximum gain (+6.0 dB), the other is at
maximum attenuation “(546 dB), and vice versa. Neither

is ever fully on or off. The sum of their gains remains
constant (within a nominal error band of +£0.1 dB) at a
typical value of —40 dB (see figure 11). Their purpose is
to control the transmit and receive paths to provide the
half-duplex operation required in aspeakerphone

The attenuators are non-inverting, and- have a —3.0 dB
(from max. gain) frequency of approxi imately 100 kHz.
The input impedance of each attenuator-(TI and Rl) is
nominally 10 k€2 (see figure 3), and to prevent distortion,
the input signal should be, Irmrted to 350 mvrms.
Maximum recommended. rnput srgnal is independent of
the volume control setti ng The diode clamp on the inputs
limits the input swing, and. therefore the maximum
negative output swing. This is the reason Vreco and
VoL specification are defined asthey arein the electrical
characteristics. The Output impedance is less than 10 Q
until the output current limit (typicaly 2.5 mA) is
reached.

937740e

11kQ VB
: L I—* O
_RI'21 to Attenuator
~ O\ Input
N B "‘ )—‘
———"TI9 5kQ 95 kQ

Figure 3. Attenuator input stage

The attenuators are controlled by the single output of the
control block, which is measurable at the Ct pin (Pin 14).
When the Ct pinisat +240 mV w. r. t. Vg, the circuit is
in the receive mode (receive attenuator is at +6.0 dB).
When the Ct pinisat —240 mV w.r.t. Vg, thecircuitisin
the transmit mode (transmit attenuator isat +6.0 dB). The
circuit isin an idle mode when the Ct voltage is equal to
Vg causing the attenuators' gain to be halfway between
their fully on and fully off positions (—20 dB each).
Monitoring the Cy voltage (w.r.t. Vg) is the most direct
method of monitoring the circuit’'s mode.

The attenuator control has seven inputs: two from the
comparators operated by the level detectors, two from the
background noise monitors, volume control, dial-tone
detector, and AGC. They are described as follows:

4(22)
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L evel Detectors

There arefour level detectors, two on thereceive side and
two on the transmit side. As shown in figure 4, the terms
in parentheses form one system, and the other terms form
the second system. Each level detector is a high-gain
amplifier with back-to-back diodes in the feedback path,
resulting in nonlinear gain, which permits operation over
a wide dynamic range of speech levels. Refer to the
graphs of figures 12, 13 and 14 for their DC and ac
transfer characteristics. The sensitivity of each level
detector is determined by the external resistor and
capacitor at each input (TLI1, TLI2, RLI1, and RLI2).
Each output charges an external capacitor through adiode
and limiting resistor, thus providing a DC representation
of theinput ac signal level. The outputs have a quick rise
time (determined by the capacitor and an internal 350-Q2
resistor) and a slow decay time set by an internal current
source and the capacitor. The capacitors on the four
outputs should have the same value (+ 10%) to prevent
timing problems.

Referring to figure 2, on the receive side, one level
detector (RLI1) is at the receive input receiving the same
signal as at tip and ring, and the other (RLI2) is at the
output of the speaker amplifier. On the transmit side, one
level detector (TLI2) is at the output of the microphone

amplifier, while the other (TLI1) is at the hybrid output., block
Outputs RLO1 and TLOL1 feed a comparator. The output ) gok.

Likewise, outputs RLO2 and TLO2 feed a second
comparator which also goes to the attenuator control
block. The truth table for the effects of the level detectors
is given below in the attenuator control block section.

Background Noise Monitors *

This circuit distinguishes speech. (which” consists of
bursts) from background noise (a relatively constant
signal level). There aretwo background noise monitors —
onefor the receive path and the other for the transmit path.
The receive background noise mon|tor is operated on by
the RLI1-RLO1 level detector while the transmit
background noise monitor is operated on by the
TLI2-TLO2 level detector (seefigure 4).

They monitor the background noise by storing a DC
voltage representative of the respective noise levels in
capacitors at CPR and CPT. The voltages at these pins
have slow rise times/(determined by the external RC), but
fast decay times. If the signal at RLI1 (or TLI2) changes
slowly, the voltage at CPR (or CPT) will remain more
positive1 than the voltage at the non-inverting input of the
monitor’ soutput comparator. When speech is present, the
voltage on the non-inverting input of the comparator will
rise quicker than the voltage at the inverting input (dueto
the burst characteristic of speech), causing its output to
_change. This output is sensed by the attenuator control

of the comparator goes to the attenuator control block.

I_ | 'Level detector
(TLI2) RLI1| P
(17) 26 :l>_‘
3509 \

—_—— — — O-
(TLO2) RLOL (18)2_5|

I 0.1 uF

/. T2uF
Signal input L / I " |_

k Background noise monitor (CPT)

|_ Leve' étedor
IS 4MA$ |

(RLI2TLIL | |
15 ™ e
(20) 23 | b 350 |
5.1 kg“ |TL
) (RLO2) (19)
I 0.1 uF 2 WF
Sgnalylnput

Vs

L CPR

T(16) Bcl) kQ
|

| 27
47 uF

C4(C3) |

+ C2(C1) L |
e
Comparator To attenuator

937741e

Figure 4. Level detectors
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The 36-mV offset at the comparator’s input keeps the
comparator from changing state unless the speech level
exceeds the background noise by approximately 4.0 dB.
The time constant of the external RC (approximately
4.7 seconds) determines the response time to background
noise variations.

Volume Control

The volume control input a VCI (Pin 13) issensed as a
voltagew.r. t. V. It affectsthe attenuatorsonly in receive
mode and has no effect in idle or transmit modes.

In receive mode, the attenuator receive gain, Ggr, is
+6.0 dB, and attenuator transmit gain Gt is—46 dB under
the condition that VCI = Vg. When VCI < Vg, the
attenuator receive gain isreduced (figure 15), whereasthe
attenuator transmit gain is increased, their sum, however,
remains constant. Voltage deviation at VCI changes the
voltage at Ct, which in turn controls the attenuators (see
attenuator control block).

The volume control setting does not affect the maximum
attenuator input signal at which noticeable distortion
occurs.

The bias current at VCI is typically —60 nA. It does not
vary significantly with the VCI voltage or supply voltage
Vs.

Dial Tone Detector

The dia tone detector is a comparator with one’féi"de

connected to the receive input (RI) and the other to Vg,

with a15 mV offset (see figure 5). If the circuitisin idle
mode, and the incoming signal is greater than 15 mV
(10mVyyg), the comparator’'s output will - change,
disabling the receive idle mode. The receive atenuator
will then be at a setting determined mainly by the volume
control. '

This circuit prevents the dia tone (vﬂhich would be
considered as continuous noise) from fading away as the
circuit would have the tendency to switch to idle mode.
By disabling receive idle mode, the'dial tone remains at
the normally expected full tevel.

To R attenuator

R
21 -
+ N
— (/To attenuator
C4 N cpntrol
VB ) ‘ 937743
Figure 5. Dial tonedetector
AGC

\.

The AGC circuit affects the circuit only in receive mode,
and only when the supply voltageislessthan 3.5V. AsVs
< 35V, the gain(of the receive attenuator is reduced
according to figure 16. The transmit path attenuation
changes such that the’sum of the transmit and receive
gains remains constant.

The purpose of this feature is to reduce the power (and
current) (used by the speaker when a line-powered
speakerphoneis connected to a long line where the
available power is limited. By reducing the speaker
power, the voltage sag at Vs is controlled, preventing
possible erratic operation.

. “Attenuator Control Block

PN The attenuator control block has seven inputs:

® The output of the comparator operated by RLO2 and
TLO2 (microphone/speaker side) — designated C1.

® The output of the comparator operated by RLO1 and
TLO1 (Tip/Ring side) — designated C2.

® The output of the transmit background noise monitor
—designated C3.

® The output of the receive background noise monitor
— designated C4.

® Thevolume control.

The dia tone detector.
The AGC circuit.

6(22)
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The single output of the control block controls the two
attenuators. The effect of C1-C4 isasfollows:

Inputs Output
C1 Cc2 C3 C4 Mode
T T 1 X Transmit
T R Y Y Fast Idle
R T Y Y Fast Idle
R R X 1 Receive
T T 0 X Slow Idle
T R 0 0 Slow Idle
R T 0 0 Slow Idle
R R X 0 Slow Idle

X =Don't Care; Y = C3 and C4 are not both 0.

Term definitions

1. “Transmit” means the transmit attenuator is fully on
(+6.0 dB), and the receive attenuator is at maximum
attenuation (—46 dB).

2. “Receive’ means both attenuators are controlled by
the volume control. At maximum volume, the
receive attenuator is fully on (+6.0 dB), and the

transmit attenuator is at maximum attenuation’
(—46 dB). \
3. “Fast Idle’ means both transmit and receive speech

are present in approximately equal levels. The‘
attenuators are quickly switched (30 ms) to |dle until-
one speech level dominates the other. RN

4. “Sow ldle" meansspeech hascea%dlnbothtransmit
and receive paths. The attenuators are then slowly
switched (1 second) toidle mode /

5. Switching to full transmit or rece|ve modesfrom any
other mode is at the fast rate (= 30 ms).
(( : N
Summary of thetruth table
1. Thecircuit will switchto transmit if

a) both transmit Ia/e|'~~§d‘eteotors sense higher signal
levels relative to the ‘respective receive level
detectors (TLI1 vers,Js RLI 1, TLI12 versusRLI2), and

b) the transmit background noise monitor indicates the
presence ¢ of speech

2. The ci rcurt vwll swnch toreceiveif

a) both receivelevel detectors sense higher signal levels
relative to the respective transmit level detectors, and

b) the receive background noise monitor indicates the
presence of speech.

3. Thecircuit will switch to fast idle mode if the level
detectors disagree on the relative strengths of the
signal levels, and at least one of the background noise
monitors indicates speech. For example, referring to
the block diagram (figure 2), if there is a sufficient
signa a the microphone amp output (TLI2) to
override the spesker signal (RLI2) and there is
sufficient signal at the receive -input (RLI1) to
override the signa at the hybrld output (TLIZ1), and
either or both background monitors indicate speech,

then the circuit will bein fast ldIe mode.

Two conditions WhICh can cause fast idle mode:

a) when both tal kers are) amtemptl ng to gain control of
the system by tall ki ng at the same time, and

b) when one talker is in a very noisy environment,
forcing the other talker to continualy override that
noise level. In general, fast idle mode will occur

infrequently.

4. Thex‘c’,i‘fouit will switch to slow idle mode when

a) - both talkers are quiet (no speech present), or

b) V\;hen one talker’'s speech level is continuously
\ overridden by noise at the other speaker’s location.

- f/The time required to switch the circuit between

“transmit, receive, fast idle and dow idle is
determined in part by the components at Pin 14. (See
the section on switching times for a more complete
explanation of the switching time components.) A
diagram of the Cy circuitry is shown in figure 6, and

operates as follows:

VB
15 .
Rr 2KQ - :D | To attenuators
14 | 7
“l On 4
Attenuator | .
ICT e control Cl..c4
2
60 LA | - Volume control
" Dial tone detector
AGC

937744 e

Figure 6. Ct Attenuator control block circuit

Rev. A1, 29-Apr-98
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— Ryistypicaly 120 k<, and Ct istypically 5.0 uF.

— To switch to receive mode, 11 is turned on (15 is off),
charging the external capacitor to +240 mV above
Vg. (An internal clamp prevents further charging of
the capacitor.)

— To switch to transmit mode, I, isturned on (11 is off)
bringing down the voltage on the capacitor to
—240 mV with respect to V.

— To switch to idle quickly (fast idle), the current
sources are turned off, and the internal 2-kQ resistor
is switched on, discharging the capacitor to Vg with
atime constant of 2 kQ2 X Cr.

— To switch to idle slowly (slow idle), the current
sources are turned off, the switch at the 2-kQ2 resistor
isopen, and the capacitor dischargesto Vg through the
external resistor, Ry, with atime constant of = Ry X Cr.

Microphone Amplifier

The microphone amplifier (Pins 10, 11) has the
non-inverting input internally connected to Vg, while the
inverting input and the output are pinned out.

Unlike most op amps, the amplifier hasan all-NPN output
stage which maximizes phase margin and gain
bandwidth. Thisfeature ensures stability at gainslessthan
unity, as well with awide range of reactive loads.

the gain-bandwidth is typically 1.0 MHz (see figure 17)

The maximum p-p output swingistyp. (Vs—1V)\ with ¢ an

output impedance of < 10 Q until current limiting is
reached (typically 1.5 mA). Input bias current at MIC IS
typically —40 nA. vy

RmF
10
0 —— MICO
From MIC
Mike
12
MUTE
937745 e

Figjur‘e 7./Microphone amplifier and mute

The muting function (Pin 12), when activated, will reduce
the gain of the amplifier to approximately —39dB (with
RMI = 5.1 kQ) by shorting the output to the inverting
input (see figure 7). The mute input has a threshold of
approximately 1.5 V, and the voltage at this pin must be
kept within the range of ground and Vg (seeflgure 17). If
the mute function is not used, the pin should be grounded.

Hybrid Amplifiers

The two hybrid amplifiers (at HTO+ HTO and HTI),
in conjunction with an externa transformer provrde the
two-to-four-wire converter , for interfaci ng to the
telephone line. The gain of the first amplifier (HTI to
HTO-) is set by external resistors (gain = —Rye/Ry in
figure 2), and its output drives the second amplifier, the
gain of which is interhally set at —1.0. Unlike most op
amps, the amplifiers havean all-NPN output stage, which
maximizes phase margin and gain bandwidth. This
feature ensures stability at gainslessthan unity, aswell as
with a wide’ range of reactive loads. The open-loop gain
of the first- amplrfler is typically 80 dB, and the gain
bandwidth of ieach amplifier is approximately 1.0 MHz
(seefigure 17). The maximum output swing (p-p) of each
amplifieristypically 1.2 V less than Vg with an output
impedance of < 10 Q until current limiting is reached
(typically 8.0 mA). The output current capability is

_guaranteed to be aminimum of 5.0 mA. The bias current
(~at HTl istypicaly =30 nA.

The open loop gain is typically 80 dB (f < 100 Hz), and - The connectionsto the coupling transformer are shown in

figure 1. Balancing network is necessary to match theline
impedance.

Filter

The operation of the filter circuit is determined by the
externa components. The circuit within the U4082B
from pinsFl to FO isabuffer with ahigh input impedance
(> 1 MQ) and a low output impedance (< 50 2). The
configuration of the externa components determines
whether the circuit is a high-pass filter (as shown in
figure 2), alow-passfilter, or a band-pass filter.

As a high-pass filter, with the components shown in
figure 8, the filter will keep out the 60-Hz (and 120-Hz)
hum which can be picked up by the external telephone
lines.

Asalow-passfilter (figure 9), it can be used to roll off the
high-end frequencies in the receive circuit, which aids in
protecting against acoustic feedback problems.

With an appropriate choice of an input coupling capacitor
to the low-pass filter, a band-pass filter is formed.

8(22)
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VB
Vs
R O —1
1[] 56 kQ 300 kQ VB 220kQ
220k || R,
C1 | 4700 pF !
_"_ )—Fco—> )
4700pF  C, H Vi
260 uA
50 305 Hz o, 40 20 kHz
0 0
-3.0 -3.0
| v = \/ c? I% R ‘
12 C,C, R? C2 R?
| for C, = ‘
-30 f| 937747 f‘
N N 937748 e
Figure 8. High-pass filter (Y Figure 9. Low-pass filter

Power Supply, Vg, and Chip Disable

The power supply voltage at Pin 4 (Vs) is between

3.5and 6.5V for normal operation, but reduced operatlon
is possible down to 2.8 V (see figure 16 and the AGC
section). The power supply current is shown in flgure 19
for both power-up and power-down mode :

Theoutput voltageat Vg (Pin 15) i |sapprox (VS— 0.7)/2,
and provides the ac ground for the system. The output
impedance at Vg is approximately 400 Q (seefigure 20),

and in conjunction with the exferpal capacitor at Vg,
forms a low-pass filter for | power supply rejection.
Figure 21 gives an indication of the amount of rejection
with different capacitors. The capacitor value depends on
whether the circuit is powered by the telephone line or a
power supply. NN

Since Vg biases the m| crophone and hybrid amplifiers,
the amount of supply rejection at their outputs is directly
related to the rejectlon a Vg, as well as their respective
gans. Flgure 22 deplcts this graphically.

’ The chip disable (Pin 3) permits powering down the IC to

conserve power and/or for muting purposes. With
CD < 0.8 valts, normal operation isin effect.

With CD > 2.0 volts and < Vg, the IC is powered down.
In powered-down mode, the microphone and the hybrid
amplifiers are disabled, and their outputs reach
high-impedance state. Additionally, the bias is removed
from the level detectors.

The biasis not removed from thefilter (Pins 1 and 2), the
attenuators (Pins 8, 9, 21 and 22), or from Pins 13, 14, and
15 (the attenuators are disabled, however, and will not
pass a signal). The input impedance at CD is typicaly
90 kL2, has a threshold of approximately 1.5 V, and the
voltage at this pin must be kept within the range of ground
and Vs (see figure 18). If CD is not used, the pin should
be grounded.

Rev. A1, 29-Apr-98
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Absolute Maximum Ratings
Reference point Pin 28, Tamp = 25°C, unless otherwise specified.

Parameters Symbol Value Unit
Supply voltage Pin4 Vs —-10to+7.0 -V
Voltages Pin 3,12 —-10to(Vs+1.0) £ /
Pin 13 -10to(Vs+05) [ V
Pin2,9, 21 -05t0 (Vs+0:5) |
Storage temperature range Tsig —55t0+150 '} °C
Junction temperature Ti 125 (o °C
Ambient temperature range Tamb —20t0 #60 °C
Power dissipation SN
Tamb = 60°C DIP28 Prot (13 W
S0O28 Prot . b20/ mw
Maximum thermal resistance /
Junction ambient DIP28 Riha 7~ 50 K/W
SO28 Riha . v )120 KIW

Operation Recommendation 1
Parameters Test Conditions/ Pins Symbol Min. Typ. Max. Unit

Supply voltage Pin4 Vs |~ /35 - 6.5 Vv
CD input Pin3 A 0 - Vg \%
MUTE input Pin 12 SO
Output current Pin 15 g - - 500 uA
Volume control input Pin13 _oval 0.3 X - Vg \Y
aN VB
Attenuator input signal Pins9,21 | 0 - 350 MVims
voltage A( ~/
Microphone amplifier, AN 0 - 40 dB
hybrid amplifier gain PR
Load current @RECO,TO ([ | 0 - +£20
~/ Pins 8; 22 0 - +10 mA
@MICO( Pinl0 0 - +5.0
@HTO-, HTO +
] Pins6, 5
Ambient temperature range e Tamb —20 - +60 °C
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Electrical Characteristics

Tamb =*+25°C,Vs=5.0V, CD = 0.8V, unless otherwise specified

Parameters | Test Conditions/ Pins | Symbol \ Min. \ Typ. \ Max Unit
Power supply )
Supply current Vs=65V,CD=08V Is 55 ; 8.0 mA
Vs=65V,CD=20V 600.0 | 800.0 uA
CD input resistance Vs=Vcp =65V Rep 50.0 9.0 | kQ
CD input voltage —High VCDH 20 | UVg \Y;
—Low Vbl 0.0 RN 0.8
Output voltage Vg=35V Vg (13 \Y
Vg=50V 1.8 / ~2.1 2.4
Output resistance lyg = 1 mA Rove | 7400.0 Q
Power supply rejection Cyg =220 uF, f=1kHz PSRR 54.0 dB
ratio
Attenuators
Receive attenuator gain f=10kHz Vg =Vg
R mode, RI = 150 mVrms TN
(Vs=5.0V) Gr/''| ~+40 +6.0 +8.0 dB
(Vs=35V) |
Gain change Vs=3.5V versus AGgy | -05 0.0 +0.5
Vs=50V A~
AGC gain change —Vg=2.8V versus AGRr2 -25.0 -15.0
Vg=50V
Idle mode Rl =150 mVrms ' ) GRy -22.0 -20.0 -17.0 dB
Range R to T mode " AGR3 49.0 52.0 54.0
\olume control range R Mode, Ny Vcr 27.0 35.0 dB
0.3V <V < VB
RECO DC voltage R mode o VRECO VB \%
RECO DC voltage Rto T mode AV RECO +10 +150.0 mV
RECO high voltage lo=-1 mA ~ V RECOH 3.7 \%
RI=Vp+ 15V
RECO low voltage lo=1mA;RI=Vg-1V, | VgecoL -15 -1.0 v
output measured w. r. t. Vg
RI input resistance Rl <350 mVrms RRi 7.0 10.0 14.0 kQ
Transmit attenuator gain f="1kHz
7| T mode, TI = 150 mVrms Gr +4.0 +6.0 +8.0
_{ldle mode, TI = 150 mVrms G —-22.0 -20.0 -17.0 dB
(~_['Range T to R mode G 49.0 52.0 54.0
TO DC voltage | T Mode V1o Vg \Y
TODCvoltage /| T toR Mode VTo0 +100 | +150.0 mV
TO highvoltage lo=-1.0mA
AL TI=Vg+15V VToH 37 \Y;
TOlow voltage lo=+1.0mA V7oL -15 -1.0 \Y;
NV TI=Vg-1.0V,
(" output measured w. r. t. Vg
Tl input resistance Tl <350 mVrms R 7.0 10.0 14.0 ke
Gain tracking Gr+Gr, @T,Ide R GTtr +0.1 dB
Rev. A1, 29-Apr-98 11 (22)




U4082B TEMIC

Electrical Characteristics (continued)

Tamb = +25°C, Vs=5.0V, CD =< 0.8V, unless otherwise specified

Parameters | Test Conditions/ Pins \ Symbol \ Min. \ Typ. | Max. Unit
Attenuator control
Cr voltage Pin14-Vpg Vet
R mode, Vg = Vg +240.0 Y
Idle mode 00 (> mv
T mode —240.0 N5
Cr source current R mode lcTR -85.0 —60.0 '| =40.0 uA
Ct sink current T mode letT +40.0 +60.0( |~ +85.0 uA
Ct dow idle current lcTs 700 | uA
Ct fastidleinternal R 15 L 20) 3.6 kQ
resistance N
VCl input current lvci ) —60.0 nA
Dial tone detector threshold Vpt 100~ 15.0 20.0 mvV
Microphone amplifier Vyyute < 0.8V, GycL = 31dB NN
Output offset Vmico—Va, MICO | ~-500 | 0.0 +50.0 mvV
Feedback R = 180 kQ Vos |0
Open loop gain f < 100 Hz GvoLm | 70.0 80.0 dB
Gain bandwidth GBWMm 1) 1.0 MHz
Output high voltage lo=—1.0mA,Vs=50V Vmicon | 3.7 \%
Output low voltage lo=+1.0mA VincoL 200.0 mv
Input bias current (MI1C) “lgm —40.0 nA
Muting (A gain) f=1kHz,Vmute=20V | G -55.0 dB
300Hz<f<10kHz ~N G —68.0 dB
MUTE input resistance Vs=VmuTtE=6.5V N "RMUTE 50.0 90.0 kQ
MUTE input high ( Viuten | 20 Vs V;
MUTE input low AN VMUTEL 0.0 0.8 \
Distortion 300Hz<f<10kHz THDwm 0.15 %
Hybrid amplifiers ()
HTO-Offset VutoVe, | Hvos | —200 0.0 +20.0 mv
Feedback R =51 kQ
HTO to HTO+ Offset Feedback R =51 kQ HBvos | —30.0 0.0 +30.0 mv
Open loop gain HTI to HTO—, f <100 Hz GvoLH 60.0 80.0 dB
Gain bandwidth (O GB 1.0 MHz
Closed loop gain HTO=to HTO+ Gvcln | —0.35 0.0 +0.35 dB
Input bias current ‘@HTV IBH -30.0 nA
HTO high voltage 1lo=<5.0mA VurH 37 v
HTO low voltage ~_Nog=+5.0mA VutL 250.0 mV
HTO+highvoltage ' |log=-5.0mA Vit H 37 V
HTO+lowvoltage < ©  |lo=+50mA Vit L 450.0 mv

Distortion ./ |300Hz<f<10kHz d 0.3 %
)WV (seefigure 10)
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TEMIC U4082B

Electrical Characteristics (continued)

Tamb =*+25°C,Vs=5.0V, CD = 0.8V, unless otherwise specified

Parameters | Test Conditions/ Pins | Symbol \ Min. \ Typ. \ Max. Unit
L evel detector s and background noise monitors NN
Transmit receive switching | Current ratio from T to R ITH 0.8 10 | 12
threshold at RLI1+ RLI2to 20 uA
at TLI1 + TLI2 to switch (N[
Source current RLO1, RLO2, TLO1, TLO2 ILso -20- 1 5 mA
Sink current RLO1, RLO2, TLO1, TLO2 I sk 40 | uA
CPR, CPT output resistance |lo= 1.2 mA Rcp /35 Q
CPR, CPT leakage current lcPLK 1 -02 uA
Filter \ V)
Voltage offset at FO VEo—Vg, FOvos | —200.0 | <90 0.0 mvV
220 kL2 from Vg to Fl ,
FO sink current leo 1500, | 260 400.0 uA
FI bias current g U772 /| -50.0 nA
System distortion N
R Mode from FI to RECO, FO dr | 0.5 3.0 %
connected to RI e
T Mode from MIC to HTO-/HTO+, dr/ ) 0.8 30 %
includes T attenuator N
v 1200€ Amplifier
L S
. Analyzer
HTO+
937739e B
N\ Fi gur‘e 10. Hybrid amplifier distortion test
Temperature Characteristics
Parameter Typical Value @ 25°C Typical Change—20 to +60°C
Supply current, CD = 0.8V Ig 5.0mA —0.3%/°C
Supply current, CD =2.0V-Is 400.0 pA —0.4%/°C
Vg output voltage, Vs =50V Vg 2.1V +0.8%/°C
Attenuator gain (max. gain)_ +6.0dB 0.0008 dB/°C
Attenuator gain (max. attenuation) —46.0dB 0.004 dB/°C
Attenuator input resistance (@ T, RI) 10.0kQ +0.6%/°C
Dial tone detector threshold 150 mV +20.0 uV/°C
CT source, sink current +60.0 pA —0.15%/°C
Microphone, hybrid amplifier offset 0.0 mv +4.0uV/°C
Transmit receive switching threshold 1.0 +0.02%/°C
Sink curr“ent;at RLO1, RLO2, TLO1, TLO2 4.0 uA —-10.0nA/°C
Closed loop gain (HTO—to HTO+) 0.0dB 0.001%/°C
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Figure 11. Attenuator gain versus VCT (Pin 14)
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Figure 12. Level detector DC transfer charact‘eris;ics‘
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Figure 13. Level detector AC transfer characteristics
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Figure 14. Level detector AC transfer characteristics versus
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Figure 15. Receive attenuator versus volume control
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Figure 16. Receive attenuation gain versus Vs
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Figure 17. Microphone-and 1%t hybrid amplifier open-loop gain and phase versus frequency
o a0 |
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Figure 18. Input characteristics @ CD, MUTE Figure 20. Vg output characteristics
10 = 80 |
- Cvg = 1000 uF
8 — /
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. r
2 o L~
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Fi gUre‘:LQ. Supply current versus supply voltage

Figure 21. Vg power supply rejection versus frequency
characteristics and Vg capacitor

Rev. A1, 29-Apr-98

15 (22)



U4082B

TEMIC

Semiconductors

Design Guidelines

Switching Time

The switching time of the U4082B circuit is determined
by Ct (Pin 14, refer to figure 5), and secondarily by the

capacitors at the level detector outputs (RLO1, RLO2,
TLO1, TLO2). Seefigure 2.

The time to switch from idle to receive or transmit mode
is determined by the capacitor at Ct, together with the
internal current sources. The switching timeis:

AV X C;
|

240 X 5
~ 60

AT =

= 20.0 ms

where

AV = 240 mV
CT = 5MF
| = 60uA

If the circuit switches directly from receive to transmit
mode (or vice versa), the total switching time would be
40 ms.

The switching time depends upon the mode selection. If
the circuit is going to “fast idl€”, the time constant is
determined by the Cy capacitor, and the internal 2-kQ

resistor. With Cy = 5 uF, the time constant is appro- —

ximately 10 ms, giving a switching time to idle of;f
approximately 30 ms (for 95% change). Fast idle is-an’

infrequent mode, however, occurring when both speakers
are talking and competing for control of the circuit; The
switching time fromidle back to either transmit or rece|ve
mode is described above. ~

By switching to “slow idle” the time chstant is
determined by the Ct capacitor and Ry, the external
resistor (seefigure 6). With Ct = 5.0 uF and Ry = 120 k<,
the time constant is approximately 600 ms, giving a
switching time of approximately 1.8 seconds (for 95%
change). The switching periodto slow idle begins when
both speakers have stopped talking. The switching time
back to the original mode will depend on how soon that
speaker begins speaking again. The'sooner the speaking
starts during the 1.8-s period; .the quicker the switching
time since a smaller ‘volta\ge excursion is required.

Switching time is determined by the internal current
source as described above.

The above switching times occur, however, after the level
detectors have detected the appropriate signa levels,
since their outputs operate the attenuator.control block.
Referring to figure 4, the rise time of the level detectors
outputs to new speech is quick “by“.comparison
(approximately 1 ms), determined by the internal 350-Q
resistor and the external capacitor (typi c;él/ly 2 uF). The
output’'s decay time is determmed by the external
capacitor and an interna 4-uA current source, giving a
decay rate of 60 ms for a 120-mV-excursion at RLO or
TLO. Total response time of, the circuit is not constant
since it depends on the| relative strength of the signals at
the different level detectors and the timing of the signals
with respect to each other. The capacitors at the four
outputs (RLO1, RLO2, TLOL, TLO2) must be equal of
value (£ 10%) to prevent problems in timing and level
response. <

The rise tlme of the level detector’s outputs is not
significant since it is so short. The decay time, however,
prowdesasgnlflcant part of the “hold time” necessary to
hold the CI rCUIt during the normal pausesin speech.

The components at theinputs of thelevel detectors (RLI1,
RLI2, TLI1, TLI2) do not affect the switching time but
rather affect the relative signal levels required to switch
the CI rcun and the frequency response of the detectors.

les gn Equations

'[he following definitions are used at 1 kHz with

reference to figure 2 and figure 24 where coupling
capacitors are omitted for the sake of simplicity:

— Gma is the gain of the microphone amplifier
measured from the microphone output to T (typically
35V/V, or 31dB);

— Gt is the gain of the transmit attenuator, measured
from Tl to TO;

— Gya isthe gain of hybrid amplifiers, measured from
TO to the HTO—/HTO+ differential output (typicaly
10.2 VIV, or 20.1 dB);

— Gyt is the gain from HTO-/HTO+ to Tip/Ring for
transmit signals, and includes the balance network
(measured at 0.4 V/V, or —8 dB);

16 (22)
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Figure 22. Vg power supply rejection of the microphone and Figure 23/ Typical output swing versusVg
hybrid amplifiers _(“)
MIC amp. Hybrid amp.
MICO TI HTO-/HTO+
D—{ T attenuator — I
I R ‘ R I
y R g RN o2l y'2
TLI2e ¢—P—r T +—ie— STLIL GHIT
_ >_< Comparator | | Comparator >—< \
Acoustic 1t = aI I Tip
coupling (Attenuator Gst/| |Hybrid
| control el
_> =< - J ng
RLI2O 4 o T RLIL  |Gyg
i3t [] Rs , Ral] 414
| —~ o {R attenuator—o
SAO | ©© ) RECO R Fo Fi
037749 Speaker amp.. Filter

: I?'(gure 24. Basic block diagram for design purposes

Ggr isthesidetone gain, measured from HTO-/HTO+  —
to the filter input (measured-at 0.18 V/V, or —15 dB);

Gur isthe gain;f@m,fi p/Ring to the filter input for
receive signalé‘(meaéured at 0.833 V/V or -1.6 dB);

Gro isthe ;c]aih‘/bf the filter stage, measured from the
input of thefilter to RI, typically 0 dB;

Gristhegain of the receive attenuator measured from
RI to RECO;

Gsa is the gain of the speaker amplifier, measured
from RECO to the differentia output of the U4083B
(typically 22 V/V or 26.8 dB);

Gac is the acoustic coupling, measured from the
speaker differential voltage to the microphone output
voltage.

Rev. A1, 29-Apr-98
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[) Transmit gain

The transmit gain, from the microphone output (V) to
Tip and Ring, is determined by the output characteristics
of the microphone, and the desired transmit level. For
example, a typical electret microphone will produce
approximately 0.35 mVrms under normal speech
conditions. To achieve 100 mVrmsat Tip/Ring, an overall
gain of 285 V/V is necessary. The gain of the transmit
attenuator isfixed at 2.0 (+ 6.0 dB), and the gain through
the hybrid of figure 2 (GyT) is nominally 0.4 (—8.0 dB).
Therefore, a gain of 357 V/V is required of the
microphone and hybrid amplifiers. It is desirable to have
the majority of that gain in the microphone amplifier for
three reasons:

1. thelow-leve signals from the microphone should be
amplified as soon as possible to minimize
signal/noise problems;

2. toprovide areasonable signal level to the TLI2 level
detector; and

3. to minimize any gain applied to broadband noise
generated within the attenuator. However, to cover
the norma voiceband, the microphone amplifier's
gain should not exceed 48 dB (see figure 17). For the
circuit in figure 24, the gain of the microphone
amplifier was set a 35 V/V (31 dB), and the
differential gain of the hybrid amplifiers was set at

10.2 V/V (20.1 dB).

I1) Receivegain

The overal receive gain depends on the incoming ‘signal“
level and the desired output power at the speaker.
Nominal receive levels (independent of the peaks) at
Tip/Ring can be 35 mVrms (—27 dBm), although onlong
linesthat level can bedownto 8.0 mVrms(—40 dBm) The
speaker power is: \

1091 % 0.6 :
Pee = T Re A Q)

where Rs is the speaker impedance; and the dBm term is
the incoming signal level increased by the gain of the
receive path. Experience has shown that approximately
30 dB gain is a satisfactory amount for the majority of
applications. Using the above numbers and equation 1, it
would appear that the resulting power to the speaker is
extremely low. HoWever\,‘k‘equaIi on 1 does not consider the
peaks in normal speech which can be 10 to 15 times the
rms value. Considering the peaks, the overall average
power approaches 20 to 30 mW on long lines, and much
more on short lines.

Referring to figu“r?e 2, the gain from Tip/Ring to the filter
input was measured at 0.833 V/V (—1.6 dB), the filter’'s

gain is unity, and the receive attenuator’'s gain is 2.0 V/V
(+6.0 dB) at maximum volume. The speaker amplifier's
gainisset at 22 V/V (26.8 dB) which putsthe overall gain
at approximately 31.2 dB.

[11) Loop gain

Thetotal loop gain (of figure 24) must‘add up tolessthan
0 dB to obtain a stable circuit. ThIS can be expressed as:

GMA+GT+GHA+GST+GFO+GR+GSA+GAC<0
(2)

Using the typica numbers /méntldned above, and
knowing that Gt + Gg = — 40 dB the required acoustic
coupling can be determmed

Gac <31+ 201+ (- 15) +0 +/(— 40) + 26.8] =—22.9.dB.
(3)

An acoustic loss of/at least 23 dB is necessary to prevent
instability and oscillations, commonly referred to as
“singing”. However, the following equations show that
greater acoustic 10ss is necessary to obtain proper level
detection and switching.

IV/) Switching thresholds
To rstit‘Ch comparator C1, currents |1 and I3 need to be
determined. Referring to figure 24, with a receive signal

VL applied to Tip/Ring, acurrent 13 will flow through R3
([ (into RLI2 according to the following equation:

|3"=ﬁ:>< [GHRX Gro X Gg X TSA] 4
where the terms in the brackets are the V/V gain terms.
The speaker amplifier gain is divided by two since Gga
isthe differential gain of the amplifier, and V3 is obtained
from one side of that output. The current |1, coming from

the microphone circuit, is defined by:

Vu X G
|, = e ®)

where V) isthe microphone voltage. Since the switching
threshold occurs when 11 = I3, combining the above two
equationsyields:

Ry % [Gir X Geo X Gg X Ggi]
Ra Gua X 2

Vy =V, X (6
This is the general equation defining the microphone
voltage necessary to switch comparator C1 when a
receivesignal V| ispresent. The highest Vs occurswhen
the receive attenuator is at maximum gain (+6.0 dB).
Using the typical numbers for equation 6 yields:

VM =052V, (7
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To switch comparator C2, currents | and 14 need to be
determined. With sound applied to the microphone, a
voltage Vy is created by the microphone, resulting in a
current Iointo TLI1:

Vu

G
I, = R [GMA X Gy X %] )

Since Gpa isthedifferential gain of the hybrid amplifiers,
itisdivided by two to obtain the voltage V, applied to R.
Comparator C2 switcheswhen l4 = 2. I4 is defined by:

\Y
I, = ﬁ: [Gir X Ged )

Setting I4 = I2, and combining the above equations results
in;

X X
V. =V, X R, [Gua Gy Giial (10)

— X
R, * Gur X Gro X 2|

This equation defines the line voltage at Tllemg

necessary to switch comparator C2 in the presence of a,
microphone voltage. The highest V| occurs when the-~

circuit is in transmit mode (Gt = +6.0 dB). Usmg the
typical numbersfor equation 10 yields:

V(=840 V) (or Vi =0.0019 V| ) (12)

At idle, where the gain of the two attenuators is—20 dB
(0.1 V/V), equations 6 and 10 yield the same result:

"

Vi =0.024 V| (12)

Equations 7, 11, and 12 deflne the thresholds for
switching, and are repr%nted in figure 25

The“M” terms aretheSlopes of thelines (0.52, 0.024, and
0.0019) which are the coefficients of the three equations.
The MR line represents the receive to transmit threshold,
in that it defines the microphone signal level necessary to
switchtetransmit inthe presence of agivenreceivesignal
level. The Mr_line represents the transmit to receive
threshold. The M; line represents the idle condition, and
defines the threshold level on one side (transmit or
receive) necessary to overcome noise on the other.

937750 e

Figure 25. Switching thresholds
Some comments on the graph (figure 25):

® Acoustic couplmg and sidetone coupling were not
included in equations 7 and 12. Those couplings will

affect —the actual performance of the final
speakerphone due to their interaction with speech at
the microphone and the receive signal coming in at
Ti p/Ring. The effects of those couplings are difficult
1o predict due to their associated phase shifts and
| frequency response. In some cases the coupling signal
\“wiII add, and other times subtract from the incoming
SIgnaI The physical design of the speakerphone
enclosure, as well as the specific phone line to which
it is connected, will affect the acoustic and sidetone
couplings, respectively.

’® The MR line helps define the maximum acoustic
coupling alowed in a system, which can be found
from the following equation:

_ R
2 X Ry X Gya

Equation 13 isindependent of the volume control setting.
Conversely, the acoustic coupling of a designed system
hel ps determine the minimum slope of that line. Using the
component values of figure 2 in equation 13 yields a
Gacmax) of — 37 dB. Experience has shown, however,
that an acoustic coupling loss of 40 dB is desirable.

® The Mt line helps define the maximum sidetone
coupling (Gst) allowed in the system. Ggt can be
found using the following equation:

R,
2 X Ry X Grg

Using the component values of figure 2 in egquation 14
yields a maximum sidetone of 0 dB. Experience has
shown, however, that a minimum of 6.0 dB loss is
preferable.

The above equations can be used to determine the resistor
values for the level detector inputs. Equation 6 can be

(13)

GAC(MAX) =

Ggr = (14)

Rev. A1, 29-Apr-98
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used to determine the R1, Rz ratio, and equation 10 can be
used to determine the R1-Ry ratio. In figure 24, R1—R4
each represent the combined impedance of the resistor
and coupling capacitor at each level detector input. The
magnitude of each RC’simpedance should be kept within
the range of 2.0 kQ2 to 15 k<2 in the voiceband (dueto the
typical signa levels present) to obtain the best
performance from the level detectors. The specific R and
C at each location will determine the frequency response
of that level detector.

Application Information

Dial Tone Detector

The threshold for the dial tone detector isinternally set at
15mV (10 mVrms) below Vg (see figure 5). That
threshold can be reduced by connecting aresistor from RI
to ground. Theresistor valueis calculated from:

R=10k [ AV ]

where Vg isthe voltage at Pin 15, and AV is the amount
of threshold reduction. By connecting a resistor from Vg
to RI, the threshold can be increased. The resistor value
is calculated from:

where AV isthe amount of the threshold increase.
Background Noise M onitors

For testing or circuit analysis purpos&e, the trans‘mit\br
receive attenuators can be set to “on” position by
disabling the background noise monitors and applyi ng a
signa so asto activate the level detectors. Grounding the
CPR pin will disable the receive bac_kground noise

RZ R, [

monitor, thereby indicating the “presence of speech” to
the attenuator control block. Grounding CPT does the
same for the transmit path.

Additionally, the receive background noise monitor is
automatically disabled by the dial tone detector whenever
the receive signal exceedsthe detector’s threshold.

Transmit/Receive Detection Prlorlty

Although the U4082B was de;gned to have idle mode
such that the attenuators are halfway | between their full on
and full off positions, idle modecan be biased towardsthe
transmit or the receive side/ With this done, gaining
control of the circuit from ldIEWIH be easier for that side
towards which it is blased smce that path will have less
attenuation at idle. /

By connecting aresistor from Cr (Pin 14) to ground, the
circuit will be biased towards the transmit side. The
resistor value iS:‘cal(:qua,ted from:

_ Vg
R=R; [A V 1]
where /|

Rr= 120 kQ (typ) connected between Pin 14 and 15.
AV \/B V14 (seefigure 11).

By cbnnectmg a resistor from Ct (Pin 14) to Vg, the

_—circuit’ will be biased towards the receive side. The
- ( resistor valueis calculated from:

AR
Switching time will be somewhat affected in each case
due to the different voltage excursions required to get to
transmit and receive from idle. For practica
considerations, the AV shift should not exceed 100 mV.
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Cemicanductors U4082B

Package I nfor mation

Package DIP28
Dimensionsin mm 3740 15.29
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U4082B TEMIC

Ozone Depleting Substances Policy Statement

Itisthe policy of TEMIC Semiconductor GmbH to
1. Meet dl present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and 6p‘erati Nng systems
with respect to their impact on the health and safety of our employees and the public, aswell asthelr |mpact on
the environment. U<

It is particular concern to control or eliminate releases of those substances into the atmosphere WhICh are known as
ozone depl eting substances (ODSs). -

The Montreal Protocol (1987) and its London Amendments (1990) intend to severeLy restrl ct the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

TEMIC Semiconductor GmbH has been able to use its policy of contlnuous |mprovements to eliminate the use of
ODSslisted in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocél‘ ‘and“‘the London Amendments respectively

2. Class| and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

TEMIC Semiconductor GmbH can certify that our semlconductors are not manufactured with ozone depleting
substances and do not contain such substances.

Wereservetheright to make changesto improvetechnical design and may do so without further notice.
Parameters can vary indifferent applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use TEMIC products for any unintended or unauthorized
application, the buyer. shall indemnify TEMIC against all claims, costs, damages, and expenses, arising out of,
d|rectly or mdrrectly, any claim of personal damage, injury or death associated with such unintended or
unauthorized use.

TEMIC Semiconductor GmbH, PO.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0) 7131 67 2831, Fax number: 49 (0) 7131 67 2423
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