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This third edition of the SGS Telecom Products databook contains datasheet for some ninety products
— double the number in the previous edition — realized with bipolar, CMOS & NMOS technologies. All
of these products are designed specifically for applications in the telecommunications field.

With the addition of the latest devices, SGS now offers solutions for the most important telecom subsy-
stems: telephone sets, digital switching systems and PABXs.

In addition to the original SGS product range, this databook also includes the range of products available
from SGS through an agreement with AT&T, which has extended the range of applications covered.

Among the most recently-designed telecom ICs, two highlights are the SGS SLIC, which integrates the
ringing function, and a PCM Conference Call chip, both of which are unrivalled of the market in terms
oi performance and system approach.
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IDENTITY

Late in 1957, SGS was founded around a team of
researchers who were already carrying out pioneer
work in the field of semiconductors. From that small
nucleus, the company has evolved into a Group of
Companies, operating on a worldwide basis as a
broad range semiconductor producer, with billings over
300 million dollars and employing over 9500 people.

The SGS Group of Companies has now reached a
total of 11 subsidiaries, located in Brazil, France,
Germany, ltaly, Malta, Malaysia, Singapore, Sweden,
Switzerland, United Kingdom and the USA.

To go with its logo, the company takes the motto
“Technology and Service”, underlining the accent
given to the development of state-of-the-art
technologies and the corporate commitment to offer
customers the best quality and service in the industry.
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ALPHANUMERICAL INDEX

INTEGRATED CIRCUITS

Type Page
Number Function Number

L545 Active Trunk Termination Circuit .......... ... ... ... ..... 21
L3000 Line Interface ........ ... . 634
L3010 Control Unit ... ... ... 636
L3100 Transient Voltage/Current Suppressor ...................... 25
L3101 Transient Voltage/Current Suppressor ...................... 31
L3121 Full Features Transient Suppressor ........................ 35-638
L3122 Full Features Transient Suppressor ........................ 35
L3211 Very Low Voltage Speech Circuit with DTMF Interface ........ 39
L3212 Integrated Telephone Speech Transmission Circuit with DTMF Interface 45
L3240 Electronic Two-Tone Ringer ............ .. ... .. ... ........ 51
L3280 Low Voltage Telephone Speech Circuit ..................... 55
LB1004 Full-Feature Telephone Tone Riger/Ringing Detector .......... 61
LB1005 General-Purpose Telephone Tone Ringers ................... 67
LB1006 Telephone Ringing Detector ............ ... ... .......... 73
LB1007 Keypad Controlled Single-Chip Telephone IC ................ 79
LB1008 Keypad Controlled Enhanced Single-Chip Telephone IC ....... 85
LB1009 Microprocessor Controlled, Single-Chip Telephone IC .. ....... 93
LB1010 Octal Line Protector . ........ ... .. ... 101
LB1011 Battery Feed ...... ... .. .. .. .. . ... 109
LB1012 Battery Feed ......... ... .. . . ... 119
LB1013 85V Dual OP-AMP ......................... e 131
LB1017 High-Speed Dual Analog Switch ............. ... .. ... ... ... 135
LB1018 4x8 PNPN Crosspoint Array . ............c.c..ciiiinaaan.. 147
LB1019 Power Controller ........... ... . i 153
LB1020 Voice Path Switch for Speakerphone Application ............. 161-162-179
LB1021 Special Amplifier for Speakerphone Application .............. 161-170-179
LB1022 Quad Line Receivers . ... 185
LB1023 Quad Line Driver .......... . 195
LB1024 Digital-Signal Transceivers .................. .. ... .. ..... 203
LB1025 Quad Bus Transceiver . .......... ..o 209
LB1026 Level Expander ... ... ... ...t 215
LB1027 Electret Preamplifier ........ .. .. ... .. .. .. . . 221
LBR Family Voltage Regulator Circuit Family ........................... 227
LH1016 High-Voltage Solid-State AC/DC Relay ...................... 237
LH1028 Telephone Interface Circuit ............ ... .. ... .. ... ...... 243
LH1056 MSR High Voltage Solid-State Relay ....................... 249
LH1061 High Voltage Solid-State AC/DC Relay ...................... 253
LS025 Balanced Modulator . ....... ... .. ... .. i 259
LS156 Telephone Speech-Circuit with Multifrequency Tone Generator

Interface . ....... .. e 267
LS188 Microphone Amplifier ......... .. ... .. .. . i 279
LS204 High Performance Dual Operational Amplifier ................ 283
LS285 Telephone Speech Circuit ............ ... ... ... ... ........ 291
LS288 Programmable Telephone Speech Circuit ................... 299
LS346 Polarity Guard with Very Low Voltage Drop for Telephone

Application . ... ... 311
LS356 Telephone Speech Circuit with Multifrequency Tone Generator

Interface . ... . 315
LS388 Low Consumption Telephone Speech Circuit ................ 329
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ALPHANUMERICAL INDEX

INTEGRATED CIRCUITS

Type Page
Number Function Number
LS404 High Performance Quad Operational Amplifiers .............. 333
LS496 Quad Relay Driver . ........ ... ... . . 343
LS588 Programmable Telephone Speech Circuit ................... 351
LS656 Telephone Speech Circuit with Multifrequency Tone Generator
Interface ... ... ... 363
LS1014 60-Volt Dual Relay Driver . .......... ... ... ... . oo, 375
LS1240 Electronic Two-Tone Ringer .......... ... .. ... ... ... ... 379
LS1240A Electronic Two-Tone Ringer ............ ... .. ... ... .. .... 379
LS1241 Electronic Two-Tone Ringer ............ .. .. .. .. ... ...... 383
LS5018 Transient Voltage Suppressor .............. ..., 387
LS5060 Transient Voltage Suppressor ............ ... .. ... ....... 387
LS5120 Transient Voltage Suppressor ................... ... .. 387
MO079 N-Channel 2x 2 x 2 Crosspoint Switch With Control Memory . . .. 397
M088 Digital Switching Matrix ....... ... ... ... ... .. ... ... ... ..... 401
M089 2x8 Crosspoint Matrix ......... .. ... .. .. .. . .. 417
M093 N-Channel 12x 8 Crosspoint Switch with Control Memory . .. ... 423
M116 PCM Conference Call and Attenuation/Noise Suppression Circuit 433
M761 Dual Tone Multifrequency Generator ....................... 449
M764A Tone RiNger ....... ... i 459
M774 Tone Ringer ...... ... ... . 469
M1094 Three Tone Ringer ........ ... ... ... . .. 473
M2560A Decadic Pulse Dialler ......... ... .. ... ... ... .. .. .. 479
M3326 CMOS Interrupted Current-Loop Dialling Circuit .............. 485
M3327 CMOS Interrupted Current-Loop Dialling Circuit .............. 495
M5116 u-255 Law Companding Codec ... .......... ... ... cuiun.. 507
M5156 A-Law Companding Codec ............. ... c.viiiiniinann.. 519
M5913 Combined Single Chip PCM Codec and Filter ................ 531
M5914 Combined Single Chip PCM Codec and Filter ................ 531
M5916 PCM Combo ........ .. ... .. 553
M5917 PCM Combo . ... ... .. 553
M6569 DTMF Transmitter with Redial .. .. ... ... e 569
M6579 DTMF Transmitter with Redial and Output Flash ............. 569
ML8204 Tone RiNger .. ... ... i 575
ML8205 Tone Ringer .. ... . 575
PBD3535 DTMF Generator ... ... ... ...ttt 589
PBL3726 Series | Mask-Programmable Speech Circuits ....................... 597
SLIC Subcriber Line Interface Circuit Kit (L3000, L3010, L3121) ..... 633
SMALL SIGNAL TRANSISTORS
BFR36 CATV Ultra-Linear High-Gain Transistor ..................... 665
BFR99A Wide Band VHF/UHF Amplifier ............................ 669
BFY90 Wide Band VHF/UHF Amplifier ............................ 673
BFX73 High-Frequency Oscillator and Amplifier .................... 677
2N918 High-Frequency Oscillator and Amplifier .................... 677
2N3137 RF Amplifier .. ... 681
2N3600 High-Frequency Oscillator and Amplifier .................... 677
2N5109 CATV Ultra-Linear High Gain Transistor .................... 685
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TELEPHONE SET

SPEECH CIRCUITS

TYPE FUNCTION PAGE
L3211 Very low drop speech circuit with MF interface 39
L3212 Very low drop speech circuit with MF interface (Japanese spec) 45
L3280 Very low drop speech circuit (Japanese spec) 55
LS156 Speech circuit with MF interface (for piezoceramic transducers) 267
LS285 Speech circuit " 291
LS288 Speech circuit with programmable gains 299
LS356 Speech circuit with MF interface (for dynamic transducers) 315
LS388 Low drop speech circuit with programmable gains 329
LS588 Speech circuit with programmable gains and power down 351
LS656 Low drop speech circuit with MF interface (for dynamic transducers) 363
PBL3726 Mask programmable speech circuits 597
Series

TONE RINGERS/RINGING DETECTORS

TYPE FUNCTION PAGE
L3240 Two tone ringers with push-pull output 51
LB1004 * Full feature tone ringer and ringing detector 61
LB1005 * General purpose tone ringer 67
LB1006 * Tone ringer detector 73
LS1240/ Two tone ringers 379
LS1240A/ Two tone ringers 379
LS1241 Two tone ringers 383
M764 Programmable three tone ringer 459
M774 Programmable three tone ringer 469
M1094 Three tone ringer 473
ML8204/ Two tone ringers 575
ML8205 Two tone ringers 575

* An AT&T Product
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TELEPHONE SET

MICROPHONE PREAMPLIFIERS

TYPE FUNCTION PAGE
LB1027 * Electret preamplifier 221
LS188 Microphone preamplifier (dynamic and piezoceramic transducers) 279

INTEGRATED RECTIFIER BRIDGES

TYPE FUNCTION PAGE
LH1028 * Telephone interface circuit 243
LS346 * Low drop polarity guard 311

DUAL TONE MULTIFREQUENCY DIALLERS

TYPE FUNCTION PAGE
M761 Dual tone multifrequency generator 449
M6569 Dual tone multifrequency generator with redial memory (21 digits) 569
M6579 Dual tone multifrequency generator with redial memory (21 digits) - 569
PBD3535 Dual tone multifrequency generator 589

PULSE DIALLERS

TYPE FUNCTION PAGE
M2560A Pulse dialler 479
M3326 Pulse dialler 485
M3327 Pulse dialler 495

SPECIAL FUNCTIONS

TYPE FUNCTION PAGE
LB1020/ * Speakerphone kit 161-162-179
LB1021 * Speakerphone kit 161-170-179
LB1026 * Voice frequency level expander 215

* An AT&T Product
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TELEPHONE SET

SINGLE CHIP TELEPHONE

TYPE FUNCTION PAGE
LB1007 * Keypad controlled basic integrated single chip telephone with polarity 79
guard
LB1008 * Keypad controlled enhanced integrated single chip telephone 85
LB1009 * Microprocessor controlled integrated single chip telephone 93
SUBSCRIBER LIVE INTERFACE CIRCUITS
TYPE FUNCTION PAGE
L3000 Line interface ) 634
L3010 Control unit with serial interface 636
L3121 Bidirectional overvoltage/overcurrent protection gate controlled 35
LB1011 * Telephone line battery feed 109
LB1012 * Telephone line battery feed with hook status output signal 119
LB1013 * 85V dual op-amp 131
LB1019 * Telephone set power control 153
CODEC
TYPE FUNCTION PAGE
M5116 u-law PCM codec 507
M5156 A-law PCM codec 519

* An AT&T Product
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SUBSCRIBER CARD

., COMBO
TYPE FUNCTION PAGE
M5913 Synchronous PCM Combo 531
M5914 Synchronous/Asinchronous/Signalling PCM Combo 531
M5916 p-law PCM Combo 553
-M5917 A-law PCM Combo 553

SPECIAL OPERATIONAL AMPLIFIERS

TYPE FUNCTION PAGE
LS204 High performance dual op-amp 283
LS404 High performance quad op-amp ' 333

SWITCHING EQUIPMENTS

ANALOG CROSS POINTS

TYPE FUNCTION PAGE
LB1018 * 4x8 cross point array 147
MO079 2x2x2 cross point 397
MO089 2x8 cross point matrix 417
M093 12x8 cross point matrix 423

DIGITAL CROSS POINT

TYPE FUNCTION PAGE

M088 256x256 Digital switching matrix 401

SPECIAL FUNCTIONS

TYPE FUNCTION PAGE

M116 PCM conference circuit 433

* An AT&T Product




DATA PROCESSING

LINE INTERFACE

TYPE FUNCTION PAGE

L545 Active trunk termination circuit 21
LINE DRIVERS/LINE RECEIVERS/LINE TRANSCEIVERS

TYPE FUNCTION PAGE
LB1022 * General purpose quad line receivers 185
LB1023 * Dual line driver 195
LB1024 * Digital signal transceiver 203
LB1025 * Dual bus transceiver 209

TYPE FUNCTION PAGE
L3100 Monodirectional overvoltage/overcurrent protection circuits gate 25

controlled
L3101 Monodirectional overvoltage/overcurrent protection circuits gate 31
controlled

L3121 Bidirectional overvoltage/overcurrent protection gate controlled 35
LB1010 * Octal line protector 101
LS5060/ Bidirectional overvoltage protection circuits 387
LS5120/ Bidirectional overvoltage protection circuits 387
LS5018 Bidirectional overvoltage protection circuits 387

TYPE FUNCTION PAGE
LH1016 * Optically coupled high voltage solid state AC/DC relay 237
LH1056 * Optically coupled high voltage solid state AC/DC relay 249
LH1061 * Optically coupled high voltage solid state AC/DC relay 253

* An AT&T Product
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GENERAL PURPOSE

TYPE FUNCTION PAGE
LB1017 * Dual high speed analog switch 135
LBR Family Regulation control circuit family 227
LS025 Balanced modulator 259
LS496 Quad relay driver 343
LS1014 * Dual independent relay driver 375

* An AT&T Product
Max ratings Characteristics
Polar. | Vceo e Peot Type fr and Page
v) (mA) (mW) (MHz) NF Pg f
(dB) (dB) (MHz)
NPN 15 25 200 | BFY90 1400 45 8 800 673
NPN 15 50 200 | 2N3600 1000 3 — 60 677
NPN 15 50 200 | 2N918 900 3.5 22 200 677
NPN 15 50 200 | BFX73 900 6 — 60 677
PNP 25 50 225 | BFR99A | 2300 3.5 8 800 669
NPN 20 200 600 | 2N3137 750 — 7 250 681
NPN 30 200 800 | BFR36 1000 4 16 200 665
NPN 20 400 1000 | 2N5109 1400 3 14 200 685
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ACTIVE TRUNK TERMINATION CIRCUIT

® TYPICAL APPLICATIONS IN VOICE-BAND
MODEMS.

ON CHIP POLARITY GUARD

® MEET DC LINE CHARACTERISTICS OF
EITHER CCITT AND EIA RS 464 SPECS

PULSE FUNCTION

HIGH AC IMPEDANCE

OFF HOOK-STATUS DETECTION OUTPUT
LOW EXTERNAL COMPONENT COUNT
MINIDIP DIL PACKAGE

CIRCUIT DESCRIPTION

The circuit provides DC loop termination for
analog trunk lines.

The V-l characteristics is equivalent to a fixed
voltage drop (zener like characteristic) in series
with an external resistance that determines the
slope of the DC characteristic.

An external low voltage electrolytic capacitor
causes the circuit to exhibit a very high im-

BLOCK DIAGRAM

pedance to all AC signal above a minimum fre-
quency that is determined by the capacitor
itself and by a 50K nominal resistor integrated
on the chip.

The off-hook status is detected all the time a
minimum of 10mA is flowing into the circuit.
In this condition a constant current generator is
activated to supply an external device (typically
an optocoupler without affecting the AC charac-
teristic of the circuit.

When pulse dialing is required, the PULSE input
high causes the device to exhibit a pure resistive
impedance characteristic. Levels are TTL com-
patible.

Minidip Plastic

ORDERING NUMBER: L545

INT
O———- O +
P
8 OPULSE
A
R
|
T
] Lo |l g
8 TERMINATION S IRCUIT
A OHDO
D
ACT ODCT
c1 | |r
" T
O—- O -
S$-9041

This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS

Vi Max line voltage (pulse duration 10ms max.) 20 Y
I Max line current 150 mA
Piot Total power dissipation at Tymp = 70°C 800 nlW
Top Operating temperature -40to 70 c)C
stgs 1) Storage and junction temperature -55 to 150 C
CONNECTION DIAGRAM
(Top view)
\J

IN 1 [ 1 8 +

- [ 2 7] In2

PULSE [ 3 6 DCT

HDO [ 4 sfl act

$-9042

THERMAL DATA
Rinjamp  Thermal resistance junction-ambient max 80 °c/w

ELECTRICAL CHARACTERISTICS (I, = 5 to 100mA; T,m, = -25 to +60°C; f = 1KHz;

unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi Line Voltage I3 = 10mA 4.5
13 = 20mA 5.1 v
13 = 126mA 11.5
R; = 602
4 AC impedance Cy =2.2uF 35 K&
lofh Off-Hook current 10 mA
detection threshold
lo Off-Hook output I3 = 10mA min, 1 mA
drive current 13 =20mA 2

22



APPLICATION INFORMATION

With the use of this circuit it is possible to
terminate an analog trunk so that all the DC
current component is flowing in the TRUNK
TERMINATION CIRCUIT while the AC com-
ponent is decoupled with a low voltage capacitor

- and can be used with a small and low cost audio

coupler transformer to provide the AC balancing
termination and two to four wire conversion.
Figure 1 gives the typical application circuit; it

is worth to note that the TRUNK TERMINA-
TION CIRCUIT, together with the LS5018
transient suppressor provides a compact and low
cost module fully protected against lightning or
overvoltages frequently present on telephone
lines. The PULSE input, when high, allows
the device to show a resistive impedance equal to
R1 to the line.

PULSE
HOOK o SW  PULS IN1
TIP ll
|
[
[
|
| TRUNK
\ TERMINATION
| CIRCUIT
|
|
|
L
P
o
RING |
b
FROM PULSE UNIT

HDA TO CONTROL

UNIT

HE

DCT
R1
1} TO 2/4 CONV
+ Ul CIRCUIT

5-9040
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PRELIMINARY DATA

TRANSIENT VOLTAGE / CURRENT SUPPRESSOR

® BREAKOVER VOLTAGE LARGELY IN-
DEPENDENT OF TRANSIENT RISE TIME

® HIGH CURRENT CAPABILITY

® PROGRAMMABILITY BOTH IN VOLTAGE
AND CURRENT

® VERY HIGH OFF STATE RESISTANCE

® VERY HIGH ON STATE CONDUCTANCE

® AUTOMATIC RECOVERY

® CHARACTERISTICS LARGELY INDEPEN-
DENT OF AGEING

® FAILSAFE OPERATION

® CAN BE USED ON REMOTE — SUPPLY

LINES

The L3100 is a transient overvoltage suppressor/
overcurrent arrester designed to protect sensitive
components in electronic telephones and tele-
communications equipment against transients

ABSOLUTE MAXIMUM RATINGS

caused by lightning, induction from power lines,
etc.

The L3100 characteristic, that is its firing voltage
and current, can be easily programmed by means
of inexpensive external components; more over,
since this device recoveres automatically when
the surge current falls below a fixed holding
current, it may be used on remotely supplied
lines. Finally, if destroyed, it becomes a perma-
nent short circuit.

The device is encapsulated in 4 +4 power
minidip with copper frame

Minidip Plastic

ORDERING NUMBER: L3100B

Its Transient current (T1/T2 = 1us/50us pulse - see fig. 1a) 250 A
(T1/T2 = 1us/1000us puise ~ see fig. 1a) 150 A

I Non repetitive peak current (one sine wave 50 Hz, 30 sec interval -
see fig. 1b) 50 A
lp Repetitive peak current (50 Hz, 1 sec - see fig. 1c) 20 A
Piot Total power dissipation at T,m,= 50°C (steady state) 1.2 w
op Operating temperature -40to 70 °C
Tstgr Tj Storage and junction temperature -40 to 150 °C
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CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

| ANODE
| cate-N ||t
N.C.
ANODE
GaTE-P |3
GATE-N
CATHODE ] 4
S-8980
CATHODE
Fig. 1 - Waveforms
Vp‘
09 -
| o—
1
1
08 | H-=mmmmm - - - - INPUT
E 1 WAVEFORM >
| |
! ! oO—
[ [ O
$-6134
a)
20ms
20ms 30s Is
1
b) c) S-6140

Fig. 2 - Voltage current characteristics (gate not connected)

——O GATE-P

S-8981

J,

L3100

L

S-8982
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THERMAL DATA

Rin j-amp Thermal resistance junction temperature
th j-pins 1hermal resistance junction-pin

max 80 °C/W
max 20 °Cc/W

ELECTRICAL CHARACTERISTICS

Tamp= 25°C unless otherwise specified)

(Refer to test circuit and volt/amp characteristics

Parameter Test Conditions Min. Typ. Max. Unit
OPERATION WITHOUT GATE
N Direct leakage current xz: zggx Tamp = 70°C 53 Z:
IR Reverse leakage current V=07V 1 mA
Vz Zener voltage 1z=1mA 265 310 \
Igo Firing current 200 500 mA
Veo Static breakover voltage la-c = 1A; 50 Hz half wave 350 \'%
VBodyn Dynamic breakover voltage la-c = 100A; 1/50 us 400 \Y
Von ON state voltage 1=1A 3 \
Iy Holding current Tamp=55°C; 300 us pulse 250 mA
Ron On state diff. resistance I =1to5A 0.25 Q
CoFrF OFF state capac. 100 pF
OPERATION WITH GATES
Vap Gates voltage lg =200 mA 06 1.2 \%
Veap Reverse gate-P voltage lg=-1mA 0.7 Vv
lgp Firing gate-P curr. Va-c = 100V 50 mA
laN Firing gate-N current Va-c =100V 100 200 mA

27




CIRCUIT DESCIPTION

— The L3100 is to be connected between the
two line wires, in parallel with the protected
devices

— As it is mono-directional, it has to be put
after a rectifier bridge.

— When the vorking voltage and current are
below the threshold values, the device is in
OFF state condition and shows a very high
impedance with less than 5 microAmp leakage
current at 250V and ambient temperature.

— As the thresholds are reached L3100 switches
ON in about a hundred nanoseconds and
behaves like a short circuit standing transients
up to 200A and repetitive sinusoidal peaks
to 20A.

— When the transient current falls below the
holding current (l), the device returns auto-
matically to the OFF state. The holding cur-
rent is high enough to allow operation on
remote feed lines.

— If the device fails it become a short circuit.
providing protection and indicating that a
failure has occurred.

GATES OPERATION

— In the open-gate configuration the breakover
level is set at about 280V due to an internal
zener.

— Furthermore the threshold voltage can be pro-
grammed at any value, below 265V, with a
proper zener diode connected to the gates.

— In the gate-controlled configuration the

device can operate also as a current transient
arrester providing, unique up to now, both
series and shunt protection. )
The protected circuit is fed through a re-
sistance connected between the anode (+)
and the gate-P. When the voltage across the
two leads exceeds 0.8V, depending on line
current and resistance values, the device
switches ON shorting the line.

TYPICAL APPLICATIONS

The L3100 can be used in several configur-
ations.

In any case, as it is a mono directional device,
it must be connected to the line through a
rectifier bridge.

Warning — degradation may occur when
polarizing L3100 inversely (more than 10
volts).

In the basic open gate configuration (fig. 3),
it switches on at about 280V.

Fig. 3
(@]
A
G-P
GUARD
BrRIDGE | 3100 ooN @‘E
c
O

5-8984
In the gate controlled operation it can be
connected to program either.

The breakover voltage (figg. 4).

The maximum load current (fig. 5).

Both of them (figg. 6)

Figg. 4 - (aand b) (Vgo = Vz)

O
A
G-P
GUARD
BrRIDGE | -3100 6N *"z E‘E
¢
O
5-8985
@]
A
G-P
GUARD
BriDGE | -390 EE
G-N vz
¢
O
5-8986

28



TYPICAL APPLICATIONS (continued)

. \/
Fig.5- lgo= :;e + lgate o—

GUARD

BRIDGE L3100

c
o
5-8987
Figg. 6
a9 R R
Oy o—
A A
6-P G-p
GUARD GUARD
BRIDGE | 310 | sRioGe | V10 [ vz
LOAD = LOAD
\
c 4 c
O O
$-8988 S-8989
Fig. 7
O—
Rr1 HOOK
LINE —» 19— Q1
A }
6-P| V71
o L3100 v
G-N DIALLING 22 | SPEECH
SYSTEM
c
5-8990
TONE
RINGER

— A schematic full protection configuration is shown in (fig. 7) where:

a) The internal breakover (280V) protects the
tone ringer with the hook on.

b) The breakover of L3100 in dialling oper-
ation (Q1 open) is set by Vz;.

c) As in speech operation it's fixed by Vz,
(18 to 20V).

d) The current threshold into the load for the
L3100 switching on is about

V,
—-i:i + lgate

with Vgg= 800 mV (typ)
and lgate= 50 mA
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PRELIMINARY DATA

TRANSIENT VOLTAGE/CURRENT SUPPRESSOR

® BREAKOVER VOLTAGE LARGELY IN-
DEPENDENT OF TRANSIENT RISE TIME

® HIGH CURRENT CAPABILITY

® PROGRAMMABILITY BOTH IN VOLTAGE
AND CURRENT

VERY HIGH OFF STATE RESISTANCE
VERY HIGH ON STATE CONDUCTANCE
AUTOMATIC RECOVERY

CHARACTERISTICS LARGELY INDEPEN-
DENT OF AGEING

® FAILSAFE OPERATION

® CAN BE USED ON REMOTE — SUPPLY
LINES

The L3101 is a transient overvoltage suppressor/
overcurrent arrester designed to protect sensitive
components in electronic telephones and tele-
communications equipment against transients

ABSOLUTE MAXIMUM RATINGS

caused by lightning, induction from power
lines, etc.

The L3101 characteristic, that is its firing voltage
and current, can be easily programmed by means
of inexpensive external components; more over,
since this device recoveres automatically when
the surge current falls below a fixed holding
current, it may be used on remotely supplied
lines. Finally, if destroyed, it becomes a perma-
nent short circuit.

The device is encapsulated in 4 + 4 power
minidip with copper frame.

Minidip Plastic

ORDERING NUMBER: L3101

Its Transient current (T1/T2 = 1us/50us pulse - see fig. 1a) 500 A
(T1/T2 = 1us/1000us pulse - see fig. 1a) 150 A

o Non repetitive peak current (one sine wave 50Hz, 30s interval -
see fig. 1b) 50 A
Ip Repetitive peak current (50Hz, 1s - see fig. 1c) 20 A
Piot Total power dissipation at T,mp, = 50°C (steady state) 1.2 w
Top Operating temperature -40to 70 °c
Tetg, Tj Storage and junction temperature -40 to 150 °c
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SCHEMATIC DIAGRAM

ANODE
GATE-N-
——O GATE-P
N.C.
ANODE
GATE-P
GATE-N
CATHODE
$-8980
CATHODE
5-8981 °
Fig. 1 - Waveforms
vod
09 =7
: Oo— *
| |
0§ [ f-===--m--- -~ - INPUT
| ! WAVEFORM | — P L3101
1 1
z | o— |1
4 t2 t S-8982
a) $-613¢
-
20ms
30s 1s
—
b) c) S$-6140

Fig. 2 - Voltage current characteristics (gate not connected)
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THERMAL DATA

Rth j-amb
Rth j=pins

Thermal resistance junction-pin

Thermal resistance junction temperature

°Cc/W
°c/w

80
20

max
max

ELECTRICAL CHARACTERISTICS (Refer to test circuit and volt/amp characteristics Tamp =
25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
OPERATION WITHOUT GATE
L Leakage current ://Z : ggx Tamp = 70°C 170 ﬁﬁ
Vz Zener voltage Iz = 1mA 100 120 150 \
IBO Firing current 200 500 mA
Vo Breakover voltage I =1A 180 \
Von ON state voltage I =1A 3 \4
In Holding current Tamp = 55°C 150 mA
Ron ON state diff. resistance | = 11to5A 0.25 Q
CoFF OFF state capac. 100 pF
OPERATION WITH GATES
Va Gates voltage I = 200mA 0.6 1.2 \%
lgp Firing gate-P current Va-c = 60V 50 mA
laN Firing gate-N current Va-c = 60V 100 200 mA

CIRCUIT DESCRIPTION

The L3101 is to be connected between the
two line wires in parallel with the protected
devices.

As it is mono-directional, it has to be put
after a rectifier bridge.

When the working voltage and current are
below the threshold values, the device is in
OFF state condition and shows a very high
impedance with less than 10uA leakage
current at 90V and ambient temperature.

As the thresholds are reached L3101 switches

ON in about 100ns and behaves like a short
circuit standing transients up to 500A and
repetitive sinusoidal peaks to 20A.

— When the transient current falls below the

holding current |, device returns auto-
matically to the OFF state. The holding cur-
rent is high enough to allow operation on
remote feed lines.

— |If the device fails it become a short circuit,

providing protection and indicating that a
failure has occurred.




GATES OPERATION

— In the open-gate configuration the breakover
voltage level is set at about 120V due to an
internal zener.

— Furthermore the threshold voltage can be pro-
grammed at any value, below 120V with a
proper zener diode added between the gate P
and either cathode (-) or gate N.

— In the gate-controlled configuration the

device can operate also as a current transient
arrester providing, unique up to now, both
series and shunt protection.
The protected circuit is fed through a re-
sistance connected between the anode (+)
and the gate-P. When the voltage across the
two leads exceeds 0.8V, depending on line
current and resistance values, the device
switches ON shorting the line.

TYPICAL APPLICATIONS

— The L3101 can be used in several configur-
ations.

— In any case, as it is a mono directional device,
it must be connected to the line through a
rectifier bridge.

— Warning — degradation may occur when
polarizing L3101 inversely (more then 10V).

— In the basic open gates configuration (fig. 3),
it switches on at about 120V.

Fig. 3
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— In the gate controlled operation it can be
connected to program either.

— The breakover voltage (figg. 4)
— The maximum load current (fig. 5)

Figg. 4 - (aand b) (Vgo = Vz)
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PRELIMINARY DATA

FULL FEATURES TRANSIENT SUPPRESSORS

® BREAKOVER VOLTAGE LARGELY IN-
DEPENDENT OF TRANSIENT RISE TIME

® BIDIRECTIONAL OPERATION

® |[INDEPENDENT/ASYMMETRICAL PRO-
GRAMMABILITY

® PARALLEL OVERVOLTAGE PROTEC-
TION (PROGRAMMABLE)

SERIAL OVERCURRENT PROTECTION
(PROGRAMMABLE)

VERY HIGH CURRENT CAPABILITY
VERY HIGH OFF STATE RESISTANCE
VERY HIGH ON STATE CONDUCTANCE
AUTOMATIC RECOVERY

CHARACTERISTIC LARGELY INDEPEN-
DENT AGEING

® FAILSAFE OPERATION
® FOR USE ON REMOTE - SUPPLY LINES

The L3121 and L3122 are bidirectional transient

the programmable L3101 to provide full feature
protection for the subscriber line interface
(L3121) and for the standard telephone set
(L3122).

Full programmability is allowed through access
to the triggering gate available on the chips.
The L3121 protects the line to ground either
against positive or negative transients with
external and independent adjustment of the
threshold voltages (zener or external battery)
in the two directions.

The L3122 provides a parallel and series protec-
tion in a four pole configuration ensuring both
modes of operation fully programmable below
the built in levels.

ORDERING NUMBER: L3121

overvoltage/overcurrent protections derived from L3122
ABSOLUTE MAXIMUM RATINGS
I+ Transient current (T1/T2 = 1us/50us pulse - see fig. 1a) 500 A
(T1/T2 = 1us/1000us pulse - see fig. 1a) 150 A
lp Non repetitive peak current (one sine wave 50Hz, 30s interval -
see fig. 1b) 50 A
Ip Repetitive peak current (50Hz, 1s - see fig. 1c) 20 A
Piot Total power dissipation at T,m, = 50°C (steady state) 1.2 oW
op Operating temperature -40t0 70 oC
Tetg, Tj Storage and junction temperature -40 to 150 C




BLOCK and CONNECTION DIAGRAMS

for L3121
it LINE
——————Q GATE + s\ W
GATE-C_]
GND C]
GATE - LNE ]
GATE+ C—]
5-9044 11
GND
S-9043
for L3122
LINE A
. A\
LINE'A LINE'B C—]
LINE A ]
LINE B C_]
_ NE'A 1
—OLINE'B LINE"A
. S$-9046
LINEB peryyr

Fig. 1 - Waveforms
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Fig. 2 - Voltage current characteristics 14

Al
4 -
) AlVon Vo V2VBo
D
C
AB =OFF - state
BC=2Zener oper,
DE =ON -state
E S -5s222/1
THERMAL DATA
Rthjamb  Thermal resistance junction-ambient max 80 :C/W
thj-pins  Thermal resistance junction-pin max 20 C/W

ELECTRICAL CHARACTERISTICS (Refer to test circuit and volt/amp character‘isticsTamb =

25°C unless otherwise specified)

Parameter Test Conditions Min Typ Max Unit
OPERATION WITHOUT GATE
I Leakage current xg : ggz Tamp = 70°C 170 zﬁ
Vz Zener Voltage Iz = TmA 100 120 150 \2
Iso Firing current 200 500 mA
Veo Breakover voltage 1 =1A 180
Von ON state voltage I=1A 3
Iq Holding current Tamb = 55°C 150 mA
Ron ON state diff. resistance | = 1t05A 0.25 Q
CoFF OFF state capacitance 100 pF
OPERATION WITH GATES
Vg Gates voltage I = 200mA 0.6 1.2 \%
lgp Firing gate-P current VLINE-GND = 60V 50 mA
Gate* (L3121 only)
laN e (955812'\‘1 et yLINE-GND = -60¥ 100 200 | mA
Both Line ' (L3122) LINE A-B
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®

ADVANCE DATA

VERY LOW VOLTAGE SPEECH CIRCUIT

WITH DTMF INTERFACE

® SPEECH MODE DOWN TO 5mA/1.3V FOR
PARALLEL OPERATION

® DTMF MODE DOWN TO 14mA

® A.C. BRIDGE CONFIGURATION ALLOWS
ALL IMPEDANCES TO BE CONTROLLED
CLOSELY

® DRIVES RECEIVERS OF 15092 IMPEDANCE
FOR REDUCED COST

® ON CHIP DTMF INTERFACE

The L3211 is a monolithic integrated circuit in
18 pin plastic DIP package suitable to replace
the hybrid circuit in the telephone set. It works
with magnetic capsules in receiving and with
electret microphone in sending. With its very low
voltage operation the L3211 is particularly suit-
able to work in parallel with conventional
telephone sets.

In addition to speech operation, the L3211 acts
as interface for the DTMF for both feeding and
signaling functions.

The L3211 basic functions are the following:
BLOCK DIAGRAM
@LINE

To present the proper DC path for the line
current (particular care has been paid to have
very low voltage drop at low line current
levels).

To handle the voice signal, performing the
2/4 wires interface and changing the gain
on both sending and receiving amplifiers to
compensate for line attenuation by sensing
the line current.

To act as linear interface for the DTMF,
supplying a stabilized voltage to the digital
chip and delivering to the line the MF tones
generated during the signaling.

To feed with a constant voltage the electret
microphone.

DIP-18 Plastic
(0.4)

ORDERING NUMBER: L3211

BIAS(18

Ro| 680 élbn«__,__j

W)

BIASI

$-9057

I
t
1
® @ res —®) I
GND VEE Voo |
|
1
I
]
Dt T i it Saluliel ol B
E
J

_""‘T“"‘

CONTROL

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS

Vi Line Voltege (3ms pulse duration) 20 \%

e Line Current 150 mA

Piot Total Power dissipation at Tymp = 70°C 1 °W
op Operating temperature -20 to +55 oC

Tste, Tj Storage and Junction temperature -60 to + 150 C

THERMAL DATA

Rthj-amp  Thermal resistance junction-ambient max 80 °c/w

CONNECTION DIAGRAM
(Top view)

BRIDGE
CENTER

REC. INPUT

SEND INPUT

SEND INPUT

REC.OUTPUT
S/R RESISTOR
GND

[
{
[
[
rRec.output |5
[
[
[
[

PMUTE

Electret Bias (Vgg)
The electret is biased through a voltage generator
at Pin 11.

DC Regulator

This stage provides the path for the DC line cur-
rent (DC characteristics) through the external
resistor Rpc to pin 17.

AGC (AGC Ty, AGC Ry)

The Automatic Gain Control is internally fixed
for both Ty, and Ry sections. The AGC function
is built with low distortion stages.

1 1 p BIAS
2 17 ] LINE SENSE
3 16 : LINE
4 15]) Vo
14 [] DTMF RESISTOR
6 1]} FILTER ouUT
7 2] FILTER N
8 n VEE
9 10 MUTE
$-9058
Voo

A regulated voltage is available at Pin 15 for the
bias of the DTMF generator. This stage has the
following characteristics:

— When the line voltage drops lower then Vpp,
the Vpp output follows the line voltage.

— The load is fed through a saturated NPN
transistor. During pulse dialing when the I¢
is disconnected from the line, the capacitor
across the Vpp output is discharged only
by the base-emitter leakage of the NPN
transistor. This allows this capacitor to be
used for ““Keep Alive Memory'’ in pulse dialing
application.
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BLOCK DESCRIPTION (continued)

Sending/Receiving Stages

A differential input stage is available in sending.
The sending/receiving gains are internally fixed.
Nevertheless, sending gain can be adjusted by
varying the electret bias and receiving gain can
be adjusted by rearranging the external balancing
network Ry, Ry, Zg.

Confidence Level

A confidence level gain stage is built in parallel
with the input receiving stage. During DTMF
mode the C.L. gain stage is turned on and the
input receiving stage is turned off. This permits
a fixed amount of DTMF signal when receiving.

DTMF Amplifier and Filter

The DTMF transconductance output amplifier
is available between pins 14 and 16. An external
resistor at Pin 14 controls the amount of DTMF
gain. A buffer stage for filtering an incoming
DTMF gain. A buffer stage for filtering an
incoming DTMF tone is provided between pin
12 and 13.

Fig. 1 - Application and test circuit

Mute

The functions performed by the mute (active
high, pin 10) are:

— Mute of the sending path

Reduction of the
sumption.

sending/receiving con-

Increase of the source current at the regulated
output Vpp.

Increase of the line voltage.

Switching of the ABC into the high current
mode.
Mute of the first stage in receiving.

Turn on of the confidence level stage.
Bias of the DTMF amplifier stage and filter.

Pmute -

When Pmute (Pin 9) is low the confidence level
signal in receiving is muted.

PMUTEO—] 9 15 ——OVoD
MUTE o RpTME
14
A gs? 390nl
BIE 2V
G 3.9 nF
Els 12 | "——s-j‘-
R-7
RECEIVER F 10K 0
O DTMF
10nF :
13—
g ’i‘F 6K
? :}—l
5.2Ka. 1uF 15nF
BRID L ‘I
CENT 6Ka
VeE
30uFyy 1" Roc
L "
60N
8
A ¢ B
18V
S-9056/1 LINE GND
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ELECTRICAL CHARACTERISTICS (T,,, = 25°C, f = 200 to 3400Hz, S2 in position (a) on

the test circuit, unless otherwise specified).

Parameter Test Conditions Min Typ Max Unit | Fig.
SPEECH OPERATION for I = 20mA to 125mA
" Line Voltage I_=20mA 5.1 \
I_=125mA 12 \Y
Gg Sending Gain f=1KHz I_=42mA 39 41 dB 2
Vmi =3mV I =96mA 35 37 dB 2
Sending Distortion f=1KHz Vgo =700mV 2 % 2
IL=20mA
Sending Noise \_/Ml =0V -70 dBmp 2
Micro Input Impedance Vmy =3V 40 K&
Gr Receiving gain VR =03V I_=42mA -1 -9 dB 3
f=1KHz I =96mA -15 -13 dB 3
Receiving Distortion f=1KHz VRo = 440mV 2 % 3
I_=20mA
Receiving Noise VR =0 100 ny 3
Receiving out impedance VRo = 50mV 30 Q
Sidetone f=1KHz 36 dB 2
ZmL Line matching impedance VR =0.3V f=1KHz 600 Q 3
Return Loss VR =03V f=1KHz -14 dB 3
VEE Electret Bias 2.4 \
lge Electret Supply Current 0.5 mA
Vpbp DTMF Supply Voltage 24 \
Ipp DTMF Stand-by Supply 0.5 mA
Current
SPEECH OPERATION for I = 5mA to 20mA
VoL Line Voltage IL=5mA 1.3 \
Vso Sending dyn. input voltage I_=5mA 100 mMVems
Iro Receiving dyn. output I_=5mA 0.8 mA
current
VeEe Electret bias IL=5mA 0.7 \
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- ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min Typ Max Unit Fig.
DTMF INTERFACE AND OPERATION I = 20mA to 125mA
Vpbpo DTMF Supply Voltage S2in (b) 2.4 Vv
Ibp DTMF Supply Current $2 in (b) 25 mA
Vpy Sinusoidal Input pair level | Vpp = 2.5V 3.4 Vpp 5
(Pin 12)
DTMF Amplifier Gain fmE in = 1KHz -3.3 -23 -1.3 dB a4
VMF in = 80mV
DTMF Transient Voltage VL_+5 \
Ry Input impedance VMF in = 80mV 60 KQ
Signal Tone Dist. I = 14mA 2 %
Starting Delay Time 5 ms
ViL Mute Input Low 1.0 \
Vin Mute Input High 2.0 \
Veu Conf. level gain -24 -30 dB
(20 log 10 0)
e}
Sending Gain Mute Vmi=3mV S2in (b) -60 dB 2
lLeak Vpp Leakage Vpp =25V 2 nA
DTMF INTERFACE AND OPERATION 14mA to 20mA
Ip Boost Current (Pin 12) 100 uA
Vso Sinusoidal Qutput Levels | High -9 dBm
Low -1 dBm
PULSE DIALING OPERATION
oL Input Low Current Pmute 50 uA
ILEAK Input High Current Pmute -10 pA
Confidence Level Pmute Low -40 dB 3
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TEST CIRCUITS

Fig. 2

CIRCUIT

Fig. 3

Fig. 4 Fig. 5
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®

ADVANCE DATA

INTEGRATED TELEPHONE SPEECH TRANSMISSION
CIRCUIT WITH DTMF INTERFACE

® ON CHIP DTMF AMPLIFIER/FILTER ® DTMF GAIN ADJUSTABLE TO SUIT
® WORKS TO 14mA IN DTMF MODE, HENCE SIGNALLING REQUIREMENTS
SUITABLE FOR USE ON CARRIER STA- ® RFL IS REDUCED BY INTERNAL BAL-
TION ANCED AMPLIFIERS

® DRIVES RECEIVERS OF 15092 IMPEDANCE ® ADJUSTABLE GAIN FOR SEND/RECEIVE

® ON BOARD POWER SUPPLIES FOR ELEC-

TRET POLARISATION AND DIALLER The L3212 is a monolithic integrated circuit in

CHIP POWER . . f
18 pin plastic DIP package designed to replace

® | OOP-COMPENSATION START / STOP the hybrid circuit in the telephone set. It works

POINTS SELECTABLE ENABLING WORK- with magnetic capsules in receiving and with

ING WITH DIFFERING EXCHANGE BAT- electret microphone in transmitting. With its very

TERY VOLTAGES AND LINE CHARAC- low voltage operation, the L3212 is particularly

TERISTICS suitable to work in parallel with conventional
® DURING LONG LOOP DISCONNECT telephone sets.

MODES i.e. 600ms FLASH TIMING, Vpp In addition to the speech operation, the L3212

REGULATED VOLTAGE OUTPUT BE- acts as an interface for the DTMF for both feed-

COMES HIGH IMPEDANCE ENSURING ing and signalling functions.

MINIMAL DISCHARGE OF ‘KEEP ALIVE
MEMORY’ CAPACITOR

® WORKS IN SPEECH MODE TO 5mA/1.3V

® ALL IMPEDANCES CAN BE CONTROLLED DIP-18 Plastic
BY AC BRIDGE CONFIGURATION (0.4)

® DUAL LEVEL MUTING OF RECEIVER I
FOR DTMF AND LOOP-DISCONNECT ORDERING NUMBER: L3212

DIALLING
BLOCK DIAGRAM

Rx
P——]CONTROL

"
REG. AGC .
15 Tx
L L 1/ v :
AGC Rx
[ nuto Vix Rx 2

BIAS
CONTROL REF
1 I [
AMP_AND
s FILTER }—
$-9154 12 13 14 7 9

This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS

% Line voltage (3ms pulse duration) 20 Vv
I Line current 150 mA
Peot Total power dissipation at Tamp = 70°C 1 w
Top Operating temperature -20 to +55 °c
Tstgr T Storage and junction temperature -60 to + 150 °c
CONNECTION DIAGRAM
(Top view)

gglt%gEER 1 18 ] BIAS

REC. INPUT 2 17]]  LINE SENSE

SEND INPUT [ 3 16 ] LINE

senp INPUT [ 4 15] Vop

Rec.output s 14 ] DTMF RESISTOR

Rec.ourput [l 6 13]]  FiLTER OUT

SIR RESISTOR || 7 12 ] FILTER IN

GND 8 1 J Ve

PMUTE 9 10 ] MUTE

S -9058

THERMAL DATA
Rtnjamb  Thermal resistance junction-ambient max 80 °cw
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FUNCTIONAL PIN DESCRIPTION

Pin Number Description
1 Reference point of receiver circuit.
2 Receiver input
3 and 4 Send input
5 and 6 Receiver output
7 Send/receive amplifier gain control.
8 Ground
9 Pulse Mute When low, in conjunction with Mute, provide 40dB attenua-
tion of receive signal.
10 Mute, when high, mutes transmitter by 60dB and receiver by 26dB. Also
causes power supplies to increase current available.
1 Veeg Electret power supply. Voltage source of 2.4V supplying up to
500uA. Used to polarize electret transmitter.
12 DTMF Filter In.
13 DTMF Filter Out.
14 DTMF resistor. Sets DTMF gain
15 Vpp Regulated power supply output. Used to power dialing chip.
16 Line input
17 Line sense. A resistor Rpc here sets DC resistance and amplifier AGC
points.
18 Bias input. Used as bias reference internally.

Fig. 1 - Application and test circuit

A ¢ B
3%
$-9056/1 LINE GND




Fig. 2 - Side tone and send-
ing gain

CIRCUIT

5-9052

\% \"
Side tone = —2 Gg = SO

Vi Vmi

Fig. 3 - Receive gain

CIRCUIT

Vmo
VR

Fig. 4 - DTMF gain

5-9054

GuF =

ELECTRICAL CHARACTERISTICS (T,mp = 25°C, f = 200 to 3400Hz, S2 in position (A) on

the test circuit, unless otherwise specified)

Parameter

Test Conditions

|Min. [Typ. [Max. | Unit I Fig. ]

SPEECH OPERATION FOR I_ = 5mA TO 20mA

Vo Line voltage I = 5mA 1.3 \

Vso Sending dynamic output I = BmA 100 mMVems
voltage

lvo Receiving dynamic output I = 6mA 0.8 mA
current

Ve Electret Bias I = BmA 0.7 \

DTMF INTERFACE AND OPERATION: S2 IN POSITION (B)

Vbbb DTMF supply voltage 24 \%

Ibp DTMF supply current 25 mA

DTMF Amplifier gain fymEin = 1KHz

VMmFin = 80mV -3.3 -1.3 dB 4

DTMF Transient voltage Vi_+5 \

Ry Input impedance VmFin = 80mV 60 K

DTMF Tone distortion 1L > 14mA ' 2 %
Starting delay time 5 ms

ViL Mute input LOW 1.0

Vi Mute input HIGH 20

Veu Conference level gain Vro/Vso -24 -27 -30 dB
Sending Gain Mute Vmy = 3mV -60 dB 1
I_eak VDD leakage Vpp = 25V 2 nA
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ELECTRICAL CHARACTERISTICS

(continued)

Parameter Test Conditions Min. | Typ. Max Unit Fig.
SPEECH OPERATION FOR I, = 20mA TO 125mA
\% Line Voltage I = 20mA 3 \
I = 125mA 10 \Y
Gs Sending Gain f = 1KHz
I = 42mA 39 40 41 dB 2
Vmy = 3mV
I = 96mA 35 36 37 dB 2
Transmitting distortion f = 1KHz
Vso = 700mV 2 % 2
I = 20mA
Sending Noise Vm = OV -70 dBmp 2
Micro input impedance 40 Ko
Gr Receiving gain VR = 0.3V
f = 1KHz -11 -10 -9 dB 3
I = 42mA
I = 96mA -15 -14 -13 dB 3
Receiving distortion f = 1KHz
VRO = 440mV 2 % 3
I = 20mA
Receiving Noise VRy = OV 100 nv 3
Receiving out impedance VRo = 50mV 30 Q
Sidetone f = 1KHz 36 dB 2
ZmL Line matching impedance VR = 0.3V
f = 1KHz 500 600 700 Q 3
Return Loss Vg = 0.3V
f = 1KHz -14 dB 3
Vee Electret bias 24 \Z
leg Electret supply current 0.5 mA
Vpbb DTMF supply voltage 2.4 \Y
Ipp DTMF stand-by supply current 0.5 mA
PULSE DIALING OPERATION: §2 IN POSITION (B)
IpL Input low current 50 MA
pulse mute
I eak Input high current -10 uA
Pulse mute
Confidence level gain Pulse Mute Low -40 dB 3







ELECTRONIC TWO-TONE RINGER

® | OW CURRENT CONSUMPTION, IN ORDER
TO ALLOW THE PARALLEL OPERATION
OF 4 DEVICES

® INTEGRATED RECTIFIER BRIDGE WITH
ZENER DIODES TO PROTECT AGAINST
OVERVOLTAGES

® LITTLE EXTERNAL CIRCUITRY

® TONE AND SWITCHING FREQUENCIES
ADJUSTABLE BY EXTERNAL COM-
PONENTS

® INTEGRATED VOLTAGE AND CURRENT
HYSTERESIS

® BRIDGE OUTPUT CONFIGURATION

L3240 is a monolithic integrated circuit designed
to replace the mechanical bell in telephone sets,
in connection with an electro acoustical con-
verter. The device can drive either directly a
- piezo ceramic converter (buzzer) or a small
loudspeaker. In this case a trasformer is needed.
The two tone frequencies generated are switched

Fig. 1 - Test circuit

by an internal oscillator in a fast sequence and
made audible across output amplifiers in the
transducer; both tone frequencies and the switch-
ing frequency can be externally adjusted.

The supply voltage is obtained from the AC ring
signal and the circuit is designed so that noise on
the line or variations of the ringing signal cannot
affect the correct operation of the devices.

The output bridge allows to use a high impedance
transducer with acoustical results much better
than in a single ended configuration.

The two outputs can also be connected in-
dependently to different converters or actuators
(acoustical, opto, logic).

Minidip Plastic

ORDERING NUMBER: L3240

5| BUZZER
Y- O
2 3 4
J— R1
$o3 14K 0
nF
$-9115
356 « 10° 750
= 20 W (e tig. 4 fy = 0725 f f = _°0
f A ke e fiedl 2 ! SWEEP = "1 (nF)




ABSOLUTE MAXIMUM RATINGS

Vas Calling voltage (f = 50Hz) continuous 120 Vims
Vas Calling voltage (f = 50Hz) 5s N/10s OFF 200 rms
DC Supply vurrent 30 ngA
Top Operating temperature -20to +70
Tstg Storage and junction temperature -65 to + 150
CONNECTION DIAGRAM
(Top view)
o/
LINE [ 1 8 LINE
' RECTIFIER

GROUND L z 7H capaciTor

SWEEP RATE

CONTROL CAPACITOR [ 3 6 ] N.C.

OUTPUT FREQUENCY

CONTROL RESISTOR p 4 5 J BUZZER

S-6202

THERMAL DATA
Rthjamp  Thermal resistance junction-ambient max 100
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ELECTRICAL CHARACTERISTICS (T,m, = 25°C unless otherwise specified)

Parameter Test Conditions Min Typ Max Unit
Vg Supply voltage 26 \"
lg Current consumption Vg = 16.5 to 29.56V 15 1.8 mA
without load (Pins 8-1)
Von Activation voltage 12 135 v
VoFF Sustaining voltage 7.8 9.3 Vv
Rp Differential resistance in 6.4 KQ
OFF condition
VouTt Output voltage swing Vg -6 \
louT Short circuit current Vg = 20V 35 mA
(Pins 5-6) .
Vg Voltage drop between 3 : \%

Pin 8-1 and Pin 7-2

AC OPERATION

Output frequencies Vg = 26V R; = 14KQ

fout 1 Vg =0V 2 266 | KHz

fout 2 Vg = 6V 1.4 2

fout1 1.33 143 | Hz
fout 2

Programming resistor range 8 56 K&

Sweep frequency R1 = 14KkQ €1 = 100nF 10 Hz
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Fig. 2 - Typical application with balanced output

VHF 52k

il N e |
Vag LINE £7 6

10FF--

o T T T

-
N
w
»

Fig. 3 - Application compatible with LS1240 Fig. 4 - ‘F; out vs. R,

G-5996
R1
(K1)
"‘Iﬁ 2260
8 S \
\
—_ 40
\
Vag LINE 7 =
6O N N
‘O}JF-- 1 2 3 4 | OPEN 0 \
V: cp-L R1 N
s N,
1n°§l- 14K 0 " NG ALy
5-9117 1115 % |
™~
- e Sl
10
1000 1500 2000 2500 Fy(Hz)
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ADVANCE DATA

LOW VOLTAGE TELEPHONE

® OPERATION DOWN TO 1.3V/5mA
DTMF & BEEP TONE INPUTS

® EXTERNAL MUTING FOR EARPHONE
AND MICROPHONE

® MUTE TURNS ON BEEP TONE & DTMF
INPUTS AND TURNS OFF EARPHONE
& MICROPHONE

® SUITABLE FOR DYNAMIC OR PIEZO
EARPHONES AND PIEZO, DYNAMIC OR
ELECTRET MICROPHONES

[ ]

The L3280 is a brand new low voltage speech
circuit designed to replace hybrid circuits in

BLOCK DIAGRAM

SPEECH CIRCUIT

telephone sets. It is designed for sets that may
be operated in parallel. It feature both DTMF
input and Beep tone input; ALC on send and
receive and muting input.

DIP-14 Plastic
(0.25)

ORDERING NUMBER: L3280

1 12
D>
13
| DC
AGC
7 — 14
10—
3
amP | | Acc amp |
r _— 2
9 4 5 $-9160

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notite.
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ABSOLUTE MAXIMUM RATINGS

Ve Line Voltage (3ms pulse) . 20 Y
I Line Current R 150 mA
Piot Total Power Dissipation, Tymp = 70 C 1 c,W
Top Operating Temperature -20 to b5 OC
T; Junction Temperature -65 to 150 (o4
CONNECTION DIAGRAM
(Top view)
N\

SEND [ 1 1% ] ILINE

Rx [ 2 13 [] Bias

eno [|s 12[] unes

£1 Lz. n ] NC

€2 [ 5 10[] mute

ML [ 6 3 ] BEEP

MH [ 7 8 } DTMF

S-9161

THERMAL DATA
Rthjamp  Thermal resistance junction-ambient max 80 °Cc/W
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ELECTRICAL CHARACTERISTICS (T, =25°C, f = 200 to 3400Hz)

Parameter Test Conditions Min. | Typ. | Max.| Unit | Fig.
V|_ Line Voltage IL =20mA RLINE =43Q 3 \")
I =50mA RLiNE = 4302 6 \
I =80mA RLINE = 43Q 10 v
Gg Sending Gain I_=52mA Vmy =2mV 42.5 454 | dB 3
AGg Sending Gain Variation VM = 2mV
IL ref = 52mA I, =23mA 4 6 dB 3
I_ = 80mA 0 -2 | dB
THDg Sending Distortion f=1KHz 3 %
Vgo = 700mV 3
I_=20mA
Sending Noise Vmi =0 -70 dBmp | 3
Microphone Input Impedance Vi =2mV 40 Ko
GRr Receiving Gain I_=52mA 1.5 45 dB 2
AGR Receiving Gain Variation VR =500mV
IL ref = 52mA IL=23mA 4 6 dB 2
I =80mA 0 -2 dB
THDR Receiving Distortion f=1KHz 3 %
VRO =630mV 2
I_=20mA
Receiving Noise VRo=0 150 % 2
Receiving Output Impedance 30 Q
AR Line Matching Impedance VR =500mV 500 700 Q 2
Return Loss 14 dB 2
Side Tone 36 dB 3
OPERATION FROM I = 5 to 20mA
" Line Voltage I =5mA 1.3 Vv
Vso Sending Output Voltage I =5mA 100 mV
lro Receiving Output Current I_=5mA 0.8 mA
MUTE L Mute Input Low (Speaking) 1 \%
MUTE H Mute Input High (Dialing) 2 \Y
DTMF Gain (MUTE H = 2V) Vg =3mV 265 | 28 [29.5 dB
DTMF Input Impedance Vq =3V 7.5 K&
(MUTE H = 2V)
DTMF distortion (MUTEH =2V) | V4 = 25mV 3 %
Beeptone Gain (MUTE H = 2V) Vp = 256mV 9 dB
Beeptone Input Impedance Vp =25mV 14 Ko
(MUTE H=2V)
Beeptone Distortion Vjp = 100mV 3 %
(MUTE H =2V)




TEST CIRCUITS

Fig. 1 6000 6KQ IF
30K
- I - LINE
1 12
18V
680
“ 8 \ . 'y
L~ 1 22 pF
) 1
6 -
bC 1pF
MIC 3

AMP AGC AMP 2

— =
5

At

$-9157
EARPHONE
Fig. 3
45 6
7 Ymi
APPLICATION APPLICATION —O
CIRCUIT Vro CIRCUIT 4
ABOVE ABOVE LB
5 5 VYRo
—O H—O
S5-9158
5-9159
Receiving gain: Sending gain and sidetone:
V. Y
Gg = Vro Gs = —250 ; gT = VRO
VRi Vi Vi
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CHARACTERISTIC AT 1KHz

Fig.4 - Receive characteristic and max output

at 2%THD

GR VRO

(dB) (VRms)

0 10 20 3040 50 60 70 80(mA)
S-9155/1

Gs

(dB)

504 Gg
48
46
44 -
s2{ [/
40 ]

I~ T\

N v
~ -0

Fig.5 - Sending ALC characteristic and max
output at 2% THD

Vso
(VRms)
110
L 08
L 0.6
L0.4
0.2

T

0 10 20 30 40 50 60 70 80 (mA)

Fig.6 - DC characteristic measured between line and GND

v

L
12 RL=430
DIAL

10 A
8 | MUTE H SPEECH
6 MUTE L

4 -

2 .

0 10 20 30 40 50 60 70 80 90(mA)

S- 911211
LOGIC OF MUTE SWITCHING

mic RECEIVE
DTMF BEEP INPUT INPUT

ACTIVE ACTIVE
MUTE H TO LINE | TO EARPHONE | MUTED MUTED

OUTPUT QUTPUT
MUTE L MUTED MUTED ACTIVE | ACTIVE

S5-9156
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PRELIMINARY DATA

AN AT&T PRODUCT

FULL-FEATURE TELEPHONE TONE
RINGER/RINGING DETECTOR

e COMPLETE TELEPHONE BELL REPLACE-
MENT WITH CAPABILITY OF 32 SWITCH-
SELECTABLE ALERTER TONES

e TIGHT OUTPUT FREQUENCY CONTROL
(£3%) FOR MAXIMUM ACOUSTIC OUTPUT

e EXTERNAL COMPONENTS: ONLY TWO CA-
PACITORS AND ONE RESISTOR REQUIRED

o INDEPENDENTLY SELECTABLE AM OR FM
MODULATION

e ON-CHIP VOLUME CONTROL RESISTORS
PROVIDED

e IMMUNE TO ROTARY DIAL PULSING (BELL
TAP)

e MEETS BOTH TYPE A AND B RINGING
REQUIREMENTS (40 VRms < VIN =< 150VRMS,
15Hz<fiN=<68 HZ) AS SPECIFIED BY EIA
RS-470 AND FCC PART 68

e MEETS INPUT IMPEDANCE CRITERIA
SPECIFIED BY EIA RS-470 AND AT&T
TECH. PUB. 47001

e LOGIC- OR SWITCH-SELECTABLE OUTPUT
FREQUENCY AND MODULATION RATE

e INTERNAL POLARITY GUARD PROVIDES
1500V LIGHTNING SURGE PROTECTION
WHEN CONNECTED AS IN FIG. 10 AND 11

e RINGER EQUIVALENCY: 1 B WHEN
CONFIGURED AS SHOWN IN FIGURES 10
AND 11

The LB1004 is a Full Feature Tone Ringer/Ringing
Detector integrated circuit which simultaneously
provides a ringer-output tone and a ‘‘ringing-
detected’”’ output signal. The tone ringer portion of
the device provides switch-selectable output fre-
quencies of 750, 900, 940, and 1200 Hz at inde-
pendently selectable modulation rates of 7.5, 10,
15, and 20 Hz. Amplitude or frequency modulation
may also be independently selected. These
TTL/CMOS logic or switch selectable features, con-
trolling both the type of sound and its duration, pro-
vide distinctive ringing capabilities which are useful
for a multiphone office environment. The ringer can

DIP-16 B Plastic

ORDERING NUMBER: LB1004AC

be prevented from providing a tone output with a
*Ringing Inhibit”’ function. These functions can be
controlled by a microprocessor, allowing various
alerting tasks to be performed by appropriate pro-
gramming. The ringing detector portion of the de-
vice provides an output (LED OUT) which can
interface with a microprocessor or an opto-isolator
(see Applications).

PIN CONFIGURATION

Vout [ 1 16 [ ] COMMON
outTm []2 15 ] RP
outtL []3 14 [171P
LED ouT [ 4 13 [] BLANK
BLANK [ 5 12 [ v+
Fs1 6 11 [J RINGING INHIBIT
Fs2 Q7 10 [J MOD 2
Am (8 9 [1 MOD 1

61

6/86




Fig. 1 - Functional Diagram

V+
— T
e e | e cumers
P alitAG COMPARATOR| varm o REF. VOLTAGES
COMMON —I—J AlVini |RESET | BRIDGE LOADING N TERNAL
(AG) LED cn:culmv CONNECTIONS) :5?7
RINGING ouT L
DEE,_)E&'COR RING DETECTED|
ouTM™
MOD Y1 —— MODULATION RATE
LOGIC & INTERFACE
MOD 2 ———————————
SFERLEEOUIS?EE . ENABLE Vosc
R Il i L R R vour
K iz P
42.00 kHz (28%) OVERRIDE
Fs1 FS2 Am RINGING INHIBIT
(FREQ. CONTROL)
PIN DESCRIPTION
Pin Symbol Name/Function
1 Vout Tone ringer output which drives the alerter
2 OUT M Control option for medium volume output
3 OuT L Control option for low volume output
4 LED OUT Sinks current when ringing is detected
5 Blank This pin may be used as a tie point for external components
Voltage applied to this pin should not exceed 30V
6 FS 1 Frequency Select pin (see Table 2)
7 FS 2 Frequency Select pin (see Table 2)
8 AM Selects either AM or FM modulation or output ringer tone (see Table 1)
9 MOD 1 Modulation Rate Select pin (see Table 2)
10 MOD 2 Modulation Rate Select pin (see Table 2)

1 Ringing Inhibit | The Ringer Inhibit function is a TTL/CMOS-compatible input for logic control of the Tone
Ringer output (see Table 1)

12 V+ Internal supply voltage. This voltage is usually derived from the AC signal which is present
on the Tip-Ring pair. This pin must have a 10xF capacitor to common for energy storage
and ‘“‘smoothing’’ purposes. For ‘‘stand alone applications”, an external voltage may be
use to bias this pin.

13 ‘Blank This pin may be used as a tie point for external components.
Voltage applied to this pin should not exceed 30V
14 TP Tip Prime (TP) and Ring Prime (RP) are inputs to this device.
15 RP AC ringing signals from the telephone line energize the detector circuit
16 Common Circuit Common (not necessarily physical or system ground) '
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ABSOLUTE MAXIMUM RATINGS

Parameter Value Unit
Operating Voltage (V+ to Common) 30 \
Operating Voltage (TP-RP) +30 \Y
Operating Current (TP-RP) +100 mA
Output Current (VouT-Common) +30 mA
Ambient Operating Temperature Range —-20to +75| °C
Storage Temperature Range —40to +125| °C
Pin Temperature (Soldering, 15 sec) 300 °C
Power Dissipation (Package Limitation) 500 mW

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
Power Supply Current V+ =28V (See Fig. 2) | — 0.76 1.9
Power Supply Current V+ =15V (See Fig. 2) | — 0.73 1.5
TP Current, No Load(1) V1p.rp =8V (See Fig. 3) | — 0.90 1.2 A
RP Current, No Load(!) Vip.prp= —8V (See Fig. 3) | — |-090| —1.2
TP Current, No Load(") V1p.gp =20V (See Fig. 3) | — 0.98 | 1.55
RP Current, No Load(1) V1p.pp= —20V (See Fig. 3) | — -1.0 | -1.55
Input Threshold Voltage, TP-RP@© V+ =8V (See Fig. 4) | 6.0 7.0 8.0 v
Input Threshold Voltage, TP-RP(@) V+ =25V (See Fig. 4) | 6.0 7.0 8.0
ltp V1p.pp =4V (See Fig. 5) | — 15 30 A
Inp VRp.Tp =4V (See Fig. 5) | — 15 30
Clamp Voltage® ITp=25mA (See Fig. 6) | 22.5 | 25.7 30
Clamp Voltage() Itp=—25mA (See Fig. 6) | —22.5|-25.7| —30 v
Clamp Voltage®) Itp=100mA (See Fig. 6) | — 3.8 5.5
Clamp Voltage®) Itp= —100mA (See Fig. 6) | — —-38 | -55
LED Current Off (Ringing not detected state) (See Fig. 7) | — 043 | +£10 A
LED Current On (Ringing detect state) (See Fig. 8) | 310 375 500
Frequency( V+ =Vp=15V VRp=0 1164 | 1200 | 1236

(See Fig. 9, Note 1)
Modulation Rate() V+ =Vyp=15V VRp=0 16 20 24
(See Fig. 9, Note 2) Hz

Frequency(®) Itp=10mA (See Fig. 9, Note 1) | 1154 | 1200 | 1246
Modulation Rate() ltp=10mA (See Fig. 9, Note 2) [ 16 20 24




Table 1 - Tone Output Status (see Notes 6 and 7)

Ringing Inhibit AM Tone Output State
Open Open Frequency Shift Modulation (at modulation rate)
Low Don’t Care No output tone
Open Low Amplitude Modulation (at modulation rate)

Table 2 - Tone Selection (see Notes 6 and 7)

Frequency Select Pins Modulation Rate Select Pins
FS 1 FS 2 Tone Output Frequency MOD 1 | MOD 2 Tone Output Modulation Rate
Open Open 1200 Hz Open Open 20 Hz
Open Low 940 Hz Open Low 15 Hz
Low Open 900 Hz Low Open 10 Hz
Low Low 750 Hz Low Low 7.5 Hz

Notes:
1. The specified current is measured after ringing has been detected (30 to 40 ms).

2. With the proper voltage applied to V +, the threshold voltage is defined as the TP-RP voltage at which the device
detects a ringing signal, as seen at the LED OUT pin or the alerter output (Voyt-Common).

3. The potential between TP and RP is measured with the specified current at TP.

4. The output frequency and modulation rate between Voyt and Common are measured with the specified voltages
at V+, TP and RP. These measurements are obtained after ringing has been detected (30 to 40 ms).

5. The output frequency and modulation rate are measured with the specified current at TP and after ringing has been
detected (30 to 40 ms).

6. Low denotes a connection (switch, wire path, or a transistor) between the appropriate pin and Common (pin 16). Pin
6, 7, 8, 9, 10 are TTL/ICMOS-compatible inputs, with internal pull-up provided.

7. Frequency shift modulation generates frequencies fo and 5/4 fo. Amplitude modulation generates fg turned on and
off at the modulation rate.

TEST CIRCUITS

Fig. 2 Fig. 3
10 4F
IPs > «—IRP —I l___
@ TP — fD
s &)
V+ T VTP-RP
16 15 14 13 12 11 10 9 16 15 14 13 12 11 10 9
COM RP TP — V+ Ri MOD2MODI COM RP TP — V+ Rl MOD2MOD1 DETECT
RINGING
LED LED _
Vour OM OL OUT — FS1 FS2 AM Vout OM OL OUT — FS1 FS2 AM
3 4 5 6 7 8 1 3 4 5 7 8
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TEST CIRCUITS (Continued)

Fig. 4 Fig. 5
V+
BT i
1 1P or IRp ——8
% 15 14 13 2 11 10 9 1 15 14 13 12 1 10 9
COM RP TP — V+ Ri MOD2MOD1 DETECT COM RP TP — v+ RI MOD2MOD1
"~ RINGING
LED LED —
Vour OM OL OUT — FS1 FS2 AM Vour OM OL OUT — Fs1 FS2 AM
o—8V 1.2 3 4 5 6 7 8 Vre-se 1 2 3 4 5 & 1 8
Fig. 6 Fig. 7
10 4F
I[l 28V
3 LED CURRENT OFF
L4 L
6 15 14 13 12 1 10 9 20V 6 15 4 13 12 1
COM RP TP — V+ RI MOD2MOD1 + COM RP TP — V+ RIMOD2MOD1
L f LED _ LED .
VourT OM OL OUT — FS1 FS2 AM Vour OM OL OUT — Fs1 Fs2 AM
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
ILED ——
Fig. 8 Fig. 9
10 4F LED CURRENT ON 10.,F
I 28V o Iﬂ
T 5y _.l+ csw‘o .| ¥ SPECTRUM
5V ANALYZER
i bo bo
l 'I Sw3 SW2 I
20V 16 15 14 13 12 1 10 9 . 6 15 14 13 12 11 10 9
COM RP TP — V+ RIMOD2MOD1 15V COM RP TP — V+ RI MOD2MODY
LED _ 1 LED o
Vour OM OL OUT — FS1 FS2 AM A Vour OM OL OUT — FS1 FS2 AM
1 2 3 4 5 7 8 o mA 1 2 3 4 5 6 7

ILED ——»

Note 1: Measure F1 'or 1.25 F1 with SW1 and SW2 closed;

SW3 open.

Note 2: Measure modulation rate with SW1 and SW2 open;

SW3 closed.
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APPLICATIONS

The LB1004AC requires only two capacitors, one
resistor, and an output transducer to provide tone
ringing functions from any standard Tip-Ring tele-
phone pair. These devices operate over varying rin-
ging waveforms (15 to 68 Hz at 40 to 150 VRMS).
A tone ringer derives its power by rectifying the AC
ringing signals from the Tip-Ring pair of a telephone
loop. It uses this power to activate a tone genera-
tor and then transfers most of this power to an aler-
ter after ringing is detected. Thus, there is
essentially no loading under non-ringing conditions.
Selectable on-chip resistors allow the volume of the

alerter output to be adjusted (See the application
diagram below).

The ringing detector portion of this device has one
output (LED OUT). This output will sink current
when ringing is detected, and can be connected
to either an opto-isolator device or to a logic inter-
face with a microprocessor (see Figures 10 and 11).
This device does not have to depend upon power
derived from the Tip-Ring inputs to become ope-
rational. Connecting an external voltage source V +
will also allow the device to operate in what is de-
scribed as ‘““stand alone applications’.

Fig. 10 - Typical Application For Opto-Isolator Drive

* <0.4V @5004A

310 to 500 A
MOD 1 AM - :
——& O 9 8 —0
A MOD 2 FS 2 r—l=———"
S AINGING | "© 7 | 1
o INHIBIT] . 6 LFS 1 | ll§li :
V+O 12 5 |BLANK ' |
S T 10 uF Y
BLANK | 13 4 ow OPTO-ISOLATOR
TIP o—ll——E;E—J 14 3
056 ,F 82 K MED
RING O——————{ 15 2
16 1 Vout
HIGH
ALERTER SELECTOR
SWITCH
(VOLUME)
Fig. 11 - Typical Application for Interface Direct to Logic
“LOGIC SELECTABLE"
—— TONE OPTIONS
—_—
——
| MOD1 ]9 8| A LOGIC SUPPLY
MOD 2 |19 7 LFs2 VOLTAGE
RINGING
Fs 1 PULL-UP
INHIBIT |11 6 RESISTOR
V+ 0O ;. 12 5 | BLANK
10 1F I BLANK |13 4 | LED OUT » RINGING DETECTED
8.2 kQ Low * To LoGic
TP o— "™ 3
0.56 uF MED
RING 15 2
16 1 Vout
HIGH

ALERTER

SELECTOR
SWITCH
(VOLUME)
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PRELIMINARY DATA

AN AT&T PRODUCT

GENERAL-PURPOSE TELEPHONE TONE RINGERS

e TIGHT OUTPUT FREQUENCY CONTROL
(+£3%) FOR MAXIMUM ACOUSTIC OUTPUT

e EXTERNAL COMPONENTS REQUIRED ARE
TWO CAPACITORS AND ONE RESISTOR

e MEETS BOTH TYPE A AND B RINGING
REQUIREMENTS (40 VRMs < VIN < 150
VRMS, 15 Hz < fiIN < 68 Hz) AS SPECIFIED
BY EIA RS-470 ON FCC PART 68

e IMMUNE TO ROTARY DIAL PULSING (BELL
TAP)

e MEETS INPUT IMPEDANCE CRITERIA SPE-
CIFIED BY EIA RS-470 AND AT&T
TECHNICAL PUBBLICATION 47001

e POLARITY GUARD PROVIDES 2000V
LIGHTNING SURGE PROTECTION WHEN
CONNECTED AS IN FIG. 8

e ON CHIP VOLUME CONTROL RESISTORS
PROVIDED

e PROVIDES ESSENTIALLY NO LOADING
UNDER NON-RINGING CONDITIONS

e RINGER EQUIVALENCY: 0.8 B WHEN
CONFIGURED AS IN FIG. 8.

Fig. 1 - Functional Diagram

Minidip Plastic

ORDERING NUMBER: LB1005AB (MINIDIP-A)
LB1005BB (MINIDIP-B)

These devices provide a telephone alerter function
with an output tone warbling between the base fre-
quency and 1.25 times that of the base frequen-
cy, at a 20Hz modulation rate. Both devices meet
all known standard criteria for telephone alerters,
and also drive piezoelectric transducers directly.
The LB1005AB is a tone ringer having an 1800Hz
base frequency, and is particularly suited for ap-
plications where space for the alerter is at a pre-
mium. The LB1005BB is a tone ringer having a
1200Hz base frequency. This device produces a
more pleasing tone where required space is avai-
lable for the alerter.

TP ———== FULL WAVE RECT.
ZIN VS. VIN
SURGE

REF. CURRENTS
VBG AND

PROTECTION
RP VBRIDGE

REF. VOLTAGES

AJVIN|

(MAG.) RESET

& MAG. COMP.
COMMON TJ

BRIDGE LOADING
CIRCUITRY

R

(INTERNAL
CONNECTIONS)

RINGING

DETECTOR
LOGIC

20 Hz
MODULATION
RATE DIVIDER

RING
oscC.

20 Hz

DETECTED

RING

ouTL

OUTM

=7
DUTY
CYCLE
(28%)

+5/+4
SHIFT
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PIN CONFIGURATION

RP[] 1 8 hTP
vout [] 2 7 [J COMMON
outL[]3 6 [Jv+
BLANK [J 4 5 Joutm
PIN DESCRIPTION
Pin Symbol Description
1 TP Tip Prime (TP) and Ring Prime (RP) are the inputs to the device. AC ringing si-
8 RP gnals from the telephone line energize the detector circuit.
2 VouTt Tone ringer output which drives the alerter.
3 OouTL Control option for lower volume output.
4 Blank This pin may be used as a tie point for external components. Voltage applied
to this pin should not exceed 30 volts.
5 OuUT™ Control option for medium volume output.

V+ Internal supply voltage. This voltage is usually derived from the AC signal
which is present on the Tip-Ring pair. This pin must have a 10 xF capacitor to
common for energy storage and «smoothing» purposes. For «stand alone appli-
cations», an external voltage may be used to bias this pin.

7 Common Circuit Common (not necessarily physical or system ground).

ABSOLUTE MAXIMUM RATINGS (at 25°C unless.otherwise specified)

Parameter Value Unit
Operating Voltage (V+ —RP) 30 \
Operating Voltage (VouT —RP) 30 Vv
Operating Current (TP or RP) +100 mA
Output Current (VouT) ' +30 mA
Non-Recurrent Peak Surge Current, TP or RP (t<1ms) +500 mA
Ambient Operating Temperature Range -20to +75| °C
Storage Temperature Range —-40to +125| °C
Pin Temperature (Soldering 15 sec) 300 °C
Power Dissipation (Package Limitations) 600 mwW

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit

Power Supply Current V+ =28V (See Fig. 2) | 200 455 900

Power Supply Current V+ =15V (See Fig. 2) | 200 450 800 LA

TP Current, No Load V7p.pp = 20V1 (See Fig. 3) | 250 | 585 | 850

RP Current, No Load V1p.rp = — 20V1 (See Fig. 3) | —250 | —585 | —850

Input Threshold Voitage, TP or RP | V+ =10V2 (See Fig. 4) | 6.0 7.4 8.0 '

Itp Vip.pp = 4.5V (See Fig. 5) | — 32 | 65 A
Vip.pp = — 4.5V (See Fig.5)| — | —-32 | —65

Clamp Voltage Itp =20mA3 (See Fig. 6) | 225 | 25.8 33

Clamp Voltage Itp= —20mA3 (See Fig. 6) | —22.5{ -25.8| —33 v

Clamp Voltage Itp = 100mA3 (See Fig. 6) | — 3.6 5.5

Clamp Voltage ltp= —100mA3 (See Fig. 6) | — -36 | -55

Frequency V+ =15V4 (See Fig. 7, Note 6) | LB1005AB | 1746 | 1800 | 1854
Vip=15V VRp=0 LB1005BB | 1164 | 1200 | 1236 | Hz

Modulation Rate Itp =10mAs (See Fig. 7, Note 7) | 16 20 24

NOTES:
1. The specified current is measured after ringing has been detected (30 to 40 ms).

2. With the proper voltage applied to V +, the threshold voltage is defined as the TP-RP voltage at which the device
detects a ringing signal, as seen at the LED OUT pin or the alerter output (Voyt-Common).

3. The potential between TP and RP is measured with the specified current at TP.

4. The output frequency and modulation rate between Voyt and Common are measured with the specified voltage at
V+, TP and RP. These measurements are obtained after ringing has been detected (30 to 40 ms).

5. The output frequency and modulation rate are measured with the specified current at TP and after ringing has been
detected (30 to 40 ms).

TEST CIRCUITS
Fig. 2 Fig. 3

«— RP 10 4F
p—a C : 4U1
7 6 5 8 7 6 5
COM V+ OUTM + TP COM V+ OUTM
1
- VTP-RP DETECT
V) RINGING
V+ RP  Vour OUTL RP  Voutr OUTL
1 2 3 4 1 2 3 4
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TEST CIRCUITS (Continued)

Fig. 4
10V
gl
10 4F
8 7 5
TP COM V+ OUTM
DETECT
@ RINGING
A RP  Vour OUTL
" 1 2 3 4
0—9V | l
Fig. 6
8 7 6 5
TP COM V+ OUTM
I
' RP  Vour OUTL
1 2 3 4
APPLICATION

The LB1005AB or the LB1005BB requires only two
capacitors, one resistor, and an alerter to provide
tone ringing functions from any standard Tip-Ring
telephone pair. These devices operate over wide-
ly varying ringing waveforms (15 to 68 Hz at 40 to
150 VRMS). A tone ringer derives its power by rec-
tifying the AC ringing signal from the Tip-Ring pair
of a telephone loop. It uses this power to activate
a tone generator, and then transfers most of this
power to an alerter after the ringing has been de-
tected. There is essentially no loading under non-
ringing conditions. Selectable on-chip resistors al-
low the volume of the alerter output to be adjusted

Fig. 5

—

.

8 7 6 5
TP COM V+ OuTm

1P

RP  Vour OUTL

+
VTP-RP T 1 2 3 4

Fig. 7
SWio 15V
_.
10 4F
J: e} g o I
SW3 sw2 8 7 s 5
TP COM V+ OUTM
|: SPECTRUM
10 mA ANALYZER
+ RP  Voutr OUTL
T sV [ 1 2 3 4

Notes: 6: Measure Frequency with SW1 and SW2 closed; SW3 open.
7: Measure Modulation Rate with SW1 and SW2 open;
SW3 closed.

(see application circuit in Fig. 8). This device does
not have to depend upon power derived from the
Tip-Ring inputs to become operational. Connecting
an external voltage source to V + will also allow
the device to operate in what is described as «stand
alone applications». The tone generator circuitry
includes an oscillator and frequency divider which
produce specified tones and the tone modulation
rate. The LB1005BB has an output warble frequen-
cy range of 1200 to 1500 Hz at a 20 Hz modula-
tion rate. The LB1005AB has an output warble
frequency range of 1800 to 2250 Hz at a 20 Hz mo-
dulation rate.
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APPLICATION (Continued)

Figure 8 - Typical Application
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PRELIMINARY DATA

AN AT&T PRODUCT

TELEPHONE RINGING DETECTOR

e MEETS BOTH TYPE A AND B RINGING RE-
QUIREMENTS (40VRMs < VIN < 150VRMS,
15Hz<F|N<68Hz

e OPERATES ON LESS THAN 1mA FROM THE
TELEPHONE LOOP

e INTERNAL POLARITY GUARD PROVIDES
1500V LIGHTNING SURGE PROTECTION
WHEN CONNECTED AS IN FIG. 11 AND 12

e IMMUNE TO ROTARY DIAL PULSING (BELL
TAP)

The LB1006 provides ringing detection functions
from the Tip-Ring pair of a telephone loop. This de-
vice provides approximately 1mA output current for
two types of output drivers. The output can be

Fig. 1 - Functional Diagram

Minidip A Plastic

ORDERING NUMBER: LB1006AB

connected to either an opto-isolator device or to a
logic interface with a microprocessor.

TP ———# FULL WAVE RECT.
ZIN VS. VIN

REF. CURRENTS

SURGE PROTECTION|

RESET
COMMON AIVIN|
(MAG.)

RINGING

RP ———®= & MAG. COMP. VBRIDGE

BRIDGE LOADING
CIRCUITRY

AND
Vee | REF. VOLTAGES

xR

(INTERNAL
CONNECTIONS)

DETECTOR
LoGic

RING

0sc. + 25

RING
DETECTED
——® OUTH

OUTPUT f<—— MIRROR

——O0ouTL
PIN DESCRIPTION
Pin Symbol Description

8 TIP AC input signal from telephone line

1 RING AC input signal from telephone line

2 OUTH Sources current when ringing is detected

3 MIRROR | Mirror current from OUTH to activate pin OUTL

5 OUTL Sinks current when ringin is detected

6 V+ Internal supply voltage. This voltage is usually derived from the AC signal which is
present on the Tip-Ring pair. This pin must have a 10 yF capacitor to common for
energy storage and «smoothing» purposes. For «stand alone applications», an external
voltage may be used to bias this pin.

7 GND Ground

4 NC No connection
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PIN CONFIGURATION

RP 71 s[JTP
OUTH []2 7 [J comMmON
MIRROR [] 3 6 [1 v+
BLANK [] 4 5 [] OUTL
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
V+ | Supply Voltage (ref to GND) 30 \
OUTH | Supply Voltage (ref to GND) 30 Vv
OUTL | Supply Voltage (ref to GND) 30 \Y
TIP | Voltage (Tip-Ring) +30 Vv
lo Operating Current (Tip-Ring) +100 mA
IMIR | Mirror Current 2.0 mA
TA | Ambient Operating Temperature Range -20to +75| °C
Tstg | Storage Temperature Range —40to +125| °C
— Pin Temperature (Soldering, 15 sec) 300 °C
Pp | Power Dissipation (Package Limitation) 600 mwW

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
Power Supply Current V+ =28V (See Fig. 2) | 200 365 900
Power Supply Current V+ =15V (See Fig. 2) [ 200 360 | 800
Tip-Ring Current VTip-RING = 4.5V (See Fig. 3) — 30.4 65 A
OUTH Current Vrip=V+ =15V (See Fig. 5) | 540 900 | 1040
OUTL Current Vrip=V+ =15V (See Fig. 4) | 750 — 1400
Mirror Current IMIRROR = 1.0mA, VoyTL=5.0V 750 | 1245 | 1400
. (See Fig. 8)
Tip Current, No Load VTIp-RING = 20V (See Fig. 7) | 0.25 | 1.410 | 1.8 A
Ring Current, No Load VTip-RING = — 20V (See Fig. 7) | -0.25| —1.41| —1.8
Input Threshold Voltage, Tip-Ring V+ =10V (See Fig. 6) | 6.0 7.2 8.0
ITp=20mA (See Fig. 9) | 22.5 | 25.5 30
Clamp Voltage Itp=—20mA (See Fig. 9) | —22.5| -25.5| —30 "
Itp=100mA (See Fig. 9) | — 3.6 5.5
Itp= —100mA (See Fig. 9) | — -36 | -55
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TEST CIRCUITS

Fig. 2
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TEST CIRCUITS (Continued)

Fig. 8
MIRROR CURRENT
8 7 6 5
TP COM V+ OUTL
IMIRROR
RP  OUT HMIRROR
1 3 4
APPLICATION

The LB1006 detector derives its power by rectifying
the AC ringing signal from the Tip-Ring pair of a
telephone loop. It operates over widely varying rin-
ging waveforms (15 to 68 Hz at 40 to 150 VRMS).
It uses this derived power to activate ringing de-
tector logic, and then transfers most of this power
to an output current driver. There is essentially no
loading under non-ringing conditions. This device
has two outputs, OUTH and OUTL. The OUTH out-
put is used to source output current when ringing
is detected. The OUTL output will sink output cur-
rent when the OUTH output is connected to the mir-
ror input and when ringing is detected (see
Application Diagram Figure 11 and 12). The devi-
ce does not have to depend upon power derived
from the Tip-Ring inputs to become operational.
Connecting an external voltage source to V + will
also allow the device to operate in what is descri-
bed as ‘‘Stand Alone Applications”.

Fig. 11 - Typical Application for Opto-Isolator Drive
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Fig. 10 - Simplified Output Diagram
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APPLICATION (Continued)

Fig. 12 - Typical Application for Interface Direct to Logic
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ADVANCED DATA

AN AT&T PRODUCT

KEYBOARD CONTROLLED, TOUCH TONE,
BASIC SINGLE-CHIP TELEPHONE INTEGRATED CIRCUIT

e BUILT-IN SCHOTTKY POLARITY GUARD
e 1800 Hz/2250 Hz ALERTING SIGNAL

e CAPABLE OF SPEECH TRANSMISSION
DOWN TO 3 mA LOOP CURRENT

e DRIVES PIEZOELECTRIC TRANSDUCER
FOR ALERTING

e TYPE B RINGER EQUIVALENCY

o SIGNAL GROUND PIN ELIMINATES AN
EXTERNAL CAPACITOR FOR DIAL-IN-
HANDSET DESIGNS

"« REQUIRES 3 CONTACT SWITCH HOOK

o OPERATES FROM POWER SUPPLIED BY
THE CENTRAL OFFICE

e USES ELECTRET MICROPHONE WITH
PREAMPLIFIER

The LB1007 integrated circuit requires only four ca-
pacitors, two resistors, a ceramic resonator, and
surge protection diode to provide all of the elec-

Fig. 1 - Functional Diagram

20

1
DIP-20 B Plastic

ORDERING NUMBER: LB1007AE

tronic functions. It provides four basic telephone
functions as follows: furnishes AC and DC loop ter-
mination during the on-hook state; transmits and
receives voice signals; provides dual-tone muilti-
frequency (DTMF) signals to the central office; pro-
perly distinguishes between spurious noise and ge-
nuine ringing signals providing a distinctive audible
alerter output.

480KHZ I
RESONATOR ==
[
ALERTER
LB1007AE ALt
SWITCH POLARITY 0sC. I—*— RINGER f
HOOK | mp GUARD . LOGIC =
Za) ® KEYPAD
20 VOLT TP e cc3 |00
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RING .
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RP POWER
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J_ TERM[] CONDITIONER SPEECH
900 NETWORK _
RS| V+| Sw| DpP
N
7o K
swircn {28 ¢ o
FILTER g DISSIPATION
CAPACITOR DEVICE

This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice.
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PIN CONFIGURATION

RSO 1 20 PJ DR

v+ O O RP

sw [ RING

AL20 e

AL g 0 T

c3d 1 RO

c20 M sa

c1d 0 os

R4 O D R1

R3 [ 10 11[J R2

PIN DESCRIPTION
Pin Name Description
1 RS Provide proper off hook termination impedance when connected through switch hook
contact to V +.

2 V+ The most positive DC voltage on the device (must be filtered externally). This voltage
is derived from the Tip-Ring inputs and is used to supply internal circuits. No current
can be taken from V + without changing the characteristics as shown in Figure 2.

SwW Turns on transmit/receive circuitry when connected through switch hook contactto V +.

4 AL2 Output terminals for driving an alerter. The ringer logic distinguishes between genuine

5 AL1 ringing and other noise signals present on the telephone loop, and provides a distinctive
audible output. The alerter can be driven differentially or single ended. If the alerter is
driven single ended to RP, the second output can be used to drive a visible indicator
to RP. Volume can be adjusted by placing a resistor in series with terminals AL1 or AL2.

6 C3 Keypad inputs for columns 1 through 3. High-frequency touchtone signals are control-

7 C2 led by these inputs. These inputs are disabled when the telephone goes on hook. Single

8 C1 tones are generated when two rows or two columns are activated. Diagonal selections
result in no tones. A high frequency and a low frequency tone can be generated by con-
necting the appropriate column to the desired row pin via the keypad crosspoint switch.
An alternative method for generating a single high frequency is to connect the appro-
priate column to V + through a 50k resistor.

9 R4 Keypad inputs for rows 1 through 4. Low-frequency touch-tone signals are controlled

10 R3 by these inputs. These inputs are disabled when the telephone goes on hook. Single

1 R2 tones are generated when two rows or two columns are activated. Diagonal selections

12 R1 result in no tones. See note for pins 6,7,8. An alternative method for generating a single
low frequency is to connect the appropriate row pin to RP through a 50k resistor.

13 0os Resonator connection. A 480 kHz ceramic resonator is placed between this pin and RP.
This resonator is used to provide the precise frequency required to generate the DTMF
tones.

14 SG Signal ground for use with the receiver output drive. The receive can be placed between
this pin and RO without a decoupling capacitor.

15 RO Receiver output. Optimum receiver impedance is 600 ohms, the circuit will provide 2
dB less power to a 150 ohm receiver. A receiver can be placed between RO and RP
or between RO and SG. If the receiver is connected between RO and RP, a decoupling
capacitor must be used.

16 X Input from transmitter which must be capacitively coupled. This input has a 40k input
impedance.

17 TIP Tip signal input to polarity guard. This signal is supplied by the central office.

18 RING Ring signal input to polarity guard. This signal is supplied by the central office.

19 RP The Ring Prime terminal is the logic common or DC ground point.

20 DR The driver terminal is used to dump extra line current to an external load resistor. This
reduces the power consumption in the telephone chip on short loops. The terminal can
be used to power an LED if desired.
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Symbol Parameter Value Unit
VTip | Circuit Voltage 20 \Y
ITip | Circuit Current 120 mA
Ptot | Total Power Dissipation 0.5 w
Top | Operating Temperature 0 to 60 °C

Tstg, Tj| Storage and Junction Temps. —45to 125 °C

THERMAL DATA

Rty | Thermal impedance, junction to ambient 61 °C/W

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min | Typ | Max | Unit
OFF-HOOK DC TESTS
V1ip ITip=8mA, speech 4.00 — 4.95
ITip=20mA, speech 4.80 — 5.90
I7ip =90mA, speech 6.35 . 8.35
ITip =20mA, dialing 5.10 — 6.16
VV + ITIP =8mA, speech 2.66 —_ 2.78 \
ITip =20mA, speech 2.75 — 3.20
ITip =90mA, speech 4.50 — 5.60
Vrip—Vy 4 IT1p =20mA, dialing 2.00 — 3.156
IbrR ITip =20mA, speech 9.0 — 11.0
IT)p =90mA, speech 70.5 — 73.5
ITip=20mA, dialing 75 — 9.7
ITip =90mA, dialing 69.0 — 72.0
ITiP,u,s Upper Switch Point, speech 15.5 — 19.5
ITIP,I,s Lower Switch Point, speech 115 — 15.0 mA
Ihys,s IT1P,u,s = TIP 1.5 45 | — | —
ITip,1,d Lower Switch Point, dialing 12.0 - 16.0
Ihys,d rip,u,s = IT1P,,d 35 | — -
Vro—-Vsa ITip =20mA, speech -0.1 — 0.1 v
ITip =20mA, dialing -0.1 — 0.1
OFF-HOOK AC TESTS
GxMmIT = VTIP/VTX lyip=8mA 2.0 —_ 4.0
ITip =20mA Vrx=0.1Vrms 2.0 — 4.0
ITip =90mA 2.0 — 4.0 —
Gprcv =VRev/Vco ' ITip =20mMA _ 0.25 — 0.45 .
Ip=g0omA  VCO=0.5Vrms 025 | 045
Rrx = vrx/iTx ITip =20mMA vrx=0.1Vrms — 40K — Q
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ELECTRICAL CHARACTERISTICS (Continued)

Parameter Test Conditions Min Typ | Max | Unit
OFF-HOOK AC TESTS (Continued)
RRro =VRo/iro Imp=20mA  vRo=0.1Vrms - 600 -

- Q
R
Gspt=VRev/VTx Itip=8mA 4 - 9

Ifp=20mA  vrx=1Vrms 4 — .9 —
ITjp =90mA 4 — .9
Vrip,, low group out ITip=20mA .291 — —
VTIP,hs high group out ITip =20mA .367 — — Vrms
vTIp,e Extraneous voice-band signals ITip =20mA, dialing — —_ .045
vTIp,,h total DTMF, both groups IT)p =90mA, dialing —_ — .869
GxmiT = VTIPIVTX ITip =20mA, vrx=0.1Vrms, dialing - — .03 —
ON-HOOK DC TESTS
Inip Vrip=3V — — 35 uA
V1P th, Thereshold of detection Ringing detected 5.9 — 6.7 \
brip Vrip=10V 15 | — |20 |
Vip =20V 1.5 — | 25
ON-HOOK AC TESTS
VAL =VAL2~ VAL1 Vrip=10V 5.0 - 7.0 |y
Vip =20V 150 | — | 17.0 p-p

Fig. 2 - Typical DC V-I Characteristics

6.0

DC VOLTAGE

INOPERABLE

active.

0 5 10 15 20 25

LINE CURRENT (mA)

35 40

Note A: Shown is the hysteresis that occurs in going from
"the full-feature mode (where dialing can occur in the
speech-mode) to the mode where only speeck circuits are
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APPLICATION
Dual Tone Multi Frequency generation (DTMF)

- This circuit is intended to operate with a 3-column,
4-row external keypad. The keypad should be of
the type which interconnects the appropriate row

- and column leads when a key is depressed. The
interconnection resistance should be less than 1
kQ. If two row keys with the same column are de-
pressed, a single frequency corresponding to that
column will be generated. In a similar manner, two
column keys with the same row will generate that
row’s fequency. If two keys are depressed which
do not have a common row or column, no tones
will be generated. The DTMF can also be control-
led with a microprocessor by driving the inputs
through 50k resistors. A logic “‘high’’ on a column
input will generate the appropriate column frequen-
cy. A logic “‘low”’ on a row input will generate the
appropriate row frequency. A row and column must
be selected to generate a dual frequency tone.
The frequencies associated with each row and co-
lumn pin are shown in Table 1.

Ringing Alerter

The ringing detector determines the presence of
a true incoming ringing signal by incrementing an
up/down counter depending upon the instanta-
neous magnitude of the incoming signal. The ex-
ternal series RC network has been selected to
optimize discrimination between valid ringing si-
gnals and extraneous noise signals. It also provi-
des an on hook type B ringer equivalency. Alerter
outputs AL1 and AL2 can be used to drive an ex-
ternal piezoelectric transducer. The load can be ap-
plied from AL1 to RP for single ended drive or
between AL1 and AL2 for differential push-pull drive
(larger amplitude). The volume can be reduced by
placing resistors in series with the load. The aler-
ting signal is a square wave alternating between
1800 Hz and 2250 Hz at a 20 Hz repetition rate.

Polarity Guard:
A Schottky diode bridge (on chip) ensures proper

voltage polarity on the device, with a 1.2 V drop
(at approx. 20 mA) across the bridge rectifier.

Oscillator:

An external 480 kHz ceramic resonator, in conjunc-
tion with an internal oscillator control circuit, is used
to provide timing functions for the logic circuits, (see
Figure 3. Note 4).

Power Conditioner:

This set of circuits provides accurate temperature
compensated current and voltage references for
the other circuit blocks. It also sets the loop loa-
ding and digital reset states for the various types
of operation, i.e., on-hook, off-hook, and multiple
telephone sets.

Speech Network:

This analog circuit block provides proper transmis-
sion levels in both directions. Since the local tal-
ker’s signal is larger than (on the average) the
received signal at the telephone set terminals, an
out-of-phase portion of the transmitted signal is also
sent to the receiver. This proportion is designed
to provide a level in the talker’s ear (the ‘‘sideto-
ne’’) between “too hot”” and ““dead”’. the DTMF D/A
converter is placed in the transmit path during dia-
ling, while the receive-gain path is simultaneously
attenuated.

External Components:

As shown in the functional diagram (see Figure 1)
the LB1007 IC needs only four capacitors, two re-
sistors, a 480 kHz ceramic alerter, and a surge pro-
tection diode to provide basic touch-tone electronic
functions. An alerter, a telephone set (containing
the transmitter and receiver) and a keypad with a
maximum series resistance of 1kQ are also illu-
strated.

The application diagram (see Figure 3) contains
more detailed information. it shows components for
connecting to the telephone loop and optional con-
nection components.
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APPLICATIONS (Continued)

Table 1
Pin Name Keypad Input Tones (Design Value)
R1 Row 1 697 Hz
R2 Row 2 770 Hz
R3 Row 3 852 Hz
R4 Row 4 941 Hz
C1 Column 1 1209 Hz
C2 Column 2 1336 Hz
C3 Column 3 1447 Hz

Fig. 3 - Typical Application Diagram
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NOTES:
1. 18V, 150 amp surge protector. (LS5018)
2. For 4-wire interface, pin SG is open and dotted-line options are connected.
3. SH denotes Switch Hook.
4. Ceramic resonator.
5. Keypad inputs can be microprocessor controlled if 50kQ resistors are placed in series.
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ADVANCE DATA

AN AT&T PRODUCT

KEYPAD CONTROLLED, ENHANCED SINGLE-CHIP
TELEPHONE INTEGRATED CIRCUIT

e AN ALERTER SELECT OPTION OF
1200 Hz/1500 Hz OR 1800 Hz/2250 Hz

.o CAPABLE OF SPEECH TRANSMISSION
DOWN TO 3mA LOOP CURRENT

o OPERATES FROM POWER SUPPLIED BY THE
CENTRAL OFFICE

e SIGNAL GROUND PIN ELIMINATES AN
EXTERNAL CAPACITOR FOR DIAL-IN-
HANDSET DESIGNS

e REQUIRES A 2 CONTACT SWITCH HOOK

o COMPATIBLE WITH ELECTRET
MICROPHONE

e PROVIDES A POWER PORT FOR DRIVING A
LED

The LB1008 integrated circuit requires only four ca-
pacitors, two resistors, a ceramic resonator, a surge
protection diode, and a polarity guard to provide
all of the touch-tone electronic functions. Four

Fig. 1 - Functional Diagram
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ORDERING NUMBER: LB1008AE

basic telephone functions are accomplished: fur-
nishes AC and DC loop termination diring the on-
hook state; transmits and receives voice signals wi-
thin performance guidelines (including transducer
variations); provides dual-tone multi-frequency
(DTMF) signals to the Central Office; properly di-
stinguishes between spurious noise and genuine
ringing signals providing a distinctive audible aler-
ter output.
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This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice.
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PIN CONFIGURATION
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PIN DESCRIPTION
Pin Name Description
1 V+ The most positive DC voltage (must be filtered externally). This voltage is derived from

the Tip-Ring input and is used to supply internal circuits. No current can be taken from
V + without changing the characteristics as shown in Figure 3.

2 SwW Turns on trasmit/receive circuitry when connected through switch hook contact to V +
3 AL2 Output terminals for driving an alerter. The ringer logic distinguishes between genuine
4 AL1 ringing and other noise signals present on the telephone loop, and provides a distinctive

audible output.

The alerter can be driven differentially or single ended. If the alerter is driven single en-
ded to RP, the second output can be used to drive a visible indicator to RP. Volume
can be adjusted by placing a resistor in series with terminals AL1 or AL2.

5 AS Logic input used to determine alerter frequency. This pin can be programmed via a mi-
croprocessor or mechanically set to provide an output frequency of 1200 Hz shifted to
1500 Hz, (AS pin set to logic low or left open), or 1800 Hz frequency shifted to 2250
Hz, (AS pin set to logic high or pulled up to V + through a 100k resistor).

6 C3 Keyboard inputs for columns 1 through 3. High frequency touchtone signals are control-
7 c2 led by these inputs. These inputs are disabled when the telephone goes on hook. Single
8 C1 tones are generated when two rows or two columns are activated. Diagonals result in

no tones. A high frequency and a low frequency tone can be generated by connecting
the appropriate column to the desired row pin via the keypad crosspoint switch. An alter-
native method for generating a single high frequency is to connect the appropriate co-
lumn to V+ through a 50k resistor.

9 R4 Keypad inputs for rows 1 through 4. Low frequency touch-tone signals are controlled
10 R3 by these inputs. These inputs are disabled when the telephone is on hook. Single tones
11 R2 are generated when two rows or two columns are activated. Diagonals result in no to-
12 R1 nes. See note for pins 6, 7, 8. An alternative method for generating a single low frequen-
cy is to connect the appropirate row pin to RP through a 50k resistor.
13 (o] Resonator connection. A 480 KHz ceramic resonators is placed between this pin and
RP. This resonator is used to provide the precise frequency required to generate the
DMTF tones.
86



PIN DESCRIPTION

Pin Name Description

14 SG Signal Ground for use with the receiver output drive. The receiver can be placed bet-
ween this pin and RO without a decoupling capacitor.

15 RO Receiver Output. Optimum receiver impedance is 600%, the circuit will provide 2 dB less
power to a 150Q receiver. A receiver can be placed between RO and RP or between
RO and SG. If the receiver is connected between RO and RP, a decoupling capacitor
must be used.

16 TX Input from transmitter which must be capacitively coupled. This input has a 40kQ input
impedance.

17 TP The Tip Prime terminal is the more positive input to the Power Conditioner and Speech
Network. It connectes to Tip-Ring on the positive side of the polarity guad.

18 NC No connection. This pin may not be use as a tie point for external circuitry.

19 DR The driver terminal is use to dump extra line current to an external load resistor. This

reduces the power consumption in the telephone chip on short loops. The terminal can
be use to a power an LED if desired.

20 RP The Ring Prime terminal is the the logic common or DC ground point.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Symbol Parameter Value Unit
V1p | Circuit Voltage 20 \
Itp | Circuit Current 120 mA
Ptot | Total Power Dissipation 0.5 w
Top | Operating Temperature 0 to 60 °C

Tstg, Tj| Storage and Junction Temps. -45t0125 | °C

THERMAL DATA
RTH | Thermal impedance, junction to ambient ] 61 °C/W

ELECTRICAL CHARACTERISTICS (at 25°C unless othewise specified)

Parameter ’ Test Conditions Min Typ | Max | Unit
OFF-HOOK DC TESTS
V1p ITp =8mA, speech 3.00 —_ 3.35
ITp =20mA, speech 3.80 - 4.30
Itp =90mA, speech 5.35 — 6.75
Itp =20mA, dialing 410 | — | 456
Vy 4+ ITp =8mA, speech 2.66 — 2.78 \"
ltp =20mA, speech 2.75 — 3.20
Itp =90mA, speech 4.50 - 5.60
Vip-Vy, Itp =20mA, dialing 1.20 . 1.55
IbR ITp=20mA, speech 9.0 — 11.0
Itp=90mA, speech 70.5 — 73.5
Itp =20mA, dialing 7.5 — 9.7
Itp = 90mA, dialing 69.0 | — | 720
ITP,u,s Upper Switch Point, speech 155 —_ 19.5 mA
ITp,is Lower Switch Point, speech 11.5 — 15.0
Ihys,s Itp,us— TP, 45 | — | —
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ELECTRICAL CHARACTERISTICS (Continued)

Parameter Test Conditions Min Typ | Max | Unit
OFF-HOOK DC TESTS (Continued)
Itp)d Lower Switch Point, dialing 12.0 — 16.0
Ihys,d ltp,us— P14 3.5 - —
Vro—Vsa Itp =20mA, speech -0.1 — 0.1 v
ITp =20mA, dialing -0.1 — 0.1
OFF-HOOK AC TESTS
GxMIT = VTP/VTX Itp=8mA 4.3 — 6.2
ltp=20mA  vyx=0.1Vrms 6.2 — 8.9
Itp =90mA 4.3 — 6.2 —
GRrev =VRev/Vco Itp =20mA _ 0.25 — 0.45
lrp=90mA  YcO=0dVrms 025 | — | 045
Rrx=vrx/iTx ITp =20mA vyx=0.1Vrms — 25K —_
‘Rro =VRo/iRo ltp=20mA  vRo=0.1Vrms - 600 —_
Ryp =vrpliTp Itp =20mA _ 650 — 950
Irp=90mA  VCO=08Vrms 650 | — | 850
GgpT=VReV/VTX Itp =8mA 1.0 — 1.5
ltp=20mA  vyx=0.1Vrms 1.0 —_ 1.5 —
ITp =90mA 1.0 — 15
vTp,), low group out ITp =20mA 0.291 —_ —
vTp,h, high group out ITp =20mA 0367 | — —
Vrms
vTp,e Extraneous voice-band signals Itp =20mA, dialing - — ] 0.045
vTp,,h total DTMF, both groups ITp =90mA, dialing — — |0.869
GxmIT = VTPIVTX Itp=20mA,  vrx=0.1Vrms dialing — - 0.03 —
ON-HOOK DC TESTS
ITp Vip=3V —_ - 35 A
V1p,th, Thershold of detection Ringing detected 5.9 — 6.7 \
Irp Vip =10V 1.5 — 2.0 mA
Vrp =20V 15 | — | 25
ON-HOOK AC TESTS
VAL =VAL2— VAL1 Vip=10V 5.0 — 7.0 v
Vrp =20V 150 | — | 170 | ‘PP
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Fig. 2 - DC Loop Operation Dial Mode
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APPLICATION

Dual Tone Multi Frequency generation (DTMF)
This circuit is intended to operate with a 3-column,
4-row external keypad. The keypad should be of
the type which interconnects the appropriate row
and column leads when a key is depressed. The
interconnection resistance should be less than 1kQ.
If two row keys with the same column are depres-
sed, a single frequency corresponding to that co-
lumn will be generated. In a similar manner, two
column keys with the same row will generate that
row’s fequency. If two keys are depressed which
do not have a common row or column, no tones
will be generated. The DTMF can also be control-
led with a microprocessor by driving the inputs
through 50k resistors. A logic ‘‘high’’ on a column
input will generate the appropriate column frequen-
cy. A logic “‘low’” on a row input will generate the
appropriate row frequency. A row and column must
be selected to generate a dual frequency tone.
The frequencies associated with each row and co-
lumn pin are shown in Table 1.

Fig. 3 - DC Loop Operation Speech Mode
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Ringing Alerter

The ringing detector determines the presence of
a true incoming ringing signal by incrementing an
up/down counter depending upon the instanta-
neous magnitude of the incoming signal. The ex-
ternal series RC network has been selected to
optimize discrimination between valid ringing si-
gnals and extraneous noise signals. It also provi-
des an on hook type B ringer equivalency. Alerter
outputs AL1 and AL2 can be used to drive an ex-
ternal piezoelectric transducer. The load can be ap-
plied from AL1 to RP for single ended drive or
between AL1 and AL2 for differential push-pull drive
(larger amplitude). The volume can be reduced by
placing resistors in series with the load. The aler-
ting signal is a square wave alternating between
1800 Hz and 2250 Hz (AS high, or 1200 Hz and
1500 with AS low) at a 20 Hz repetition rate.




APPLICATION (Continued)

Polarity Guard:

An external bridge rectifier ensures proper volta-
ge polarity on the device, with a minimum voltage
drops across the bridge rectifier.

Oscillator:
An external 480 kHz ceramic resonator, in conjunc-
tion with an internal oscillator control circuit, is used
to provide timing functions for the logic circuits, (see
Figure 4).

Power Conditioner:
This set of circuits provides accurate temperature
“compensated current and voltage references for
the other circuit blocks. It also sets the loop loa-
ding and digital reset states for the various types
of operation, i.e., on-hook, off-hook, and multiple
telephone sets. For loop current greater than 5mA,
the DR port can be used to power an electret
preamplifier or an external LED.

Speech Network:

This analog circuit block provides proper transmis-
sion levels in both directions. Since the local tal-
ker’s signal is larger than (on the average) the

received signal at the telephone set terminals, an
out-of-phase portion of the transmitted signal is also
sent to the receiver. This proportion is designed
to provide a level in the talker’s ear (the ‘‘sideto-
ne’’) between “‘too hot”” and ‘‘dead’’. the DTMF D/A
converter is placed in the transmit path during dia-
ling, while the receive-gain path is simultaneously
attenuated.

External Components:

As shown in the functional diagram (see Figure 4)
the LB1008 needs only four capacitors, an exter-
nal polarity guard, two resistors, a 480 kHz cera-
mic alerter, and a surge protection diode to provide
basic touch-tone electronic functions. An alerter,
a telephone set (containing the transmitter and re-
ceiver) and a keypad with a maximum series resi-
stance of 1kQ are also illustrated.

The application diagram (see Figure 4) contains
more detailed information. It shows components for
connecting to the telephone loop and optional con-
nection components.

Table 1
Pin Name Keypad Input Tones (Design Value)
R1 Row 1 697 Hz
R2 Row 2 770 Hz
R3 Row 3 852 Hz
R4 Row 4 941 Hz
C1 Column 1 1209 Hz
c2 Column 2 1336 Hz
C3 Column 3 1447 Hz




Fig. 4

c1
R3
056 F  goka
TP — POLARITY
GUARD
> Trp el
=
(SEE T 20/ pp
NOTE 1) (sE
RING
NOTE 2)
SH ALERTER
L 2lsw At
ELECTRET 5
—as
WITH e a2
PREAMP 1
v
22 4F
c2
R4
8w«
005 ,F
8 LED
¢ DR 19 |INDICATOR
7 CIRCUITRY
c2
[
[ c3
123 2l
als5]e M a2 o[
7|80 10l g3 s
9 13
Xz s osf 2 J——
(SEE RECEIVER
NOTE 4)
NOTES:

1. 18V, 150 amp surge protector. (LS5018)

2. SH denotes switch hook.

3. Options for 5-wire handset (eliminating C4) are shown.
4. Ceramic Resonator.
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PRELIMINARY DATA

"AN AT&T PRODUCT

MICROPROCESSOR CONTROLLED, SINGLE-CHIP
TELEPHONE INTEGRATED CIRCUIT

e CAPABLE OF SPEECH TRANSMISSION
DOWN TO 3mA LOOP CURRENT

e A FEATURE MODE FUNCTION INDICATES
POWER PORT (DR) STATUS

e PROVIDES A POWER PORT FOR DRIVING
A LED OR A MICROPROCESSOR

e AN ALERTER SELECT OPTION OF 1200 Hz/
1500 Hz OR 1800 Hz/2250 Hz

e REQUIRES ONLY A 2 CONTACT SWITCH
HOOK

e COMPATIBLE WITH ELECTRET
MICROPHONES

e OPERATES FROM POWER SUPPLIED BY
THE CENTRAL OFFICE

The LB1009 integrated circuit requires only four ca-
pacitors, one resistor, a ceramic resonator, a tran-
sistor, a surge protection diode, and a polarity
guard to provide all of the touch-tone electronic
functions. Four basic telephone functions are ac-

Fig. 1 - Functional Diagram

!
DIP-20 B Plastic

ORDERING NUMBER: LB100SAE

complished: furnishes AC and DC loop termination
for both switch hook states; transmits and recei-
ves voice signals; provides dual-tone multi-
frequency (DTMF) signals to the Central Office; pro-
perly distinguishes between spurious noise and ge-
nuine ringing signals providing a distinctive audible
alerter output.
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PIN CONFIGURATION RP 1 20 O NC
v+ [ 2 19 [ vR
sw Qs 18 [ DR
AL2 [ 4 70 TP
AL1 O 5 16 [ TX
As [0 6 15 [ RO
Da Qv 14 [ os
D3 [Os8 130 FM
D2 Q9 12[3J ST
b1 1o 1 [ po
PIN DESCRIPTION
Pin Name Description
1 RP The Ring Prime terminal is the more negative input connected to Tip-Ring on the negati-
ve side of the polarity guard bridge. It is also the logic common (ground) point.
2 V+ The most positive DC voltage (filtered) on the device. This voltage is derived from the
Tip-Ring inputs. It is used to supply internal circuits.
Sw Turns on Transmit/Receive circuitry when connected through switch hook contact to TP.
4 AL2 Output terminals for driving an alerter. The ringer logic distinguishes between genuine
5 AL1 ringing and other noise signals present on the telephone loop, and provides a distinctive

audible output.

The alerter can be driven differentially or single ended. If the alerter is driven single en-
ded to RP, the second output can be used to drive a visible indicator to RP. Volume
can be adjusted by placing a resistor in series with terminals AL1 or AL2.

6 AS Logic input used to determine alerter frequency. This pin can be programmed via a mi-
croprocessor or mechanically set to provide an output frequency of 1200 Hz shifted to
1500 Hz, (AS pin set to logic low or left open), or 1800 Hz frequency shifted to 2250
Hz, (AS pin set to logic high or pulled up to V+ through a 100kQ resistor).

7 D4 DTMF signals are controlled by these inputs via a microprocessor. These inputs are di-
8 D3 sabled when the telephone goes on-hook and in the low power mode (FM open). These
9 D2 inputs are CMOS and TTL compatible (See Table 1)

10 D1

1 DO

12 ST Data Strobe from microprocessor. It loads the DTMF inputs on a rising edge pulse.

13 FM Feature Mode is an open collector output which shorts to RP when the telephone goes
off-hook. Long loops (with two telephones off-hook) can result in a ‘““speech only, low
power” mode of operation. FM will “open circuit’” under these conditions.

14 [oF] Resonator connection. This logic is designed to operate with a some 480 KHz ceramic
resonator. The resonator frequency is divided down to perform various synchronous clock
tasks.

15 RO Output to 6002 receiver, capacitively coupled.

16 TX Input from the transmitter, capacitively coupled.

17 TP The Tip Prime terminal is the more positive input to the Power Conditioner and Speech
Network. It connects to Tip-Ring on the positive side of the polarity guard bridge.

18 DR A low impedance regulated port for powering a microprocessor and transmitter. Currents
(in the full feature mode) will provide a minimum of 800xA for a maximum of 3.3 volts.
Excess set current not used by internal circuits will appear on DR to power external cir-
cuits. Current not used by external circuits will be passed to RP via an external PNP
transistor.

19 VR This voltage is a reference when the set is off-hook. When connected to DR via PNP
transistor (see Fig. 4), a regulated voltage is produced on DR.

20 NC No connection. This pin may not be use as a tie point for external circuitry.
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Symbol Parameter Value Unit
Vtp | Circuit Voltage 20 \%
ITp | Circuit Current 120 mA
Ptot | Total Power Dissipation 0.5 w
Top | Operating Temperature 0 to 60 °C

Tstg, Tj| Storage and Junction Temps. —45to 125 °C
— Pin temperature (soldering 15 sec) 300 °C

THERMAL DATA

RtH | Thermal impedance, junction to ambient | 61 °C/W

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
OFF-HOOK DC TESTS
Vip Itp =8mA, speech 300 | — | 335
Itp =20mA, speech 3.80 — 4.30
ITp =90mA, speech 5.35 — 6.75
Itp =20mA, dialing 4.10 — 4.56
Vy ¢ ITp =8mA, speech 2.66 — 2.78 \"
Itp =20mA, speech 275 | — | 3.20
ltp =90mA, speech 4.50 — 5.60
Vip—Vy s ITp=20mA, dialing 120 | — | 155
IbR ITp=20mA, speech 9.0 — 11.0
ITp =90mA, speech 70.5 - 73.5
Itp=20mA, dialing 7.5 — 9.7
ITp = 90mA, dialing 69.0 | — | 72,0
ITP,us Upper Switch Point, speech 15.5 — 195
Itp1s Lower Switch Point, speech 115 | — 15.0 | mA
Ihys,s ItPu,s = ITPis 45 | — —
ITp,Id Lower Switch Point, dialing 12.0 — 16.0
Ihys,d Itp,u,s = ITP,I,d 3.5 — —
VRo-Vsa Itp =20mA, speech -0.1 — 0.1 v
ITp =20mA, dialing -0.1 — 0.1
OFF-HOOK AC TESTS
GxMmIT = VTPNTX ITp=8mA 4.3 — 6.2
Itp =20mA vrx=0.1Vrms 6.2 — 8.9
Itp = 90mA 43 — 62 | —
GRev =VRcV/Vco Itp=20mA _ 0.21 — 0.30
Ifp=g0mA  YcO=0:5Vrms 021 | — | 030
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ELECTRICAL CHARACTERISTICS (Continued)

Parameter Test Conditions Min | Typ | Max | Unit
OFF-HOOK AC TESTS (Continued)
Ryx = vrx/itx Ip =20mA vrx=0.1Vrms — 30K .
RRo =VRo/iro Itp=20mA VRo=0.1Vrms . 600 — Q
Ryp =vypliTp ltp =20mA _ 650 — 950
ltp=90mA  YcO=05Vrms 650 | — | 850
GspT=VRCV/VTX Itp=8mA 0.3 — 0.6
ltp=20mA  vyx=0.1Vrms 0.3 — 0.6 —
Itp =90mA 0.3 — 0.6
vTp,i, low group out Itp=20mA 0.291 — —
VTP h, high group out Itp =20mA 0367 | — —
Vrms
vTp,e Extraneous voice-band signals Itp =20mA, dialing — — 1 0.045
vTp,i,h total DTMF, both groups ITp =90mA, dialing —_ — 0.869
GxmiT = VTP/VTX ITp =20mA, vrx =0.1Vrms dialing — — 0.03 —
ON-HOOK DC TESTS
Irp Vip=3V — -_ 35 A
Vtp,th, Threshold of detection Ringing detected 5.9 — 6.7 \
ITp Vip=10V 1.5 — 2.0 mA
Vp =20V 15 - 25
ON-HOOK AC TESTS
VAL =VAL2— VAL1 Vip=10V 5.0 — 7.0 Y
Vp=20V 15.0 — 17.0 p-p
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Fig. 2 - Typical DC V-I Characteristics (Dial Mode)
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Note 1 Voltages measured with respect to Ring Prime (RP)

APPLICATION
(Refer to Functional Diagram, Fig. 1)

Polarity Guard:

An external bridge rectifier (see Figure 4) ensures
proper voltage polarity on the device, with a mini-
mum voltage drop across the bridge rectifier.

Oscillator:

An external 480 KHz ceramic resonator, in conjunc-
tion with an internal oscillator control circuit, is used
to provide timing functions for the logic circuits.

DTMF Generation Logic:

This circuit connects to a microprocessor. The lo-
gic circuitry decodes the microprocessor input sta-
tes to generate accurately timed digital control
signals for a D/A converter.

Ringer Logic:

This circuit determines the presence of a true in-
coming ringing signal by up or down counting, de-
pending upon the instantaneous magnitude of an
incoming transient. After a positive decision, the
logic provides suitable timed inputs to an external
alerter device. Volume can be controlled by pla-
cing resistors in series with leads AL1 or AL2. See
**AS*’ pin description for alerter frequency-select
capability.

Power Conditioner:

This set of circuits provides accurate temperature
compensated current and voltage references for
the other circuit blocks. It also sets the loop loa-
ding and digital reset states for the various types
of operation, i.e., on-hook, off-hook, and multiple
telephone sets.

Speech Network:
This analog circuit block provides proper transmis-
sion levels in both directions. Since the local tal-

Fig. 3 - Typical DC V-I Characteristics (Speech Mode)
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ker’s signal is normally larger than the received si-
gnal at the telephone set terminals, an out-of-phase
portion of the transmitted signal is also sent to the
receiver. This proportion is designed to provide a
level in the talker’s ear (the ‘‘sidetone’’) between
‘too hot”” and ‘“dead’’. The DTMF D/A converter
is placed in the transmit path during dialing, while
the receive-gain path is simultaneouly attenuated.
Transmit mute is provided independently of recei-
ve mute and is under control of the microproces-
sor. Transmit mute is not functional in the speech
only mode (telephone set current is below appro-
ximately 16mA). When transmit mute is functional,
it provides a minimum of 40 dB attenuation.

Driver (DR) and Voltage Regulator (VR) Ports: (see
Pin Description Key)

External Components:

Only two switch hook contacts are required with
this device. In going off-hook, the contact connec-
ted to the SW pin should open simultaneously with,
or before the other switch hook contact. As shown
in the functional diagram (see Figure 1), the LB1009
needs only four capacitors, one resistor, a ceramic
resonator, a transistor, a surge protection diode,
and a polarity guard to provide all of the basic
touch-tone electronic functions. An alerter, a tele-
phone handset (containing the transmitter and re-
ceiver), and a microprocessor are also illustrated.

The application diagram (see Figure 4) contains de-
tailed information. The LB1009 can be used in a
4-wire handset application.

A preamplifier circuit which can be used with a mi-
crophone is shown in Fig. 5.
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Fig. 4 - Typical Application Diagram
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NOTES:

1. 18 volt, 150 amp surge protector. (LS5018)

2. SH denotes switch hook.

3. Value of R4 adjusts transmit gain for various applications.

Fig. 5 - Electret Interface Circuitry
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NOTE: This interface circuit may be used for some commercially available electrets.
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Table 1 - Microprocessor Control Logic table.

DTMF
Signal Inputs Mg?e Tones

D4 D3 |D2|D1|DO Operation (Design Value)
1/0]0f0]= Dial L1 (697 Hz)
1]0|1|0]=* Dial L2 (770 Hz)
1|11]0|1]0 Dial L3 (825 Hz)
1{1f1]1]o0 Dial L4 (941 Hz) single
1|1]%]|0jo0 Dial H1 (1209 Hz) Tones
101 ]*|0]1 Dial H2 (1336 Hz)

1101 =*=|1]0 Dial H3 (1477 Hz)
ofo0ojo0|0O0f|oO Dial H1, L1

o|0|0]|O0]1 Dial H2, L1

ojojoj1}o0 Dial H3, L1

o|joj1]|]0]|oO Dial H1, L2

ojo|t1t]|o|1 Dial H2, L2

o|o0|1|1]0 Dial H3, L2

ol1]ofofo Dial H1, L3 ?er;
o(1|(0]|0]1 Dial H2, L3

oj1|jo0f|1]|oO Dial H3, L3

o|1|1]0]|0O0 Dial H1, L4

o|1(1]0]1 Dial H2, L4

o|1|1}|1]o0 Dial H3, L4

# 0[O0 1]1 Speech, Transmit Mute

* [0]1]|1]|1]| Speech Special

- Functions

|10 1|1 Dial, No Tone
* =Don’t Care







PRELIMINARY DATA

OCTAL LINE PROTECTOR

e BI-DIRECTIONAL CLAMPING

e CLAMP THRESHOLD TRACKS SUPPLY
VOLTAGE TO 7.0 VOLTS

e PROTECTS 8 LINES

e INPUT STAND-OFF VOLTAGE UP TO
65 VOLTS (AFTER ON-CHIP FUSE OPENS)

The LB1010 integrated circuit is a bi-directional
over-voltage/over-current limiting device that pro-
tects up to eight digital lines. This circuit contains
16 on-chip fuses, 8 voltage/current clamps, and a
threshold reference which tracks the power sup-
ply. In operation, transient on-line surges (within
specified limits) are clamped to a safe level. Ho-
wever, if an extraordinarily high current fault is de-

Fig. 1 - Functional Diagram

AN AT&T PRODUCT
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tected (on the order of 1 amp), an on-chip fusing
component will open, protecting your electronic
circuits.
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PIN CONFIGURATION

Al
B2
cOs

INPUT/QUTPUT o[
PINS
e

FO

4
5
6
G|;7
8
9

GND

16
15
14
13
12
1
10

V+
1A
(18
1 c
1o
NE
1 F
niel
O H

COMPLEMENTARY INPUT/OUTPUT LEADS MAY BE
INTERCHANGED FOR BIDIRECTIONAL OPERATION.

PIN DESCRIPTION

>

Pin Symbol Description
1-8 Input/Output Input/Output (1/0) pins A through H, respectively. The LB1010 device consists of eight
(A-H) independent protector sections (Figure 1) designated by the letters A through H. Each
protector section has two leads that may be used either as an input terminal or as an
output terminal.
9 GND Circuit common. This pin should be connected to system ground.

10-17 Output/Input Output/Input (O/1) pins H through A, respectively. For reference purposes, pins 1 through

(H-A) 8 are designated as /O pins, while complementary pins 10 through 17 are designated
as O/l pins. Unused I/O and O/l pins may float when not being used.

18 V+

External positive supply voltage pin range is 2.5 to 7.0 volts.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range Oto +70 °C
Storage Temperature Range —40to +125| °C
Pin Soldering Temperature (soldering, 15 sec) 300 °C
Input Stand-off Voltage (after on-chip fuse opens)* 65 \Y
Input Current Continuous, (each /O and O/l pin) +15 mA
Input Current 1% duty cycle (each 1/0 and O/l pin) +500 mA
Input Current 50% duty cycle (each /O and O/l pin) +50 mA
Voltage (V+ to GND) 7.0 \

* Rating applies from each /O pin to its complementary O/l pin and vice versa.

Stresses in excess of those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those

indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min | Typ | Max | Unit
Ips + Power Supply Current (See Fig. 2) | 6.0 — 22
Igo+ | Positive Breakover Current (1) (See Fig. 5) | 100 — 200
Iso- | Negative Breakover Current (1) (See Fig. 5) | —100 | — - 250 mA
IreL+ | Positive Release Current (2) (See Fig. 6) | 100 - 350
IReL- | Negative Release Current (2) (See Fig. 6) | —75 — —300
IL Leakage Current V+ =3.0V, Vin=0 (See Fig. 3) | — — +1.0
IL Leakage Current V+ =8.0V, Vip=27V  (See Fig. 3) | — — +10 uA
VBo+ | Positive Breakover Voltage V+ =3.0V; I=lgo+ (See Fig. 5) | 3.2 — 4.8
VBo+ | Positive Breakover Voltage V+ =5.0V; I=lgo+ (See Fig. 5) | 5.3 — 6.6
Veo- | Negative Breakover Voltage I=lgo— (See Fig. 5) | —0.3 — -25 v
Von+ | Positive On-state Voltage (See Fig. 5) | 1.0 — 2.0
Von- | Negative On-State Voltage (See Fig. 5) | 0.5 — 2.0
V+ Power Supply Voltage 2.5 — 7.0
R Built in Fuse Resistance (See Fig. 4) | 1.0 25 5.0 Q
CL Line Capacitance V+ =5.0V, ViN=0.3 to 4.7V — 12.0 — pF
R+ Positive ON-State Resistance (See Fig. 5) | — 0.7 — 0
R- Negative ON-State Resistance (See Fig. 5) | — 0.8 —
Tr Fusing Time Isurge=1.0A — 6.0 —_ psec
Notes

1 Breakover current is that value of current applied to the specified pin at which the Breakover Voltage peak occurs

(Figure 7)

2 A bias current, 1% duty cycle force the device into a low impedance on-state condition. Reduce the current (as speci-

fied in the following sentences) and measure the voltage on the pin to which the bias is applied (Figure 8).
The Positive Release Current is recorded when the voltage on the specified pin equals V +.
The Negative Release Current is recorded when the voltate on the specified pin equals zero.
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TEST CIRCUITS

Fig. 2

Fig. 4
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TEST CIRCUITS (Continued)

Fig. 6
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Note 3: This test applies to each I/0O and O/l pin.
4: A ramped bias current (1% duty cycle) is applied to the appropriate I/O or O/l pin. Breakover voltage is measured as the peak
magnitude of voltage which occurs as the bias current is increased in magnitude form zero to value which forces the device into
the low impedance on-state region of its characteristic (Figure 3). Polarity designations should be observed with respect to GND.

CHARACTERISTIC CURVES

Fig. 7 - Symbology For Test Characteristics
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CHARACTERISTIC CURVES (Continued)

Fig. 8 - Release Current Characteristics
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Fig. 9 - Typical Operating Characteristics
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CHARACTERISTIC CURVES (Continued)

Fig. 11 - Typical Fusing Characteristics

* T T T T 177 T T T T T7TTT

—

SURGE CURRENT (A)
S

TTTTT

FUSING TIME (us)

Fig. 12 - Octal Line Protector Application Diagram

APPLICATION

Figure 5 illustrates the connection for line protec-
tion applications. No additional circuitry is needed
with the LB1010 other than an 0.1xF ceramic by-
pass capacitor as close as possible between devi-
ce leads 9 and 18.

The threshold reference circuit sets the potential
above which the positve/negative clamps (see Fi-
gure 1) will begin to clamp the data lines. Since
the threshold voltage is a function of the external
power supply voltage, this device can be used with
a variety of logic families up to 7 volts.

If the resulting line current, during a clamped con-
dition, exceeds the values shown in Figure 4 the
associated on-chip fuse will “‘open’’, permanently
disconnecting the affected signal lines until a new
LB1010 is installed. The maximum voltage which
may be applied to an ““‘open’’ input line is 65 volts.
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PRELIMINARY DATA

BATTERY FEED

e BASIC BATTERY FEED FUNCTION AT A
LOW COST

e HIGH AC IMPEDANCE CHARACTERISTICS
FOR BALANCED LINE, DIFFERENTIAL-
MODE, VOICE-BAND SIGNALS

e FULL INTERNAL LIGHTNING SURGE
PROTECTION UP TO 4 AMPS.

e DC VOLTAGE DROPS CAN BE ADJUSTED
TO ACCOMODATE DIFFERENT PEAK
SIGNAL LEVELS

The LB1011 is an electronic battery feed circuit
which supplies DC currents to a telephone line with
minimal loading on the AC signals. The LB1011 is
integrated as two complementary chips to supply
DC currents of both negative and positive polari-

Fig. 1 - Functional Diagram

AN AT&T PRODUCT

Minidip-A Plastic

ORDERING NUMBER: LB1011AB

ties to either balanced or unbalanced lines. In the
balanced line application, this device helps to sup-
press undesirable common-mode signals.
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PIN CONFIGURATION

V+ 01 8 v-
ccp 2 700 CCN
TAPP [ 3 6[J TAPN
TIP 4 5[ RING
PIN DESCRIPTION
Pin Name Description
1 V+ This pin connects to the “‘most positive” external power supply (in some cases

this is ground) through an external resistor. This external resistor is a factor in
determining the amount of current which will be supplied by the ‘‘Positive Line
Feed” output.

2 CCP “‘Cross-Coupling”, Positive and Negative respectively. A capacitor between the-
7 CCN se two pins (for balanced line applications) creates a high AC impedance bet-
ween TIP and RING. Since full Tip-to-Ring voltage appears across these pins,
it is recommended that a 1k ohm resistor be placed in series with the cross-
coupling capacitor for surge protection purposes.

Unbalanced line applications should connect the cross-coupling capacitor to
ground so that the common-mode impedance of the output is greatly in-

creased.

3 TAPP Resistor tap pins. These terminals are used to adjust the “DC VOLTAGE

6 TAPN DROP” across the ‘‘Positive Line Feed” and the ‘‘Negative Line Feed” respec-
tively.

The nominal “DC VOLTAGE DROP” is 3 volts when no resistors are connec-
ted between pins 2-to-3 or pins 6-to-7 respectively. A short circuit between the-
se same pins will produce a nominal voltage drop of 4 volts. Resistors
connected between these pins will produce voltage drops varying between 3
and 4 volts.

A higher “DC VOLTAGE DROP” (greater than 3 volts) may be desirable for
high operating temperatures, or when the peak value of the AC signals exceed

2.5 volts.
4 TIP Output of the ““Positive Line Feed Supply”.
5 RING Output of the “Negative Line Feed Supply”.
8 V- This pin connects to the ‘‘most negative”” external power supply through an ex-

ternal resistor. This external resistor is a factor in determining the amount of
current which will be supplied by the ‘“Negative Line Feed’’ output.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range —-20to + 70| °C
Storage Temperature Range -40to +125| °C
Pin Soldering Temperature (t=15 sec.) 300 °C
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ELECTRICAL CHARACTERISTICS: (Ta=25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
DC Voltage Drop, Positive Line Feed ly 4 =50mA (See Fig. 3) | 2.50 — 3.50 \
DC Voltage Drop, Positive Line Feed, ly+ =50mA (See Fig. 4) | 3.75 — 4.85 \
High-Level Mode TAPP shorted to CCP
DC Voltage Drop, Negative Line Feed ly_ = —50mA (See Fig. 3) | —2.50| - -3.50
DC Voltage Drop, Negative Line Feed, ly_ = —50mA (See Fig. 4) | -3.60| - —4.00
High — Level Mode TAPN shorted to CCN
Shunt Impedance (See Fig. 14) 18 — — KQ
Common Mode (Longitudinal) Rejection - | Vy=1.0 Vrms, f=1kHz (See Fig. 12) | 45 - - dB
RP1=RNT1 (see fig. 5)
Common Mode (Longitudinal) Rejection, | TAP shorted to CC (See Fig. 12) | 45 — — dB
High-Level Mode ViN=1.0 Vrms, f=1kHz
RP1=RN1 (see fig. 5)

Distortion V(TIP to RING)=1.0 Vrms(See Fig. 13) — — 2.0 %
Distortion, High-Level-Mode TAP shorted to CC (See Fig. 13) — — 2.0 %
V(TIP to RING)=2.0 Vrms

TEST SPECIFICATION (Ta=25°C unless otherwise specified)

Symbol Parameter Test Conditions Min Max Unit
Vgep | PNP Base-Emitter Voltage Ipnp =50mA (See Fig. 2) | -2.0 -1.0 \Y
AVggp | PNP Base-Emitter Voltage Change (See Fig. 2)

AVgp = Vgep(100mA)-Vgep(50mA) —250 -25 mV
Veen | NPN Base-Emitter Voltage INpN =50mA (See Fig. 2) 1.2 2.0 \
AVgeNn | PNP Base-Emitter Voltage Change (See Fig. 2)
AVgEeN = VeN(100mA)-VgeN(50mA) +25 +250 mV
Vcep | PNP Collector-Emitter Voltage (See Fig. 3) 2.5 3.5
Vcen | NPN Collector-Emitter Voltage (See Fig. 3) | —-3.5 -25
Ver BF Total Volts Iy =50mA (See Fig. 4) 5.0 6.8
S1, S2 Open
AVgg | BF Total Voltage Difference 11 =100mA (See Fig. 4)
S1, S2 Open
AVgg = Vgp(100mA)-Vge(50mA) —-400 +600 mV
Veg BF Total Volts (High Level Mode) Iy =50mA (See Fig. 4) 7.2 9.4 \
S1, S2 Closed
AVgpg | BF Total Voltage Difference (High I =100mA (See Fig. 4) | —400 +600 mV
Level Mode) S1, S2 Closed
AVgg = Vgg(100mA)-Vgr(50mA)
Vg Forward Voltage IT=200mA (See Fig. 5) — 1.4 \
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min Max Unit
Vg Forward Voltage IT=200mA (See Fig. 6) — 1.4
IT=75mA (See Fig. 7) — 1.4
It =75mA (See Fig. 8) — 1.4
lT=75mA (See Fig. 9) — 1.4
It =75mA (See Fig. 10) — 1.4 \"
Veo PNPN Breakdown Voltage It =35mA (See Fig. 5) -10 -8
Vg PNPN Sustain Voltage IT=200mA S1 Closed (See Fig. 6) -5 -2
Vgo | PNPN Breakdown Voltage It=—35mA S1 Closed (See Fig. 6) -10 -8
Vg PNPN Sustain Voltage IT—200mA S1 Closed (See Fig. 6) -5 -2
Zg Shunt Impedance S1, S2 Open (See Fig. 11)
Zg(in ohms)=100/V)(in volt) 18 — KQ
Zs Shunt Impedance S1, S2 Closed (See Fig. 11)
Zg(in ohms)=100/V)(in volt) 18 — KQ
Lg Longitudinal Balance S1, S2 open (See Fig. 12)
Lg =Log[Vm/V|N] (in dB) ~45 — dB
Lg Longitudinal Balance S1, S2 Closed (See Fig. 12)
Lg =Log[Vm/V|N] (in dB) -45 — dB
THp | Distorsion Test S1, S2 Open V|y=1V rms — 2 %
(See Fig. 13)
THD Distorsion High S1, S2 Closed V|y=2V rms — 2 %
(See Fig. 13)
TEST CIRCUITS
Fig. 2 Fig. 3
50 mA > S50 MA___g
VBep VBN )
1 ° L ‘ O Pl
0 0 O 1
3 6 3
IeNP E D INPN VCEN E D VCEN
4 5 1 4 j_‘
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TEST CIRCUITS (Continued)
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TEST CIRCUITS (Continued)
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Fig. 14
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SURGE PROTECTION CHARACTERISTICS

Internal surge protection circuitry (see Figure 1) in
conjunction with external resistors, provides pro-
tection against forward voltage surges. Reverse
surges are dissipated through large internal dio-
des bridged across each ‘““Line Feed’’ section.

Forward surge protection consists of a composite
PNPN device. This composite PNPN device can

withstand surges as shown in Figure 15. It has a
breakover point (Vgo) of about 9 volts as shown
in Figure 16. After breakover, the output is clam-
ped at less than 2 volts as long as the surge sour-
ce supplies more than 150 mA. When the surge
source drops below 150 mA, the PNPN device re-
covers and normal operation resumes.

Fig. 15 - Maximum Applied Forward Surge Limits (PNPN Composite Device)
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Fig. 16 - Typical Voltage vs Current (PNPN Composite)
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APPLICATION

Figure 17 shows the LB1011 in a balanced line con-
figuration. The complementary Positive and Nega-
tive Line Feeds are capacitively cross-coupled.
Differential signals on the balanced line (TIP-RING)
do not disturb the AC ground at the center of the
cross-coupled connection. Therefore, both circuits
act as constant current sources which present a
high shunt impedance of approximately 50K ohms.
The cross coupling does not affect feedback for ei-
ther DC or common-mode signals. Therefore, for
common-mode noise, the two complementary po-
wer supplies act as low impedance paths to ground
through the resistors connected to V+ and V —.
Common-mode rejection depends on the degree
of matching between resistors RP1 and RN1.
Figure 18 illustrates the LB1011 in a single-ended
configuration in which it exhibits a very low DC im-
pedance and a very high AC impedance. In some
applications, where DC current needs to flow and

AC Current should be blocked, this LB1011 confi-
guration can replace an inductor. It does not, ho-
wever, have the phase and amplitude vs frequency
characteristics of a true inductor or RL network. The
TAPP connection (pin 2) permits an external resi-
stor (RTAP) to change the “‘DC Voltage Drop” (see
Figure 1). RTAP can be selected to raise the vol-
tage from 3V (normal operating value) to as high
as 4V. This voltage may be desirable for high ope-
rating temperature, or if the peak voltage of the AC
signal exceeds 2.5V.

Since the “‘DC Voltage Drop”’ is relatively constant,
the current supplied to the line is controlled by the
supply voltage, the external resistor to the supply,
and the resistance shunting the line. For AC si-
gnals, however, the capacitively-coupled *‘ground”
causes the LB1011 to operate as a constant-current
source with an impedance of approximately 25
Kohms.
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Fig. 17 - LB1011 Battery Feed Application Diagram (Balanced Configuration)
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PRELIMINARY DATA

BATTERY FEED

e CAN DRIVE LOOP LENGTHS
UP TO 1300 OHMS

¢ COMMON-MODE REJECTION
(LONGITUDINAL BALANCE) BETTER THAN
60 dB.

o LONGITUDINAL BALANCE AND AMPLIFIER
GAINS ARE LASER TRIMMED

e TTL COMPATIBLE “HOOK STATUS”
INDICATOR

e PROPER LINE MATCHING CAN BE
PROVIDED WITH A 50:1 SCALED )
NETWORK; IE., 30K OHMS PROVIDES A
600 OHM TERMINATION

e SOON AVAILABLE IN MULTIWATT 15
e 18-PIN PLASTIC POWER DIP

The LB1012 is an electronic battery feed circuit
which supplies a controlled DC current to the Tip-

Fig. 1 - Functional Diagram

AN AT&T PRODUCT

DIP-18 A Plastic

ORDERING NUMBER: LB1012AD

Ring pair of a telephone system. The battery feed
circuitry presents a low impedance to DC, while
presenting a high impedance to AC signals. This
device contains input and output ports for voice-
frequency signals, and a hook status output signal.
The hook status output can be connected to an ap-
propriate LED indicator or to a microprocessor.

RESISTOR

10 uF
= ™ cE
voC ouT MATCHING

LOOP LENGTH

7 K FEEDBACK

A= 10
400 4A COMPENSATION 5 k| RECEIVE
CURRENT SIGNAL
! 10 k)
vTOl ——o [ 9 oP-AMP
CONV.

EXTERNAL
SECONDARY PROTECTION

STABILIZATION NETWORK

ilr

PRECISION
CURRENT
SENSOR

INTERNAL
REFERENCE |

| ERROR
SIGNAL

|
TIP !

i DRIVER TS |-
_|_ i sense |
AmP |
|

100 ki2 20 pF -
vz T

R

HOOK
STATUS

O
TELEPHONE
LooP

I ——

VREF ‘I
0.1

F

e

FEEDBACK

100 ki
20 pF
Pro=
100
+ RING SENSE
AMP

R |

¥ DENOTES SYSTEM
GROUND

11
MIRROR
.
SUBSTRATE

-48 v

119



PIN CONFIGURATION

PIN DESCRIPTION

HOOK STATUS 18

17

[TIAC IN
[1vDC ouT
[1VAC OUT
O v-

v-

0 v-

O] TIP DRIVE
] TIP SENSE
[1AC GND

16
15
14
13
12
1
10

v-O

RING DRIVE (]
RING SENSE [
DC GND ]

ey

Pin Name

Description

1 HOOK STATUS

Hook status output. When DC loop current exceeds 14mA, this terminal sinks
1mA to ground and requires an external 5K pull-up resistor to +5 volts for TTL
compatibility. Logic HIGH indicates an “‘on-hook’ condition, while logic LOW
indicates an ‘“‘off-hook” condition.

2 VREF

This pin is an output from an internal reference voltage (approximately one-half
of the V- voltage). A by-pass capacitor should be connected from this pin to
signal ground to maximize power supply rejection characteristics.

No connection. This pin should not be used as an external tie point.

4,5
6,13
14,15

V-

The most negative external supply voltage is connected to these pins. Pins 4,
5 and 6 are physically connected together with a large metal area internal to
the package. This same statement is true for pins 13, 14 and 15. All of these
pins should be connected to the external V— supply and to a large plated area
on its printed circuit board for heat dissipation.

7 RING DRIVE

Output of Ring Drive Amplifier (RD). A protective resistor should go between
this pin and the RING side of the active load (see Figure 1).

8 RING SENSE

Input to Ring Sense Amplifier (RS). This pin should be connected through a re-
sistor to the RING side of the active load (see Figure 1). The separation of
RING DRIVE and RING SENSE allows the use of a low-cost protective RC net-
work (RP1 thru RP4 in Figure 1).

9 DC GND

High-current DC ground. This is the main source of TIP DC current. This pin
connects directly to system ground. This pin is the most positive power supply
connection.

10 AC GND

AC (signal) ground. All signal by-pass capacitors and the hybrid/CODEC
ground should be connected directly to this pin. This AC GND pin should be
connected directly to the DC GND pin.

1 TIP SENSE

Input to Tip Sense Amplifier (TS). This pin should be connected through a resi-
stor to the TIP side of the active load (Figure 1). The separation of TIP DRIVE

and TIP SENSE allows the use of a low-cost protective RC network (RP1-RP4

in Figure 1).

12 TIP DRIVE

Output of Tip Drive Amplifier (TD). A protective resistor should go between this
pin and the TIP side of the active load (Figure 1).

16 VAC OUT

Low impedance output of op-amp (see Figure 1). A differential Tip-Ring signal
input is converted to a single-ended output and is referenced to signal ground.
This AC signal is — 0.5 times (AC voltage from Tip-to-Ring). The DC bias on
this pin is —3 volts. This pin requires a DC blocking capacitor.
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PIN DESCRIPTION (Continued)

Pin Name Description

17 VDC OUT This pin is an output from a loop length compensation path. A by-pass capaci-
tor must be connected from this pin to signal ground so that a ““DC only si-
gnal” is present in the loop length compensation path.

The voltage on this pin is directly proportional to loop length (approximately
0.05 of the DC voltage from Tip-to-Ring). This pin could be used to control op-
tional loop length functions.

18 IAC IN This is the primary AC input signal (very low impedance) from the hybrid. It re-
quires a DC voltage blocking capacitor. The DC bias on this pin is —1.35 volts.
The maximum AC signal is 40 pArms. This produces a signal level of approxi-
mately +7dBm in a 600 ohm loop, without causing signal clipping. The AC
component of Tip-to-Ring signal current is 100 times (IAC IN signal).

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range 0to + 70 °C
Storage Temperature Range —40to +125/ °C
Pin Soldering Temperature (t=15 sec.) 300 °C
Power Dissipation (see Outline Drawing) * 2.0 w
Voltage (GND to V—) 52 \Y
Voltage (HOOK STATUS to V—) 57.5 %
Current (TIP DRIVE) 50 mA

Stresses in excess of those listed under ‘“Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

* Care in mounting and proper environment conditions are required to keep the operating temperature acceptably low.
The package of this device has a thermal resistance of approximately 12 C/W to its mounting plane. The remainder
of its environment (thermal resistance of wiring board mounting plane to ambient) should not exceed an additional
30 C/W. Forced air circulation over the IC or high thermal conducivity wiring boards may be needed.

Thermal impedance between the package and the connecting mounting path may be minimized by connecting the
V — pins to as large a thermal conductive land area as is practical to place on the mounting board. See the V — pin
description for additional information.
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ELECTRICAL CHARACTERISTICS: (Ta +25°C unless otherwise specified, default test circuit is in
Fig. 2)

Parameter Test Conditions Min Max | Unit
Power Supply Current (OFF-HOOK) V- =-531t0 —60V (Rioop=275 Q) (See Fig. 4) | 44 49.5
Power Supply Current (ON-HOOK) Loop = Open Circuit (See Fig. 2) | — 3.5
Ringing Current Capability RING Lead Open (See Fig. 4) | 100 —
TIP Current for Power Gate Threshold (See Fig. 7) | 3.0 8.0
Loop Current for Hook Status Threshold | (Loop =500 Q) (See Fig. 8) 10 18 mA
Loop Current 150Q (See Fig. 6) | 38.3 | 41.3
5000 (See Fig. 4) | 385 | 415
8000 (See Fig. 4) | 30.5 | 345
1.3000 (See Fig. 4) | 19 23
Transmit Loop Current Gain IAC IN to TIP-RING (See Fig. 9) | 95.5 | 101
Receive Voltage Gain TIP-RING to VAC OUT (See Fig. 9) | 0.476 | 0.506
Longitudinal Balance lcoMMON MODE <10mA (See Fig. 9) 60 — B
Power Supply Rejection Loop = 400Q (See Fig. 6) | 53 —
Noise Voltage TIP, RING Loop = 5000 (See Fig. 15) | — 8.0 |dBmC
IAC IN Input Resistance (See Fig. 10) | — 100
VAC OUT Output Resistance With 2.0 kQ between VAC OUT & GND — 50 Q
(See Fig. 13)
Longitudinal Resistance (See Fig. 14) 50 100
TIP-RING Shunt Resistance AlLoop =150 - 4000 (See Fig. 12) | 30 — kQ
IAC IN-Input Current Maximum Without Clipping (See Fig. 9) | 100 — | uAPP
VAC OUT Output Voltage (See Fig. 6) | 3.0 — VPP
TEST SPECIFICATION
Symbol Parameter Test Conditions Min Max Unit
Vg =53V unless otherwise stated
AVgg |Tip-Ring Voltage Balance Measure Vg.g at Rjgag =400Q2 and — +75 mV
Rioad =275Q. Let AVgg =the
difference of these two readings
(See Fig. 3)
Ips Power Supply Current Measure current in VS power —43 —49.5
supply lead Rjgop =2750 (See Fig. 4)
Ips 60 V Power Supply Current Measure current in VS power -43 —49.5 mA
supply lead Rjoop=2750 VS =60V
(See Fig. 4)
Ips On-Hook Poewr Supply Current |Measure current in VS -0.2 -35
power supply lead (See Fig. 2)
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min Max Unit
Vg =53V unless otherwise stated
Vea |Vrip+VRing Rioop = 4002 (See Fig. 3)| —262 | —28.3
2
Vem | VcoMMON-MODE Rioop = 4000 (See Fig. 3)| -26.2 | —28.3 \
AV Longitudinal Loop Error RLoop =400Q (See Fig. 3) — +1.0
Va,g |Input Voltage Open VS power supply lead (See Fig. 5)| 390 470 mV
Vag |Bandgap Voltage Rioad = 1502 Vom = 26.5V (See Fig. 5)| —-1.2 —-1.48
V1.r |Tip-Ring Voltage Rioad = 1502 Vom =26.5V (See Fig. 6)| 5.75 6.2
Vig,c |VAC Out DC Level VoM = —26.5V Rjgaq = 1502 (See Fig. 6)| -2 -4
Vie,g |VAC Out DC Level Vom= —26.5V Rjgag = 5000 (See Fig. 6)| -2 -4 v
AV |VAC Out DC Shift Veom= —26.5V, R poap =5002 (See Fig. 6) — +0.4
Vi6,G |Vag,gnD Power Gate OFF  |lrjp=3mA (See Fig. 7) 0 -1
V16, |Vac, cnp Power Gate ON | lyjp=8mA (See Fig. 7) — -5
Vs |Hook Status OFF Voltage Set Ippy so that I =11mA (See Fig. 8) 4 5
VHs [Hook Status ON Voltage Set Ippy so that I =19mA (See Fig. 8) — +0.2
A Current Gain, Iac (iN) 0 lioop [Measure V1.5 at |a= +0.05mA, —0.05mA 95.5 101 dB
_ AVr.p/5000
=0 1mA (See Fig. 9)
Ay |Voltage gain, V1. to Vpoc  |Measure V1.g and Vac at 0.476 0.505 —
la= +0.05mA and at |5 = —0.05mA.
Ay =AVac/AVT R (See Fig. 9)
AV71.R |lLongitudinal Balance Measure VT.g at Ip= + 10mA, — +25 mV
Ip=—10mA (See Fig. 9)
lioop |Loop Current Rioop = 5000 (See Fig. 4)| 385 415
lloop | Loop Current Rioop = 8000 (See Fig. 4)| 30.5 345 mA
lloop |Loop Current Rjoop = 13000 (See Fig. 4) 19 23
AV Iac Input Resistance Measure Vg at Iac= —504A, — +10 mV
+50pA and compute difference(See Fig. 10)
Vt1.g |Tip-Ring Current Capability |ltjp=100mA for 0.5 seconds minimum -12 -25 \
(See Fig. 11)
AVT.g |Tip-Ring Voltage Change Veom =26.5V Measure V1.g at 150Q — +20 mV
and at 400Q and calculate difference
(See Fig. 12)
Rac |AC Out Source Resistance |Measure Vac at Ryac open and at — 50 Q
RVAC=2000Q. Then:
2000(V[open] — V[2000])
AC= V[2000] (See Fig. 13)
AVT.g |Power Supply Rejection Rioad =400Q. Measure V.G at — +20 mv
Vg=—-53V, Vo= —26.5V and at
Vg= —45V, Vo= —22.5V (See Fig. 6)
AVT.g |Longitudinal Resistance Measure VT.g at Ip= +10mA and at -1 -2 )
Ip=—10mA, and calculate difference
(See Fig. 14)
Noise |Short Loop Noise Rioag =500Q (See Fig. 15) — 8 4B
Noise |Long Loop Noise Rioaq = 10000 (See Fig. 15)] — 25.0 me
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TEST CIRCUITS

Fig. 2 - Basic Test Circuit
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TEST CIRCUITS (Continued)

Fig. 5
l 100A
V(A,gnd)
Hs GND
IAC
1KQ
VAC ™
vDe
RING
veM
Fig. 7
9KQ T KTIP)
V(AC) HS GND T
IAC
I 1KQ
VAC ™
vDC
RING |—
veM

Fig. 6
|_ V(T-G) —p)
HS GND
IAC y
VAC P _l sy
V(16,Gnd)
Rload)
. [
V(A,g)
RING
VCM _-—I
_[- V(M)
Fig. 8
5.11KQ
.
50V
I: V(HS)T
HS GND
IAC
IADD VAC
TIP
1)
] 500Q
vDC
RING
VCM l_




TEST CIRCUITS (Continued)

Fig. 9
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TEST CIRCUITS (Continued)

Fig. 12 Fig. 13
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CHARACTERISTIC CURVES

Fig. 16 - Typical Loop Current versus
Loop Resistance
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FUNCTIONAL DESCRIPTION -
(see Figures 1, 18 and Note 1):

The LB1012 Battery Feed device supplies a con-
trolled DC current from its own external V — power
supply to a customer loop Tip-Ring pair (40 mA on
loops up to approximately 600 ohms, decreasing
to approximately 21 mA for 1300 ohm loops). Two
precisely trimmed audio interface ports are provi-
de: IAC IN, with a current gain of 100 to the Tip-
Ring pair and the “TIP SENSE-to-RING SENSE”’
input with a voltage gain of —0.50 to VAC OUT.
These gains make it possible to control the loop
termination with impedances scaled 50-to-1 (i.e.,
30K ohms connected between VAC OUT and IAC
IN looks like 600 ohms across Tip-to-Ring) as
shown in Figure 18. A common-mode cancellation
feature provides 75 ohms loading for common-
mode Tip-Ring currents, with peak values less than
the loop currents.

The LB1012 features very good ‘‘common-mode
to differential’’ signal rejection (and vice versa),
high Tip-to-Ring termination impedance and good

Note 1:

Fig. 17 - Typical Power Dissipations versus Loop
Resistance
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power supply noise rejection. Internal thermal shut-
down circuitry protects against overload currents.
An ON-CHIP over temperature protection circuit
temporarily shunts down circuit operation at a ca-
se temperature of 112°C.

Lightning surge protection is acheived with ester-
nal diodes and resistors (see Applications). The po-
wer gating circuitry is designed to minimize
“‘on-hook’’ current down. The TIP-DRIVE output
provides ‘‘ringing Current” capability when the
RING DRIVE output is opencircuited. Both TIP DRI-
VE and RING DRIVE are clamped to their respec-
tive power supplies while “‘on-hook’’.

The LB1012 is designed for use with supply volta-
ges of +5 volts, ground and a negative voltage sup-
ply (V-). The device is tested at V— values
between —52 and —60 volts, can work at volta-
ges as low as — 30 volts (provided the loop resi-
stance is low enough to prevent signals clipping).

Common-mode signals are frequently referred to as ‘‘longitudinal’’ in the telephone industry. Likewise, differential volta-

ges are frequently referred to as ‘‘metallic”’ voltages.




APPLICATION:

Each LB1012 Battery Feed integrated circuit feeds
an individual customer loop. It moderates the flow
of DC current from its external V — power supply
to the loop system. Simultaneous to supplying the
DC current, it serves as a signal path between the
hybrid (input/output in Central Office) and the cu-
stomer loop system (input/output to a telephone
set). The LB1012 must respond to ‘‘ringing signals”
and to “‘off-hook’ conditions. Moreover, since the
battery feed circuit must work in a potentially harsh
environment (due to power line crossing and light-
ning surges), there must be some protective pro-
visions for the possibility of overvoltage.

Figure 18 showns a method for correctly connec-
ting the LB1012 device to the Tip and Ring con-
nections of a telephone loop system. Careful
grounding procedures will assure good common-
mode and power supply noise rejection characte-
ristics. The AC GND pin should be connected di-

Fig. 18 - LB1012 Battery Feed Application Diagram

rectly to the DC GND pin, while all by-pass capa-
citors should be connected directly to signal ground
(AC GND).

A R-C network (RS1 and RS2) should be placed
between TIP DRIVE ad RING DRIVE, while a ca-
pacitor (CS2) should be placed between TIP SEN-
SE and RING SENSE. This assures stable
operation under widely varying load conditions.
An external network of 4 resistors (RP1 through
RP4) and 4 surge protection diodes (D1 through
D4) are required to protect the LB1012 device
against electrical transients, including lightning sur-
ges. The 4 diodes connected between Tip, Ring,
system ground and V — must be able to withstand
secondary lightning surges (15 amps peak, 10usec
risetime, 1000 usec decay to half-peak amplitude).
The resistor on the HOOK STATUS pin and the ca-
pacitors on IAC IN, VAC OUT and VREF have al-
ready been discussed under Pin Description.
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PRELIMINARY DATA

85V DUAL OP-AMP

e OPERATES FROM 5 TO 85V
e BIAS IS SET EXTERNALLY

o AUDIO BAND OPERATION; TYPICAL ft=2 MHz
gain=60 db at 3 kHz

e HANDLES OUTPUT CURRENT OF UP TO 40
mA

e DUAL OR SINGLE POWER SUPPLY
OPERATION

The LB1013 HIGH-VOLTAGE OP-AMP operates off
of a single power supply from 5 to 85 volts. The
amplifiers are internally compensated and are de-
signed to operate in the audio band. This devi-

AN AT&T PRODUCT

DIP-18 A Plastic

ORDERING NUMBER: LB1013AD

ce is powered up with a 40 xA current supplied to
the IBIAS pin.

Fig. 1 - High Voltage Dual Op-Amp Diagram
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PIN CONFIGURATION

S$-8943
PIN DESCRIPTION
Name Description
V+ There are two basic supply-voltage pins, V+ and V — (although either of these pins can be connec-
V- ted to ground). The more positive supply-voltage is connected to the five pins designated as V +.
The more negative supply-voltage is connected to six pins designated as V —.
Rin(+) These pins are the non-inverting and the inverting inputs respectively for the ‘“R” Amplifier.
Rin(-)
Tin(+) These pins are the non-inverting and the inverting inputs respectively for the “T’’ Amplifier.
Tin(-)
Rout These pins are the Op-Amp outputs for the “‘R” Amplifier and the “T”’ Amplifier respectively.
Tour
IBIAS A current source or suitable value resistor to V— can be connected to this pin. A negative current

flow must be present before the device becomes operational.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range —-20to +70| °C
Storage Temperature Range —40to +125| °C
Pin Temperature (Soldering Time =15 sec.) 300 °C
Power Dissipation (see note under Outline Drawing) 2 w
Voltage (V+ to V-) 85 \

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (TA=25 C, V+ =25V,V- =25V, IBIAS connects through
1.25MQ to V — unless otherwise specified)

Parameter Test Condition Min. | Typ. | Max. | Unit

Open Loop Gain f=100 Hz 75 — — dB

f=1 KHz 55 —_ —_ dB
Input Offset Voltage — — +5.0 | mV
Input Current — — +1.0| pA
(Inverting and Non-Inverting Pins)
Input Offset Current — — +£1.0 | pA
Common Mode Rejection Ratio V- =-30V, Vopm="+£20V 80 — — dB
Output Voltage Swing (“T” Amplifier) V+ =38V; V- = -38V

Non-Inverting Input=GND; R|_ = 1kQ

AV (Inverting Input= +0.5V)

VHIGH — — | 368

Viow — — 34.6 v
Output Voltage Swing (‘R Amplifier) V+ =38V; V- = -38V

Non-Inverting Input = GND; R = 1kQ

AV (Inverting Input= +0.5V)

VHIGH — —_ 36.0

Viow — — 34.6
Power Supply Currents (Amplifiers Test Circuit (See Figure 2)
activated under no-load conditions) V+ =425V; V- = -425V

v+ — — 1.1

Iy — | = || ™A
Power Supply Leakage Current Test Circuit (See Figure 2)
(Amplifier Off) V+ =35V; V- = —35V; IBIAS = (open)

v+ — — +10

ly - —_ —_ +10 #A
Output Leakage Currents (Amplifier Off) | Test Circuit (See Figure 3)

V+ =35V; V- = —35V IBIAS = (open)

VioaAD = +30V — — +10 A

Vioap= —30V . — +10 K
Tout to V+ Fault Current Vioap= +35V| 41 — 47

Test Circuit
Tourt to V— Fault Current (See Figure 4) Vioap=—-35V| —41 — —47
Rour to V+ Fault Current :/"'1 ;(;35V1 V—=-35Vil v, oap= +35V| 41 - 47 mA

=100ms

Rout to V— Fault Current Vioap= —-35V| —41 — -47




Fig. 2 - Power Supply Current, Test Circuit

(For This test, connect both op-amps as shown above)

Fig. 3 - Output Leakage Current, Test Circuit
(The current through this 10 K resistor is the
“Leakage Current”’)
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Fig. 4 - Fault Current Test Circuit

APPLICATION

53.6KN

—OV10aD

The simplified schermatic shown below illustrates
an application as a transconductance amplifier for
telephone line drive applications. Other applica-
tions include high voltage/power voltage followers,
audio amplifiers and circuits where high-voltage,
high-power op-amp capability are required.

The equations relating to the circuit shown below
are as follows:

For R1 & R2 > > R3
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oo Vc+Vp R2
RT""R1T " Rs
Fig. 5 - Simplified Line Feed Operation
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PRELIMINARY DATA

AN AT&T PRODUCT

HIGH-SPEED DUAL ANALOG SWITCH

o LOW “ON” RESISTANCE (9 TO 15 OHMS)
FOR SIGNAL UP TO =4V AND 100kHz

e CHARACTERIZED FOR THE AUDIO
RANGE; CAPABLE OF HANDLING SMALL-
SIGNAL ANALOG INPUTS TO THE MHz
RANGE

e SWITCHING TIME <50 NSEC
e +4V COMMON-MODE RANGE
e LOW INJECTED CHARGE (<50 pC)

e HIGH OPEN-SWITCH ISOLATION (- 70 dB)
AT 1.0 kHz

e LOW LEAKAGE CURRENT (<100 nA) in
“OFF” STATE

e LOW CROSS-TALK (-50 dB) BETWEEN
SWITCHES

o LOW HARMONIC DISTORSION

e SWITCHES HAVE SINK/SOURCE CURRENT
CAPABILITIES GREATER THAN 16 mA.

o LOW FEEDTHROUGH CAPACITANCE
(<0.3 pF).

Fig. 1 - Functional Diagram

DIP-16 A Plastic

ORDERING NUMBER: LB1017AC

The LB1017 high-speed analog switch contains two
channels in one package. Each channel consists
of a driver circuit controlling a SPST switch. The
drivers interface with TTL logic input signals for ap-
plications such as multiplexing, commutating and
D/A converter applications. These drivers enable
a low-level input (0.8 to 2.0 volts) to control the ON-
OFF condition of each switch. In the ON state, each
switch will conduct equally well in either direction.
In the OFF state, the switch will block voltages up
to +5V. Positive logic ‘1’ will turn each switch ON,
and logic ‘0" will turn it OFF.

INA

INB

16
SWaA1 Logic | Switch
111 ON
14
ﬁ—— SWA2 000
001
9 010
swe1 011 | OFF
100
101
"
L——— SwWB2 110
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PIN CONFIGURATION

INAT (] 1 16 [J SWA1
INA2(] 2 15 {J COMMON
INA3[] 3 14 [J swA2
Nc[] e 13 [ COMMON
v+ Os 12 Jv-
INB1 [ 6 11 JswB2
INB2[] 7 10 [] COMMON
INB3[] 8 9 [ sws1
PIN DESCRIPTION
Pin Name Description
1 INA1 TTL compatible logic input pins for switching channels “‘A”” and ‘B’ respecti-
2 INA2 vely (see Figure 1). A channel switch is normally closed if all of its inputs are
3 INA3 logic HIGH. A logic LOW on any input pin will open the switch.
6 INB1
7 INB2
8 INB3
4 NC No connection. This pin should not be used as a tie point for external circuitry.
5 V+ Connection for ‘“most positive’’ external power supply.
9 SWB1 One side of the switch output (designated as side number 1) for channels “‘B”
16 SWA1 and “A” respectively.
10 COMMON Ground or circuit common (not necessarily physical or system ground). All of
13 these pins should be externally connected to one common point.
15
11 SwB2 One side of the switch output (designated as side number 2) for channels “B”
14 SWA2 and “‘A” respectively.
12 V- Connection for ‘“‘most negative’ external power supply.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range Oto + 70 °C
Storage Temperature Range —-40to +125| °C
Pin Soldering Temperature (t=15 sec.) 300 °C
Supply Voltage (V+ to COMMON) 9.5 Vv
Supply Voltage (V- to COMMON) -95 . \
Switch Voltages (SWA or SWB to COMMON) +5.0 Vv
Input Voltages (INA or INB to COMMON) +5.5 Vv

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (Each Channel): TA=25°C, V+ =9V, V~ = -9V, Vjy=Pins 1, 2, 3,

6,7 and 8
Parameter Test Conditions Min | Typ | Max | Unit
Switch ON Resistance ViN=2.4V, Vgw1=Vsw2=0, f=1KHz 9 — 15 Q
(See Fig. 3)
Switch Leakage Current, ON Condition | V|y=2.4V, Vgwi=Vsw2=0(SeeFig.4) | — — +1.5| mA
ViN=2.4V, Vswi=Vswz2= -5V
ViN=2.4V, Vswi=Vswa= +5V
Switch Source Current ViN=2.4V, Vgw1 =15V, Vgwo=0 -16 — -30 | mA
(See Fig. 5)
Switch Sink Current ViN=2.4V, Vgwi=—1.5V, Vg =0 16 — 30 mA
(See Fig. 5)
Logic Input Current “HIGH” ViN=5.5V (See Fig. 6) | — — 1 A
Logic Input Current “LOW” Vin=0.4V (See Fig. 6) | —0.4 —_ -12 | mA
Switch Leakage Current, OFF Condition | Viy=0.8V, Vgwi=+4.5V, Vgwo=—4.5V | — — | +£100| nA
Vin=0.8V, Vgwi=—-4.5V, Vgwo=+4.5V
(See Fig. 7)
Positive Supply Current Switch in OFF Condition (See Fig. 8) | — 7.7 13 mA
Negative Supply Current Switch in OFF Condition (See Fig. 8) | — -3 -10 | mA
Positive Power Supply Rejection Ratio (See Fig. 9) | 38 — — dB
~Negative Power Supply Rejection Ratio (See Fig. 10) | 38 - — dB
Switch OFF Isolation Vin=0.4V; (See Fig. 11) | —-70 — — dB
Crosstalk Between Switches ViN=2.4V; (See Fig. 12) | —50 — — dB
Second Harmonic Distorsion Vin =2.4V; VgoyRce =250mVrms
at 1KHz; (See Fig. 13 and Note 2) | — — 250 |pVrms
Third Harmonic Distorsion VIN=2.4V; VgouRce =250mVrms
at 1KHz; (See Fig. 13 and Note 3) | — — 140 |pVrms
Switch Offset Voltage, No load Vin (Pins 2, 7, 1 and 8)=2.4V
(See Note 3) | V| (Pins 3 and 6) = Pulsed (See Note 4)
Vggr= -5V — — +25 | mV
Vger=0 — — +25 | mV
Vggr= +5V (See Fig. 14) | — — +25 | mV
Switch Offset Voltage, 400Q load Vin (Pins 2, 7, 1 and 8)=2.4V
(See Note 1) V)N (Pins 3 and 6) = Pulsed (See Note 4)
VgeT= -5V — +165 | +£300 [ mV
VgeT= +5V (See Fig. 16) | — | +165 | £300 | mV

Note 1: The *‘Switch Offset Voltage™ is defined as the difference in voltage (AV =Vgen — VouyT) during the last 200 na-
nonseconds of the positive portion of the pulse described in Note 4.

Note 2: Second harmonic distorsion is defined as the amplitude of a 2KHz signal at Voyt (Vsource = 250mVrms at 1KHz)
Note 3: Third harmonic distorsion is defined as the amplitude of a 3KHz signal at Voyt (VsouRce = 250mVrms at 1KHz)
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SWITCHING CHARACTERISTICS (Each Channel): To=25°C, V+ =9V, V- = -9V, V|y=Pins 1, 2, 3, 6,
7 and 8

Parameter Test Conditions Min Typ | Max | Unit
Turn-on Time ViN (Pins 2, 7, 1, and 8)=2.4V
VN (Pins 3 and 6) = Puised (see Note 4)
Rroap = 4000
Vggr= -5V 20 — 50 ns
VgeT= +5V (See Fig. 16, 17) | 20 — 50
Turn-Off Time Vin (Pins 2, 7, 1 and 8)=2.4V
V)N (Pins 3 and 6) = Pulsed (see Note 4)
RioaDp =400Q
VggT= -5V 10 — 40 ns
VgeT= -5V (See Fig. 16, 17) | 10 — 40
Injected Charge (see Note 5) ViN=2.4V
Vawi= —4.5V — +50 +5
Vawi1=0 — +5 +50 pC
Vawi = +4.5V (See Fig. 15) | — +5 +50

Note 4: Positive pulses with a 400 nsec width and a 2.5 volta amplitude are applied a repetition rate of 60 usec. Rise
and fall times of this applied pulse are <5 nsec.

Note 5: Injected charge is defined as the amount of excess charge transferred to a 1000pF load capacitor (connected
to the SW2 side of each channel switch) during the time interval associated with the turn-off of the switch.

TEST CIRCUITS
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TEST CIRCUITS (Continued)

Fig. 3
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TEST CIRCUITS (Continued)

Fig. 9
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TEST CIRCUITS (Continued)

Fig. 15
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CHARACTERISTIC CURVES (Continued)

Fig. 18 - Typical Offset Voltage vs Common
Mode Voltage
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Fig. 20 - Typical Injected Charge vs Common
Mode Voltage
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Fig. 19 - Typical leakage Current vs Common
Mode Voltage
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Fig. 21 - Typical Power Dissipation vs Duty Cycle
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CHARACTERISTIC CURVES (Continued)

Fig. 22 - Typical Power Supply Ripple Rejection
vs Temperature
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CHARACTERISTIC CURVES (Continued)

Fig. 26 - Typical Switch Offset Voltage
vs Temperature
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Fig. 28 - Typical Injected Charge vs Temperature
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Fig. 27 - Typical Switch Leakage Current “ON”
vs Temperature

SWITCH LEAKAGE CURRENT ON (:A)

-4
00 1 T 1
CMVsW = -5 V
-200 |— —
o -
—
200 |— —
+5V
400 [ T t t
-40 0 40 80 120 160

JUNCTION TEMPERATURE (°C)

Fig. 29 - Typical Source and Sink Current
vs Temperature
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CHARACTERISTIC CURVES (Continued)

Fig. 30 - Typical On-Resistance vs Temperature
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The LB1017 is a High-Speed Dual Analog Switch incorporates high-speed current amplifiers. There-
with low “ON”’ resistances and control inputs which fore, it is important that proper high-frequency by-
are TTL compatible. passing of power supplies is used, and that proper
Figure 21 shows a diagram of the LB1017 as used grounding designs are incorporated.

in a sampling application. The design of this device

Fig. 31 - LB1017 High-Speed Dual Analog Switch Sampling Application
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PRELIMINARY DATA
AN AT&T PRODUCT

4 x 8 PNPN CROSSPOINT ARRAY

o JUNCTION-ISOLATED FOR LOW COST

e LOW ON STATE RESISTANCE (<13 Q)

e HIGH OFF STATE RESISTANCE (>200 MQ)
e 40mA DC CURRENT CAPABILITY

e 30 VOLT OFF-STATE CAPABILITY

e EXCELLENT TRANSIENT IMMUNITY

(>300V/uS) DIP-18 A Plastic
o LOW SIGNAL LOSS TO SUBSTRATE
(> - 48dB) ORDERING NUMBER: LB1018AD

The LB1018 Crosspoint Array integrated circuit is
a high density, high performance, bipolar switch.

It is organized as a 4 x 8 array with crosspoints con- gnals with an intersection impedance of less than
sisting of 32 SCR devices. Each crosspoint is a 13 ohms. It is useful as a high reliability replace-
nearly ideal switch, capable of switching analog si- ment for metallic relays in switching networks.

Fig. 1 - Schematic Diagram
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range -0to 70 °C
Storage Temperature Range —40to +125| °C
Pin Soldering Temperature (t=15 sec.) 300 °C
Voltage (Anode to Cathode) +30 \"
Voltage (Cathode to Substrate) 30 Vv
Voltage (Anode to Substrate) 30 \
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PIN CONFIGURATION

anope7 |1 ~ 8f]  anopes
anooes |2 17[]  anooEt
GATE 4 1Kl 16[] suBSTRATE

catHopes  [|4 5[] catez
GATE?2 s 14]]  cathoDE 3
catHoDE2 [|6 13[]  cathooen
eater |7 2]l anooe2
SUBSTRATE [| 8 [  anopEs
anooes  [|s 0] anoDES

S$-8952

ELECTRICAL CHARACTERISTICS (Ta= —40 to +70°C)

Symbol Parameter Test Conditions Min Typ | Max | Unit
Vak | Forward Voltage lak =10mA (See Fig. 2) | 0.7 0.9 1.1 Vv
_dis_ | Substrate Crosstalk lak =10mA (See Fig. 2) WA
diak lak = 10mApp — — 4 £
Vag =20V mA
Ron | On Resistance lak =10mA (See Fig. 2) | 5.4 — 13.4 Q
ks f:;?(‘;gi%‘:ﬁf; ate Vs = 30V (SeeFig.3)| — | 022 | 10 | 4A
lEN Enable Current (See Fig. 4) | 0.2 — 1.0 mA
Ven | Enable Voltage (See Fig. 4) | -08| — | -17]| Vv
liak | Forward Leakage Current Vak =30V (See Fig. 5) | — [0.004 | 1.0
I.ka | Reverse Leakage Current Vka=30V (See Fig. 5) | — 0.012 | 1.0 7.
I.ga | Gate-Anode Leakage Current Vga=30V (See Fig. 6) | — — 1.0
IHoLp | Holding Current (See Fig. 7) | 0.3 — 1.8 mA
dV/dt | Transient Immunity 0-30V Ramp — 300 — Vius
VsTep | Step Voltage Immunity — 5.0 — \"
Cax égfﬁsdle_ 'rliienLOCapacitance Vak =30V - 10| 20 PF
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TEST CIRCUITS

Fig. 2
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CHARACTERISTIC CURVES

Fig. 7
1ax 4
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Fig. 10

TYPICAL GATE TRIGGER CURRENT
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TYPICAL FORWARD CHARACTERISTICS
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TYPICAL GATE LEAKAGE CURRENT
vs AMBIENT TEMPERATURE
1077 —
= T I
T —
e
z - -
&
-3
3
3
u 10-8
g E= 3
L = =
< — —
&
L S =
&
G —
10-9 | al
—40 80

0 40
AMBIENT TEMPERATURE (°C)

Fig. 9
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CHARACTERISTIC CURVES (Continued)

Fig. 16 Fig. 17 Fig. 18
TYPICAL FORWARD VOLTAGE TYPICAL FORWARD LEAKAGE CURRENT
vs AMBIENT TEMPERATURE TYPICAL ANODE-CATHODE CAPACITANCE vs AMBIENT TEMPERATURE
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APPLICATION

The LB1018 Crosspoint Array is designed to pro-
vide a low-loss analog switching element for tele-
phony signals.

Applications indicate that the minimum holding cur-
rent is a function of the anode cathode capacitan-
ce placed in parallel with a PNPN element. The
form of the variation is shown in Figure 3. When
the device is placed in a circuit where active induc-
tance is present, the holding current may be de-
pressed slightly. The values of holding current
given in the electrical characteristics table corre-
spond to measurements made with very small ano-
de/cathode capacitance, such as when the device
is connected to a curve tracer with short wires.
The ““ON” resistance of PNPN elements vary for
different paths through the matrix. A total variation
of =1 ohm may occur around the mean value.
The forward and reverse leakages given in the elec-

=10 10

30 50
AMBIENT TEMPERATURE (°C)

70

8

trical characteristics are measured from anode to
cathode with the substrate held at the same po-
tential as the cathode. Leakage to the substrate (via
all the other parts of the device not under tests) will
be diverted into the voltage source controlling the
substrate potential. If the substrate is allowed to
float, the leakage is collected by the cathode of the
PNPN element under test. Thus, the leakage mea-
sured at the one cathode is greatly increased (ty-
pically to 350 nanoamps at room temperature).
The LB1018 is designed to conduct continuous for-
ward current up to 42 mAdc provided that the junc-
tion temperature is not greater than 120 C.
However, it is also designed to be able to survive
infrequent fault conditions where up to 100 mAdc
flows for intervals up to 1 hour. Typical devices ha-
ve been observed to be destroyed by forward cur-
rent surges of 750 mA.
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APPLICATION (Continued)

Fig. 21 - Crosspoint Array Schematic
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PRELIMINARY DATA

POWER CONTROLLER

o DIGITALLY CONTROLLED POWER SWITCH

e CONTROLS -48V POWER TO
TELEPHONE SETS OR OTHER LOADS

o POWER CAN BE TURNED ON AND OFF
USING ON INPUT

o CURRENT LIMITING DURING A FAULT
CONDITION

o THERMAL SHUTDOWN DURING
EXTENDED FAULT CONDITIONS

o |[SOLATION OF THE LOAD FROM THE
POWER SUPPLY UNTIL THE POWER
SUPPLY’S MAGNITUDE EXCEEDS —-33
VOLTS (TYPICALLY)

o INTERRUPTION OF POWER TO THE LOAD
WHEN THE POWER SUPPLY’S
MAGNITUDE FALLS BELOW -30.5V
(TYPICALLY)

o INDICATES AN OVERCURRENT
CONDITION WHEN THE LOAD CURRENT
EXCEEDS 300mA (TYPICALLY)

e INQUIRE ABOUT AVAILABILITY OF
DEVICES WITH 200, 450, 600 mA (= 15%)
OF OVERCURRENT THRESHOLD

o INDICATES CURRENT FLOW TO CONFIRM
CIRCUIT CONTINUITY

e EO INPUT ALLOWS SMOOTH POWER UP
SEQUENCE

o SMALL 8-PIN DUAL-IN-LINE PACKAGE

AN AT&T PRODUCT

Minidip-A Plastic

ORDERING NUMBER: LB1019AB

The LB1019 integrated circuit provides control
functions and maintenance monitoring for — 48-volt
power supplied via a single output to a telephone
set or other load. It is able to turn the power on and
off under manual control, indicate a 300mA over-
current condition on the circuit, and provide an in-
dication that some current is flowing to confirm
circuit continuity. The device includes two safety
features: an output current limit to protect against
large current surges on a direct short-circuit and
thermal shutdown of the chip if an overload per-
sists without being manually turned off.

An ““EO” input is provided to allow for smooth
power-up sequences. This lead is connected to an
RC network (R from +5.0V to EO and C from EO
to ground) and holds the circuit in an off state for
a predetermined amount of time after the + 5.0V
is applied.

Power will not be applied to the controlled circuit
unless the nominally —48-volt supply is more ne-
gative than — 33 volts and power will be interrup-
ted to the load when the power supply is more
positive than —30.5 volts.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range —20to +70 °C
Storage Temperature Range —40to +125 °C
Pin Soldering Temperature (r=15 sec.) 300 °C
Power Dissipation (Package Limitation) 1 w
Power Instantaneous (T <2usec) 50 W
Operating Voltage V + +5.5 Vv
Operating Voltage V — —54 \%

Stresses in excess of those listed under “‘Absolute Maximum Ratings’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.
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PIN CONFIGURATION
v- 1 8[] ON
out ] 2 70 EO
GND [ 3 6[1V+
CURMON [] 4 5 [] MODE
PIN DESCRIPTION
Pin Name Description

1 V- Connection for ‘‘most negative’ external power supply.

2 ouT The output pin supplies a ““controlled” voltage to a telephone set or other types of loads.

3 GND Ground or circuit common (not necessarily physical or system ground).

4 CURMON Current monitor. CURMON is a TTL compatible output signal. It indicates whether the
output load current is either less than of greather than a predetermined threshold refe-
rence level.

5 MODE Mode is an LSTTL-Compatible input signals (Table 1). A logic HIGH sets the CURMON
thresold reference level to a typical level of 300mA. A logic LOW sets the CURMON thre-
shold level to a typical level of 3mA (Table 2).

6 V+ Connection for the ‘“‘most positive’” external power supply.

7 EO EOQ is a high impedance input used to force the chip to ignore all other inputs and hold
the — 48-volt output off until the voltage on EO exceeds 3.0 volts. This input can be used
to eliminate logic power-up ‘‘sanity” problems by use of an external R-C network, as
shown in the Block Diagram (Fig. 1). This input has substantial hysteresis (1.0 +0.5 volts)
to prevent noise problems since the voltage may ramp up slowly. A diode is included
on the chip between EO and +5.0Vdc to insure quick discarge of the capacitor upon
power down. The leakage current into or out of EO is tested to be less than 5.0xA under
all conditions.

8 ON This terminal is an LSTTL compatible input. When held LOW, it turns on power to the
—48V load as long as EO is HIGH and LB1019 is not in a thermal overload condition.

Fig. 1 - Functional Diagram
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ELECTRICAL CHARACTERISTICS (At 25°C and with V+ =5.0V, V— = — 48V unless otherwise noted)

Symbol Parameter Test Condition Min Typ | Max | Unit
Ips Power Supply Current V+ =5.5V,V- = —-48V (See Fig. 4) — — 4.4
V+ =55V,V—=-54V (SeeFig.5) | — — 2.8 mA
V+ =Open,V-=-54V (See Fig.6) | — — 3.0
ViHon | V—Turn-On Thereshold (See Fig. 7) | -26.0( —-33 | —-37
Vihorr | V—Turn-Off Thereshold (See Fig. 7) | -27.5| -30.5| —35.2
Vprop | Output Voltage Drop loyT =300mA (See Fig. 8) | — — 2.0 \
EOtHoN | EO Turn-On Threshold (See Fig. 9) | 1.5 2.0 25
EOTHoFF| EO Turn-Off Threshold (See Fig. 9) | 2.5 3.0 35
ITHLo | Low Output Current Threshold (See Fig. 10) | 1.5 3.0 7.0
Low Output Current Threshold Tj=100°C (See Fig. 10) | 1.5 — 10 mA
ItyH1 | High Output Current Threshold (See Fig. 10) | 258 300 340
Ium | Output Current Limit (See Fig. 11) | 0.6 0.8 1.1 A

Table 1 - TTL-Compatible Input/Output Characteristics

Symbol Parameter Test Condition Min Typ | Max | Unit
I Single LSTTL input: (ON & MODE) | Vjy=0.4V, V + =5.5V — — | —400 A
i1 ViN=2.7V, V+ =55V — — 20

VoL | TTL Output: (CURMON) loL=1mA V+ =45V — — 0.45 v
VoH loy= —250pA V+ =4.5V 2.4V — —
\ Input Clamp Diode lil=—-18mA V+ =4.5V — — 1.5 \"

(see EO Pin Description)

Fig. 2 - Output Characteristics at 25°C

1200 4
1100
N
1000

OVERCURRENT,
= THERMAL
£ SHUTDOWN
= 800 + RANGE
P
z
g N
@ 600 { 600
2
© r/ovsncurznem/ OVERCURRENT
5 OPERATING, INDICATOR
g 400 A RANGE, é/ ACTIVATED
3 ggg N Qe+ MODE =1

200 1 SAFE
OPERATING
RANGE <— MODE = 0

155



Fig. 3 - Logical Diagram
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Table 2 - Output Status Logic Table

Eo ON Thermal Shutdown ouT
X X OFF
X X 1 OFF
1 1 0 OFF
1 0 0 ON
Table 3 - Current Monitor Status Logic Table
MODE ILoap >3mA ILoap >300mA Thermal Shutdown CURMON
0 0 X 1
0 1 X X 0
1 X 0 0 1
1 X X 1 0
1 X 1 0 0
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TEST CIRCUITS

Fig. 4 - Power Supply Current
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TEST CIRCUITS (Continued)

Fig. 9 - EO Turn ON & EO Turn OFF Threshold
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Fig. 11 -Output Current Limit (ILimiT)
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APPLICATION

Power will not be applied to the load which is con-
nected to the output of the LB1019 Power Control-
ler unless the V — supply is more negative than a
nominal — 33 volts. This condition is described as
the V— turn-on threshold. Conversely, power will
be interrupted to an operating load when the V —
supply becomes more positive than a nominal
—30.5 volt. This condition is described as the V —
Turn-OFF threshold. The LB1019 Power Control-
ler has been designed to operate with a nominal
power supply of —48 volts.

Table 4 is a summary of the device operation. Spe-
cifically, the device may be interrogated (either with
a microprocessor or with manual control) to deter-
mine the status of the load connected to the out-
put of the LB1019. Voltage on the EO pin should
be greather than + 3.5 volts for the interrogation
process.

If the LB1019 Power Controller is overloaded for
a significant period of time and is in danger of de-

Table 4 - Device Operation Summary

struction due to thermal runaway, the internal shut-
down mechanism will act to protect the device and
remove power from the load. An indication of this
is that CURMON will be a logic LOW when MODE
is a logic HIGH.

If desired, the user can differentiate between an
overcurrent indication and thermal shutdown by
examining_CURMON with MODE being a logic
HIGH and ON being a logic LOW. Then force ON
to a logic HIGH and examine CURMON again. If
CURMON remains LOW under both conditions, the
device is in thermal shutdown and no current is flo-
wing. If the state of CURMON changes under this
test, the device was not shutdown, but was in an
overcurrent condition.

Another special interrogation feature is the quie-
scent current indicator (MODE is set to zero). This
feature indicates that the output of the controller
is connected to the load.

EO ON MODE |CURMON
(in) (in) (in) (out) DEVICE STATE
0 X X 1 Disabled, output turned OFF
1 1 X 1 Output OFF, device not in thermal Shutdown
1 1 1 0 Output OFF, device in thermal shutdown from previous overload
1 (o] 0 1 Output ON, connection from controller output to the load is open
1 0 0 0 Output ON, load is connected to the controller output
1 0 1 1 Output ON, current less than overload thereshold
1 0 1 0 Output ON, current greater than overload thereshold, device may be in
danger of going into thermal shutdown, or is in thermal shutdown

The application diagram shown in Figure 12 illu-
strates the connections and external components
which are necessary for the basic operation of the
LB1019 Power Controller. The RC network (REXT

Fig. 12 - Power Controller Application Diagram

and CgxT) holds the device in an OFF-state con-
dition for a predetermined amount of time after V +
is applied.
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PRELIMINARY DATA

AN AT&T PRODUCT

SPEAKERPHONE KIT LB1020AF VOICE PATH SWITCH
AND LB1021AD SPECIAL AMPLIFIER

This kit consists of two integrated circuits which
form the basis of a high-performance spea-
kerphone.

The system works in “‘half-duplex’’ and is powe-
red from a single 12 V source.

The LB1020 performs the switching function nee-
ded for Speakerphone operation by accepting tran-
smit and receive signals as input and providing
transmit and receive variolosser control signals as
output. Timing of the various switching functions
is selectable using external RC components.
The LB1020 also provides a noise guard featu-

Speakerphone Kit application diagram

re which permits steady background noise to be
ignored in making the transmit/receive switching
decision.

The LB1021 provides the linear amplification for
the speakerphone system, including switchable,
controllable gain for the transmit and receive voi-
ce paths, speaker and line drive capabilities, and
switchguard/talkdown gain. It also provides a sta-
ble, low-noise signal reference from the 12 V
supply.
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HYBFIIDHi l HYBRID
14 ca
8:— 13 —
o LBiOEiAD S| speaken
% 1617 129 8 1 3 11 "
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' H TU R17 ﬁﬁ] T
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c15 13 3 -0
R21 11 o < 8/0/0
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& LB1020AF &
Re2 C16 ©
17 v
._C:i.—{;p_ 23 <
= 24
R23
Note: Refer to last page of this data sheet for values of resistences and capacitors
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VOICE PATH SWITCH FOR SPEAKERPHONE
APPLICATIONS (See Application at the end of the chapter)

e SINGLE POWER SUPPLY
e DETERMINES TRANSMIT/RECEIVE MODE.

e HALF-DUPLEX OPERATION, RECEIVE IN
DEFAULT

e ALL TIMING, CONTROLLABLE WITH
EXTERNAL COMPONENTS

e PROVIDES SWITCHING UNAFFECTED BY DIP-24 C Plastic
BACKGROUND NOISE

ORDERING NUMBER: LB1020AF

Fig. 1 - Block Diagram
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Power Dissipation 1000 mwW
Operating Voltage 15 \Y
Storage Temperature Range -40to +125| °C

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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——_——
PIN CONFIGURATION Rucour [t 0 42K
Tveour []2 2(] Vo
aroro I3 22]] voL
MSR O« af] v-
NG TIME []5 0] NC
NC e wf] NC
NC 1 18] NC
NC [Os n[] RTD TIME
RSG TIME []9 ©f]  RTDIN
RSG (N [J10 5[] TSG TIME
TT0 TIME [Jn w{l  TSG N
Tron e 13 [JHLOVR TiME
PIN DESCRIPTION e
Pin Name Description
1 RVL OUT This is the control current which regulates the attenuation of the receive variolosser on
the LB1021AD. In transmit it is nominally 100 pA. In receive it lies between zero and
100 pA, depending on the volume control voltage.

2 TVL OUT This is the current which regulates the attenuation of the transmit variolosser. In tran-
smit, it is close to zero, while in receive it is nominally 100 pA.

3 Q/0/0 (Quiet-on-off). Quiet corresponds to >2V, off to <-2V, and on is nominally OV.

4 MSR Input for the midsupply voltage generated on the LB1021AD, this voltage is used as the
signal ground and is not intended to be tied to system ground.

5 NG TIME (Noise guard timing node). To this is connected the capacitor (usually large) which sets
the time over which the background noise guard signal is averaged.

6,7,8 No
18,19,20 | connection

9 RSG TIME To this is connected the RC circuit whose time constant determines the response of the
noise guard peak catcher when the noise guard signal falls.

10 RSG IN This is the input to the receive switch guard peak detector. It is coupled to pin 9 of the
LB1021AD through an RC voltage divider. The ratio of this divider sets the relative weight
of this particular signal.

11 TTD TIME The RC circuit at this point sets the time constant of the peak detector for the transmit
talkdown signal.

12 TTD IN This is the input to the transmit talkdown peak detector.

13 HLDVR TIME | The RC pair at this point sets the timing of the transition back to the receive state when
an idle condition is preceeded by transmit. It has little effect on the timing of the forced
receive transition.

14 TSG IN Input to the transmit switch guard peak catcher.

15 TSG TIME The RC pair at this point sets the dynamics of the transmit switch guard peak detector.

16 RTD IN Input to the receive talkdown peak detector.

17 RTD TIME Sets the time constant associated with the receive talk down peak detector.

21 V- The negative power supply connection.

22 VOL (Volume control input). Goes from —4V (minimum volume) to OV (maximum volume)

23 V+ The positive power supply connection.

24 42K A 42.2K 1% resistor is connected from this point to midsupply reference.
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ELECTRICAL SPECIFICATIONS (At 25°C)
INPUT-OUTPUT TABLE

3 12 13 16 22 1 RVL OUT (1A) | 2 TVL OUT (kA)
STATUS Q/O/O | TTD IN [HLDTIME|RTD IN| VOL MIN MAX MIN MAX
Normal receive -1V -6.5 +6.5 92 110
Normal transmitt +1V 92 108 -2 +6
Receive with low volume -1V -4V 93 107 -6 +10
Transmitt with low volume +1V -4V 93 108 -22 +6
Off -4V 150 650 150 650
Quiet +4V -6 +6 150 650
Transmit with low volume +5.5V -4V 93 108 — —
Low Volume -4V — — -6 +10
Quiet with transmission +4V +1V -6 +6 150 620
Quiet with high level transmission| -4V +2V -6 — 150 620
For RSG, RTD, TSG, TTD:
Timing Discharge Current 440 pA Min.
Timing Leakage Current 1.5 uA Max.
Input Leakage Current 1.5 pA Max.
Power-Supply Current @ =6V 3.0-9.0 mA
TEST SPECIFICATION (For all Tests, V+ =6V, V- = —6V, and all other voltages are measured with
respect to pin 4 (MSR); Ta=25°C)
Symbol Parameter Test Conditions Min Max | Unit
Iips) Power Supply Current Measure current in positive and 3 6 mA
negative supply leads (see Fig. 2)
V(13,4) | Holdover Voitage, Idie (See Fig. 2) | 2.6 3.4
V(13,4) | Holdover Voltage, High Vtpy= +2V (see fig. 3) | 4.3 — \
V(13,4) | Holdover Voltage, Low VRTD)= -2V (see fig. 4) 0 1.6
lRrv) | Receive Variolosser Current Out, Vvor)=0 VRtp)= — 1.0V V(q1)=0 -6.5| +6.5
RCV Max Volume (See Fig. 5)
lrvL) | Receive Variolosser Current Out, VoL = —4V VRrtp)= —1.0VV(Qm)=0 | 93 107
RCV Min Volume (See Fig. 5)
lrvy) | Transmit Variolosser Current Out, Vivoy= —4V VRrrp)= -1.0VV(qn)=0 | -6 +10
RCV Min Volume (See Fig. 5) A
W
lrvy) | Transmit Variolosser Current Out, VivoLy=0V VRrp)= - 1.0V V(@)=0 92 110
RCV Max Volume (See Fig. 5)
IRvL) | Receive Variolosser Current Out, VvoL)=0V V@RTD)= +1.0V V(qr)=0 92 108
Transmit Max Volume (See Fig. 6)
l(TVL) Transmit Variolosser Current Out, V(VOL)=0V V(RTD) =+1.0V V(QT) =0 -2 +6
Transmit Max Volume (See Fig. 6)
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min | Max | Unit
lrvy) | Receive Output Variolosser Current, Vvory= —4V VRTD)=0 V(1TD)= + 1V 93 108
Transmit Min Volume Vian =0 (See Fig. 7)
I(TVL) Transmit Output Variolosser Current, Vo) = —4V VrTD)=0 V(TTD)= +1V | -2.2 +6
Transmit Min Volume Var)=0 (See Fig. 7)
lrv) | RCV Variolosser Output Current Vamn= -4V (See Fig. 8) | 150 650
QUIET/ON/OFF = OFF
Itvy) | Trans. Variolosser Output Current, Van= -4V (See Fig. 8) | 150 650 pA
QUIET/ON/OFF = OFF
lrvy) | RCV Variolosser Output Current V= +4V (See Fig. 8) | -6 +6
RCV Quiet
Irvy) | Trans Variolosser Output Current, Vamn= +4V (See Fig. 8) | 150 650
RCV Quiet
l(rvr) | Transmit-Volume Interaction Current V(HLDVR) = +5.5V (See Fig.9) | -6 +6
Irvy) | Receive-Volume Interaction Current V(HLDVR)=0 (See Fig.9) | -6 10
V(NG) Noise Guard Timing Offset (See Fig. 2) 0 620 mV
lrvy) | Transmit State Quiescent Current Viam = +4V VD)= + 1V VRTD)=0 -6 +6
(See Fig. 10)
Irv) | Transmit Talkdown Current Transmit | Viqr)= +4V V(r1p)= +1V V([RTD)=0 150 620
Quieting (See Fig. 10)
lrvy) | Receive Talkdown Current Transmit Off | V(qr)= —4V V(11p)=0V V(gTD)= -2V | 150 620 A
(See Fig. 10)
Iervey | Transmit Talkdown Current Transmit Off | V(qr)= —4V V(r1p)= +2V V(rTp)=0 150 620
(See Fig. 10)
l13) Noise Guard Action Leakage (See Fig. 11) | —1.3 | +1.3
VTH(1 3,4) Transmit Talkdown Voice Switch ‘(HLDVR) = —24uA V(RSG) =0 V(TSG)= 0| 275 40
Threshold (See Fig. 12)
VTH(12’4) Transmit Talkdown Voice Switch I(HLDVR) = —200pA V(RSG) =-1V 946 1121
Threshold, RSG Signal Vrsg)=0 (See Fig. 12) mV
VTH(16,4)| Receive Talkdown Voice Switch I(HLDVR) = +65,A V(RsG) =0 V(1s@)=0 | -27.5|-425
.Threshold, RSG Signal (See Fig. 12)
VTH(16,4)| Receive Talkdown Switch Threshold, I(HLDVR) = +65 A V(rsG)=0 ~1375|-1633
TSG Signal Vrsg)= +1V (See Fig. 12)
l(10) Receive Switch Guard Input Leakage | V(rsg)=V(1TD) = V(RTD)=V(TSG)=0 -15| +15
S1 closed, S2-5 open  (See Fig. 13)
l12) Transmit Talkdown Input Leakage Vrsa) = V(TD)=V(RTD) = V(TSG) =0 -15| +15
S2 closed, S1,3,4,5 open (See Fig. 13)
l(14) Transmit Switch Guard Input Leakage | Close S3 (See Fig. 13) | —15 | +15 A
l(16) Receive Talkdown Input Leakage Close S4 (See Fig. 13) | —=1.5 | +15
lns) | Receive Talkdown Timing Leakage Close S4 and S5 V(gTp)= + 1.0V -15| +15
Current (See Fig. 13)
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min Max | Unit
li1e) Receive Talkdown Timing Discharge Close S4 and S5. V(gtp)= ~1.0V 440 —
Current (See Fig. 13)
li15) Transmit Switch Guard Time Leakage | Close S3 and S6 V(1sg)= — 1.0V -15| +15
Current (See Fig. 13)
lus) | Transmit Switch Guard Time Close S3 and S6. V(rsg)= +1.0V — | —440
Discharge Current (See Fig. 13)
li11) Transmit Talkdown Time Leakage Close 82 and S7. V(rp)=-1.0V -15| +1.5
Current (See Fig. 13)
l11) | Transmit Talkdown Time Discharge Close 82 and S7. V(r7p)= +1.0V - —440
Current (See Fig. 13)
lg) Receive Switch Guard Time Leakage | Close S1 and S8 V(rsg)= + 1.0V —-15 | +15
Current (See Fig. 13)
lg) Receive Switch Guard Time Close S1 and S8. V(gsg)= — 1.0V 440 —
Discharge Current (See Fig. 13)
l22) Volume Control Leakage Current S$1,2,3,4open. S5,S6 closed. -15| +1.5
V(VOL) =-4V V(TTD) =0 V(QOO) =.0
V(HLDVR)=0 (See Fig. 14)
l13) Holdover Timing Leakage Current $1,2,3,4,5 open. S6 closed Vyo)=0 | —1.5 | +1.5
Vrp)=0 V(Qo0)=0 V(HLDVR)= +4.0V
(See Fig. 14) A
I(5) Noise Guard Timing Leakage Current | S1,4,5,6 open. S2,S3 closed. 4.5 21
V(VOL)=0 V(er)= +1V V(QOO)=0
V(HLDVR)= =0V (See Fig. 14)
I(5) Noise Guard Drive Leakage Current $1,4,5,6 open. S2,S3 closed. — 350
Vvory=0 V(rtp)= —3V V(Qo0)=0
V(HLDVR) =0V (See Fig. 14)
I3) Q/0/0 High Leakage Current §1,2,3,4,6 open. S5 closed. -12 | +12
V(VOL) =0 V(TTD) =0 V(QOO) =+ 4..0V
V(HLDVR)=0 (See Fig. 14)
I(3) Q/0/0 Low Leakage Current $1,2,3,4,6 open. S5 closed V(VOL)=0 —-12 | +12
V(TFD) =0 V(QOO) =—-4.0V ]
V(HLDVR)=0 (See Fig. 14)
VTH(16,4)| Receive Talkdown Threshold VTH(16,4) is the Voltage between pins | —24 | —46 | mV
16 and 4 at which V(y3 4) makes the
transition from >1.2V to <1.2V
(See Fig. 15)
VTH(13,4)| Holdover Timing Threshold Voltge VTH(13,4) is the voltage between the 915 | 1.16 v

pins 13 and 4 at which Irrp) lies
between 10 and 90 yA. (See Fig. 16)
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TEST CIRCUITS

Fig. 2
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Fig. 3 - Remove load normally connected to pin 12 Fig. 4 - Remove load normally connected to pin 16
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Fig. 5 - Remove load normally connected to pins Fig. 6 - Remove load normally connected to pins
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TEST CIRCUITS (Continued)

Fig. 7 - Remove load normally connected to pins Fig. 8 - Remove load normally connected to pin 3
1,2,12,16 and 22
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Fig. 9 - Remove load normally connected to pins Fig. 10 - Remove load normally to 1,2,12 and 16.

1,2,12,16, and 22 V(NG) = voltage measured at test# 19
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Fig. 11 - Remove load normally connected to pin 12 Fig. 12 - Remove load normally to 12 and 14.
V(NG) = voltage measured at test# 19
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TEST CIRCUITS (Continued)

Fig. 13 - Disconnect load normally to pins 10,12,14,

and 16
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Fig. 15 - V(NG) = voltage measured at test# 19

. Yoo

—
1

20 mV

—
I

Tw

Fig. 14 - Remove normal load from pin 12.
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Fig. 16 - V(NG) = voltage measured at test# 19




SPECIAL AMPLIFIER FOR SPEAKERPHONE APPLICATION

(See Application at the end of the chapter)

e PROVIDES ALL VOICE PATH AMPLIFICATION

e HIGH-GAIN RECEIVE PREAMPLIFIER
ACCOMMODATES VARIETY OF
MICROPHONES

e 78 mA SPEAKER DRIVE CAPABILITY 8

e GAIN, SWITCHING CONTROLLABLE BY 0-100 i
#A CONTROL CURRENTS DIP-18 A Plastic

ORDERING NUMBER: LB1021AD

Fig. 1 - Block Diagram
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Power Supply Voltage 15 \Y
Power Dissipation 900 mw
Storage Temperature Range —40to +125{ °C

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.
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PIN CONFIGURATION ™ aint
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PIN DESCRIPTION
Pin Name Description
1 TTD OUT Output of the transmit talkdown amplifier. This is a voltage which is proportional to the

output of the microphone.

2 TC1 This is the output of the transmit preamplifier which drives the transmit variolosser. The-
re are two outputs of both the transmit and receive preamplifiers: one to drive the vario-
losser, the other to drive the talkdown circuits. It should be remembered that these outputs
are currents, not voltages.

3 TVL IN Transmit variolosser control current input.
4 TC2 Transmit variolosser signal current input. This is connected to pin 2 via an RC circuit.
5 MIC Microphone input. Self-explanatory. There is sufficient gain to handle low-level micro-

phones. Higher-output microphone types may need a resistive pad. The return path to
the mike is the mid-supply reference.

6 MSR Midsupply voltage generated on the chip; this voltage is used as the signal ground and
is not intented to be tied to system ground.

7 T OUT Transmit output, which drives the line in the transmit mode.

8 TSG OUT Transmit switch guard output. This is a voltage intended to drive the TSG peak detector;
it is proportional to the transmitted signal.

9 RSG OUT Receive switch guard output. Proportional to the voltage which drives the speaker, it
is an input to the RSG peak detector.

10 V+ Positive power supply input.

11 RVL IN Receive variolosser control current input, from the loss control circuit of the LB1020AF.

12 RC2 The signal current input to the receive variolosser.

13 SPEAKER The return path from the speaker, is the V— supply, not the midsupply reference. The

MSR is the output of an operational amplifier, and cannot supply the currents needed
to drive the speaker. The speaker is capacitively coupled.

14 s Negative power supply input.

15 RTD OUT Receive talkdown output, proportional to the receive input signal.

16 RIN2 One of the two receive input connections. When the receive signal source is single-ended,
this pin is tied to midsupply reference.

17 RCI The output of the receive preamplifier which drives the variolosser.

18 RIN1 The other receive input (together with RIN2, pin 16)
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ELECTRICAL SPECIFICATIONS (For all Tests, V+ =6V, V— = —6V, and all other voltages are mea-
sured with respect to pin 4 (MSR); TA=25°C)

Parameters Test Conditions Min | Nom | Max | Unit
Receive Preamplifier Gain 8.5 12 15 dB
Total Receive Path Gain R(n) =4 Kilohms 35 38 41 dB
Receive Max Gain/Min Gain 46 50 53 dB
Transmit Path Gain (Microphone to T(oyr) 25 28 31 dB
Transmit Max Gain/Min Gain 47 52 56 dB
Receive Variolosser Transimpedance 60.8 74 86 kQ
Speaker Output Swing Vps= +5.5V, +35 | — — Vv

Rg;eaker =450

Power Supply Current 8.0 22 34 mA
T(ou) drive current +800 A
Transmit Path quieting -70 dB

TEST SPECIFICATION (For all Tests, V+ =6V, V— = —6V, and all other voltages are measured with

respect to pin 4 (MSR); TA=25°C)

Symbol Parameter Test Conditions Min Max | Unit
Ips) | Power Supply Current Measure current into VS + lead 10 30 mA
(See Fig. 2)
Vos | MID-Supply Voltage Offset Vo) + Vs —100 | +100
Vos=Ve)- 21097 '(4) )
2 (See Fig. 2)
V(13,6) | Speaker Offset Voltage Ramp current out of lead 11 from 0 to mv
100 pA. Measure positive and -80 | +80
negative excursions of V(13,6
(See Fig. 3)
AV(13,6) | Receive Switch Offset Voltage Calculate difference between — 150 |mVpp
maximum and minimum value of
V(13,6) during current ramp of test 3
(See Fig. 3)
Vio,6) | Receive Switch Guard Offset Ramp current out of lead 11 from 0 to
100 pA. Measure positive and -05 | +1.0 v
negative excursions of V(g g)
(See Fig. 3)
V(15,6) | Receive Talkdown Offset (See Fig. 2) | —0.5 | +0.5
lrPRE) | Receive Preamp Offset Current (See Fig. 4) | —=70 | +70 | pA
V£(mg) | MID Supply Current Source and Sink | VS+ = +5.5V V§S— =-55 —600| +600 | mV
Capability Vary lmsg) from—10 mA to +10mA
Measure Vg referenced to power
supply ground. (See Fig. 5)
I0S(Rrpa) | Receive Preamp Swing, High V(RIN1) = +400mV — —500
V(Rc1)= +2.0V, Remove normal load
from 17 (See Fig. 6) 7.
10S(Rrpa) | Receive Preamp Swing, Low V(rc1)= —2.0V, remove normal load +500| —
from 17 (See Fig. 6)
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min | Max | Unit
VOS(gtp)| RTD Swing, High V(RINY) = —200 mV (See Fig. 7) | +45 | —
VOSrTp)| RTD Swing, Low V(RIN1)= —200 mV (See Fig. 7) | — -45
VOS(pse)| RSG Swing, High l(rc2)= — 200 mA (See Fig. 8) | +4.5 | —
VOSRrsG)| RSG Swing, Low l(rcz)= —200 mA (See Fig. 8) | — -45 \
VOS(spr)| Speaker Swing, Positive l(Rc2) = — 500 pA (See Fig. 9) | +33 | —
VOS(spR)| Speaker Swing, Negative lircg) = — 500 pA (See Fig. 9) | — -33

i V — —
ARCMRp) Szgza(;/iznPreamp Common Mode ARCMgp) =—BCY . 0.08
) VRINT) (See Fig. 10)
Z01,, | Receive Path Transimpedance, High IAC(rc2) = 104A rms, lrvim) = OuA, 541 | 93.3 kQ
Z01h=V(spraylrvLIN)  (See Fig. 11)
Z01; | Receive Path Transimpedance, Low IAC(RC2) = 180uA rms, 94.4 | 428 Q
l(RvLIN) = 1004A,
Z01)=V(spka)!ACrc2) (See Fig. 11)
AV Receive Variolosser Range AV =Z01,/201; 46 54 dB
(See Fig. 11) .
Z01(Rsg)| Receive Switch Gaurd IRVLIN) = OnA IAC(RC2) = 4uA rms 400 | 665 | k@
Transimpedance Z01(RsG) = V(RSGOUT)IIAC(RCZ)
(See Fig. 11)
AlrTtp) | Receive Talkdown Current Gain lRvLM) = OpA IACRMm1) = 104A 11 13
: AlRTD) = V(RTDOUT)/(20.5KQ X 104A)
(See Fig. 12)
AlpRrg) | Receive Preamp Current Gain l(RVLlN)"'ol"A |AC(RM1)=30;J,A 7.7 16 a8
Al(pRE) = V(RC1)/(2KQ x 30uA)
(See Fig. 12)
ATrp) | Overall Receive Path Gain VAC(riNy) =20 mV (See Fig. 13) | 38 47
AT(rP) = V(sPkRYVAC(RIN1)
V(tour) | Transmit Output Offset Vary lryr) from 0 to 100xA while -88 | +88
observing maximum and minimum
values of Viroum (See Fig. 14)
V(TOUT) Transmit Switch Offset In test 26, V(OUT)(RANGE) = _ 88
(RANGE) V(TouT)(MAX)V(TOUT)MIN) mv
(See Fig. 14)
V(rsg) | Transmit Switch Gaurd Offset Vary |tyy) fro 0 to 100xA while —~550 | +280
observing minimum and maximum
values of V(rsg) (See Fig. 14)
V(1,6) | Transmit Talkdown Offset (See Fig. 2) | —550 | +550
Irc1y | Transmit Talkdown Offset $1 open V(rcy)=0 (See Fig. 15) | =77 | +77
lrc1) | Transmit Preamp Swing, Negative S1closed V(rcy)= +2V Vmicy=+03V | — | —360 A
(See Fig. 15) i
Irc1) | Transmit Preamp Swing, Positive S1 closed. V(rcq)= -2V +450 | —
Vimiy = —0.12V (See Fig. 15)
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TEST SPECIFICATION (Continued)

Symbol Parameter Test Conditions Min Max | Unit
V(rtp) | Transmit Talkdown Swing, Positive lrro)= —50pA V(mk) = +0.12V 3.2 —
(See Fig. 16)
V(rtp) | Transmit Talkdown Swing Negative IrtD)= —50pA V(mk) = +0.12V — 1.1
(See Fig. 16)
V(rsG) | Transmit Switch Guard Output, lirc)= +300pA dc S1 closed 3.2 —
Positive lrvimy =0 (See Fig. 17)
V(rsG) | Transmit Switch Guard Output, Ircz) = —3004A dc S1 closed — -3.2 \Y
Negative IrvLing=0 (See Fig. 17)
V(TRaN) | Transmit Voltage Swing, Positive S1 open |(tc2)= —8004A dc — —
Irvimy =0 (See Fig. 17)
V(TraN) | Transmit Output Swing Negative S1 open, IrvLn)=0 — -2.7
dc Irc) = +8004A dc (See Fig. 17)
Z(traN) | Transmit Path Trans Impedence Max | S1 open Iityin) =0, liTc2)= 180;4.A rms | 11.1 22 kQ
ZrraN) = VrranylTcg)  (See Fig. 17)
Z(TRAN) Transmit Path Impedence Min S1 open '(TVLIN)= 1004A, '(TCZ)= 180 25 88 Q
#A rms Ztpan = V(TRANY(TC2)
(See Fig. 17)
AV(tRAN)| Transmit Loss Range AV(TRAN) = ZTRANtest 39)/ 46 57
ZTRAN(test 40) (See Fig. 17) dB
Aqtp) | Transmit Talkdown Voltage Gain lrvimy =0 Vimicy=20 mV rms 32,7 | 38.4
ATTD = V(TTD)N(MIC) (See Fig. 18)
G(rpRE) | Transmit Preamp Transconductance Iirvy=0wA dc Vmic)=20 mV rms 3.0 8.3 ms
G(reRE) = lTvLy/ 10KQV(mic)
(See Fig. 19)
AV(tRaN)| Transmit Voltage Gain lrvyy =0 Vmicy=200A rms ) 22.5 34
AV(TraN) = VTRANYV(MIC) (See Fig. 18)
ACT | MIC-RSG Crosstalk, High Gain lerviy = 1004A Vimic) = 120 mV rms — 3.0
ACT =Vrsa)yVmic) (See Fig. 18) dB
ACT | MIC-RSG Crosstalk, Low Gain lrviy =0 Vimic)= 120 mV rms — 3.0
ACT =Vrsa)Vmic) (See Fig. 18)
ACT [ RIN-TSG Crosstalk ACT = V(r56)/20 mV (See Fig. 20) | — 10
Vinoisg) | Noise Output (See Fig. 21) | — 10 |mVrms
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TEST CIRCUITS

Fig. 2 - Default Test Connection
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TEST CIRCUITS (Continued)

Fig. 7 - Remove normal load from pin # 15
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TEST CIRCUITS (Continued)

Fig. 13 - Remove mormal load from pin 18
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TEST CIRCUITS (Continued)

Fig. 19 - Disconnect normal load from pin 2
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APPLICATIONS

I. INTRODUCTION

This document is intended to provide background
material for the application of two devices, the
LB1021AD Speakerphone Voice Path IC and the
LB1020AF Speakerphone Switching Circuit IC, in
Speakerphone and Speakerphone-like applica-
tions. Since the two ICs were designed to be used
together, the entire discussion will relate to com-
posite of the pair embedded in a typical Speaker-
phone circuit.

Il. SPEAKERPHONE TUTORIAL

The easiest way to understand the functioning of

this (or any) Speakerphone configuration is to con-

sider the problems with which any speakerphone
must deal:

1. It must amplify an outgoing (transmit) signal
from the microphone to a level high enough to
meet transmit specifications.

2. It must amplify an incoming (receive) signal to
a high enough power level to drive a speaker.

3. It must prevent the instability that would occur
if the received signal fed back to the micropho-
ne and became the amplified transmitted signal.

In the realization under discussion here, we solve
problem (3) by switching the receive and transmit
path in such a manner they are never both on at
once. We are, in effect, always breaking one part
or the other of the feedback path. This approach
is termed ‘‘half-duplex’’ operation, as contrasted
to ““duplex’ operation in which both transmit and
receive paths can function at once. As might be
imagined, the problem of suppressing oscillation
in duplex operation of a speakerphone, which must
work in a rather broad range of acoustic environ-
ments, can become quite complicated.

Fig. 1 - Simplified Speakerphone Circuit

For the rest of this tutorial, we shall use the term

‘“‘Speakerphone Circuit” to refer to the particular

half-duplex realization employing the

LB1021AD/LB1020AF.

We shall also, for the rest of the discussion, assu-

me that the problem of splitting the communica-

tion channel into separate receive and transmit
channels has been accomplished. In ordinary te-
lephone applications this is usually done with a hy-
brid; in principle it could be done with a four-wire
transmission line, or by the internal electronics of

a CODEC or radiotelephone.

For our circuit, we may now break the Speakerpho-

ne into three main elements:

1. Arelatively simple transmission path which am-
plifies the microphone signal and drives the tran-
smission channel. It can be switched on or off.

2. A simple receive path which amplifies the recei-
ved signal and drives a loudspeaker, it also is
switchable.

3. A complex switching circuit which decides bet-
ween the receive and transmit configuration, ba-
sed on the nature and relative amplitudes of the
receive signal coming in over the line and that
generated at the microphone.

Fig. 1 illustrates a fairly primitive speakerphone
which illustrates the basic switching scheme em-
ployed. The diodes shown on the outputs of some
of the amplifiers indicate that the signals at these
points are rectified, and either the positive or ne-
gative peak values appear.

If we first consider the transmit and receive paths,
the most notable feature is that we have elected
to do our switching by changing gains rather than
by some binary ON-OFF scheme. There is no swit-
ching at all in the strict sense; the undesired signal
is reduced to a very low level rather than being in-
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APPLICATION (Continued)

terrupted. We shall not further add to the length
of this paper by discussing the pros and cons of
alternate approaches, other than to note that they
exist. .

The switching portion of Figure 1 illustrates the ba-
sic approach to switching. Four signals are
sampled:

1. Transmit Talkdown (TTD), proportional to the si-
gnal from the microphone.

Transmit Switch Guard (TSG), proportional to
the signal transmitted down the line.

Receive Talkdown (RTD), proportional to the re-
ceived signal.

Receive Switch Guard (RSG), proportional to the
signal driving the speaker.

In'general, switch guard signals tend to prevent a
change of configuration, while talkdown signals
promote a change.

To see how the system works, suppose the system
is in a transmit configuration, and someone is spea-
king into the microphone. The TTD output is high,
and its positive peaks are being held; RSG is low.
There is therefore a large positive signal at A, which
passes through to the A>B? comparison circuit.
TSG is high also, and its positive peaks are held,
while RTD is low. B is high and positive, but the
diode prevents it from getting through to the com-
parator. A therefore dominates the switching, and
the circuit is held in transmit mode.

Now suppose that the person on the other end of
the line wishes to interrupt, and begins to speak
more loudly than the person who has the line. RTD
increases, and, assuming the person who wants
the line is speaking loudly enough, it becomes grea-
ter than TSG. B then becomes large and negati-
ve. RSG has not changed, since switching has not
yet occurred, so A is unchanged. When the ma-
gnitudes of the receive input signal relative to the
microphone signal becomes great enough, the cir-
cuit will switch into receive.

At this point TSG drops low and RSG increases.
This causes A to decrease in magnitude, or even
change sign; B remains negative and its magnitu-
de increases. This drives the circuit even deeper
into the receive configuration. Even if the micro-
phone signal were to increase slightly, or the re-
ceive signal were to decrease slightly, the
configuration would not drop back into transmit.
This hysteresis prevents the distracting rapid swit-
ching back and forth that would otherwise occur
when the two signal levels were very close to one
another.

2.
3.
4.

Although this simplified circuit provides the hyste-
resis necessary to prevent switching instabilities
at near-identical signal levels, it would have nume-
rous other distracting shortcomings.

The largest set of shortcomings derives from the
fact that the circuit, as shown, has no built-in de-
lays or time constants. In the transmit mode, for
example, the system could be switched by a small
signal, or even by noise, every time the speaker
paused. Indeed, it could be easily switched during
the small time intervals between words.
Moreover, Figure 1 gives no indication that the swit-
ching of the circuit is done over a time interval. Ho-
wever, if background noise, speech, and any dc
offsets in the system are switched intantaneously,
the hearer is aware of a popping sound. Switching
must therefore be done by ramping volume over
a well-controlled time interval. This time interval
must be short when speech is being switched, sin-
ce clipping of the initial syllable must be avoided.
In the present speakerphone system, the line al-
ways falls back to receive when no one is spea-
king. In this case, the primary source of pop is noise
and d.c. offset, and there is no speech to mask it,
and the gain rampup time can and should be
longer.

If a simple speakerphone is used in an environment
where there is a steady noise in the background,
that noise can easily dominate the switching, so
that the speakerphone would tend always to fall
back into the transmit state. A feature that auto-
matically subtracted out a constant, or at least a
slowly varying, background noise before making
the switching decision wuold be useful in many ap-
plications.

Finally, we have not yet considered user-controlled
features that would normally be needed: volume
control, muting (so that transmission can be cut off
during a side conversation) and, of course, on-off
controls.

Ill. Speakerphone Block Diagram

Figure 2 is a diagram of the whole speakerphone
configuration realized with LB1020AF and
LB1020AD pair.

Let us begin with the transmit gain path. This con-
sists of:

Transmit Preamplifier This takes the incoming vol-
tage signal from the microphone, amplifies it, and
converts it to two proportional currents. (The mul-
tiplication step which follows is more easily accom-
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APPLICATION (Continued)

plished working with currents). One current goes
to the transmit multiplier, the other to transmit talk-
down (TTD) amplifier.

Transmit Multiplier, which attenuates the current
output of the transmit preamplifier by a factor pro-
portional to the TVL current from the loss control
circuit.

Transmit output driver. At this point the current
is converted back to a voltage; the voltage at this
point is the transmitted voltage.

The receive amplifier chain is very similar to the
transmit chain:

Receive preamplifier This amplifies the received
signal from the line and converts it to two currents.
One current drives the receive multiplier, the other
is the input to the receive talkdown (RTD) ampli-
fier. Notice that, unlike the transmit preamplifier,
this preamplifier has a differential input: that’s the
way telephone signals often come.

Receive Multiplier attenuates the current from the
receive preamplifier by a factor proportional to the
RVL output of the loss control circuit.

Loudspeaker Driver Converts the current from the
receive multiplier, and provides sulfficient power to
drive a 45 ohm speaker.

Fig. 2 - Functional block diagram

The decision of whether to be in transmit or recei-
ve mode is based on samples of the power levels
at four points: microphone, receive input, speaker,
and transmit output. The circuitry which performs
the decision function is driven by four voltage in-
puts. Four preamplifiers are necessary to provide
voltages proportional to the four signals. These are:

Transmit Talk Down The reason for the nomen-
clature is covered in the preceeding section and
will not be repeated here. Since we must convert
a current to a voltage, this is a transresistance am-
plifier, and provides a voltage proportional to the
microphone signal level.

Transmit Switch Guard This is a voltage ampli-
fier, and samples the transmitted voltage.

Receive Talk Down A transresistance amplifier
whose output is proportional to the received signal.

Receive Switch Guard A voltage amplifier whose
output is proportional to the speaker drive level.

The outputs of these four amplifiers are a.c. cou-
pled to peak catcher circuits via external RC cir-
cuits. This external coupling circuit can be selected
to vary the characteristic time constants of the peak
catchers. Figure 3 illustrates the block diagram of
a typical peak catcher circuit. '

This might be a good place to point out that the
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APPLICATION (Continued)

ground signal, where shown, refers to a voltage
midway between the positive and negative volta-
ges. The power supply is often single-ended, and
generating a mid-supply reference (MSR) voltage
provides the stable signal reference which is criti-
cal in a circuit which employs high gains, as this
one does.

There are two RC circuits involved in the structu-
re: one is the coupling circuit feeding the peak cat-
cher, the other is a timing circuit within the catcher.
Of course, the coupling circuit can in principle in-
fluence the time constant, but normally the values
of R1,R2, and C1 will be selected so that the
(R1+R2)C1<R3x C2. The purpose of R1 and R2
is not to set timing, but rather to set the relative
weighting factors of RSG, RTD, TTD, TSG, and NG.
The voltage input to the peak catcher is converted
to a current, and drives a circuit which has a fast
attack time, but a decay time set by an external
R3 x C2 circuit. The fast attack time assures that
the circuit will respond quickly enough that initial
syllables will not be lost. The long decay time con-
stant assures that the peak catcher will bridge short
gaps in the conversation.

Fig. 3 - Block diagram of typical peak character
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The sense of rectification of the peak catchers is
selected so that a positive-going output tends to-
wards a decision for transmit, while a negative-
going waveform corresponds to receive. Thus the
TTD and TSG peak detectors put out a positive wa-
veform, while the RSG and RTD peak detectors put
out negative waveforms.

There is a fifth circuit lumped in with the peak de-
tectors, called the noise guard. Its input is the (po-
sitive) output of the transmit talk down peak
detector. The noise guard is a quick-decay, slow
attack inverting circuit with a very long (10 second)
time constant. Its effect is therefore to subtract out
that component of the TTD signal which is the time-
averaged minimum of the TTD waveform. Such a

factor would be significant if there were a steady
noise in the background from air conditioning, fans,
factory, machinery, etc.

The outputs of the five peak catcher circuits (to be
really precise, we would have to call the noise guard
a valley catcher) are fed into a precision threshold
comparator. This portion of the circuit is more than
a simple comparator. Basically, it recognizes three
states: forced transmit, forced receive, and idle.
The idle state corresponds to the situation where
neither the microphone nor the incoming receive
signals are high enough to force the configuration.
In this case, the default state is receive.
However, as was explained in section Il, switching
under such a condition can give rise to an audible
pop. Moreover, there is no hurry to switch to the
default condition, and we would therefore like to
make the switching time constant long compared
to that of forced switching.

The circuit therefore has two switching time con-
stants, set by the parallel external RC combination
called the holdover timing network. The switching
time during forced switching is set by the capaci-
tor only, which is driven by 500 pA during a forced
switching condition. Switching corresponds to a 5V
change accross the capacitor, so forced swiching
time is 5C/500 pA; it would be about 5 milliseconds
for a 47 uF capacitor.

The switching time for idle state switching is set
by the time for the voltage of 5.8 volts, which is the
normal transmit state voltage, to decay to zero. Sin-
ce no currents are being forced under this condi-
tion, the time is set by the time constant of the RC
circuit. For reasonable values of R, this is on the
order of a second or two.

As has been noted before, the switching action is
implemented by having the loss control circuit ge-
nerate two control currents, receive variolosser
(RVL) and transmit variolosser (TVL) currents. The-
se currents control the attenuation of the two am-
plifier path multipliers. The nominal range of these
control currents is from 0 to 100 pA. Zero current
corresponds to minimum attenuation, while 100 xA
is maximum attenuation. The two currents track;
this is necessary to prevent overall loop gain from
ever getting high enough to cause feedback and
instability. Receive variolosser control current is
modified by the setting on the volume control in-
put, so that, in the receive mode, the RVL control
current, instead of being a nominal zero, is a func-
tion of the volume control voltage. — 4 volts on the
volume control input lead corresponeds to mini-
mum volume, 0 volts is maximum volume.
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APPLICATION (Continued)

In addition to the volume control, there is a quiet-
on-off control. When the voltage at this point goes
above + 2V with respect to midsupply, the system
is locked out of the transmit configuration. This is
useful if one wants to have a side conversation wi-

thout the person being called overhearing. The pho-
ne is forced into an “off”’ state when the voltage
is pulled below —2V with respect to midsupply.
With the voltage at midsupply, the normal ‘“‘on”
conditions prevail.
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PRELIMINARY DATA

QUAD LINE RECEIVERS

e MEETS EIA RS-422A/423A SPECIFICATIONS

e FOUR INDEPENDENT RECEIVERS WITH
COMMON STROBE TTL COMPATIBLE INPUT

e ELECTROSTATIC DISCHARGE PROTECTION
ON RECEIVER INPUTS

e REQUIRES ONLY A SINGLE 5V (= 10%)
POWER SUPPLY

o INPUT SENSITIVITY:
LB1022AC +200 mV
LB1022BC +500 mV

e MINIMUM INPUT HYSTERESIS:
LB1022AC +15 mV
LB1022BC +30 mV

¢ INTERNAL FAIL-SAFE FORCES THE OUTPUT
HIGH FOR AN OPEN INPUT CONDITION

e TYPICAL PROPAGATION DELAY OF 17 ns

The LB1022AC and LB1022BC Quad Line Recei-
vers are general purpose quad line receivers for

Figure 1 - Functional Diagram

AN AT&T PRODUCT

DIP-16 B Plastic

ORDERING NUMBER: LB1022AC
LB1022BC

balanced and unbalanced data transmission. A TTL
compatible Enable, Enable is common to all four
receivers in the device package. The Enable,
Enable allows the output to assume a high im-
pedance state for output busing. These devices are
encapsulated in a 16-pin plastic dual in-line pac-
kage (DIP) and designed to meet industry standard
EIA RS-422A specifications for the LB1022AC and
EIA RS-423A specifications for the LB1022BC.
They are pin compatible replacements for devices
26LS32 and 26L.S33, respectively.

V+

ENABLE O (r ENABLE

R1
R2
+INPUT
R3
INT. VREF
RS

n4l:|
i

-INPUT

COMPARATOR

h PULLUP
" TRANSISTOR

——O OuT

PULLDOWN

NOTES: R1 and R6 are fail safe resistors.
R2,R3,R4,R5 form an Input Divider.

set the input characteristics.
One of four identical circuits shown.

With the internal reference VREF, these components

TRANSISTOR

COMPARATOR
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PIN CONFIGURATION

AN- 1 16 [1 v+
Ams ]2 15 [] BIN-
Aout []3 14 [] Bin+
ENABLE []4 13 [1 Bout
cour 5 12 [ ENABLE
Cin+ []6 11 [] Dour
cn- 7 10 [J DN+
COMMON [ 8 91 bin-
PIN DESCRIPTION
Pin Symbol Name Pin Symbol Name
1 AN— Neg. Input, Rec’r A 9 Din— Neg. Input, Rec’r D
2 AN+ Pos. Input, Rec’r A 10 Din+ Pos. Input, Rec’r D
3 AouT Output, Rec’r A 11 Dout Output, Rec’r D
4 ENABLE Enable Input 12 ENABLE Enable Input
5 Cout Output, Rec’r C 13 Bout Output, Rec’r B
6 CiN+ Pos. Input, Rec’r C 14 Bin+ Pos. Input, Rec’r B
7 C|N— Neg. Input, Rec’r C 15 Bin— Neg. Input, Rec’r B
8 COMMON | Circuit common (not necessarily 16 V+ Supply Voltage, External
physical or system ground).

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Supply Voltage (V +) 7.0 \
Control Input Voltage (Enable, ﬁ?b—lé) 7.0 \Y
Input Common Mode Range +25 \
Input Differential Voltage +25 Vv
Storage Temperature Range —40 to 125 °C
Pin Soldering Temperature (t=15 sec.) 300 °C

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Parameter Value Unit
Supply Voltage (V+) 45t05.5 \
Operating Ambient Temperature Range 0to 85 °C
Input Common Mode Range
LB1022AC +7.0 \
LB1022BC +15 \
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ELECTRICAL CHARACTERISTICS (0=<Ta<85°C, 4.5< V + <5.5, unless otherwise specified)

Parameter Test Conditions Min | Max | Unit
Differential Input lo=—0.4mA, Vou=27 (See Fig. 4)
Thereshold Voltage LB1022AC -7V <Vpom <7V - 0.2
LB1022BC - 15V <Vgny <15V — 0.5 v
lo=4mA, Vo <0.5 (See Fig. 4)
LB1022AC —7V <Vgy <7V — | -02
LB1022BC — 15V <Vgy <15V — | -05
Dynamic Input Resistance —-15V <Vgm <15V (See Fig. 5)
One input AC GND 6 — kQ
Input Current ViN=15V (See Fig. 6) | — 2.3 mA
Vin= —15V — -2.8
Input Hysteresis Voltage V+ =5V; Tp=25°C
LB1022AC Vgy = =7V -15 | +15 | mV
LB1022BC Vg = =15V -30 | +30
High Level Output Voltage V+ =45V (See Fig. 7)
VENABLE = 0.8V; loq = — 440,A 2.7 —_
Low Level Output Voltage V+ =55V (See Fig. 7) loL =4mA — 0.4 Vv
Vip= —0.8V
VENABLE=0.8V loL=8mA — | 045
Output Short Circuit Current | Vo=0V, V+ =5.5V (See Fig8) | —15 | -85 | mA
Vip=1V
Off State Output V+ =55V, Vo=2.4V (See Fig. 9) | — 20
Current (High Z) A
V+ =55V, Vo=0.4V — | -20
Power Supply Current V+ =55V (See Fig. 10)
All Inputs GND, Output Disabled — 70 mA
Input Low State Voltage! V+ =5.5V, Viy=0V — 0.8 v
Input High State Voltage! 1.8 —
Low State Currentt V+ =55V, V|y=2.7V — — 360 A
i
High State Current? — 20
High Voltage Current? V+ =55V, V|y=5.5V — 100 A
Input Clamp Voltage? V+ =45V, |jy=—-18mA — 1.5 \

Note 1. These specifications refer only to Enable and Enable inputs (pin 4 and 12 respectively).




TIMING CHARACTERISTICS

Characteristic and Conditions Min Max Unit
tPLH — 25
RL=5.0 ka
Ta=25°C (See Fig. 2) tpHL - 25
tpLz — 30
Propagation Delay Time V+ =5.0V R =1.67 kQ ns
(See Fig. 3) tPHZ - 27
CL=20pF tpzL — 22
R =5.0 k@
(See Fig. 3) tpzH - 24
TEST CIRCUITS
Fig. 2 - Signal Propagation Delay Time
DIFFERENTIAL = | —mm—————————————f — — — — — — — — +25V
INPUT 0
(IN PHASE -25V

OUTPUT —— — — — —

WITH OUTPUT)

V ENABLE

= V ENABLE = 04 V

+IN

N

out
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TEST CIRCUITS (Continued)

Fig. 3 - Enable/Disable Delay time

+

"L I T
Vout

16 Q st
+IN
+ 2 ko

VIN+

T -
_E;j,: -m ) I [

T

F+—-———- 3V
/A N _ 1.3V
ENABLE / § oV
INPUT
—J trzL  je—
— trz je—
—05V
OUTPUT NORMALLY L o
LOW (S2 OPEN) v\ 15V
1.9TV T VoL
—» tezn — trHz

rO.S v

VoH

13V _:F ~15V
OUTPUT NORMALLY

HIGH (S1 OPEN) — - - oy

Notes: S1 and S2 of Load Circuit are Closed Except as Noted Above, and V ENABLE = 1.8 V
Pulse Generator: Rate < 1.0 MHz, Zo = 50 Q, tr < 15 ns, tf < 6 ns




TEST CIRCUITS (Continued)

Fig. 4
out
o Vot
2
T
VER
I_ Ven = VEN < 08V
Fig. 5
v+ a 0.1 4F
I I
®
e
+
I_ch
Fig. 6

16
+IN
+
ViN+ out ] NC
-IN
8 12

I"L I

VEN = VEN < 08 V
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TEST CIRCUITS (Continued)

Fig. 7
* I
V+I IOJ uF
16
+IN
+
ViN+ out
> +
-IN loH Vo
4 8 12 -
+ ENABLE ENABLE
VIN- + +
h I VEN I VEN
Fig. 8
+
V+l IOJ WF
16
+IN
+
VIN+ out
-IN los
4 8 12
O T I I
VIN- + +
I VEN I VEN
Fig. 9

16
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TEST CIRCUITS (Continued)
Fig. 10

TRUTH ‘TABLE FOR ENABLE, ENABLE Inputs

E E Output
0 0 Enabled
1 0 Enabled
0 1 Disabled
1 1 Enabled
0=low state (Vi, <0.8V)
1 =high state (V5 >2.0V)
Fig. 11 - Block Diagram
ENABLE ENABLE 'Noz WNpy N 'Nc1 N 2 INgy  INpz |

12 4

ol ,eg

GND

11
ouTD
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APPLICATION

The following Truth Table shows the ENABLE, and
ENABLE conditions which must be met to provide
specific ‘‘Receiver Output States’.

The following diagram illustrates basic information
for application of the LB1022A and B line receiver

Fig. 12 - Quad Line Receiver Application Diagram

devices in a Two-Wire Balanced RS-422A System.
This particular diagram shows the LB1022A Line
receivers interfacing with the LB1023AC Line
Driver.

DATA IN ©

Q
LB102

ENABLE, ENABLE
CONTROLS

TERMINATING
RESISTANCE

LB1022AC

LB1022BC DATA OUT

ENABLE, ENABLE
CONTROLS
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PRELIMINARY DATA

QUAD LINE DRIVER

e MEETS EIA RS-422A REQUIREMENTS
o PROPAGATION DELAY IS LESS THAN 20 ns

e ENABLE OR ENABLE TO OUTPUT DELAY IS
LESS THAN 40 ns

e TTL COMPATIBLE ENABLE AND ENABLE
INPUTS

e POWER SUPPLY CURRENT IS REDUCED TO
LESS THAN 40 mA WHEN DEVICE IS
DISABLED

e OUTPUT SKEW (TIME DELAY BETWEEN
DIRECT OUTPUT AND INVERSE OUTPUT) TY-
PICALLY 2 ns

The LB1023 Quad Line Driver is an integrated
circuit consisting of four independent line dri-
vers with a common control for both ENABLE and
ENABLE. It provides high speed differential drive

Fig. 1 - Functional Diagram

AN AT&T PRODUCT

DIP-16 A Plastic

ORDERING NUMBER: LB1023AC

to transmission lines having an impedance of at
least 100 ohms. Each of the four drivers has a com-
plementary tristate output. The LB1023 requires on-
ly a single 5 volt supply (+10%) for operation.

PIN CONFIGURATION

INVERSE
OUTPUT

DRIVER
INPUT

A s
_ﬁ)_
) O
B

s

DIRECT
OUTPUT

INVERSE
OUTPUT

DRIVER
INPUT

DIRECT
OUTPUT

ENABLE

ENABLE

INVERSE
OUTPUT

DRIVER
INPUT

DIRECT
OUTPUT

INVERSE
OUTPUT

DRIVER
INPUT

- DIRECT
OUTPUT

ANC]1 16[1V+
Ao-p[]2 15 "] DIN
Ao1[]3 14 [] Do-D
ENABLE ] 4 13 [ Do+t
Bo-1[]5 12 [J ENABLE
Bo-D lj 6 11 [] Co-i
BINC] 7 10 0 Co-D
COMMONC(] 8 9[JCIN

195

6/86




PIN DESCRIPTION

Name Description
AN TTL compatible inputs for Line Drivers A through D respectively
Bin
CiN
Din
Aop Non-inverting Line Driver outputs for drivers A through D respectively.
Bop
Cop
Dob
Aoy Inverting Line Driver outputs for drivers A through D respectively.
Boi
Col
Doy
ENABLE Logic-High-Enable, TTL compatible input. See Truth Table under Applications for logic program-
ming of this pin.
ENABLE Logic-Low-Enable, TTL compatible input. See Truth Table under Applications for logic program-
ming of this pin.
V+ Connection for external power supply.
COMMON Circuit common (not necessarily physical or system ground).

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range Oto +70 °C
Storage Temperature Range —-40to +125{ °C
Pin Soldering Temperature (t=15 sec.) 300 °C
Power Supply Voltage (V +) 7.0 \
Input Operating Voltages, V +, Driver Inputs, ENABLE and ENABLE 5.5 v
Driver Output Current +35 mA

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings”” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

TIMING CHARACTERISTICS (Ta=25°C, V+ =5V, See Fig. 7)

Symbol Characteristics Min. | Typ. | Max. | Unit
TrHL or Tty | Transition time; (see Figure 2) — — 20 ns
TpHL or TpLy | Propagation Delay Time; (see Figure 3) ) — — 20 ns

Tskew Vop to Vo, Time Difference; (see Figure 2) — +20 | 60| ns

VpeakV + Overshoot, (see Figure 3) — — 10 %

L
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TIMING CHARACTERISTICS (Continued)
Driver Disable and Enable Times (see Figures 4, 5 and 6)

Symbol Characteristics Min. | Typ. | Max. | Unit
Output ENABLE Times (See Fig. 5 and Note 1):

thz Output high to ““high impedance” — — 40 ns

tLz Output low to ““high impedance” — — 40 ns
Output Enable Times (See Fig. 4 and Note 1)):

tzn ‘“High impedance” to output high; — — 30 ns

tzL ‘“High impedance” to output low — — 30 ns

NOTE 1: The device is disabled when ENABLE = LOW and ENABLE = HIGH. All other conditions of ENABLE and
ENABLE will allow the device to operate (see Truth Table under Applications).

TIMING DIAGRAMS
Fig. 2 - Propagation Delay and tskew Diagram and Associated Load Schematic

50V
30V
v 13V 180 180
INPUT ov Vo0
N Vo l
VoH 30 pF
—— — — % (VoH + VoL)
DIRECT Vou 30 pF 75 Q 75 Q
OUTPUT
(Note)
INVERSE
VoH
OouTPUT Y2 (VOH + VoL)
—— — — — VoL

Note: tgew is defined as the absolute time difference between the average voltage of the input and its comple-
ment. The average voltage is 1/2 (Vou + VoL. Either output, Vo.p or Vo.| may occur first.

Fig. 3 - Overshoot Diagram and Associated Load Schematic

.
V(peak) Vipeak)*

DRIVER 1.0 4F

Vo-o 9 .
L]
vm‘_{) Dwo ¢ § { v * Where V + = Steady-State
Vo - Step Voltage and

Vpeak = Peak Step Voltage




TIMING DIAGRAMS

Fig. 4 - Enable and Output Waveforms

Fig. - 5 Enable and Output Waveforms

—

ENABLE ENABLE
|
|
OUTPUT U l ! : I
NORMALLY |
F . = OUTPUT
tow X b uonmuvw
Low
| ] 05V | -f 05V
OUTPUT I ' o5v : = o5V
NORMALLY . | - _.{ OUTPUT—“J’_’ | _ _{
HIGH I [ ~ NORMALLY | -
| | | HIGH |
| ! | | ! : l
|
| } —of thz je— : | —a] thz ja—
--I tzH l'— ——] tzH I-—
Fig. 6 - Associated Enable, Enable Loading Diagrams
tzL . LOAD
ttz & thz  LOAD
sov 50V
ouTPUT
180 @ UNDER tzH LOAD
180 ©
ouTPUT TEST
UNDER 30pF | |75 oll;l;lr;g;
TEST TEST
30 pF 10pF | (750
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Fig. 7 - Switching Time Test Configuration

180 @ 180 Q@

out

ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise specified)

Parameter Test Conditions Min | Typ | Max | Unit

Power Supply Operating Voltage | (See Fig. 8) 4.5 — 5.5

Output Voltage V+ =4.5V, |o=20mA, (See Fig. 8) | High 25 — 35 v
Viy=2.0V, V) =0.8V (See Fig. 8) | Low 0.05 05

Input Clamp Voltage V+ =45V, Ijy=—18mA (See Fig. 9) 0 — | -15

Power Supply Current V+ =55V, Vijy=0 (See Fig. 10) | No Load 45 — 90 mA
V+ =55V, Viy=2.0V (See Fig. 10) | Disabled 20 | — | 40

Output Current Vo=0.5 or 2.5V (See Fig. 11) | Disabled — — +20 JA
Vo= -0.25 or 6.0V (See Fig. 12) | Power Off — — | £100
V+ =55V (See Fig. 13) | Short-Circuit | — — | -150 mA

Input Current VN =0.4V (See Fig. 14) | Low 0 — |-0.36
ViN=2.7V (See Fig. 14) | High — — | £20 | A
VIN=7.0V (See Fig. 14) | Reverse 0 — 0.1 | mA
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TEST CIRCUITS

Fig. 8 - Output Voltage (High) (Low)

Vi

|

Q|
C
=i

Fig. 9 - Input Clamp Voltage
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Fig. 11 - Output Current (Disabled)
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Fig. 10 - Power Supply Current No Load & Disabled
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Fig. 12 - Output Current (Power OFF)
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TEST CIRCUITS (Continued)

Fig. 13 - Output Current, Short Circuit

out

+

VIN ouT

APPLICATION

The following Truth Table shows the V +, ENABLE,
ENABLE and ‘‘Data In”’ conditions which must be
met to provide specific “‘Driver Output States’ (both
direct and inverse outputs).

Figure 15 illustrates basic information for applica-

TRUTH TABLE

Fig. 14 - Input Current (Low) (High) (Reverse)

tion of the LB1023 line driver devices in a Two-Wire
Balanced RS-422A System. This particular diagram
shows the LB1023 Line Driver interfacing with the
LB1022A type Line Receivers.

Condition 1 Data In 1 Direct Output Inverse Output
Enable is High High High Low
Enable is High Low Low High
Enable is Low High High Low
Enable is Low Low Low High
Enable is Low AND Don’t High High
Enable is High Care Impedance Impedance
V+ is Low Don’t High High
(=< 0.5V) Care Impedance Impedance

NOTE 1: High and Low levels for Enable, Enable and Data In are TTL levels (Vig= 2.0V, V| < 0.8V).
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Fig. 15 - LB1023 Quad Line Driver Application Diagram

LB1022AC

DATA IN © LB1022BC

DATA OUT

TERMINATING
RESISTANCE

ENABLE, ENABLE ENABLE, ENABLE
CONTROLS CONTROLS
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PRELIMINARY DATA

AN AT&T PRODUCT

DIGITAL-SIGNAL TRANSCEIVERS

o TRANSMITTED OUTPUT OF CURRENT-
LIMITED, COMPLEMENTARY VOLTAGE
PULSES

e POSITIVE - AND NEGATIVE - RECEIVED
SIGNALS ARE DETECTED SEPARATELY

e TTL COMPATIBLE INPUTS AND OUTPUTS

e HIGH INPUT IMPEDANCE ALLOWS
TRANSCEIVER TO BE DRIVEN BY EITHER
TTL OR CMOS

e 40 kHz OPERATION

e CAN BE POWERED BY A SINGLE 5V POWER
SUPPLY

e ENABLE INPUTS (DRIVE AND RECEIVE) ARE
TIED TOGETHER (LB1024AB ONLY)

e ENABLE INPUTS (DRIVE AND RECEIVE) MAY
BE OPERATED INDEPENDENTLY OR TIED
TOGETHER

e MINIDIP PLASTIC; LB1024AB

e 16-PIN PLASTIC DIP; LB1024BC

Each transceiver receives or transmits on a *‘one
pair’’ transmission line. The outputs are current li-

Fig. 1 Functional Diagram

@<
\
o — \

Minidip A DIP-16 A Plastic

ORDERING NUMBER: LB1024AB
LB1024BC

mited to prevent damage from faults to ground,
faults to the positive supply, or faults from line to
line. Transmission radiation is minimized by having
one driver that raises the voltage (approximately
0.7V) on one line of a wire pair, while another dri-
ver lowers the voltage (approximately 0.7V) on the
other line. Thus, the DC level of the pair remains
constant. Two receive comparators sense differen-
tial voltage on the wire pair. Both outputs are low
when the differential voltage is below a set thre-
shold value. The PRP comparator goes HIGH for
positive signals and the NRP comparator goes
HIGH for negative signals.

DRIVE
ENABLE

SEE NOTE 1

POSITIVE RECEIVE
PULSE (PRP)

CT (+)

CR (-]

RECEIVE
ENABLE

NEGATIVE RECEIVE
PULSE (NRP)

SIGNAL
L
EXTERNAL

TRANSMISSION
LINE

NOTE 1: The DRIVE and RECEIVE ENABLE pins are internally tied together for the LB1024AB device only.

NRP
COMPARATOR
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PIN CONFIGURATION

CR1

[1c] cn1

DRIVE ENABLE1 l5l RECEIVE ENABLEl

'SIGNALL [14] Pre1
v+ [13] NrP1
NRP O E PRP SIGNAL2 [12] nRP2
v+ [Z] E cT DRIVE ENABLE2 [11] Pre2
DRIVE ENABLE [€] cr CR2 [10] RECEIVE ENABLE2
‘stoNaL [% ] 5] crounp cT2 [5] crouno
LB1024AB LB1024BC

PIN DESCRIPTION

NOTE (For the LB1024BC dual version device only). A designator (either 1 or 2 following the pin name) means that
this terminal is part of either transceiver section 1 or 2 respectively.

Name Description
CR Line Driver/Receiver (negative output/input terminal). This pin interfaces with an external
CR1, CR2 transmission line.
CT Line Driver/Receiver (positive output/input terminal). This pin interfaces with an external
CT1, CT2 transmission line.
NRP Logic output terminal for the Negative Receive Pulse comparator. This output is HIGH for
NRP1, NRP2 negative input pulses.
PRP Logic output terminal for the Positive Receive Pulse comparator. This output is HIGH for
PRP1, PRP2 the positive input pulses.

A logic HIGH on this terminal activates the “‘transmit’” function for the LB1024BC device.
DRIVE ENABLE
DRIVE ENABLE1 The ‘“‘drive enable” and ‘‘receive enable” functions are internally tied to the DRIVER
DRIVE ENABLE2 ENABLE pin for the LB1024AB device. Thus, with a logic HIGH or logic LOW on this pin,
the LB1024AB is either in a “‘transmit”” or ‘‘receive’” mode respectively.

A logic low on this terminal activates the ‘‘receive’ function for the LB1024BC device.
RECEIVE ENABLE1 The LB1024AB devices has no external pin for this function. In the LB1024AB device, the
BECEIVE ENABLES Eﬁf\gtg %?:.ble function and the ‘‘drive enable” function are both tied to the DRIVE
The comparator outputs are disabled when the receiver section is disabled. The compara-
tor outputs are a logic LOW when the differential voltage of CT minus CR is below a set
threshold value.

SIGNAL Input for line driver signals.
V+ Connection for external power supply
GROUND Circuit common (not necessarily physical or system ground).
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Power Supply Voltage 6.0 \
Line Driver/Receiver Voltage (CT or CR to V +); LB1024AB +3.9 \Y
Line Driver/Receiver Voltage (CT or CR to V +); LB1024BC +1.0 \
Line Driver/Receiver Voltage (CT or CR to GROUND); LB1024AB -1.0 \
Line Driver/Receiver Voltage (CT or CR to GROUND); LB1024BC -4.3 Vv
Inputs (DRIVE ENABLE, CT or CR to GROUND) -1.0 \Y
Inputs (DRIVE ENABLE, SIGNAL or RECEIVE ENABLE TO V +) +1.0 Vv
Ambient Operating Temperature Range Oto +70 °C
Storage Temperature Range -40to +125| °C
Pin Soldering Temperature (t=15 sec.) 300 °C

Stresses in excess of those listed under ““‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (at 25°C unles otherwise specified)

Parameter Test Condition Min | Max | Unit
Power Supply Current (Comparators- LB1024AB 1.87 | 3.13
Enabled-Voltage Drivers Disabled) LB1024BC 315 | 529 mA
Input Signal Range LB1024AB 0 8.9
LB1024BC -4.3 5 v
LINE DRIVER ’
Output Voltage Differential 1.3 1.7
High-Level 150Q Load 2.8 5.0
Low-Level (See Fig. 2) 0 1.8 \
Driver Off Open Circuit (See Fig. 3) | 2.24 | 2.46
Differential Output Voltage Driver Off Open Circuit (See Fig. 3) | — | =0.01
Short-Circuit Output Current High-Level (See Fig. 4) | —17 | —-26
Low-Level (See Fig. 4) 17 26 mA
LINE RECEIVER
Ouptut Voltage High-Level (AVin= =1.0V) (See Fig. 5) | 2.5 5.0
Low-Level (AVin= +1.0V) (See Fig. 5) 0 0.4 v
Small-Signal (AVin= +0.2V) (See Fig. 5) 0 0.4
Input Voltage Receive Mode Range See Table 1
Output Leakage Current High State, Disabled Mode, Vout =0V (See Fig. 3) 0 -1.0
Low-State, Disabled Mode, Vout = 5.0V (See Fig. 3) 0 1.0 #A
LOGIC INPUTS
Input Voltage Maximum Low-Level — 0.8
Minimum High-Level 2.0 — v
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TEST CIRCUITS

Fig. 2 - Vour Voltage Fig. 3 - Driver Output Voltage

+5V +5V

14 |—o PRP1 +5V 15 4 (13}

16

+5V o— 15 13 —O NRP1
y 2 150 Q VDIFFERENTIAL
: 2 16 —o CT1

SIEGNAL S 1
CR1
Cr2
CR2

LB1024 ' [—OCRI SIGNALT o— 3

6 8 —oCT2 —_
: SIGNAL2 o— 5
—o CR2 8

LB1024

~

+5v o—10 12 |—o NRP2 6 150 @ VDIFFERENTIAL
. 1 |—o PRP2 5V 10 0 7

- L

Fig. 4 - Driver Short Circuit Output Current Fig. 5 - Receiver Output Voltage

+5V +5V

+5V 15 4 " cT 4 14 f——o PRP1
2 }ISHORT CIRCUIT 5 13 |——0 NRP1
cT
SIGNALT o— 3 CRi 'E[ ) 1 EP
VINT
1

-

LB1024
SIGNAL2 o— 5 .| CT2
8 LBlo24 CR1
6 | SHORT CIRCUIT —o +2V
i 1y Q) wa
| 7
+5V 10 9 CR2 6 CR2
12 —0 NRP2

11 |—o0 PRP2
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APPLICATION

Table 1 gives the logic information necessary for
the operation of the LB1024 type Transceivers.
Figure 6 is a typical application of the Dual Tran-

Table 1 - LB1024AB, LB1024BC Operation Table

sceiver device. This diagram illustrates two types
of “‘enable control”’ operation: combined and in-
dependent control.

Logic Inputs Line Logic Outputs
Mode . e Output Input
E‘?";‘;‘fe '?E“;“:’;:: Signal (Transmit) (Receive) PRP NRP
CT-CR CT-CR
Transmit H H L +1.3t0 +1.7V — T
Mode H H H ~1.7t0 —1.3V - T
L L X — = +1.0V 1 0
Receive
Mode L L X — <-1.0V 0 1
L L X — —-0.2V to +0.2V 0 0
T =Tristated (disabled) output
X=Don’t care
Fig. 6 - LB1024BC Dual Digital-Signal Transceiver Application Diagram
PRP 1 €¢—] CcT1 CcT 1 —=prP 1
NRP 1 t— CR1 CR1 3 NRP 1
PRP2 LB1024BC =2 2 LB1024BC PRP 2
NRP 2 t—| CR?> CR2 L ».NRP 2
SIGNAL 1 >—— —<SIGNAL 1
SIGNAL 2 >—— ———< SIGNAL 2
DRIVE RECEIVE l l
ENABLE ENABLE DRIVE RECEIVE
ENABLE ENABLE
COMBINED

ENABLE CONTROL
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PRELIMINARY DATA

QUAD BUS TRANSCEIVER

e FOUR INDEPENDENT TRANSCEIVERS
o LOW OUTPUT CAPACITANCE (< 6pF TO BUS)

o SIMULTANEOUS RECEIVE/TRANSMIT
ENABLING OF ALL TRANSCEIVERS

e TTL COMPATIBLE INPUTS -

e TRISTATE RECEIVER OUTPUTS
e RECEIVER INPUT HYSTERESIS
e DRIVER OUTPUT HIGH IS 75mA
e 5V SUPPLY VOLTAGE

Each transceiver will interface a tristate bus with
a large, low-impedance party-line bus. It has cur-
rent source drive to the party-line bus and main-
tains tains a high-impedance load to this bus under
all conditions.

Fig. 1 - Functional Diagram

AN AT&T PRODUCT

1

DIP-16 A Plastic

ORDERING NUMBER: LB1025AC

All receivers have tristate outputs and therir inputs
have built-in hysteresis to improve noise control.
Fail-safe design ensures that transmit is disabled
when the enable pins are open.

ENABLE

Y

| ONE OF FOUR IDENTICAL CIRCUITS _}
' |
' |
: REC. |
| THRESHOLD |
DATA 0 | DATA
| | BUS

| |
_________________ ]

VREF

RECEIVER
CURRENT
REFERENCE
POR——
BANDGAP
REFERENCE
ENABLE Ep
(Eo) THRESHOLD IPROG
TRANSMIT ENABLE ,
(TE)

(E1)
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PIN CONFIGURATION

B [f
DATA 3 |f

.
DATAZ [8}

PIN DESCRIPTIONS

Description Name
Data 1 Data inputs/outputs. These pins connect to the input/output terminals of user defined
Data 2 equipment (computers and computer peripherals, instrumentation equipment, etc.).
Data 3
Data 4
Bus 0 Bus transmission line inputs/outputs. These pins are the inputs for the ‘‘receive’” opera-
Bus 1 tion and the outputs for the “transmit” operation.
Bus 2
Bus 3
V+ External supply voltage (+4.75V to 5.25V). The supply voltage pins (3 and 14) are inter-
nally connected together.
COMMON Circuit common (not necessarily physical or system ground).
Eo Enable (zero) and Enable (one). See TABLE 1 for logic programming of these pins.
Eq
TE Transmit/Receive control input. See TABLE 1 for logic programming of this pin.
POR Power on reset. A non-inverting buffered signal of the Eg input may be obtained from
this pin.
IPROG This pin can be programmed to vary driver output currents for test purposes only. This

pin should be connected to V+ for all applications.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range Oto +70 °C
Storage Temperature Range —40to +125 °C
Pin Soldering Temperature (t=15 sec.) 300 °C
Operating Voltage (all pins) 5.5 \

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (Ta=25°C unless otherwise specified)

Parameters Test Conditions Min | Typ | Max | Unit
Input Voltage High-level 2.0 — — v
Low-Level — — 0.8
Driver Input Current High-Level — |-0.08] -40 .
Section Low-Level — [-0.05| -02 A
m
Output Current High-Level -675| -75 | —-825
Low-Level — -20 | —40 nA
Input Threshold Voltage High-to-Low 0.3 0.48 0.6 v
Low-to-High 0.5 0.76 1.1
Hysteresis Voltage 200 270 500 mV
) Output Voltage High-Level 2.4 4.05 - y
Recglver Low-Level — 0.35 0.4
Section
Input Current High-Level — -7.0 | -40 A
, Low-Level — [ -20 | -40 | *
Output Current Short-Circuit, Low-Level 15 50 150 A
m
Short-Circuit, High-Level —-15 | —40 | —150
TE High-Level 2.0 — —
TE Low-Level _ — 0.8
Input Voltage "
Ep Low-to-High 2.75 | 2.96 3.5 \
Ep High-to-Low 1.756 | 241 25
i Hysteresis Voltage Ep Input 0.5 0.85 1.5
oo TE High-Level — [“o003| —20
ection _
Vin=3.0V | E4 High-Level — |-0.01| -20 | wA
Eg High-Level — -0.1 ( -5.0
Input Current —
TE Low-Level — |-0.07| -04 |-
ViN=0.4V = mA
E¢ Low-Level — — -04
Vin=0.2V | Eg Low-Level — —-14 | -40 | kA
See | ow-to-High — | 9.0 | 40
Driver Figures 9
2 and 4 | High-to-Low — 16 40
. See || ow-to-High — | 30 | 45
Propagation | Receiver Figures WHo 9
Delay 3 and 5 | High-to-Low — 16 40 ns
Time -
TE to Driver High-to-Low — 20 50
High-to-Low — 28 50
TE to Receiver Low-to-High — 40 60
Power Current (Maximum) — 380 | 500 A
m
Supply Current (Quiescent, Idle) — 65 90
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TEST CIRCUITS

Fig. 2 - Driver Test Circuit Fig. 3 - Receiver Test Circuit

OuTPUT
PULSE +5V
O

Te=L Te=H
E=L E=L
Eo=H Ep=H
V+ = +5V V4 = +5V
Fig. 4 - Driver Timing Waveform Fig. 5 - Receiver Timing Waveform

DATA BUS

ty=t;=10ns ty=ty=10ns
Pulsewidth = 100ns Pulsewidth = 100ns
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APPLICATION

Table 1 gives the logic information necessary for
the operation of the LB1025AC Transceiver.
Figure 8 is typical application of the Quad Bus Tran-

Table 1 - LB1025AC Truth Table

sceiver. This diagram ilustrates the device when
used as an interface between a 40 ohm party line
bus and a computer or peripherals.

TE (nosg 1)| E Information Flow Operation

0 0 0 Bus-Data Receive

1 0 0 Bus-Data Receive

0 1 0 Data-Bus Normal Transmit
1 1 0 Bus-Data Normal Receive
0 0 1 Bus-Data Receive

1 0 1 Bus-Data Receive

0 1 1 Isolate Disable Device
1 1 1 Isolate Disable Device

Note 1. Eg is generally low only during the power-on-state. During the power-on-state, the transceiver default into the
“‘Receive” state until the voltage at Eg exceeds 3 volts.

Fig. 6 - LB1025AC Quad Bus Transceiver Application Diagram

40Q DATA BUS

409

77 5 v 7 —7
A A A \
a0 i i
Y Ya Va Y
LB1025AC LB1025AC LB1025AC LB1025AC
L |

To Computer or Peripherals

(Data)
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PRELIMINARY DATA

LEVEL EXPANDER

AN AT&T PRODUCT

e REDUCES BACKGROUND NOISE DURING
PAUSE IN CONVERSATION

e | B1026AA SUPPLIED WAFER FORM
e | B1026AB SUPPLIED IN MINIDIP

The LB1026 functions as a voice-frequency ievel
expander that is used to condition amplified signals
from electret-type microphones. A characteristic of
this level expander is to attenuate low-level signals
from the microphone that typically originate from
background room noise, while passing normal am-
plitude speech at unity gain. The end effect of using

Minidip-A Plastic

ORDERING NUMBERS: LB1026AA

LB1026AB

this device is that the quality of the conversation

is enhanced, for both the talker (via receiver side- PIN CONFIGURATION

tone) and listener, by reducing background sounds
that might be heard during periods when the tal-
ker is silent.

This device operates from a single 2 to 15 V po-
wer supply and must be ac-coupled at the input and
output. In addition, a 1.0uF response-time control
capacitor must be provided by the user if the spe-
cified attack and release times are to be obtained.
The LB1026 may be supplied in wafer form to the
customer who is then responsible for subsequent
processing to obtain the usable device. Each chip
has six pads for wire bond attachment (see outli-
ne drawing).

Fig. 1 - Block Diagram

ouTt
>

4

O-

EXTERNAL CAPACITOR
(RESPONSE TIME CONTROL)

Vsp
MULTIPLIER OUTPUT
STAGE
IN
/
INT
VREF
voLT
REF
Ivsp
GAIN
PREAMP  PEAK GAIN
DET CONTROL
- CURRENT
INTERNAL REF
CONNECTIONS ) & ]
-
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PAD & PIN DESCRIPTION

Pad Pin Symbol Description
1 1 V+ Connection for the power supply voltage.
6 2 RTCC Response Time Control Capacitor.
3 NC No Connection, should not be used as a tie point.
15 4 GND Ground.
5 NC No Connection, should not be used as a tie point.
16 6 OUTPUT Device output.
22 7 GND This pin can be connected to ground. This connection is not to be considered the
ground terminal for this device.
21 8 INPUT Device input.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Voltage (on Pads 1, 15, 22) 25 \
Storage Temperature Range —-40to +125 °C
Ambient Operating Temperature Range 0 to 50 °C
Pin Temperature (Soldering 15 sec) 300 °C

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified see test fig. 2)

Parameter Test Conditions Min Max | Unit
Power Supply Voltage 2.0 15 \
Power Supply Current V+ =15V — 1.0 mA
Power Supply Current V+ =3.0V — 700 A
Output Voltage R =6KQ — 1.0 | Vpp(M
Maximum Input Gain Ratio(3) Input = 388mVrms 094 | 1.15
High-Level Gain Ratio(3) Input=50mVrms 0.94 1.1
Mid-Level Gain Ratio(3) Input=12.5mVrms 0.38 0.6
Low-Level gain Ratio@) Input=1.0mVrms 0.19 | 0.28
Attack Time 105 | 175
Decay Time 105 175 ms

1. Maximum undistorted sine-wave.

2. Attack and decay times are defined as the time required for the output to settle to within 90% of the values shown

in Figure 2 after the input is instantaneously changed from 3.16mVRyg respectively. For this specific response, a
1.0xF capacitor must be connected from lead number 6 of the device to ground in addition to the normal input, output
and supply connections. These response times are not directly measured, but are guaranteed by desing.

3. Gain Ratio are defined as Vp/V,
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Fig. 2 - Test Circuit

" 0.4uF
> v NAneur ’]———" +—o,
4
RTCC NC
s ! 0.1pF 500 vi
—g \
e One ouTPUT
GND NC 6K Vo |IKHz
. L 2.1
5-5060 -
APPLICATIONS

The following information summarizes the basic electret-type microphone applications.
operation of a voice frequency level expander in

Fig. 3 - Typical Expander Characteristics

1000 £
- .
100 |
: ot 4
e
el -
5 10F EXTRAPOLATED -
a o UNITY GAIN ~ °
= - \},
3 i - LB1026
B ~ . CHARACTERISTIC
1.0 ~
3 -
- ~
[ -~
L - .
~ .
0.1 L1l Lo 11ty 1o byt Lottt
0.1 1.0 10 100 1000
INPUT (MVRMS)

Attack and decay times are defined as the time required for the output (V) to settle within 90% of the valued (output
mVrms, Figure 3) after the input is istantaneously changed from 3.16 mVrms to 31.6 mVrms or from 31.6 mVrms to
3.16 mVrms, respectively. For this specific response, a 1.0 uF capacitor mus be connected from pin 2 of the device
to ground in addition to the normal input, output, and supply connections.
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APPLICATIONS (Continued)

Fig. 4

V+ v+
Q ?
.
01uF
I M

LB1027 out ' IN LB1026
PREAMPLIFIER | I LEVEL EXPANDER| out

1 ELECTRET

T 0.033pF
I
RESPONSE Re
TIME CONTROL
CAPACITOR
I MICROPHONE
$-9024
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MOUNTING AND CONNECTION
Epoxy bonding is the preferred method of attaching Use minimum pressure during bonding. Bonding

the chip to the substrate. temperature shall not exceed 340°C
Thermo-compression bonding is the preferred me- Care shall be taken during wire-to-contact bonding
thod of attaching gold wire to the device contact. so as not to damage the device.

OUTLINE DRAWING

NOTE 2
le—————1025——— / -{’NOTE 3

r _ T — 7

OO0 /
19 18 17 (OUTPUT) 16

| 2o
|

1055 T Bu (INPUT) ooe
|
sa6 22 (GND) CENTER OF CHIP
L] |
L _ —- :
174 1 | hn (GND) 15[3——4—{
@ 1 (V) T

[@&—————————WORKING OUTLINE 2360 —————————

t@————————— CENTER-TO-CENTER DISTANCE 2620 —————#
NOTE 1

—f | 1 [=] 54
[E3F]
| 13 1030
| | B2 ! Ll
| (RTCC) 125
34 s 6 7 10 1
B0 — OG- G-
L - 4 - _I
19— 546 —
1030

j@&———————— WORKING OUTLINE 2360 ————————

|@———————— CENTER-TO-CENTER DISTANCE 2620 ————————

NOTES:

All dimensions are reference dimensions and are shown in micrometers.

1. The actual chip size equals the center-to-center dimensions less the saw kerf width, typically 50 to 70
micrometers

2. Chip pad location numbers are for reference only and do not appear on the chip. The complete metalli-
zation pattern is not shown.

3. The thickness may vary as determined by the wafer diameter used in fabrication. However, the thick-
ness dimension will be in the range of 480 micrometers (.0189 inches) minimum and 700 micrometers
(.0275 inches) maximum.
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PRELIMINARY DATA

ELECTRET PREAMPLIFIER

¢ INPUT IMPEDANCE OF 125MQ (IN

PARALLEL WITH 2.5 pF)

o LOW QUIESCENT CURRENT (< 327 4A at 4V)

e AC VOLTAGE GAIN OF 18 dB

e 600 mV PEAK-TO-PEAK OUTPUT VOLTAGE

SWING
e TYPICAL OUTPUT RESISTANCE OF 50Q
e AVAILABLE IN WAFER FORM
e INQUIRE ABOUT 8-PIN DIP AVAILABILITY

Fig. 1 - Simplified Schematic

AN AT&T PRODUCT

The LB1027 is a voice-frequency preamplifier spe-
cifically designed for electret microphone applica-
tions. This device operates from a supply voltage
of 15 volts down to 1.1 volts (with some performan-
ce reduction below 1.6 volts).

The LB1027 is supplied in wafer form to the custo-
mer who is then responsible for subsequent pro-
cessing to obtain a usable chip. Each chip has four
pads for wire-bond attachment (see outline
drawing).

ORDERING NUMBER: LB1027AA

. 4 -O OUT

210 kQ

30 kQ
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Fig. 2 - Simplified Diagram, Source and Load Requirements

A

IN

, LB1027 , ' o out
r-L - ‘

V+

[ Cs |
| | GND C sTraY CL
ELECTRET | |
MICROPHONE | | R
L
| |
I |
L - _
PAD DESCRIPTION (Refer to Fig. 11)
Pad N° Name Description
2 V+ Positive-Supply Voltage
4 GND Ground
3 IN Input (See Source Requirements below)
1 out Output (See Load Requirements below)

Source Requirements (See Figure 2)

The LB1027 is optimized (for PSRR) where Cg = 12 pF, but will work with any value consistent with its input impedance.
The low-frequency roll-off point is determined by Cg. Direct current into the input should be = 20 pA. The LB1027 is
designed for ac input signals less than 20 mV peak-to-peak (low-frequency response may degrade with larger input peaks).
Signals greater than 70 mV peak-to-peak may be asymmetrically clipped.

Load Requirements (See Figure 2)
Cy can be any value consistent with the desired output low-frequency roll-off characteristics. Values of Cg, R, maxi-
mum signal frequency and output voltage swing must be chosen so as not to exceed the LB1027 output drive current

capability (+80 uA, —250 pA).

The LB1027 will output a 600 mV p-p signal to >4 kHz without clipping or slew-rate limiting (when R =10k and
CsTRAY <5000 pF). It is recommended that CgTray not exceed 5000 pF in any event.
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range —20to +70 °C
Storage Temperature Range —-40to +125| °C
Power Dissipation 100 mw
Voltage (V+ to GND) 18 \Y
Input Current +10 A
Output Current +1 mA

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings”’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
Power Supply Current V+ =15V 160 — 350
V+ =4.0V 160 230 | 327 uA
V4 =15V (See Fig. 3) | 160 — 350
DC Output Currents Positive Drive; Viy=1.5V, V+ =4.0V 80 110 — A
Negative Drive; Viy=0.9V, V + =4.0V -250 | —430 | — s
(See Fig. 4)
DC Quiescent Output Voltage V+ =16V 0.32 | 0.40 0.9
V+ =4.0V 0.35 | 055 | 1.05 Vv
V+ =15V (See Fig. 5) | 0.35 | 0.80 | 1.20
DC Output Voltages Positive Swing; Viy=1.5V, V+ =4.0V 1.5 — — \
Negative Swing; V|N=0.9V, V+ =4.0V — — 0.1
(See Fig. 6)
AC Voltage Gain f=1KHz, C)y=1000pF, V|y=14mVrms | 16.8 | 18.0 | 19.3 dB
NOTE: Circuit frequency response is flat to
within +0.5dB (DC to 10KHz) (See Fig. 7)
Input Impedance Resistive — 125 — MQ
Capacitive (Capacitive source = 12pF) — 2.5 — pF
Output Resistance — 50 — Q
Low Frequency Response (-3 dB point) | Capacitive Source=12pF (See Fig. 8) | — 80 — Hz
RECOMMENDED OPERATING CHARACTERISTICS (at 25°C)
Max Supply Voltage (V +) 15 Y
Min Supply Voltage (V+) 1.1 \Y
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TEST CIRCUITS
Fig. 3 - Power Supply Current

Fig. 5 - DC Quiescent Output Voltage

Fig. 7 - AC Voltage Gain

VIN = 14 mVAMS
f=1kHz

14 mVAMS
VARIABLE FREQUENCY

ViN

Fig. 4 - DC Output Current Drive

Fig. 6 - DC Output Voltage Swing

Fig. 8 - Low Frequency —3 dB Point

out

LB1027

MEASURE
AC VOLTAGE
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TEST CIRCUITS (Continued)

Fig. 9 - Stability Check. With V+ =1.5, 4.0 and 15.0 V, measure AC output voltage with 3dB bandwidth
>500 KHz. No oscillation should be detected.

APPLICATIONS

The following simplified diagram summarizes the LB1027AA electret preamplifier.
requirements for optimized operation of the

Fig. 10 - Electret Preamplifier Application Diagram

v+ v+
Q o
4 <
[ ==oiuF
2.2k = H

LB1027 out IN LB1026
l— PREAMPLIFIER | “ LEVEL EXPANDER out

100pF J_ 0.033pF
R '——L1 F
! ! RESPONSE K
| ! TIME CONTROL
1 | CAPACITOR
| !
! 1
' 1 ELECTRET
:_ 1 MICROPHONE

-—-
L
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Fig. 11 - Outline Drawing

CHIP IDENTIFICATION NUMBER

NOTE 3 —/

LOCATED IN APPROX. AREA SHOWN NOTE 5
190 x 190
828 620 ———» T"‘
1 4
i
g2 |
CENTER 3
OF CHIP s
:
z
=
2
o

NOTE 2

jet]

[#——————————————— CENTER-TO-CENTER

I3

e ———

meters

The complete metallization pattern is not shown.

ahw N

inches) maximum.

QUTLINE 1530

e CENTER-TO-CENTER
NOTE 2

1830

All dimensions are reference dimensions and are shown in micrometers
The actual chip size equals the center-to-center dimension less the saw kerf width. Typically 50 to 70 micro-

Chip pad numbers are for reference only and do not appear on the chip

The thickness may vary as determined by the wafer diameter used in fabrication. However, the thickness
dimension will be in the range of 480 micrometers (.0189 inches) minimum and 700 micrometers (.0275

MOUNTING AND CONNECTIONS

This device is susceptible to damage as the result
of electrostatic discharge. Proper precautions
should be taken to eliminate exposure to electro-
static charge during handling by individuals and/or
in automatic equipment.

Epoxy bonding is the preferred method of attaching
the chip to the substrate.

Thermo-compression bonding is the preferred me-
thod of attaching gold wire to the device contact.
Use minimum pressure during bonding. Bonding
temperature shall not exceed 340°C.

Care shall be taken during wire-to-contact bonding
so as not to damage the device.
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PRELIMINARY DATA

AN AT&T PRODUCT

VOLTAGE REGULATOR CIRCUIT FAMILY

VOLTAGE REGULATOR
e FIXED VALUES BETWEEN 2V & 24V

e LESS THAN 1% CHANGE OVER
COMBINED TEMPERATURE AND POWER
SUPPLY VOLTAGE RANGES:

e POWER SUPPLY VOLTAGE MUST BE AT
LEAST 2V GREATER THAN REGULATOR
OUTPUT VOLTAGE

PRECISION LOW-VOLTAGE REFERENCE

® 1.25 (£1%) OVER ENTIRE POWER
SUPPLY RANGE

e TEMPERATURE COEFFICIENT <50ppm/°C
(—40 TO +100°C)

e 4 VOLT MINIMUM POWER SUPPLY
e DRIVE UP TO 100 pF

e OUTPUT CURRENT UP TO 10mA

e 40 dB PSRR @ 1 MHz

e FAST START-UP TIME

HIGH-SPEED COMPARATOR

e REFERENCED TO 1.25V

e PROPAGATION DELAY <150 nsec
e INPUT OFFSET <5mV

e OUTPUT CURRENT TO 5mA

16 Pin Surface Mount.

e

8 Pin Surface Mount.

DIP-16 C Plastic

Minidip C Plastic

The Regulation Control Circuit Family consists of
integrated circuits which provide three main func-
tions in the same package: a voltage regulator, a
precision 1.25V reference, and a high-speed com-
parator. Each device accepts an unregulated DC
supply voltage ranging from 4V to 26V and provi-
des two fixed outputs: a 1.25V reference voltage,
common to each device code in this family; and
a customer specified regulation voltage, ranging
from 2V to 24V, fixed at time of manufacture. Re-
fer to Ordering Information (last page) for a detai-
led listing of existing codes. Other codes for
regulation voltages within the specified limits are
available upon request.

Fig. 1 - Functional Diagram - 16 Pin DIP - 16 Pin Surface Mount

COMP IN+
V¢O————~—, 0

VOLTAGE
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(1.25 V)

VRer O
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RFB1

FEEDBACK O-

COMP IN- COMP OUT
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0A
out

SENSE+

FEEDBACK FINE-TRIM RESISTORS
P)

(N) M)
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Fig. 2 - Functional Diagram - Minidip - 8 Pin Surface Mount
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PIN CONFIGURATION
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PIN DESCRIPTION

Name Description
V+ Supply Voltage (4 to 26V)
BLANK This pin may be used as a tie-point for external components. Maximum Voltage = 30V
GROUND Circuit common (not necessarily system or physical ground).
VREr 1.25 V Reference Output.
COMP IN - Inverting Comparator Input.
COMP IN+ | Non-Inverting Comparator Input. Connected to VRgr on 8-Pin Packages.
COMP OUT | Comparator Output, Open Collector. Requires Pull-up resistor.
OA IN— Inverting Op-Amp Input. Connected to FEEDBACK on 8-Pin Packages.
OA IN + Non-Inverting Op-Amp input. Connected to Vrgr on 8-Pin Packages.
OA OUT Op-Amp Output.
FEEDBACK | Connection to feedback resistors. Connected to inverting Op-Amp input on 8-Pin Packages.
SENSE + Positive Sense Node. Normally connected to inverting Op-Amp Out in regulator applications.
T1 These trim links are normally factory trimmed as required to provide the desired voltage regulator
T2 output. Howerver, some applications may require additional fine-turned trimming to account for off-
T3 set voltages in customer systems. Devices can be ordered which are trimmed to a value withing se-
T4 veral millivolts of a customer’s desired value. The customer is then responsible for final trimming.
(See Fig. 1) | (This option not available in 8-Pin Packages).

ABSOLUTE MAXIMUM RATINGS (At 25°C unless otherwise specified)

Symbol Parameter Value Unit
V+ Supply Voltage 30 Vv
TA Ambient Operating Temperature Range —40 to 100 °C
Tstg | Storage Temperature Range —55to0 125 °C
— Pin Temperature (Soldering, 15 Sec.) 300 °C

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings”’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS* (Ta=25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
Standby Current Drain V+ =26V (See Fig. 3) — 3.7 4.5 mA
VReg, Set Point Irep=10mA (See Fig. 3) | 1.238 | 1.250 | 1.262 \"
AVRer (Load Regulation) S2 switched from Ato B (See Fig. 3) | — +3 +8
AVRer (Line Regulation) V+ =Default; V+ =26V (See Fig. 3) | — +3 +6 v
m
AVRer (Temperature Regulation) Ta=—40°C to +25°C (See Fig. 3) | — +3 —
AVRer (Temperature Regulation) Ta= +25°C to 100°C (See Fig. 3) — +3 —
VRer, Power Supply Rejection Ratio DC — 70 — dB
1 MHz — 40 —
VRer, Transient Start-Up Times IRep=1mMA — 2 —
IRep =5mMA — 15 — usec
IReF = 10mA — 150 —
Comparator, Input Offset Voltage Tao=25°C — +1 +5 v
m
Comparator, Output (LOW) Vgias = 1.350V (See Fig. 3) — 235 500
Comparator, Output (HIGH) V+ =26V (See Fig. 3) | 25 — 26 \
Comparator, Transient Response Times | Turn-on Time — 105 —
Turn-Off Time — 25 — nsec
Rise Time — 20 —
Fall Time — 50 —_
Op-Amp, Input Offset Voltage Ta=25°C — +1 +5 mV
Op-Amp, PSRR DC — 100 — dB
Vgense, Voltage Tolerance Vsense Reference = -1 — +1
Manufacturer’s Coded Value (See Fig. 3) %
AVgeNse (Load Regulation) S1 switched from Ato B (See Fig. 3) | — |+0.05| +0.2

* Conditions, as shown in the appropriate test Circuit Figure, are referred to as ‘‘Default” conditions.

Notes:
1. When certain pins are not being used, they should be connected as follows for the 8-Pin devices:
a. COMP IN— to GND (when comparator is not used)
b. OA OUT to FEEDBACK (when Op-Amp is not used)
c. SENSE + should float (when Op-Amp is not used)
2. When certain pins are not used, they should be connected as follows for the 16-Pin devices:
a. When the comparator is not used, connect COMP IN+ to Vggr and COMP IN— to GND.
b. When the Op-Amp is not used, connect OA OUT to OA IN- and OA IN + to VRgf.
. This characteristic excludes the current flowing in the feedback resistors. Feedback current must be calculated for
each voltage regulator value.
. Specific available Vgengg output levels are listed with Ordering Information on the last page.
OA OUT is connected to SENSE +.
OA OUT is disconnected from SENSE + .
. This is the minimum supply voltage which is required to assure that Vyeg has stabilized at any specific temperature
within the specified temperature range.
. Supply voltage (V +) minus a nominal 2.5V yelds high CMVR.

Noos W

o]
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RECOMMENDED OPERATING LIMITS (-40 to 100°C)

Parameter Value Unit
VREer Current Load, Maximum 10 mA
V + Voltage Minimum 4 Vv
V + Voltage Maximum 26 \
Comparator Output Sink Current, Maximum 10 mA
Op-Amp Output Source Current, Maximum 30 mA
Op-Amp Output Sink Current, Maximum 30 mA
TEST CIRCUITS
Fig. 3
RP
2.6 k
0.1
V+ L+t HF
(sEE NoTE) ¥ _ v+ COMP  OA
ouT ouT
? _— REF SENSE + f
VSENSE
RS~ Joma
100 COomMP
pF GND IN- FB
H—1 ' g
NC A
VREF + Vaias ° VSENSE
RBG V)
125 Q St
S2
o A
B
Y | o ¥
NOTE: V + should be set to Vgense (manufacturer’s coded value) plus an additional 3 volts. All voltages and
switch positions as shown in circuit above are referred to as ‘‘Default Conditions’.
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CHARACTERISTIC CURVES

Fig. 4 - Precision Low-Voltage Reference Start-Up Fig. 5 - Precision Low-Voltage Reference Power

Characteristics Supply Rejection Ratio Frequency Characteristics
1.30 3
23}
. & }
S Ve = 4 Vde s CREF = 0 to 100 pF
w 125 c 43r
g &
> a
V+ = 36 Vdc 63|
18G = 10 mA /
1.20 1 s ! 1 I 83 L vl vl vl el e oud g
-50 -25 0 25 50 75 100 10 102 10° 10¢ 108 108 107
AMBIENT TEMPERATURE (°C) ' FREQUENCY (Hz)
Fig. 6 - Precision Low-Voltage Reference Fig. 7 - Precision Low-Voltage Reference Transient
Temperature Characteristics Start-Up Time
1270 WORST CASE TYPICAL - HIGH 15
C (+1% TRIM)
1.260 £
L TYPICAL (CENTER TRIM = 1.250V) IREF = 1 mA
. tsof T | Iy
s N IREF = 10 mA
W o WORST CASE TYPICAL - LOW g
£ 1240 (~1% TRIM) i IREF = 5 mA
P T g
1230 0.5
1.220 CREF = 0 to 100 pF
. A . . . 0 X ) )
50 -25 0 25 50 75 100 0 50 100 150 200
AMBIENT TEMPERATURE (°C) TIME (usec)
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CHARACTERISTIC CURVES (Continued)

Fig. 8 - Typical Comparator DC Transfer Fig. 9 - Typical Temperature Characteristics
Characteristics vs Temperature Comparator-Output Voltage vs Comparator Input
Overdrive of 10mV

8 4.0
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o 2 o

1 LOAD = 5mA
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1.245 1.250 1.255
AMBIENT TEMPERATURE (°C)
COMPARATOR INPUT (V)

Fig. 10 - Typical Temperature Characteristics Fig. 11 - Op-Amp Open Loop Gain

Comparator-Output Voltage vs Comparator Input
Overdrive of 100mV

200 +90 —\1\

E LOAD 10 mA \

5 wmf +40 L

S V+ = 7 Vdc &

3 z

« z \

e COMPARATOR INPUT = 1.350V s \

<

[ 4

g “or -10 LOAD CAPACITANCE

g LOAD = 5 mA = 0 to 100 pF

o

10 L It | ST ARSI AW RTTT B AR R S W ASTIT M AR T11( SR
_50 0 50 100 10 10 10° 10 108 108 107 108

AMBIENT TEMPERATURE (°C) FREQUENCY (Hz)

233




APPLICATION

The Regulation Control Devices are used in power
supply applications where the simultaneous use of
all three functions (Voltage Regulator, High Speed

Comparators, Precision Low-Voltage Reference) is
a common practice. Application diagrams are
shown below.

Fig. 12 - Regulation Control General Application Diagram
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Fig. 13 - LB1001BB (5.1V Regulated Output) Used in DC-DC Converter Application (48V to 5V, 20A)
(High Voltage Shutdown and Current Limiting)
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ORDERING INFORMATION
The Regulation Control Circuit Family is coded as follow:

POSITION: 1 2 3 4 5 6 7 8
CHARACTERS: L B R * * * * *

T T PACKAGE CONFIGURATION

ELECTRICAL VARIANT
DEVICE NUMBER
FAMILY DESIGNATOR
TECHNOLOGY
CLASSIFICATION

Classification (Position 1): L= Linear
Technology (Position 2): B=Complementary Bipolar Integrated Circuit (CBIC)
Family Designator (Position 3): Regulation Control Circuit Family.

Device Number (Positions 4, 5, 6): The device number is also the voltage value of the regulator function
for this device. A decimal point shall be understood to exist between positions 5 and 6.
Example: 022=2.2V
220=22.0V

Electrical Cariants (Position 7) A= + 1% Regulator Voltage’
B = +1.5% Regulator Voltage
C = +£2% Regulator Voltage

Package Variations (Position 8): A= Wafer ((8-Pad Chip) K=16-Pin SOJ (Surface Mount)
B =Minidip S =8-Pin SOIC (Surface mount)
C=16-Pin DIP X =Wafer (16-Pad Chip)

1. Regulator voltage output is SENSE + connected to OA OUT.
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ADVANCE DATA

AN AT&T PRODUCT

HIGH-VOLTAGE SOLID-STATE AC/DC RELAY

e HIGH-VOLTAGE MONOLITHIC INTEGRATED
CIRCUIT FABRICATED IN A DIELETRIC ISO-
LATION PROCESS

e CAN SWITCH LOADS UP TO 400V AT CUR-
RENTS UP TO 200mA
LOW ON-RESISTANCE

CLEAN, BOUNCE-FREE SWITCHING

NO ELECTROMAGNETIC INTERFERENCE
3750V 1/O ISOLATION (OPTICALLY COUPLED)
GOOD dV/dT CAPABILITY

HIGH-SURGE CAPABILITY

NOISE-FREE OPERATION

LOW-POWER CONSUMPTION

This solid-state device is a high-performance, op-
tically controlled, AC/DC Relay. The LH1016 con-
sists of two GaAlAs light-emitting diodes (LEDs)

which optically couples the ON/OFF control signal
to a dielectrically isolated high-voltage integrated

Fig. 1 - Functional and Equivalent Diagram

MINIDIP-D Plastic

ORDERING NUMBER: LH1016AB

circuit. The integrated circuit contains the high-
voltage DMOS transistors and photosensitive dri-
ve circuitry. The optical isolation ensures excellent
noise immunity with up to 3750 volts of isolation
between input and output, while the LED control
currents can be as low as 5.0mA. This makes the
LH1016 suitable for logic control. Equivalent relay
diagrams for this device is shown in Figure 1.

SUBSTRATE
o Mo l o
8 7 6 5

o

H—T

=

i
H_
3

O

zl
o
SPST (NORMALLY OPEN)

SO o/f//\ O §!
v

CONTROL

1

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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PIN CONFIGURATION

PIN DESCRIPTION

CONTROL + 8] s
ne [2] 7] suBsTRATE
CONTROL - [3] €] SuBSTRATE

BLANK [4] 5] s

Name Description
Control + These pins are the positive and negative inputs respectively to the input control LED. An ap-
Control — propriate amount of current through the LED will close the circuit path between S and S’.
S, S, These pins are the outputs.
NC This pin is connected internally for test purposes. It should NOT be used as a tie-point for
external components.
Blank This pin may be used as a tie point for external components. Voltage applied to this pin should
not exceed 150V.
Substrate This pin should be left unconnected.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit

Ambient Operating Temperature Range 0to +70 °C
Storage Temperature Range —-40to +100[ °C
Pin Soldering Temperature (t=15 s max) 300 °C
Input/Output Voltage Isolation 3750 Vv
LED INPUT

Continuous Forward Current 25 mA

Peak Forward Surge Current 250 mA

[Pulse width =4.0ms, 10 pulses/s cycle (4%)]
Reverse Voltage 20 Vv
OUTPUT, Continuous Current (RMS) 200 mA

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter Test Conditions Min | Typ | Max | Unit
OUTPUT POLE
ON Resistance Ron = V/50mA ILep=5mA, | pap= =50mA - 35 40 Q
(See Fig. 2)
ON Voltage ILED =5MA, ILoAD = & 200mA — | 20 | 25
(See Fig. 2) \
Breakdown Voltage ILep =0mA, I pap= +50uA (See Fig. 2) | 400 — —
Surge Current Non-Recurrent 1.0ms square wave 4.0 — — A
ILep=5.0mA (See Fig. 2)
Leakage Current ViLoAaD =400V I gp=0mA (See Fig. 3) | — . 20 A
z
VLoap =100V I gp=0mA (See Fig. 3) | — 0.5 —
Switching Time TURN ON Vpm= +£150V R = 15KQ (See Fig. 4) — — 1.2
- msec
TURN OFF Vpm = £150V Ry =15KQ (See Fig. 4) | — — 0.8
INPUT CONTROL
LED Forward Voltage Forward Current=10mA 1.17 — 1.43 v
LED Breakdown Voltage Reverse Current =10uA 10 — —
LED Reverse Leakage Current Reverse Voltage = 10V - - 10 A
LED Continuous Forward Current: (See Absolute Maximum Rating)
Recommended Forward Current for
ON-State Operation: — 5.0 — mA

TEST CIRCUITS

Fig. 2 - Ron, ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current
N\ \\WJ PN

ILED 1 8 1 8
T ILED
NC | 2 - NC ILoan NC 2 7}-nNe
vm 6) VLOAD
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3 6 |— NC 3 6
NC — 4 5 NC {4 5

Fig. 4 - 7oN/TOFF Test Circuit and Waveform ILED (5 mA)
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CHARACTERISTIC CURVES

Fig. 5 - ON-State Characteristics of Output Poles (lllustrating Bidirectional V-1 Characteristics)

I
ﬂh
100 mA +
50 mA -+ 4—0ON RESISTANCE @ 50 mA
-V ¢ L > Vv
v
-1

DEVICE OPERATION

In the OFF-state, this device can withstand its ra-
ted voltage at leakage currents less than 20 pA.
In the ON-state, this device exhibits a bidirectio-
nal resistive characteristic for currents less than 100
mA (see Figure 5 for ON-state characteristics).
This device can switch up to 400 volts at currents
up to 200mA.

This one-pole relay offers one of the highest volta-

APPLICATION

This device has been optimized to meet the de-
mands of switching high voltages at moderate cur-
rent levels in applications such as telecommuni-
cations, instrumentation, and medium-power swit-
ching. It is ideally suited for applications where high
performance, noise-free switching of ac and dc si-
gnals is desirable.

The operational range of this device includes low-
power commercial voltage applications where mil-
lampere control signals and low ON-resistance are
required. The speed, reliability, and linearity of this
switch makes it well suited for those applications
which are beyond the range of mechanical relays,
thyristors, and triacs. For lower ON resistance, hi-

ge capabilities for a device in its class. Rated at
400 volts, it is particularly suitable for 240 Vrms
loads which appear widely in many industrial ap-
plications. Despite the higher voltage rating, this
device still features ON resistance of only 40Q ma-
ximum. This device will pass surge current up to
4A for 1ms.

gher voltages, or greater current capability, the
LH1016 can be easily combined in parallel or se-
ries arrangements, as required, with their control
LEDs simply driven in series.

The low ON-resistance and low-noise features are
beneficial in instrumentation applications. The op-
tical coupling provides isolation of the switch from
the control signals in high-voltage and high-
frequency applications.

The fabrication of high-voltage, monolithic ICs in
a unique dielectric isolation process provides high
reliability and the solid-state contruction elimina-
tes problems associated with mechanical relays
such as sensitivity to shock and vibration.
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Fig. 6 - Typical Application as a Triac Predriver
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PRELIMINARY DATA

AN AT&T PRODUCT

TELEPHONE INTERFACE CIRCUIT

e WITHSTANDS TELEPHONE LOOP VOLTAGES
TO 140V

e OPERATES AT LOW TIP-RING VOLTAGES
(TYPICALLY AS LOW AS 2.7V)

e POLARITY GUARD HAS LOW INTERNAL
VOLTAGE DROPS

o MONOLITHIC SOLID-STATE CONSTRUCTION
GIVES COMPETITIVE EDGE IN PHYSICAL
AREA CONSERVATION AND RELIABILITY

Dielectric isolation and a monolithic high-voltage
DMOS technology are used to fabricate the LH1028
Telephone Interface Circuit (TIC). This integrated
circuit performs the following basic functions: high-
voltage dial pulse switching, protection against

Fig. 1 - Functional Diagram

Minidip Plastic

ORDERING NUMBER: LH1028BB

reversal of Tip-Ring polarity from the Central Offi-
ce, and overvoltage/overcurrent protection of te-
lephone circuits.

y
a4

OUTPUT VOLTAGE 7:’
LIMITING DEVICE

(+)
TIP ——= o
Pgb‘:ﬁ'gy DIAL PULSE/CURRENT o
(FULL-WAVE LIMITING CONTROL o
RING ——3»  RECTIFIER) T
(=) {
CURRENT |
SENSING |
RESISTOR
—O)B————P—R’
DIAL
PULSE
SWITCH
PIN DESCRIPTION PIN CONFIGURATION
Pin Symbol Description
2 |[Tip Tip Input
Ri Ring |
8 |Ring ing Input BLANK [ 1 8 [JRING
3 |T Prime (T’) |Positive output of polarity guard
7 |DP Control for internal dial pulse switch TIP[] 2 7 [Jop
6 | DP Prime (DP’) | Control for internal dial pulse switch
4 |R Prime (RP’) | Negative output of polarity guard P[] 3 6 [] DP’
1 [NC No cqnnection; may be used as
tie points RP[] 4 5 [ BLANK
5 |NC No connection; may be used as
tie points
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
VTR | Voltage (Tip-Ring) 140 \
TA | Ambient Operating Temperature Range 0 to 50 °C
Tstg | Storage Temperature Range —40 to +125| °C

Pin Temperature (Soldering, 15 Sec) 300 °C
Pp Power Dissipation (Package Limitation) 750 mW-

Stresses in excess of those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device.
This.is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (See Figure 2)
(Ta=4 to 49°C for Min and Max value) (Ta=25°C for Typical value)

Parameter Test Conditions Min Typ | Max | Unit
Breakdown Voltage (Tip-Ring) Vpp =3.35V 140 175 —
Increase V1R until Itg=3mA (See Fig. 3) v
Dial Pulse Control Voltage, Vpp ViRr=78.8V — 1.7 | 3.35
Decrease Vpp until Itg=1.75mA (See Fig. 3)
Dial Pulse Control Current VTr=78.8V; Vpp=3.35V (See Fig. 3) | — 25 77 A
Off-State Leakage Current VTRr=78.8V; Vpp=3.35V (See Fig. 3) | — 0.4 1.57 | mA
Tip-Ring Operating Voltage Increase VR until Voyt=1.6V
R =4000 (See Fig. 4) | — 27 | 29
IRp=—4mA
ON-State Voltage V1 =6V R=235Q; Igp=—20mA
Measure VTr—Vour (See Fig. 4) —_ 1.05 1.3 Vv
Output Voltage, VTr =140V peak | Measure VoyT peak (See Fig. 5) —_ 26 30
Turn-on Time DP initially at +5V (See Fig. 6) — 20 1000
us
Turn-off Time DP initially shorted to DP’ (See Fig. 7) | — 20 1000
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Fig. 2 - Simplified Schematic lllustrating Characteristic Symbology
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CHARACTERISTIC TIMINGS
Fig. 6 - Turn-on Time Test Method
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Fig. 8 - Current Limiting Characteristics
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APPLICATION

The LH1028 device can be connected in the follo-
wing manner to perform telephone interface func-
tions. An overvoltage metal-oxide-varistor or other
similar type of device shunts the Tip-Ring input ter-
minal of the LH1028 TIC and limits the voltage
across these terminals to less than 140V (the ma-
ximum voltage rating of the LH1028). The output
terminals of the LH1028 TIC are TPRIME (T’) and

Fig. 9 - Typical Telephone Set Configurations

RPRIME (R’). T’ and R’ are the positive and nega-
tive sides of the TIC polarity guard, respectively.
R’ is connected to the telephone circuitry through
a switch which is internal to the LH1028 TIC. This
internal switch opens when a dial pulse voltage is
applied between terminal DP (Dial Pulse) and DP’
(Dial Pulse Prime).

TIP—3—0 00—
SWITCH
HOOK
4 3 2 1 +
R’ T TIP NC
OVERVOLTAGE TELEPHONE
PROTECTION LH1028BB CIRCUITRY
NC DP’ DP RING ) _
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CENTRAL 3 s pp
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PRELIMINARY DATA

AN AT&T PRODUCT

MSR HIGH-VOLTAGE SOLID-STATE RELAY

e HIGH VOLTAGE MONOLITHIC IC
FABRICATED IN A DIELECTRIC ISOLATION
PROCESS

e CAN SWITCH LOADS UP TO 350V AT
CURRENTS UP TO 100mA

e LOW ON-RESISTANCE
e CLEAN, BOUNCE-FREE SWITCHING

e 3750V INPUT/OUTPUT ISOLATION
(OPTICALLY COUPLED)

GOOD dV/dT CAPABILITY

HIGH-SURGE CAPABILITY

LOW-POWER CONSUMPTION

NOISE FREE OPERATION

NO ELECTROMAGNETIC INTERFERENCE

The LH1056 (Multipurpose Solid-State Relay) is a
low-cost, bi-directional, SPST switch which can re-
place mechanical relays in many applications. Its
output is rated at 350 volts and can handle loads
up to 100 mA. The MSR is packaged in a 6-pin pla-
stic DIP and provides up to 3750 volts of in-
put/output-isolation. The MSR will switch both AC
and DC loads.

Fig. 1 - Functional and Equivalent Relay Diagrams

d

il

DIP-6 Plastic

ORDERING NUMBER: LH1056AT

Each device consists of one GaAlAs LED to opti-
cally couple the control signal to a dielectrically iso-
lated high-voltage integrated circuit. The typical
ON-Resistance is 30 ohms at 25 mA, and is excep-
tionally linear up to 50 mA. Beyond 50 mA, the in-
cremental resistance becomes even less, thereby
minimizing internal power dissipation. The LH1056
also has internal current limiting which clamps the
load current to 150 mA to insure that the device
will survive during power surges. The MSR wil sur-
vive FCC, lightning test number 68-302 when it is
properly protected.
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PIN CONFIGURATION

CONTROL (+) |1 6 S
CONTROL (-) Iz 5 I NC

BLANK I 3 s | st

PIN DESCRIPTION

Name Description
Control + These pins are the positive and negative inputs respectively to the input control LED. An ap-
Control — propriate amount of current through the LED will close the circuit path between S and S’.
S These pins are the outputs. The pin designated as S represents one side of a relay pole.
S’ The pin designated as S’ (S Prime) is the complementary side of a relay pole. This relay po-
le is normally open unless sufficient control current is flowing.
Blank This pin may be used as a tie-point for external components. Voltage on this pin should not
exceed 300 volts.
NC This pin is connected to internal circuitry. It should not be used as a tie-point for external
circuitry.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit
Ambient Operating Temperature Range 0to +70 °C
Storage Temperature Range —40 to +100 °C
Pin Temperature (Soldering time=15 s) 300 °C
Input/Output Voltage Isolation 3750 \Y
LED Input Ratings
Continuous Forward Current 20 mA
Reverse Voltage 10 \"
Recommeded Maximum Output Operation
Operating Voltage 350 \
Load Current 100 mA
350 Vv

Surge Voltage ON or OFF State

Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (TA=25°C unless otherwise specified)

Parameter Test Conditions Min Typ | Max | Unit
LED Forward Current for Turn-On lLoaD=25mA Vy=1.25V (See Fig.2) | 1.0 35 5.0 mA
ON Resistance Ron = Vpm/25mA ILep =5mA I pap = +25mA (See Fig. 2) | 20 30 50
ON Voltage ILep=5mA I pap = = 100mA — 26 — \'%
(See Fig. 2)
Breakdown Voltage ILep =0mMA I pap = +50uA (See Fig. 2) | 350 — —
Surge Voltage 1.0ms square wave. | gp=5.0mA 350 — —
(See Fig. 2)
Leakage Current Vi oaD =300V i gp=0mA (See Fig. 3) 5 40 A
W
Vioap=100V I gp=0mA (See Fig. 3) | — 0.5 -
Switching Time TURN ON RLoaD = 10KQ (See Fig. 4) | — — 2
msec
TURN OFF RLOAD = 10KQ (See Fig. 4) | — — | 05
TEST CIRCUITS
Fig. 2 - Ron- ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current
-
“-EE | N 6 T ILE{ | -
2 5 |- N T vm 2 - NC Vioao
ILoAD l
NC— 3 4 NC— 3
Fig. 4 - 7ON/rOFF Test Circuit and Waveform
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1LoAD
RLOAD’\
™ <1us ™ <1yus

| 2

NC— 3




Fig. 5 - MSR Solid-State Relay Typical ON Characteristics
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ADVANCE DATA

AN AT&T PRODUCT

HIGH-VOLTAGE SOLID-STATE AC/DC RELAY

e HIGH-VOLTAGE MONOLITHIC INTEGRATED
CIRCUIT FABRICATED IN A DIELETRIC ISO-
LATION PROCESS

e CAN SWITCH TWO LOADS UP TO 200 VOLT
AT CURRENTS UP TO 200mA
o LOW ON-RESISTANCE

e CLEAN, BOUNCE-FREE SWITCHING

e NO ELECTROMAGNETIC INTERFERENCE
e 3750V /O ISOLATION (OPTICALLY COUPLED)
e GOOD dV/dT CAPABILITY

e HIGH-SURGE CAPABILITY

o NOISE-FREE OPERATION

e LOW-POWER CONSUMPTION

This solid-state device is a high-performance, op-
tically controlled, AC/DC Relay. The LH1061 con-
sists of two GaAlAs light-emitting diodes (LEDs)
which optically couples the ON/OFF control signal
to a dielectrically isolated high-voltage integrated
circuit. The integrated circuit contains the high-
voltage DMOS transistors and photosensitive dri-

Fig. 1 - Functional and Equivalent Diagram

Minidip-D Plastic

ORDERING NUMBER: LH1061AB

ve circuitry. The optical isolation ensures excellent
noise immunity with up to 3750 volts of isolation
between input and outputs, while the LED control
currents can be as low as 5.0mA. This makes the
LH1061 suitable for logic control. Equivalent relay
diagrams for this device is shown in Figure 1. The
LH1061 also has internal current limiting which
clamps the load current to 300mA to ensure that
the device will survive during power surges.
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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PIN CONFIGURATION

CONTROL + 8] s2'
ne [2] 7] s2

CONTROL - [3] 6] s1°

BLANK [4] Gl s

PIN DESCRIPTION

Name Description
Control + These pins are the positive and negative inputs respectively to the input control LED. An ap-
Control - propriate amount of current through the LED will close the circuit path between S and S'.
S1, S1” These pins are the outputs. The pins designated as S represents one side of a relay pole.
S2, 82’ The pins designated as S’ are the complementary side of a relay pole. Note that S2 is con-

nected to the substrate.

NC This pin is connected internally for test purposes. It should NOT be used as a tie-point for
external components.

Blank This pin may be used as a tie point for external components. Voltage applied to this pin should
not exceed 150V.

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified)

Parameter Value Unit

Ambient Operating Temperature Range O0to +70 °C
Storage Temperature Range —40to +100| °C
Pin Soldering Temperature (t=15 s max) 300 °C
Input/Output Voltage Isolation 3750 Vv
LED INPUT

Continuous Forward Current 25 mA

Peak Forward Surge Current 250 mA

[Pulse width=4.0ms, 10 pulses/s cycle (4%)]
Reverse Voltage 20 Vv
OUTPUT, Continuous Current (RMS)

One Pole (S1, S1’ or S2, S2’) 300 mA

Each Pole (two poles operating simultaneously) 200 mA

Stresses in excess of those listed under “‘Absolute Maximum Ratings”” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Parameter (Each Pole) Test Conditions Min Typ | Max | Unit
OUTPUT POLE
ON Resistance Ron = V/50mA ILep =5mA, | pap= =50mA — 15 20 Q
(See Fig. 2)
ON Voltage ILep =5mA, I poaD= =200mA —_ 2.0 2.5
(See Fig. 2)
Breakdown Voltage ILeEp =0mA, 1 oaD = £20uA(See Fig. 2) | 200 — — \
Surge Voltage 1.0ms square wave 200 — —
ILep =5.0mA (See Fig. 2)
Leakage Current VLoAaD =200V I gp=0mA (See Fig. 3) | — — 20 A
W
VioaD=50V ILgp=0mA  (See Fig. 3) | — 0.5 —
Switching Time TURN ON Vm = +£150V R = 15KQ (See Fig. 4) | — — 2
msec
TURN OFF VM= £150V R = 15KQ (See Fig. 4) | — — 0.5
INPUT CONTROL
LED Forward Voltage Forward Current=10mA 1.17 — 1.43 v
LED Breakdown Voltage Reverse Current = 10uA 10 — —
LED Reverse Leakage Current Reverse Voltage = 10V — — 10 A
LED Continuous Forward Current: (See Absolute Maximum Rating)
Recommended Forward Current for
ON-State Operation: — 5.0 — mA
TEST CIRCUITS
Fig. 2 - RoN, ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current
LD P W} s _ 1 W s -t
?? VMt ILED VLOAD
ILoAD
NC— 2 7 NC— 2 7
3 6 3 6 -2
éf VM2 VLOAD
Ne] 4 5 Lo ne—| 4 5
Fig. 4 - rON/rOFF Test Circuit and Waveform ILED (5 mA)
[[R]
RLoap
1~ s \ ro<1us #<1us
150 V |
ILED | |
NC— 2 7 | | ILOAD (200 mA, MAX)
L2
RLOAD | |
| ! 10%
150 V ] | [
NC— a4 5 . ! i ;
—ol 0N |ja— —a| TOFF jg—
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CHARACTERISTIC CURVES

Fig. 5 - ON-State Characteristics of Output Poles (lllustrating Bidirectional V-1 Characteristics)

-1

+I
4
300 mAd — — — ——— CURRENT
LIMITING
SLOPE !
99
100 mA+ — — — 1
SLOPE = T
1.5V |
-V < } } > 4V
1 I 1.5V
SLOPE = 15 — L ———1 - -100 mA
1
LOPE = ——
SLO 5 e
CRRENT [ | 500 ma
LIMITING -200 m

DEVICE OPERATION

In the OFF-state, this device can withstand its ra-
ted voltage at leakage currents less than 20 pA.
In the ON-state, this device exhibits a bidirectio-
nal resistive characteristic for currents less than 100
mA (see Figure 5 for ON-state characteristics).
The LH1061 consists of two independent poles,
each capable of simultaneously switching up to 200
volts at currents up to 200mA with a maximum ON
resistance of 20 ohms. (See Figure 1)

APPLICATION

This device has been optimized to meet the de-
mands of switching high voltages at moderate cur-
rent levels in applications such as telecommuni-
cations, instrumentation, and medium-power swit-
ching. It is ideally suited for applications where high
performance, noise-free switching of ac and dc si-
gnals is desirable.

The operational range of this device includes low-
power commercial voltage applications where mil-
lampere control signals and low ON-resistance are
required. The speed, reliability, and linearity of this
switch makes it well suited for those applications
which are beyond the range of mechanical relays,
thyristors, and triacs. For lower ON resistance, hi-

The two-pole, single-throw operation of this switch
is advantageous in applications where line balan-
ce is an important consideration. The two poles of-
fer 800 volts of pole-to-pole isolation. These
switches can also be stacked for higher voltage ca-
pability, or paralleled for lower ON resistance.

This device can withstand voltage surges up to
200V (each pole)in both the on and off conditions.

gher voltages, or greater current capability, the
LH1061 can be easily combined in parallel or se-
ries arrangements, as required, with their control
LEDs simply driven in series.

The low ON-resistance and low-noise features are
beneficial in instrumentation applications. The op-
tical coupling provides isolation of the switch from
the control signals in high-voltage and high-
frequency applications.

The fabrication of high-voltage, monolithic ICs in
a unique dielectric isolation process provides high
reliability and the solid-state contruction elimina-
tes problems associated with mechanical relays
such as sensitivity to shock and vibration.
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Fig. 6 - Balanced Switchhook Application
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BALANCED MODULATOR

® SINGLE OR DUAL SUPPLY OPERATION
® [ OW POWER CONSUMPTION

® | OW CARRIER LEAKAGE

® [ OW DISTORTION

® | OW NOISE

The LS025 is a low noise linear integrated
circuit, intended for use as a channel modulator
and demodulator in FDM telephone equipments
and as analogue AC and DC multiplier in in-
dustrial and professional applications. It features
low quiescent power consumption, low distor-
tion and intermodulation. It shows a typical
carrier leakage better than 85dB throughtout

SCHEMATIC DIAGRAM (The pin numbers
brackets refer to the TO-100 version)

the audio bandwidth. The LS025 is available
in TO-100 metal case, while the hermetic gold
chip (8000 series) is available in SO-14 (14-lead
plastic micropackage). This last version is par-
ticularly suitable for professional and telecom
applications wherever very high MTBF are
required.

refer to the upackage version, while the numbers in
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ABSOLUTE MAXIMUM RATINGS TO-100 Upackage
Vg Supply voltage 30V

AV, Differential input voltage +5V

Top Operating temperature -256t085°C

Piot Power dissipation at T,,,p= 70 °C 520 mW 400 mW
Tetg Storage temperature -65 to 150 °C -55 to 150 °C

CONNECTION DIAGRAMS AND ORDERING NUMBERS

(top views)
CARRIER [NPUTS —_—
1 14 MULTIPLIER
INPUT
ouTPUT
& outPuT ot - [ 2 3 ] Vs
10 gREFERENCE
NC [ 3 12 ] ouTPUT
CARRIER
INPUTS WoLTRLIER ne e« 1 [] eecliRESte
INPUTS
MULTIPLIER v C s © ] e
INPUTS {JINPUT BIAS INPUT s s
ans) Vs s-262311 Bias ] o
(case) NC q 8
Type TO-100 SO-14
LS 025 LS 025T LS025M
LS 8025 LS 8025M

THERMAL DATA

TO-100 SO-14

Rin jamp  Thermal resistance junction ambient

max 155 °C/W | 200* °C/W

* The thermal resistance is measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm).
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ELECTRICAL CHARACTERISTICS (Referred to the circuit of fig. 1; Tymp= 25°C unless

otherwise specified. The pins correspond to the upackage version)

Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage range -12 -30 \%
lg Supply current 2 25 mA
Ip Input bias current Pins 14-1 0.7 2 LA
Pins 14-2 0.7 2 LA
Pins 8-9 1.4 4 A
Al Input offset current Pins 14-1 50 nA
Pins 14-2 70 nA
Pins 8-9 100 nA
Positive input common mode 4.5 v
voltage
Negative input common mode 8 v
voltage
Vo DC output voltage (pin 12) -3.2 -3.8 -4.6 \
AVq Differential output voltage 25 100 mv
(pins 11-12)
Vyef Input biasing reference voltage 75 v
(pin 6) :
R; Input resistance Pins 14-1 30 kQ
Pins 14-2 300 kQ
Pins 8-9 150 kQ
Ro Output resistance f=1kHz 3 10 Q
Vo Output voltage swing 1 1.3 Vpp
CMR Common mode rejection CM signal (pins 14-1)
V =700 mVrms f;=10 kHz
Diff. signal (pins 8-9) 98 dB
V =350 mVrms f,= 40 kHz
CM signal (pins 14-2)
V =700 mVrms fy=10 kHz
Diff. signal (pins 8-9) 86 d8
V =350 mVrms f,= 40 kHz
CM signal (pins 8-9)
V =350 mVrms f;=10 kHz
Diff. signal (pins 14-1) 80 dB
V =175 mVrms f,= 40 kHz
SVR quiti\_le supply voltage 33 dB
rejection
f=1kHz
SVR No.agat‘we supply voltage 80 dB
rejection
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit
K Scale factor 3.2 V-1
G¢ Conversion gain 4.5 5 5.5 dB
AG, Conversion gain change Tamp= 10t0 50°C +0.1 dB
Carrier leakage V=0 -35 -50 dBv
\)
—fm Modulating signal leakage -35 -50 dBmo
V(fetfm)
V(me) 2nd harmonic modulatin:
= m 4 9 =
V(fcifm) signal leakage 75 dBmo
V(26
—{e2fm) 5.4 harmonic distortion -60 -75 dBmo
Vi (fetfm)
Va(fett,
—2tctfm) 2nd harmonic distortion -55 -80 dBmo
Vi(tettfm)
V (£.23f,
—Ue*3Tm) 5 4 harmonic distortion -60 -79 dBmo|
V(fetfm)
Low frequency thermal noise m=0 =1 kHz
B =100 Hz -115 -125 dBv
High frequency thermal noise V=0 f =30 kHz
B =100 Hz -127 dBv

Fig. 1 - Test and application circuit of modulator with single supply voltage

V= -20V

f. = 130 kHz
f= 25 kHz

Y

V.= -13 dBv
R,= 600 o

Working conditions

o=-15dBuv (f. £ )
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Fig. 2 - Carrier leakage vs. Fig. 3 - Conversion gain vs. Fig. 4 - Distortion vs. out-

modulation signal input frequency put level
offset
T e G, T TTTITT T T 11T et d 1 T 17T T 7T bl“ =
o | | ey et !
3y o | HHHHAAH
-100 1::50sz | 12 m = 8kHZ o
Ve = -13dBy \ i Ry 26000 e 7~
" C 1= 0.1pF| » A
-80 A 4.
8 fi -66 [ i ” Y
|
| B i
-60 § RiF -62 f T/ T 2 130kHz
1O | i i Ttz 25 kHz [T
4 i f -58 T —v‘iwgv —1—
“40 P> N~ ] %“’_'_'_ —R‘:;mm 1]
2 I -54 | i I TT
- ol ; .|
20 0 A1 1T oL LTI T
-4 -2 0 2 Vott (mV) 107 o ) ) “\o s 100 ,:_,';&,4,, [ 2 4 6 8 10 2 -vo(dBv)
Fig. 5 - Carrier leakage adjustment circuit for Fig. 6 - Carrier leakage vs.
system with two supply voltages frequency
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APPLICATION INFORMATION

Fig. 7 - DC multiplier

15k0 4700
INPUT 5.2627

Application diagram of DC multiplier, have a scale factor K = 0.1. Typical linearity and leakage errors
are less than 1%.
The input voltage range is = 10V.

Definition of units
dBm : power level (10 Ig ::—2) is expressed in dBm when P; is 1 mW, therefore 0 dBm= 1 mW.
1

dBmo : the power is expressed in dBmo when referred to an established power level in the circuit,
generally the output signal level.
e.g.: if the output level is -15 dBm and this level is chosen as reference, then 0 dBmo = -15
dBm; if another signal, i.e. the distortion measured at the same point of the circuit, is
-90 dBm, then the distortion is -75 dBmo.

dBv  :201g x—zwhen V=775 mVrms.
1

Definition of terms

Common mode rejection : CMR =20 Ig M—
ratio Vo
with G = Conversion gain with specified circuit conditions
Vem = Common mode signal level
Vo, = Output signal level at frequency = f, £ f;
\%
Scale fact K= —2
ale factor ViV,
with V, = voltage input (pins 14 - 2)
V, = voltage input (pins 8 - 9)
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APPLICATION INFORMATION (continuéd)

. . Vo (fe £f,)
Conversion gain G, =20lg—2-¢c—_M™
g9 c g V; (f)
Carrier leakage : is defined as the output voltage at carrier frequency with only the carrier

applied to the input (modulating voltage = 0)

Modulating signal leakage: is defined as the output voltage, at modulating frequency, referred to funda-
mental carrier sidebands
Vo (fr)
MS.L.= 20lg —2—"2
9V, )

Output spectrum vs. frequency

E
£ £ E
v " .
@ Lo ~ —~ — ~
@ £E £E F £ £
- ™ N ~N ™ ' * ':_ .
3| Es .'»;u].»tu;u A g
3144 1414 4 4 4 4 1 >
frequency
fe = carrier fundamental (leakage)
fm = mod. sig. (leakage)
nf, = harmonic modulating signal (leakage)
fotfy = fundamental carrier sidebands
f. £nf,, = fundamental carrier sideband harmonics
n (f. £ f,) = carrier harmonic sidebands
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TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY
TONE GENERATOR INTERFACE

sending and receiving amplifiers to compen-

The LS156 is a monolithic integrated circuit in
16-lead dual in-line plastic package to replace
the hybrid circuit in telephone set. It works with
the same type of transdurcers for both transmit-
ter and receiver (typically piezoceramic capsules,
but the device can work also with dynamic ones).
Many of its electrical characteristics can be con-
trolled by means of external components to meet
different specifications.

In addition to the speech operation, the LS156
acts as an interface for the MF tone signal (par-
ticularly for M761 C/MOS frequency synthesizer).
The LS156 basic functions are the following:

— It presents the proper DC path for the line
current.

— It handles the voice signal, performing the 2/4
wires interface and changing the gain on both

BLOCK DIAGRAM

sate for line attenuation by sensing the
length through the line current.

line

It acts as linear interface for MF, supplying a
stabilized to the digital chip and delivering to
the line the MF tones generated by the M761.

DIP-16 Plastic
(0.4)

ORDERING NUMBER: LS156B

é ﬁ‘%

~N

L= J o
> o RS

l}
-

bias h
resistor

1 ©
;_nl )
S
o
w
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ABSOLUTE MAXIMUM RATINGS

Vi Line voltage (3 ms pulse duration) 22 \"
I Forward line current 150 mA
I Reverse line current -1560 mA
Piot Total power dissipation at T,mp= 70°C 1 w
Top Operating temperature -45to0 70 °C
Tstg, T;  Storage and junction temperature -65 to 150 °C
CONNECTION DIAGRAM
(top view)
7

MIC. INPUT I 16]] MIcINPUT

+LINE [IE 15]] Voo

MUTING IE 14[] MFINPUT

Bias ap). [l 13]] Recever outpur

SHUNREG s 12[] Recewver ourpur

D.C.REGULATOR [ 6 1 ] lNPUTo(RE‘CAMF.‘)

LINE CURRENT 17 10[] INPUT-(REC.AMR)

ZpAL SWITCH [ 8 o} -une

$-3838 /1

THERMAL DATA
Rin j-amp Thermal resistance junction-ambient max 80 °C/W

268



TEST CIRCUITS

1 A
.z

A

CIRCUIT

6
o]
68 0 3300
—_ 14 S s2
= ol 8 af o8
L1t
Vz=18V “ 2 1M 6 10 14 2uF
7 LS156
15
1 16 9 12 13 3IKAO
T33,uF
36ka | T 36K
L — 0uF
clia
[« 0 Ea) FO 5-4368/

VRro .

Side tone =

VMI

Fig. 4

S-4376N1
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits, ST and S2 in (a), Tymp= -25 to
+50°C, f = 200 to 3400 Hz, unless otherwise specified)

Parameter Test condition Min. Typ. Max. | Unit | Fig.
SPEECH OPERATION
Vi Line voltage Tamb= 25°C I =12mA 3.9 4.7
I.=20mA 55 | Vv | —
1p=80mA 12.2
CMRR  Common mode rejection f=1KHz 1 =12 t0 80 mA 50 dB 1
Gg Sending gain Tambp= 25°C f=1KHz|l; =562mA 44 45 46 dB 2
V= 2mV IL=25mA | 48 49 50
Sending gain flatness Vmi=2mV frer= 1 KHz
11212 1080 mA 1 1 dB | 2
Sending distortion f=1KHz Vo= 1V 2 % 2
IL= 16 to 80 mA| Vo= 1.3V 10
Sending noise Vmi= 0V I = 40mA -70 dBmp| 2
Microphone input Vmi=2mV I =12 to 80 mA 40 K
impedance pin 1-16
Sending loss in MF Vmi=2mV 1 =52 mA -30 dB 2
operation S, in (b) I =25 mA -30
GRr Receiving gain VRri=0.3V I =52mA 3 4 5
f=1KHz i= 25 mA 7 8 g | 98] 3
Tamb= 25°C
Receiving gain flatness VRg=03V fres= 1 KHz
12 12 t0 80 mA 1 | d8 | 3
Receiving distortion f=1KHz |l =12mA VRro=1.6V 2
IL=12mA VRo=1.9V 10 o
IT=50mA Vno=1.8V 2 | % |3
IL=50mA Vgo=2.1V 10
Receiving noise VRi=0V 1 =12 to 80 mA 150 uv 3
Receiver output impedance | Vgo= 50 mV 1= 40mA 100 Q
pin 12-13
Sidetone f=1KHz I =52mA 36
Tamb= 25°C dB | 2
S; in (b) IL=25mA 36
Zmo Line matching impedance Vg= 0.3V f=1KHz
I.=12t080mA | 500 | 600 | 700 ) @ } 3
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ELECTRICAL CHARACTERISTICS (continued)

(pin 3)

Parameter Test condition Min. | Typ. | Max. | Unit | Fig.
MULTIFREQUENCY SYNTHESIZER INTERFACE
Vbp MF supply voltage
(Standby and operation) 1.=12 to 80 mA 2.4 25 \Y _
Iop MF supply current
Stand by | 1. =12 to 80 mA 05 mA _
Operation | 1= 12 to 80 mA; S, in (b) 2
MF amplifier gain 1,=12t0 80 mA
fmF in= 1 KHz 15 17 | dB | 4
MF in= 80 mV
Vi DC input voltage level Vm Fin= 80 mV 3Vpp \ -
(pin 14)
R; Input impedance (pin 14) VM Fin= 80 mV 60 KQ | —
d Distortion Vm Fin= 110 mV
IL= 12 to 80 mA 2 | % | 4
Starting delay time I, =12to 80 mA 5 ms -
Muting threshold voltage Speech operation 1 \Y -
(pin 3)
MF Operation 1.6 -
Muting'stand by current IL=12to 80 mA -10 | pA -
(pin 3)
Muting operating current 1,.=12t0 80 mA S, in (b) +10 uA -
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CIRCUIT DESCRIPTION
1. DC characteristic

In accordance with CCITT recommendations, any device connected to a telephone line must exhibit a
proper DC characteristics V_, I, .

The DC characteristic of the LS 156 it is determined by the shunt regulator (block 2) together with two
series resistors R; and R3. The equivalent circuit of the total system is shown in fig. 5.

Fig. 5 - Equivalent DC load to the line

PIN 6 Rj PNz L L
—Lly . o
Vo lo VL LINE
— : Ol
PIN7 R PINS
3 $-4365

A fixed amount |, of the total available current I is drained for the proper operation of the circuit.
The value of |, can be programmed externally by changing the value of the bias resistor connected to
pin 4 (see block diagram).

The recommended minimum of |, is 7.5 mA.

The voltage V, = 3.8V of the shunt regulator is independent of the line current.

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block
diagram).

Fig. 6 shows a more detailed circuit configuration of the shunt regulator.

Fig. 6 - Circuit configuration of the shunt regulator

\la VL

[eXd

5-4366
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CIRCUIT DESCRIPTION (continued)

The difference I - |, flows through the shunt regulator being 1, negligible.

I, is an internal constant current generator; hence V, = Vggp; + |, ©+ R, = 3.8V. The V, I, charac-
teristic of the device is therefore similar to a pure resistance in series to a battery.

It is important to note that the DC voltage at pin 5 is proportional to the line current(Vs=V; + Vggp; =
(IL-15) R3 + Vgep1).

2. 2/4 wires conversion

The LS156 performs the two wires (line) to four wires (microphone, earphone) conversion by means of
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving
signals (see fig. 7).

Fig. 7 - Two to four wires conversion

EARPHONE
R1
1
Iy s
!
VRI1 i
‘TML i Zy LINE
1
1
|
___________ — e -
S-4367N1
. . 4 R
For a perfect balancing of the bridge —Z—L— = —ﬁl— .
B 2

The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small percentage
of the signal power is lost on Zg (being Zg > Z| ); the main part is sent to the line via R;.

In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge
(pin 11 and 10). After amplification it is applied to the receiving capsule.

The impedance Z,, is simulated by the shunt regulator that is also intended to work as a transconduc-
tance amplifier for the transmission signal.

V6-9

The impedance Zy, is defined as ————.
Alg_g

From fig. 6, considering C, as a short circuit for AC signal, any variation AV g generates a variation.
Rp

AV7= AVA= AVG' —mb—
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CIRCUIT DESCRIPTION (continued)

The corresponding current change is

_ AV,
Al = R,
Therefore
_ AVg _ R,
Zw= g = R i+ Ry )

The total impedance across the line connections (pin 11 and 9) is given by
ZML = Rl + ZM // (Rz + ZB)
By choosing Zy, > R; and Zg > Z),

ZuL =Zy = Rs (1+ 2

Ry
The received signal amplitude across pin 11 and 10 can be changed using different values of R; (of
b4 .
course the relationship == = il— must be always valid).
Zg R

The received signal is related to R; value according to the approximated relationship

Ry

VR= 2 Ve R
1 M

Note that by changing the value of R;, the transmission signal current is not changed, being the micro-
phone amplifier a transconductance amplifier.

3. Automatic gain control

The LS156 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line
attenuation by sensing the line length through the line current.
The line current is sensed across Ry (see fig. 6) and transferred to pin 5 by the regulator.

Vs = Vgepy + V7 =Vgeps + (IL - 16) * Ra.

The pin 5 Vg voltage, after a comparison with an internal reference Vgerg (see the block diagram) is
used to modify the gain of the amplifiers (4) and (5) on both the sending and receiving path.

The starting point of the automatic level control is obtained at || = 25 mA when the drain current
lo = 7.5 mA.

Minimum gain is reached for a line current of about 52 mA for the same drain current I,= 7.5 mA.
When |, is increased by means of the external resistor connected to pin 4, the two above mentioned
values of the line current for the starting point and for the minimum gain increase accordingly.
Automatic switching of the balance network Zg for a better sidetone is performed by the LS156
through Vs information. This information, proportional to the line length, drives the comparator (7b)
(see the block diagram).

For long lines, the impedance level of Zg is high (pin 8 open) and the additional +1 dB gain is added to
the receiving amplifier chain.
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CIRCUIT DESCRIPTION (continued)

For short lines, the impedance level of Zg is automatically switched to a lower value (pin 8 shorted to
ground) and the additional +1 dB block is bypassed by the received signal.
A built in hysteresis circuit avoids uncertain operation of the comparator.

4. Transducers interfacing

The microphone amplifier (3) has a differential input stage with high impedance (= 40 Ka) so allowing
a good matching to the microphone by means of external resistors without affecting the sending gain.
The receiving output stage (6) is particularly intended to drive piezoceramic capsules. [Low output
impedance (1002 max); high voltage swing (close to V_); current capability of 1.8 mAp].

When a dynamic capsule is used, it is useful to decrease the receiving gain by decreasing Ry value (see the
relationship for Vg).

With very low impedance transducer, DC decoupling by an external capacitor must be provided to
prevent a large DC current flow across the transducer itself due to the receiving output stage offset.

5. Multifrequency interfacing

The LS156 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical
signal (mute function) present on pin 3.

When no key of the keyboard is pressed the mute state is low and the LS156 feeds the M761 through
pin 15 with low current (standby operation of the M761). The oscillator of the M761 is not operating.
When one key is pressed, the M761 sends a “high state’” mute condition to the LS156. A voltage com-
parator (9) of LS156 drives internal electronic switches: the current delivered by the voltage supply (10)
is increased to allow the operation of the oscillator. This extra current is diverted by the receiving and
sending section of the LS156 and during this operation the receiving output stage is partially inhibited
and the input stages of sending and receiving amplifiers are switched OFF.

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the sub-
scriber; the MF amplifier (11) delivers the dial tones to the sending paths.

The application circuit shown in fig. 9 fulfils the EUROPE |l standard (-6, -8 dBm). If the EUROPE |
levels are required (-9, -11 dBm), an external divider must be used (fig. 11).

The mute function can be used also when a temporary inhibition of the output signal is requested.

APPLICATION INFORMATION

Fig. 8 - Application circuit with multifrequency (EUROPE I std.) ii
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APPLICATION INFORMATION (continued)

Fig. 9 ~ Application circuit with multifrequency (EUROPE | std.)

Fig. 10 - External mute function

—n ] Voo
18 ’ 15
m 15
_J__‘ 34.8 00 M 761 Mute LS156
18 KO
MUTE 15 -
s 3 Speech 3
LS 156 =
6 4.87K 0 meweur |, ) S-4139
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M761 820pF
20.5
430K0 K 5
82K N
LS156
17 U
Mute
9 P
I120pF JT-0,33 pF 30 N Speecri L—.
$-4140
$-5387 without MF

% TOLLERANCE =t2%

Fig. 11 - Application circuit without multifrequency.
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The circuits shown in fig. 8 and fig. 11 are referred to the Italian standard. The fig. 10 shows the con-
nection for mute function (inhibition of the output stage when it is requested) by using an external

switch at pin 3.

Different values for the external components can be used in order to satisfy different requirements. The

following table can help the designer.
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APPLICATION INFORMATION

(continued)

a capacitive line

Component Value Purpose Note

R; 68 Q R controls the receiving gain.

Bridge The ratio R,/R; fixes the amount of signal de-

R, 330 © Resistors livered to the line. Ry helps in fixing the DC
characteristic (see R3 note).

R3 30 2 Line current The relationships involving R3 are:

sensing. ® Zy=(20R;3//Zg) + Ry
Fixing DC z 1z
characteristic. o Gg= K- SLo oML
R3
o Vi = (I - lg) (R3 + Ry) + V4, Vo= 3.8V.
Without any problem it is possible to have a
Zp ranging from 500 up to 900 Q2.

Ra 13 KQ Bias

Resistor The suggested value assures the minimum operating
current, It is possible to increase the supply current
by decreasing Ry (they are inversely proportional),
in order to achieve the shifting of the AGC starting
point. (See fig. 12).

Rs 7.5 KQ The balance network has two possible impedance
levels, selected by the circuit referring to the line
current (i.e. to the line length) in order to optimize

Reg 5.1 KQ Balance the sidetone. It's possible to change Rs, R¢, Ry
Network values in order to improve the matching to dif-

ferent lines; in any case:
Zg _ Ry . .

R~ 1K —2_ = % with the two possible values for Zg:
Z Ry

Zg(1)= R7 +Rg // C4 (long lines)
Zg(2y= Rq +(Rg // Rs) // C4 (short lines)
(see fig. 13).

Rg - Rg’ 1.8 K Receiver Rg and Rg’ must be equal; the suggested value is
impedance good for matching to piezoceramic capsule; there is
matching no problem in increasing and decreasing (down to

0 Q) this value, but when low resistance levels are
used a DC decoupling must be inserted to stop the
current due to the receiver output offset voltage
(max 400 mV).

Ro 3.6 KQ Microphone The suggested value is typical for a piezoceramic
impedance microphone, but it is possible to choose Rg in a
matching wide range.

Cy 10 uF Regulator A value greater than 10 uF gives a system start
AC bypass time too high for low current line during MF

operation; a lower value gives an alteration of the
AC line impedance at low frequency.
Cy 47 nF Matching to C, changes with the characteristics of the transmis-

sion line.

277




APPLICATION INFORMATION (continued)

Component Value Purpose Note

C3 82 nF Receiving gain C3 depends on balancing and line impedance versus

flatness. frequency.

Csq 2.2 nF Balance See note for R4, Rg, Rs.

network.

Cs 0.33 uF DC filtering The Cs range is from 0.1 uF to 0.47 uF. The
lowest value is ripple limited, the higher value is
starting up time limited.

Ce-Cyq 1000 pF RF bypass.
DC decoupling for

Cs 11F receiving input.

Fig. 12 - Sending and re- Fig. 13 - Balance network

ceiving gain vs. line current impedance vs. line current
. Ct “ 6 ceomn
(d8)| (@8}
9 AV 8 28y) :
“ R4=|3K1\ R4 =6.5K0 .
45 \\ — 4

28, —

43 2

60

80 I (ma)

36 32 36 38 1 (ma)
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MICROPHONE AMPLIFIER

® VERY FEW EXTERNAL COMPONENTS receiver applications. The circuits are assembled
NEEDED in a 8-pin Dual in Line Package. The LS188B/

® BUILT IN PARTIAL BRIDGE LS188CB consist of a differential input amplifier,

internal reference and a current modulator stage

® HIGH IMMUNITY AGAINST EMI enabling the device to send the amplifier speech

® ACCURATE GAIN CONTROL to the line.

® NO CAPACITOR REQUIRED

® WIDE OPERATING VOLTAGE AND CUR-

RENT RANGE

® PROGRAMMABLE DC CHARACTERISTICS

Minidip Plastic
The LS188B/LS188CB monolithic microphone
amplifiers are designed to be used with several
kinds of transducers. They can replace the carbon ORDERING NUMBER: LS188B
microphone in telephones and may also be used Ls188CB

in cassette recorder, walky talkies, or infrared

BLOCK DIAGRAM

S-6205 5 6 7
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ABSOLUTE MAXIMUM RATINGS

Vm Microphone voltage (3ms duration) 20 \
Im Microphone current 150 mA
Piot Power dissipation 600 mwW
Top Operating temperature -30to 70 °C

CONNECTION DIAGRAM

(Top view)
N\
‘ [ ! 8 i CHARACTERISTICS
LINE
B 7 ] GROUND
3 6
MIKE INPUT ‘ l PROGRAMMAT‘O:
4 5 ]
S— 6204
TEST CIRCUIT
420 N
22uF
125 0 H_— >5H-1000 A
3 ==
Y LS188 [ sov
MY ;5
4 5 6 7 8 2
Ry

100 0
00 Tzrs Tzn
$-6206/1

THERMAL DATA

Rin j-amp  Thermal resistance junction-ambient max 100 °C/W
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit at 25°C with f = 300Hz to 3400

Hz unless otherwise specified)

Parameter Test Conditions Min, Typ. Max. Unit
Gg Sending gain Vmi = 1mV
for B type f=1KHz Pin 5 floating 415 425 435 dB
for CB type Im = 15mA Pin 5 floating 39.5 40.5 415
G Gain spread vs. temperature -25°C Tamp +60°C 1 dB
G Gain spread vs. polarity Im=% 156mA +0.3 dB
G Gain spread vs. line current Vmi = 1mV
f=1KHz Ipm =7 to 60mA +1 dB
lret = 15mA
V1.7  Microphone voltage Im= 7mA 4.5 \%
Im = 156mA 5.9 \
Im = 40mA 8.65 \
Differential resistance and Im =7 to 60mA 120 200 Q
output impedance
Frequency response Im = 15mA +1 dB
Sending noise Vmi=0 -67 dBmp
Input impedance Im =7 to 60mA
for B type 10 15 20 K
for CB type 7.3 9.75 12.2
Distortion fref = TKHz
Im=7to 16mA V,=04V 2 %
Im =15 to 60mA V, 1 25V 7 %
lg Quiescent current 1 mA

Gain versus pin 5/6 connection for

Gain versus pin 5/6 connection for

LS188B LS188CB
pin 6 pin 6
Floating Grounded Floating Grounded
pin 5 pin 5
Floating 42.5dB 50dB Floating 40.5dB 48dB
Grounded 48dB 53dB Grounded 46dB 51dB

Intermediate values of Gg are obtained by right resistors at pins 5 or 6.
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HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER

SINGLE OR SPLIT SUPPLY OPERATION
LOW POWER CONSUMPTION

SHORT CIRCUIT PROTECTION

LOW DISTORTION, LOW NOISE

HIGH GAIN-BANDWIDTH PRODUCT
HIGH CHANNEL SEPARATION

The LS204 is a high performance dual oper-
ational amplifier with frequency and phase com-
pensation built into the chip. The internal phase

The circuit presents very stable electrical charac-
teristics over the entire supply voltage range,
and it particularly intended for professional
and telecom applications (active filters, etc).
The LS204 series is available with hermetic
gold chip (8000 series).

compensation allows stable operation as volt- ~ . Minidip
age follower in spite of its high gain-bandwidth T0-99 S0-8 Plastic
products.
ABSOLUTE MAXIMUM RATINGS TO-99 Minidip upackage
Vs Supply voltage + 18V
Vi Input voltage +V,
V; Differential input voltage + (Vg -1)
Top Operating temperature for LS 204 -25 to 85°C

LS 204A -55 to 125°C

LS 204C 0to70°C
Piot Power dissipation at T,,,p,= 70°C 520 mW 665 mW 400 mW
T; Junction temperature 150°C 150°C 150°C
Tetg Storage temperature -65 to 160°C | -55 to 1560°C | -55 to 150°C
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CONNECTION DIAGRAMS AND ORDERING NUMBERS

(top views)

ouTPUTYy 0uTRUT OULPUT [ 1 8 ]"'s OUTAPUT [ 1 8 h‘VS
A 8
e e e e oo
8 N:)NNPIZN . ]mu;m.: N&NPI;W[ 3 R ] '"“B‘“‘?
Nl?%';lANv > Nm?':v NON INV. NON INV.
< -Vs[ “ SHl nes -"5[ U INR B
(case) S FT™y 5-3589
Type TO-99 Minidip SO-8
LS 204 LS 204 TB — LS 204 M
LS 204 A LS 204 ATB _— —_—
LS204 C LS 204 CTB LS 204 CB LS 204 CM
SCHEMATIC DIAGRAM (one section)
INVERTING NON INVERTING
INPUT INPUT
Q ]
8
0
RS yo1
ouTPUT
+—O
*—-lﬁn
Q17
c2
T .
O
S$-2104
THERMAL DATA T0-99 Minidip SO-8
Rth j.amp Thermal resistance junction-ambient max | 1565°C/W | 120°C/W | 200 °C/W
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ELECTRICAL CHARACTERISTICS (V.= * 15V, Tomp= 25°C,

unless otherwise specified)

LS 204/LS204A LS 204C
Parameter Test conditions Unit
Min. Typ. Max. Min. Typ. Max.
Ig Supply current 0.7 1 0.8 156 mA
Iy Input bias current 50 150 100 300 nA
Tmin < Top < Tmax 300 700 nA
Ry Input resistance f=1KHz 1 0.5 MQ
Vos Input offset voltage Rg < 10KQ 0.5 25 0.5 3.5 mV
< 10KQ
3.5 \%
Tm|n < Top < Tmax 5 m
AV . -
ATDS Input offset voltage drift R.g =10 KQ 5 5 4VI°C
_ Tmin < Top < Tmax
los Input offset current 5 20 12 50 nA
Tmin <Top < Tmax 40 100 nA
A'_c;s Input offset current drift | Trmin < Top < Tmax 0.08 0.1 {,‘é
A
| Output short circuit
s current 23 28 mA
Gy Large signal open loop Tmin < Top < Tmax
voltage gain R_=2KQ Q/ =+ 5V 90 100 86 100 dB
V =t 4V 95 95
B Gain-bandwidth product =20 KHz 1.8 3 15 2.5 MHz
eNn Total input noise voltage f=1KHz
Rg = 5002 8 15 10 nV
Rg=1KQ 10 12 THz
Rg = 10 KQ 18 20
d Distortion Gy=20dB R = 2KQ
V =2 Vpp f =1 KHz 0.03 0.1 0.03 0.1 %
Vo DC output voltage swing R =2KQ V =+15V | *13 +13 v
=+ 4V +3 +3
\Y Large signal voltage swing | R =10 Kn
° =10 KHz 28 28 Vpp
SR Slew rate unity gain
. Ry = 2KQ 0.8 1.5 1 Vius
CMR Common mode rejection V=10V 20 86 dB
Tmin <‘Top < Tmax
SVR Supply voltage rejection V=1V  f=100Hz| 90 86 dB
Tmln < Top <Tmax
CS Channel separation f=1KHz | 100 120 120 dB
Note: LS 204 | LS 204A | LS 204C
Tmin. -25°C -55°C 0°C
Tmax. +85°C +125°C +70°C |
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Fig. 1 - Supply current vs.
supply voltage

Fig. 2 - Supply current vs.

ambient temperature

Fig. 3 - Output short circuit
current vs, ambient tem-

perature
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Fig. 7 - Large signal fre-
quency response
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Fig. 8 - Output voltage
swing vs. load resistance
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APPLICATION INFORMATION

Active low-pass filter:
BUTTERWORTH

The Butterworth is a "maximally flat” amplitude response filter.
Butterworth filters are used for filtering signals in data acquisition
systems to prevent aliasing errors in sampled-data applications and
for general purpose low-pass filtering.

The cutoff frequency, f., is the frequency at which the amplitude
response is down 3 dB. The attenuation rate beyond the cutoff fre-
quency is -n6 dB per octave of frequency where n is the order (number
of poles) of the filter.

Other characteristics:

® Flattest possible amplitude response.

® Excellent gain accuracy at low frequency end of passband

BESSEL

The Bessel is a type of ”“linear phase” filter. Because of their linear
phase characteristics, these filters approximate a constant time delay
over a limited frequency range. Bessel filters pass transient waveforms
with a minimum of distortion. They are also used to provide time
delays for low pass filtering of modulated waveforms and as a”running
average” type filter.

The maximum phase shift is —’2-"1’— radians where n is the order (num-

ber of poles) of the filter., The cutoff frequency, f., is defined as the
frequency at which the phase shift is one half of this value. For accu-
rate delay, the cutoff frequency should be twice the maximum signal
frequency. The following table can be used to obtain the -3 dB fre-
quency of the filter.

6 poh

0.57 f¢

2 pole 4 pole 8 pole

-3 dB frequency 0.77 f¢ 0.67 f¢ 0.50 f¢

Other characteristics:

® Selectivity not as great as Chebyschev or Butterworth.
® Very little overshoot response to step inputs

® Fast rise time,

CHEBYSCHEV

Chebyschev filters have greater selectivity than either Bessel or Butter-
worth at the expense of ripple in the passband.

Chebyschev filters are normally designed with peak-to-peak ripple
values from + 0.2 dB to + 2 dB.

Increased ripple in the passband allows increased attenuation above
the cutoff frequency.

The cutoff frequency is defined as the frequency at which the ampli-
tude response passes through the specified maximum ripple band and
enters the stop band.

Other characteristics:

® Greater selectivity

® Very nonlinear phase response

@ High overshoot response to step inputs

Fig. 10 - Amplitude response
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Fig. 11 - Amplitude response
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APPLICATION INFORMATION (continued)

The table below shows the typical overshoot and settling time response of the low pass filters to a step
input.

PEAK
E % i
NUMBER OVERSHOOT SETTLING TIME (% of final value)
OF POLES
% Overshoot + 1% +0.1% +0.01%
2 4 1.1/f¢ sec. 1.7 /f¢ sec. 1.9/f; sec.
BUTTERWORTH 4 11 1.7/f¢ 2.8/f; 3.8/f;
6 14 2.4/f; 39/f¢ 5.0/fc
8 16 3.1/ 5.1, 7.4/
2 0.4 0.8/f¢ 1.4/, 1.7 /¢
4 0.8 1.0/f¢ 1.8/f¢ 2.4/,
BESSEL 6 06 1.3/ 21/, 2.7/,
8 0.3 1.6/f¢ 2.3/t 3.2/f;
2 1 1.1 /¢ 1.6/f¢ -
CHEBYSCHEV 4 18 3.0/f¢ 5.4/fc -
(RIPPLE + 0.25 dB) 6 21 5.9/fc 10.4/f; -
8 23 8.4/f¢ 16.4/f¢ -
2 21 1.6/f 2.7 -
CHEBYSCHEV 4 28 4.8/f¢ 8.4/f¢ -
(RIPPLE + 1 dB) 6 32 8.2/f¢ 16.3/f¢ -
8 34 11.6/f 24.8/f -

Design of 2nd order active low pass filter
(Sallen and Key configuration unity gain op-amp)

Fig. 13 - Filter configuration
1' C, $-3567/1

" Ry R2
Vin
o—{—1+—4 — @ _~Vout
_—o
C

Vo _ 1 where:
Vi 1+2¢ 8— + ___32 w, = 2m f, with f.= cutoff frequency
c (4
¢ = damping factor,
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APPLICATION 'INFORMATION (continued)

Three parameters are needed to characterise the
frequency and phase response of a 2nd order ac-
tive filter: the gain (G, ), the damping factor (§)
or the Q-factor (Q= (2 £)-1),and the cutoff fre-

quency (f.).

The higher order responses are obtained with a
series of 2nd order sections. A simple RC section
is intrcduced when an odd filter is required.

The choice of ‘¢’ (or Q-factor) determines the

filter response (see table).

Tab. |

Cutoff frequency

Filter response f
c

Frequency at which
phase shift is -90°

Bessel

Frequency at which
Gy=-3dB

Butterworth

Frequency at which
the amplitude
response passes
through specified
max. ripple band
and enters the stop
band

Chebyschev

Fig. 14 - Filter response vs. damping factor

- 36501

(dB) K

A\
\_el-0177
4 4 \ £l 025
=035
any
0 =] £=05
4 €=0707)
5 -2 \
-8 \
-12] \
-16
0o 02 05 1 2 5 (tit)
EXAMPLE:

Fixed R= R; = R,, we have (see fig. 13)

_ 1 &
G= w W
1 1
C = —
R fw

The diagram of fig. 14 shows the amplitude response for different
values of damping factor £ in 2nd order filters.

Fig. 15 - 5t order low pass filter (Butterworth) with unity gain configuration.
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APPLICATION INFORMATION (continued)

In the circuit of fig. 15, for f. = 3.4 KHz and Tab. Il
R;= R;= R,= R3= R;= 10 K2, we obtain: Damping factor for low-pass Butterworth filters
=1354 L. 1 =
Ci =1.354 R 2mf. ~ 6.33nF Order| C; | €1 |Ca|C3|Ca|cs|ce|cy| ca
1 ] 2 0.707| 1.41
C,=0421" R’ ch = 197nF 3 [1.392|0.202| 354
4 092 1.08|0.38| 261
= .il 1 =
C,=1.753 R 2mt, 8.20 nF 5 [1.354/0.421| 1.75 |0.309(3.235
6 0.9661.035(0.707|1.414(0.259 3.86
C;=0.309 * g( . ﬁ = 145nF 7 |1.336/0.488| 153 [0.623(1.604|0.222| 4.49
¢ 8 0.98 | 1.02.| 0.83 | 1.20 [0.556| 1.80 |0.195(5.125
= P U N
C4 =3.325 R 2rt, 15.14 nF

The attenuation of the filter is 30 dB at 6.8 KHz
and better than 60 dB at 15 KHz.

The same method, referring to Tab. Il and fig. 1 1 1

16, is used to design high-pass filter. In this Ri=— 7"+ 5>+ = 75.6Ka
case the damping factor is found by taking the 10421 C 27t
reciprocal of the numbers in Tab. Il. For f, 1 1 1
=5KHzand C;=C, =C, =C3 =C, = 1 nF R, = e = 182Ka
we obtain: | 2771753°°C 27,
-1 1.1
R3—0309 C “2nt, 103 Ko
S IO OO =1 1.1
Ri =738 "¢ 277, - 285Ka Ra=3325"C 2r7, - 96Ke
Fig. 16 - 5" order high-pass filter (Butterworth) with unity gain configuration.
' . : JIS— )
Ci o c2 i
o—F——1— TN
Rig : f | R3 0
X i
| i
1t order ' 2"order order
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TELEPHONE SPEECH CIRCUITS

The LS285 is monolithic integrated circuits
for replacement of the hybrid circuit (2-4 wire
interface) in conventional telephones interfacing
the two transducers to the line and providing
a controlled amount of sidetone.

The same type of transducer can be used for
both transmitter and receiver, usually a 3502
dynamic type.

By sensing the line current, LS285 adjusts the
gain in both directions to compensate for line
attenuation.

Output impedance can be matched to the line,
independent of transducer impedance.

BLOCK DIAGRAM

The LS285 is packaged in a 14 lead dual in-line
plastic package.

DIP-14 Plastic
(0.4)

ORDERING NUMBER: U37070

|30

2
z.os[] [
KQ
soon
®— REGULATOR
9
1000F

16KN
To‘f

Lo

S-3man
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ABSOLUTE MAXIMUM RATINGS

\% Line voltage (3 ms pulse duration) 22 \Y)
I Forward current 120 mA
I Reverse current -150 mA
Piot Total power dissipation at Ty,p= 70°C 1 w
Tstg Storage and junction temperature -55 to 150 °C

op Operating temperature -40t0 70 °C

CONNECTION DIAGRAM (top view)

U

RECEIVER [ ) 14 [] RECEIVER

ourpuT ouTPUT

LINE IMP Vi

ADJUST. I1H ] N

VL Eg 12 [] INPUT REC.
AMP ()

oC REGULA!‘OR[‘“ n 1 eur Rec.
AMP ()

BIAS E5 10 ] MIC.INPUT

AC LOOP 6 9 [] mic.inpur

OPENING

NC 0 8 ] NC

$-4029
Rih j-amp  Thermal resistance junction-ambient max 80 °C/W
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DESCRIPTION

The LS285 is based on a bridge configuration. Basic circuit configuration
They contain a regulator block, a sending amplifier and a receiver
amplifier.

The regulator monitors the line current and adjusts the amplifier
gain to compensate for the line length. It provides DC charac-
teristics in line with CEPT standards.

The transmit/receiver amplifiers are connected to the line via an
external bridge to provide sidetone attenuation.

The line current compensation ensures that when the subscriber
is talking, the signal delivered to the line is increased in according
to the line lenght. When he is hearing, the signal level on the
receiver capsule is constant.

The amplifiers can also be matched to different transducers
simply by varying external components. Gain variation over the
operating temperature range is less than £ 1 dB.

The impedance to the line can be adjusted; without any change
in circuit parameters; by changing an external resistor (6.8 Ko
at pin 2).

Fig. 1 - Test circuit

r— e — — — — — — — — = —i
I
+——y0- |
LINE V'-l 16.2KQ |
_ | ¢ — |
BI R 1000 |
C1 gnIouF RS| [6.8K0
W= I
[ ] I
| 7 6 5 4 3 2 1 |
| LS 285 |
| ] RECEIVER
| 8 10 213 1 |
l joon
| ETl z %0 wﬁF RO s
l 909 KN |205KN |
| S1 5360 750 |
| y "2 & l
| fpoeer
L EOPF cs _]I
——————— MCroPHORE s-arszls
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Fig. 2 - Sending gain

TEST
CIRCUT
(Syin a)

Fig. 4 - Sidetone

CIRCUT
(Syin b)

Fig. 3 - Receiving gain

Vro| [3500

$-5010

Fig. 5 - Return loss

30nF

TEST
CIRCUIT
(Syin a)

5-5011

R =—2
LT T2vy

294



ELECTRICAL CHARACTERISTIC (Refer to the test circuit, Tamp= 25°C, f=300 Hz to 3400 Hz,
S1, 82 in “a’" unless otherwise specified)

$1,82in (b)

Parameter Test Conditions Min Typ. Max. Unit Fig.
Vi Line voltage -16°C < Tamp < +45°C
I =80 mA 10 15
IL=20 mA 5 5.8 \" 1
I =10 mA 3.8 4.6
Gs  Sending gain IL=15mA 475 515
1,=30mA 46.4 50.5
f=1KH L d
2 I =60mA 417 45.1 B |2
I_=80mA 41 443
Gs Sending gain variation -15°C < Tamp < +45°C 038 dB 2
vs. temp.
Sending gain flatness 1 =10 to 80 mA
fref= 1 KHz 05 dB 2
$1,82in (b)
Sending distortion -15°C < Tamp < +45°C
IL=10to 16 mA Vg,=0.7V, 2 %
2
-15°C < Tamp < +45°C
1L=15t0 80 mA V=1V, 2 %
Sending noise Vmi= 0V I =60mA -73 dBmp 2
Microphone amplifier
impedance (pin 9-10) 95 @ L
Max sending output (°) I_=10to 80 mA 3 Vp 2
VM|= 1v
GRr Receiving gain IL=15mA 136 99
IL=30mA -13.6 -10.6
f=1KHz L dB 3
[L=60mA -18 -14.9
I =80 mA -19 -16
A GRr Receiving gain variation | -16°C < Tymp < +45°C 0.25 dB 3
vs. temperature
Receiving gain flatness fref= 1 KHz | =10t0 80 mA +05 dB 3

(°) This output is limited to allow for input overvoltages.
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit Fig.
Receiving distorsion IL=10to 15 mA 2
VRo =350 mV,
RO p % 3
-15°C<Tamb | IL=15 to 80 mA 2
< +45°C VR0 =500 mVp

Receiving amplifier

output impendance 110 Q 1

(pin 1-14)

Receiving nois