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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor product or ser-
vice without notice, and advises its customers to obtain the latest version of relevant information to verify, before placing orders,
that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent Tl deems neces-
sary to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except those man-
dated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or severe property or
environmental damage ("Critical Applications").

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE SUITABLE
FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl products in such
applications requires the written approval of an appropriate T officer. Questions concerning potential risk applications should be
directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating safeguards should be
provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance, customer product design, software performance, or infringement of patents
or services described herein. Nor does TI warrant or represent that any license, either express or implied, is granted under any
patent right, copyright, mask work right, or other intellectual property right of Tl covering or relating to any combination,

machina ar nr u
machine, or process in which such semiconductor products or sefvices might be or are used.

Copyright © 1994, Texas Instruments Incorporated
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INTRODUCTION

Texas Instruments supplies a wide range of primary and secondary over-voltage protection devices designed
specifically to provide protection in telecommunications equipment. High voltages can occur on the
telephone line as a result of exposure to lightning strikes and ac power surges. To ensure an adequate
service life international standards define various impulse and ac surge levels that equipment connected to
the telephone network must withstand. The use of the over-voltage protectors in this book will protect the
equipment to allow standard certification.

The range of products is implemented using Texas Instruments high reliability ion-implanted planar process,
which permits precise control of electrical characteristics, extremely stable parameters and the monolithic
integration of a complete over-voltage protection solution in a single package.

This publication presents technical information for Texas Instruments range of primary and secondary over-
voltage protection devices. Complete device specifications are provided in the form of datasheets which are
organised by product and package type for easy reference. A selection guide is provided to enable a quick
over-view of the complete family with consideration for the end equipments in which the devices are used.
Package outlines are provided with tape and reel specifications where appropriate.

Every datasheet is formatted to the same style. As a minimum the front page will detail quick reference data,
description, package, pin out, schematic diagram and product status. A full datasheet will contain the
following order of information :

datasheet contents

Features

Description

Package

Pin out

Schematic

Absolute Maximum Ratings
Electrical Characteristics

Thermal Characteristics

Parameter Measurement Information
Typical Characteristic Graphs 1

Thermal Graphs 2

NOTES: 1. Details characteristics for the main terminal pair, followed by other terminal pairs. Characteristics are usually ordered as off-state

current, breakdown voltage, on-state voltage, breakover and holding current variation with temperature. Following the breakover
voltage variation with di/dt and capacitance variation is detailed. Finally typical surge capability with decay time is given.
2. These detail the non-repetitive ac surge current and thermal impedance.




SELECTION GUIDE

primary over-voltage protection devices

IEC Protection Definition CCITT K11 : Primary protection is applied at the location where it may prevent most
of the stressful energy from propagating beyond the designated interface.

Description Device Number Package Working Voltage (V) Protection Voltage (V)
Main Distribution Frame 9EL2 T Cell 265 400
Intermediate Distribution Frame 9EL3? Cell 200 265
Network Demarcation Interfaces 9ELS5 Cell 175 250
Solid state replacement for gas discharge tube

NOTES: 1. Bellcore TR-NWT-000974 (issue 1) and CCITT K28 (1991) compliant
2. Bellsouth compliant

secondary over-voltage protection devices

IEC Protection Definition CCITT K11 : Secondary protection is applied subsequently to the primary
protection. It may be provided by inherent protection.

battery backed ringing systems

Description VRING RMS | VBAT=50V VBAT=60V Package
Transformer coupled SLIC 40 TISP2150 TISP2150 PDIP,SOIC.SIP
Ring generator 50 TISP2180 TISP2180 PDIP,SOIC,SIP,TO-220,SOT-82
Line test equipment 60 TISP2180 TISP2240 PDIP,SOIC,SIP
Repeaters 70 TISP2240 TISP2240 PDIP,SOIC,SIP
Analogue Concentrators 80 TISP2240 TISP2240 PDIP,SOIC.SIP
90 TISP2240 TISP2260 PDIPSOIC,SIP
100 TISP2260 TISP2290 PDIP,SOIC.SIP,TO-220,S0T-82
110 TISP2290 TISP2290 PDIP,SOIC,SIP,TO-220,SOT-82
120 TISP2320 TISP2320 PDIPSOIC,SIP
130 TISP2320 TISP2380 PDIP,SOIC,SIP
140 TISP2380 TISP2380 PDIP,SOIC,SIP
150 TISP2380 TISP2380 PDIP,SOIC,SIP

ground backed ringing and balanced ringing systems

Description VRING RMS | VBAT=50V VBAT=60V Package
Transformer coupled SLIC 40 TISP3125 TISP3125 PDIP,SOIC.SIP
Ring generator 50 TISP3125 TISP3125 PDIPSOIC,SIP
Line test equipment 60 TISP3125 TISP3215 PDIP,SOIC,SIP
Repeaters 70 TISP3150 TISP3150 PDIP,SOIC,SIP
Analogue Concentrators 80 TISP3150 TISP3150 PDIP,SOIC.SIP
90 TiSP3180 TiISP3180 PDIPSOIC,SiP
100 TISP3180 TISP3180 PDIP,SOIC.SIP,TO220,S0OT-82
110 TISP3240 TISP3240 PDIP,SOIC,SIP
120 TISP3240 TISP3240 PDIP,SOIC,SIP
130 TISP3260 TISP3260 PDIPSQIC,SIP
140 TISP3260 TISP3260 PDIP.SOIC,SIP
150 TISP3290 TISP3290 PDIP.SOIC,SIP,T0O220,S0T-82
{f
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subscriber line interface circuits

—

Description Device Packag: ing Voltage (V)| Protection Voltage (V)
| Direct Coupled SLIC IC TISP1072 7 |'PDIP SOIC, SIP 58 72
TISP1082 PDIP, SOIC, SIP 66 82
TO-220, SOT-82 58 82
TISP61CAP3 PDIP Programmable
integrated services digital network
Description Device Packag Working Volitage (V)| Protection Voitage (V)
Inter-wire ISDN ' TISP4082 SOIC, SIP 66 82
T0-220, SOT-82 58 82
3 wire ISDN TISP7082 PDIP, SOIC, SIP 66 82
TISP2082 TO-220, SOT-82 58 82
TISP3082 PDIP, SOIC, SIP 66 82
TO-200, SOT-82 58 82
subscriber equipment - 2 wire
Description i Device Number Package Working Voltage (V)| Pr ion Voltage (V)
Telephone TISP4082 SOIC, SIP 66 82
Modem DO-220 58 82
TISP4180 SOIC, SIP 145 180
DO-220, TO-92 145 180
TISP4290 SOIC, SIP 220 290
DO-220, TO-92 200 290
TISP4380 ' SOIC, SiP 270 380
NOTE 1: Compatible with FCC part 68 requirements
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Term
Off-State Voltage
Off-State Current

Repetitve  Peak  Off-State
Voltage.

Repetitive  Peak  Off-State
Current

Breakover Voltage

Breakover Current

On-State Voltage

On-State Current

Repetitive  Peak  On-State

Current

Non-Repetitive Peak On-State
Current

Non-Repetative Peak Pulse
Current

Holding Current

Off-State Capacitance
Breakdown Voltage

Zener or Reference Voitage
Breakdown Current

Zener or Reference Current
Switching Voltage

TISP GLOSSARY

Description
The dc voltage when the device is in the off-state.
The dc value of current that results from the
application of the off-state voltage, Vp
Rated maximum (peak) continuous voltage that
may be applied in the off-state conditions
including all dc and repetitive alternating voltage
components.
The maximum (peak) value of off-state current
that results from the application of the repetitive
peak off-state voltage, Vppum
The maximum voltage across the device in or at
the breakdown region measured under specified
voltage rate of rise and current rate of rise.
The instantaneous current flowing at the
breakover voltage, V(go).
The voltage across the device in the on-state
condition at a specified current |y
The current though the device in the on-state
condition.
Rated maximum (peak) value of ac power
frequency on-state current of specified
waveshape and frequency which may be applied
continuously.
Rated maximum (peak) value of ac power
frequency on-state surge current of specified
waveshape and frequency which may be applied
for a specified time or number of ac cycles.
Rated maximum value of peak impulse pulse
current of specified amplitude and waveshape
that may be applied.
The minimum current required to maintain the
device in the on-state.
The capacitance in the off-state measured at
specified frequency, amplitude and dc bias.
The voltage across the device in the breakdown
region prior to the switching point at a specified
breakdown current, |(gR).
Aiternative name for Breakdown Voitage
The current through the device in the breakdown
condition.
Alternative name for Breakdown Current
The instantaneous voltage across the device at
the final point in the breakdown region prior to
switching into the on-state.

Symbol
Vb
Ip

VbrMm

IoRM
Viso)
kso)

Vr

It

ItRMm

Irsm

lpps (Irsp)

Iy

CO (Coﬂ)
Vier)

vz

(CEN

Iz
Vs

{5‘ TEXAS
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Term
Switching Current

Repetitve  Peak  Reverse
Voltage
Repetitive Peak Reverse
Current

Forward Voltage
Forward Current

Non-Repetitive Peak Forward
Current

Repetitive Peak Forward
Current
Peak Forward Recovery
Voltage

Switching Resistance

Critical Rate of Rise of Off-
State Voltage

Critical Rate of Rise of On-
State Current

Insulation Resistance

Lifetime Rated Pulse Currents

Impulse Reset Current

Peak Pulse Impulse Current

Description
The instantaneous current flowing through the
device at the switching voitage, Vg.
Rated maximum (peak) continuous voltage that
may be applied in the reverse blocking direction
including all dc and repetitive alternating voltage
components.
The maximum (peak) value of reverse current
that results from the application of the repetitive
peak reverse voltage, Vppm.
The voltage across the device in the forward
conducting state at a specified current I
The current through the device in the forward
conducting state.
Rated maximum (peak) value of ac power
frequency forward surge current of specified
waveshape and frequency which may be applied
for a specified time or number of ac cycles.
Rated maximum (peak) value of ac power
frequency forward current of  specified
waveshape and frequency which may be applied
continuously.
The maximum value of forward conduction
voltage across the device upon the application of
a specified voltage rate of rise and current rate of
rise following a zero or specified reverse-voltage
condition.
The equivalent slope resistance of the
breakdown  region. (Used for negative
breakdown slope resistance devices)
The maximum rate of rise of voltage (below
Vprwm) that will not cause switching from the off-
state to the on-state.
Rated value of the rate of rise of current which
the device can withstand without damage.
The equivalent insulation resistance of the
device.
Rated values of the peak impulse current, as a
function of the number of pulses and waveshape,
which may be applied over the device rated
lifetime.
The value of direct current that flows when the
device is short circuited. Not a device parameter.
Rated maximum value of peak impulse pulse
current (Ipp) applied for 10 pulses with 10 x 1000
us waveform and maximum duty factor of 0.01%
without causing failure

Symbol

VRRM

IRRM

Ve

Irsm

IFRM

Verm

dv/dt

di/dt

I(Ressl)

lppm
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Term
Temperature  Coefficient  of
Breakdown Voltage

Variation of Holding Current
with Temperature
Temperature Derating

Thermal Resistance

Transient Thermal Impedance

Description
The ratio of the change in breakdown voltage,
V(gR), to changes in temperature. Expressed as
either millivolts per degree Celsius or percent per
degree Celsius with reference to the 25°C value
of breakdown voltage (mV/°C or %/°C).
The change in holding current, Iy, with changes
in temperature. It is shown as a graph.
Derating with temperature above a specified
base temperature, expressed as a percentage,
such as may be applied to peak pulse current
The effective temperature rise per unit power
dissipation of a designated junction, above the
temperature of a stated external reference point
(lead, case, or ambient) under conditions of
thermal equilibrium.
The change in the difference between the virtual
junction temperature and the temperature of a
specified reference point or region (lead, case, or
ambient) at the end of a time interval divided by
the step function change in power dissipation at
the begining of the same time interval which
causes the change of temperature-difference
Note: It is the thermal impedance of the junction
under conditions of change and is generally given
in the form of a curve as a function of the duration
of an applied pulse

Symbol
AIphaV(BR)

(dV(gRy/dT;))

*9 TEXAS
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Technical Specifications

8 Pin Dual In Line Package
3 Pin Single In Line Package - (Interchangeable with TO-220 Package)
2 Pin Single In Line Package - (Interchangeable with DO-220 Package)
8 Pin Surface Mount Package

{'f TeExAs
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TISP1072F3, TISP1082F3
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEO4 - SEPTEMBER 1993 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge
v v
DEVICE DRM | T(80)
v v
1072F3 788 | -72
"1082F3 66 | -82
® Planar Passivated Junctions
Low Off-State Current < 10 pA
® Rated for International Surge Wave Shapes
I
WAVE SHAPE STANDARD 'As"
2/10 ps FCC Part 68 80
8/20 ps ANSI C62.41 70
107160 ps FCC Part 68 60
10/560 ps FCC Par 68 45
0.5/700 ps RLM 88 38
FTZR12 50
10/700 ps VDE 0433 50
CCITT IX K17 38
10/1000 ps REA PE-60 35
® Surface Mount and Through-Hole Options
PACKAGE PART # SUFFIX
Small-outline D
Small-outline taped DR
and reeled
Plastic DIP P
Single-in-line SL 7
description

These dual asymmetrical transient voltage
suppressors are designed for the overvoltage
protection of ICs used for the SLIC (Subscriber
Line Interface Circuit) function. The IC line driver
section is typically powered with OV and a
negative supply. The TISP1xxxF3 limits voltages
that exceed these supply rails and is offered in
two voltage variants to match typical negative

High voltages can occur on the line as a result of
exposure to lightning strikes and ac power
surges. Negative transients are initially limited by
breakdown clamping until the voltage rises to the
breakover level, which causes the device to
crowbar. The high crowbar holding current

D PACKAGE
(TOP VIEW)

G
G
G
G woxxae

TN
NC |2
NC 3
RC] |4

non N @

NC - No internal connection

P PACKAGE
(TOP VIEW)
T spT
O
a2 76
[cIn K s 1G
RCj4 5[1R MDXXAF

Specified T terminal ratings require connection of pins 1 and 8.
Specified R terminal ratings require connection of pins 4 and 5.

SL PACKAGE
(TOP VIEW)

T—1O
G— |2

RT— |3

MDXXAG MD1XAA

device symbol

SDIXAA
G

Terminals T, R and G correspond to the
altemative line designators of A, B and C

prevents dc latchup as the current subsides
Positive transients are limited by diode forward
conduction. These protectors are guaranteed to
suppress and withstand the listed international

lightning surges on any terminal pair

These monolithic protection devices are
fabricated in ion-implanted planar structures to

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

testing of alithe plrmﬁ’e«en.

does not ily include

Q" TEXAS
INSTRUMENTS

Copyright © 1994 Texas Instruments Limited
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TISP1072F3, TISP1082F3
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEO4 - SEPTEMBER 1993 - REVISED SEPTEMBER 1994

description (continued)

ensure precise and matched breakover control and are virtually transparent to the system in normal operation

The small-outline 8-pin assignment has been carefully chosen for these devices to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voitage withstand

ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
Repetitive peak off-state voltage ( 0°C < T;<70°C) :g;z: Vpam ':2 \
Non-repetitive peak on-state puise current (see Notes 1, 2 and 3)
1/2 pus (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 120
2/10 pys (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 80
8/20 us (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 70
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) Irsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 pys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
P Package lrsm 6 Arms
50Hz, 1s —-—m 3
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dip/dt 250 Aps
Junction temperature -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES: 1.

Further details on surge wave shapes are contained in the Applications Information section.

2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial

conditions.

3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, 25°C (unless otherwise noted)

TISP1072F3 TISP1082F3
PARAMETER TEST CONDITIONS NI
MIN I Tvp | max | mN | Tvp I max | UNT
Repetitive peak off-
! Vp =1V, ,0°C < T, <70°C 10 A
DRM  state current D = *VDAM <ls * *10 W
Ip Off-state current Vp =150V +10 +10 HA
f=100kHz, V4=100mV D Package 0.08 0.5 0.08 05 pF
Coff Off-state capacitance |Vp =0 P Package 0.06 0.4 0.06 0.4 pF
(see Note 4) SL Package 0.02 03 0.02 0.3 pF

NOTE  4: Further details on capacitance are given in the Applications Information section.

electrical characteristics for the T and G and R and G terminals, 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS

TISP1072F3

TISP1082F3

MIN ] TYP ] MAX

MIN l TYP I MAX

UNIT

Repetitive peak off-

= ,0°C < Ty<70°C
state current Vo = Vorw <l

IoAMm

-10

-10

pA

¥ 1
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TISP1072F3, TISP1082F3
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SL.PSEO4 - SEPTEMBER 1993 - REVISED SEPTEMBER 1994

electrical characteristics for the T and G and R and G terminals, 25°C (unless otherwise noted)

TISP1072F3 TISP1082F3
PARAMETER TEST CONDITIONS UNIT
° MIN [ TYP l MAX | MIN l TYP l MAX
Vigo) Breakover voltage dv/dt = -250 V/ims, Rgoypce = 300 72 -82 v
- [ Ise break It- | dv/dt = -1000 V/, R =50 Q. )
Vieo) mpulse breakover vol ws,  RsouRrce 78 92 v
age di/dt < -20 A/us
lso)  Breakover current dv/dt = -250 V/ims, Rggypce = 300 Q -0.1 -0.6 -0.1 -0.6 A
Peak forward recove! dv/dt = 1000 V/ips, R =500,
Verm S kS Hsource 33 33 v
voltage dig/dt < 20 Alps
Ve Forward voltage I=5A, ty=100ps 3 3 v
Vi On-state voltage lf=-5A, ty=100ps T T3 3 v
Iy Holding current di/dt = +30 mA/ms -0.15 -0.15 A
Critical rate of rise of Linear voltage ram
dvidt ne 90 ramp 5 5 KVis
off-state voltage Maximum ramp value < 0.85Vpgpy
[ Off-state current Vp=-50V -10 -10 WA
t=100kHz, V4=100mV Vp=0, 150 240 130 240 pF
Cott Off-state capacitance | Third terminal voltage = 0 Vp=-5V 65 104 55 104 pF
(see Note 5) Vp=-50V 30 48 25 48 pF
NOTE 5: Further details on capacitance are given in the Applications Information section.
thermal characteristics
PARAMETER TEST CONDITIONS MIN I TYp I MAX | UNIT
D Package 160
_ . . Por=0.8 W, Ta=25°C 9
Rgya  Junction to free air thermal resistance 2 P Package 100 el
5cm©, FR4 PCB
SL Package 105

U

TEXAS
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TISP1072F3, TISP1082F3
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEO4 - SEPTEMBER 1993 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Forward
Conduction
Characteristic

+ +v

Quadrant lll

Switching
Characteristic

PMXXAC

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS R AND G OR T AND G

Quadrant |

Switching
Characteristic

Vo Iy
: 'D vB
],
v )
S — |'
L

=2

Quadrant Il
Switching S L 1ep

Characteristic -i PMXXAA

Figure 2. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALSRAND T

{'f TeExAS
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TISP1072F3, TISP1082F3
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE04 - SEPTEMBER 1993 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
R and G, or T and G terminals

OFF-STATE CURRENT

vs
JUNCTION TEMPERATURE
100 —r——
F V,=-50V
I
10
k!
£
13 1
3 7
s} 7
] y4
= s
@ 01
g 2
o001 %F—
0-001 I I
25 0 25 S0 75 100 125
T, - Junction Temperature - °C
Figure 3.
ON-STATE CURRENT
vs
ON-STATE VOLTAGE Te1LAC
100
P
O
< /’r
< .
@
3 //
e 10 b
5 77
: 17
5 (o
[
/[ [[H—2sc
I
150°C / -40°C
1 |
1 2 3 4 5 6780910
V, - On-State Voltage - V
Figure 5.

I. - Forward Current - A

BREAKDOWN VOLTAGES
vs
JUNCTION TEMPERATURE

TCILAL

T
I(!R)

T
=1mA

'1082F3 o
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
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TYPICAL CHARACTERISTICS
R and T terminals
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TYPICAL CHARACTERISTICS
R and T terminals

OFF-STATE CAPACITANCE
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THERMAL INFORMATION
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T,. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters' temperature coefficient, the
power dissipated and the thermal response curve ,Zg (see M. J. Maytum, "Transient Suppressor Dynamic
Parameters."Tl Technical Journal, vol. 6, No. 4, pp.63-70, July-August 1989).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 us wave shape would have a peak current value of
50 A, a rise time of 5 us and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 pys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IX K17 1.5 kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1kV, 10/700 ps 25 A, 5/310 ys
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 s
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 €2 (2000/50). If the equipment has a series resistance of 25 £) then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(gp)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(go, value under surge conditions can be estimated by multiplying the 50 Hz rate
V(g0) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 2.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/ps. The instantaneous generator output
resistance is 25 ). If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45= 10 A/ps. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
6 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
NN
1.00 N
N

2 095 \
c
2
o
% 0.90 \
1 \
8 085
Xi
2 o080

0.75 |- Normalised to V, = 100 mV

L DC Bias, V, =0
0.70 R
1 10 100 1000

V, - RMS AC Test Voitage - mV

Figure 21.
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APPLICATIONS INFORMATION

longitudinal balance
Figure 7 shows a three terminal TISP with its equivalent "delta” capacitance Each capacitance, Ctg , Crg
and Crg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Crg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (Ctg - Crg). The line capacitive unbalance
is due to (C1g - Crg ) and the capacitance shunting the line is Crg + Cpg/2 .

(cm‘c-n)
——

Cra
Equipment G — Equipmant
[

Cr = n

I
R AIXXAB

Cy6> Cpra Equivalent Unbalance

Figure 22.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-Implanted Breakdown Region
Precise and Stable Volitage
Low Voitage Overshoot under Surge
v v
DEVICE oRM | T(50)
v v
2072F3 58 72
'2082F3 66 82
® Planar Passivated Junctions
Low Off-State Current < 10 pA
@ Rated for International Surge Wave Shapes
WAVE SHAPE | STANDARD 'TAS"
2/10 ps FCC Part 68 80
8/20 ps ANSI C62.41 70
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50
10/700 ps VDE 0433 50
CCITT IX K17 38
10/1000 ps REA PE-60 35
® Surface Mount and Through-Hole Options
PACKAGE PART # SUFFIX
Small-outline D
Small-outline taped
DR
and reeled
Plastic DIP P
Single-in-line SL
description

These low voltage dual symmetrical transient
voltage suppressor devices are designed to
protect ISDN applications against transients
caused by lightning strikes and ac power lines.
Oftered in two voltage variants to meet battery
and protection requirements they are guaranteed
to suppress and withstand the listed international
lightning surges in both polarities. Transients are
initially clipped by breakdown clamping until the
voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar
holding current prevents dc latchup as the
current subsides.

D PACKAGE
(TOP VIEW)

TCAN
NC |2
NCCgp
RC] 4

G
G
G
=G mooue

N D N ®

NC - No internal connection

P PACKAGE
(TOP VIEW)
T spT
O
G[]2 71]6
G[]3 e[ 1G
R4 5 :] R MDXXAF

Specified T terminal ratings require connection of pins 1 and 8.
Specified R terminal ratings require connection of pins 4 and 5.

SL PACKAGE
(TOP VIEW)

T<— 1O
G— |2
R—13

MDXXAG MD23AA

device symbol

[
N

4 ¥

| SDZXAA
G
Terminals T, Rand G spond to the

alternative line designators of A, B and C

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per 5he terms of Texas Instruments standard warranty.

include

does not

testing of all the parameters.

Copyright © 1994 Texas Instruments Limited
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description (Continued)

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand

ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
Repetitive peak off-state voltage (0°C < T; < 70°C) ;g;iz Vorm ::g v
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 120
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 80
8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 70
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
50Hz, 1s P Package lrsm 6 Arms
SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alps
Junction temperature Ty -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T, = 25°C

TISP2072F3 | TISP2082F3
PARAMETER TEST CONDITION:
STco ONS MIN | MAX [ MIN | MAX UNIT
Repetitive peak off- o .
IbRm state current Vp =%Vppm, 0°C < T; < 70°C +10 +10 pA
Ip Off-state current Vp =450V +10 +10 pA
f=100kHz, V4=100mV Vp=0,
Cot Off-state capacitance Third terminal voltage = 0 32t 55 32t 55 pF
(see Notes 4 and 5)

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

t Typical value of the parameter, not a limit value.

electrical characteristics for the T and G or the R and G terminals, T; = 25°C

PARAMETER TEST CONDITIONS TISP2OT2FS | TISP2082F3 | \\ v
MIN | MAX | MIN | MAX
oy ePeUive peakoff- L 0°C < Ty < 70°C +10 +10 | A
state current
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electrical characteristics for the T and G or the R and G terminals, T = 25°C (Continued)

PARAMETER TEST CONDITIONS TISP2072F3 | TISP2082F3 UNIT
MIN [ MAX [ MIN | MAX
~ o dv/dt = £250 Vims,
Vo) Breakover voltage +72 +82 \
Source Resistance = 300 Q
B ] -| dv/dt = £1000 V/ps, di/dt < 20 Alps
Vo) mpulse breakover volt 2 84t +94¢ v
age Source Resistance = 50 Q2
[ dv/dt = +250 V/ms,
lgo)  Breakover current +0.15| 0.6 | +0.15| 206 A
Source Resistance = 300 Q
Vi On-state voltage ly=25A, ty=100ps +3 +3 Vv
Iy Holding current di/dt = -/+30 mA/ms 1015 £0.15 A
itical f rise of Linear voltage ramp,
dvidt Critical rate of rise of +5 45 KVis
] 77_3'["5‘3'9 voltage Maximum ramp value < 0.85V(grmin
o Off-state current Vp =250V +10 +10 pA
f=100kHz, V4=100mV Vp=0, 77t 130 77t 130 pF
Coft Off-state capacitance | Third terminal voltage = 0 Vp=-5V 42t 70 42t 70 pF
(see Notes 6 and 7) Vp=-50V 19t 30 19t 30 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit value.

PARAMETER MEASUREMENT INFORMATION

+ Quadrant |

Irsp

Switching
Characteristic

Vo fo - r
"o Vo

Quadrant Il

Switching
Characteristic 4 PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals R and T are not guaranteed.
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thermal characteristics

PARAMETER MIN TYP | MAX UNIT
D Package 160
Rgya  Junction to free air thermal resistance P Package 100 °Cw
SL Package 105
TYPICAL CHARACTERISTICS
T and G, or R and G terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC2LAL TC2LAO
100 T T T T
Normalised to V g,
1.2 |- 5, = 100 pA and 25°C
10 3 Positive Polarity
EY 7
2 7
S 5 _~
3 — V, =50V =27 b ~
:: i | 7 \/ / —
-] @ (BRw
o 01 — L~
g T 1 Z v =50V A/ ~1
" t e o= " 3 1.0 o v'
- = /, (BO)
001 e 2 / Vier
0.001 0.9
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C

Figure 2. Figure 3.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

NORMALISED BREAKDOWN VOLTAGES

ON-STATE CURRENT

vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
TC2LAP TC2MAQ
T T T T 100
Normalised to V
1.2 |- I g, = 100 pA and 25°C 4
A Negative Polarity /,
<
> .é //
B /é g /
5}
10
g 4/‘/4/ g -
o | [— — 7] 11’ 7
P & 771
10 - s /I II
: L =1~ v -
v (®0) 150°C |- 25°C
T / |
/ 40C
0.9 1 ]
-25 (1] 25 50 75 100 125 150 1 2 3 4 5 6 7 8910
T, - Junction Temperature - °C V, - On-State Voltage - V
Figure 4. Figure 5.
HOLDING CURRENT & BREAKOVER CURRENT NORMALISED BREAKOVER VOLTAGE
vs vs
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
10 TC2LAM 13 TC2LAF
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. 08
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Figure 6. Figure 7.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (P(.')SITIVETZ2LAB TERMINAL VOLTAGE (NEGATIVE)
SURRIAL ) ALY
100 b L L] =7 100 ThlrdTern?l?al:B:las=-50V
w [— Third Terminal Bias = 0 ] w HHH T
o o [ Third Terminal Bias =0 | | THHw |
B
H /I
S 10 3 10
2 2
5 [~ Third Terminal Bias = 50 V % [ Third Terminal Bias = 50 V
5 &
1 1
0-1 1 10 50 0-1 1 10
Terminal Voitage (Positive) - V Terminal Voltage (Negative) - V
Figure 8. Figure 9.
OFF-STATE CAPACITANCE
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Figure 10.
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Off-State Capacitance - pF

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC2LAI TC2LAJ
500 T T T T 500 ™ y T -
|- Third Terminal Bias = 0 Third Terminal Bias = -50 V //
/ w
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] |1
100 e § 10 e — ]
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| Terminal Bias = 50 V "g-’
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Terminal Bias = -50 V
ol l o
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T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 11. Figure 12.
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Figure 13.
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TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
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TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
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TC2LAC TC2LAE
100 T T T TITTIT T 100 ——r— MRAAIAN T
|— Third Terminal Bias = -50 v BEunN — |- Third Terminal Bias = -50 V
™Y NN
w N w N
a . | i Pt a '\—__NN
® __ Third Terminal Bias = 0 _ — ® 1l
¢ » g Rt M
S 2 Third Terminal Bias = 0 k“n\
%] Q
3 10 a 10
o ©
(3} - o
2 &
7 3
& &
I
Third Terminal Bias = 50 V Third Terminal Bias = 50 V B
. LI 1] N R
01 1 10 50 01 1 10 50
Terminal Voltage (Positive) - V Terminal Voitage (Negative) - V
Figure 17. Figure 18.
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 ps wave shape would have a peak current value of
50 A, a rise time of 5 us and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually

+a i H i . . R
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced

(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 us waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 us. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITTIXK17 1.5kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(Bo)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gp) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 €. If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45=10A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
21. When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE

AIXXAA

-
(<]
=

1.00

0.95 A

0.90

0.85 H

Normalised Capacitance
-

0.80

075 - Normalised to V, = 100 mV
|- DC Bias, V, =0
oqol—L LLLILN 1 1111
1 10 100 1000
V, - RMS AC Test Voltage - mV

Figure 21.
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APPLICATIONS INFORMATION

longitudinal balance
Figure 22 shows a three terminal TISP with its equivalent "delta” capacitance Each capacitance, C1g . Crg
and Cqrg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Crg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (C1g - Crg ). The line capacitive unbalance

is due to (Ctg - Crg ) and the capacitance shunting the line is Ctg + Cpg/2 -

T
(cm’cmi l
Cre
— Equipment G — Equipment
Cm

F“
AXXAB

Cro> Cra Equivalent Unbalance

Figure 22.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

oevice | o | Veo
v \'"
Z125F3 | 100 | 125
3150F3 | 120 | 150
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G
G
G
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O » N ™

NC - No intemnal connection

@ Planar Passivated Junctions P ':’APCGAGE
Low Off-State Current < 10 yA (r EW)
® Rated for International Surge Wave Shapes T4 10 spT
; G[]2 71JG
TSP
WAVE SHAPE STANDARD A c]s N al
2/10 pus FCC Part 68 175 R4 sR MOXUF
8/20 ps ANSI C62.41 120
10/160 ps FCC Part 68 60 Specified T terminal ratings require connection of pins 1 and 8.
107560 ps FCC Par 68 a5 Specified R terminal ratings require connection of pins 4 and 5.
0.5/700 ps RLM 88 38
SL PACKAGE
FTZR1
ZR12 %0 (TOP VIEW)
10/700 ps VDE 0433 50
CCITT IX K17 38
7071000 ps REA PE-60 35 T—'O
G— |2
® Surface Mount and Through-Hole Options
RT—a
PACKAGE PART # SUFFIX MDXXAG  MD23AA
Smali-outline D
Smail-outline taped on device symbol
and reeled T R
Plastic DIP P
Single-in-line SL NI
N
description
These medium voltage dual symmetrical ZZ ZZ
transient voltage suppressor devices are
designed to protect ISDN and telecommunication
applications with battery backed ringing against ]
transients caused by lightning strikes and ac SD2XAA
power lines. Offered in three voltage variants to ¢
meet battery and protection requirements they Termin: ST_.R fanoorrsspondtnﬁw
are guaranteed to suppress and withstand the @ ling aesignators ot A, S and &
listed international lightning surges in both )
polarities. Transients are initially clipped by These monolithic  protection  devices are
breakdown clamping until the voltage rises to the fabricated in ion-implanted planar structures to
breakover level, which causes the device to ensure precise and matched breakover control
crowbar. The high crowbar holding current and are virtually transparent to the system in
prevents dc latchup as the current subsides. normal operation
PRODUCTION DATA information is current as of ’ Copyright © 1994 Texas Instruments Limited

publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
F ion p: ing does not ily include
testing of all the parameters.
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description (Continued)

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand

ratings.

absolute maximum ratings

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T; = 25°C

RATING SYMBOL VALUE UNIT
‘2125F3 + 100
Repetitive peak off-state voltage (0°C < T, < 70°C) 2125F3 Vbam +120 \
‘2180F3 + 145

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350

2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 us (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A

0.5/310 pus (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4

50Hz, 1s P Package lrsm 6 A rms

SL Package 6

Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alps
Junction temperature T, -40 to +150 °C
Storage temperature range Tsig -40 to +150 °C

TISP2125F3

TISP2150F3

TISP2180F3

PARAMETER TEST CONDITIONS UNIT
co MIN | MAX | MIN | MAX | MIN | MAX

) Repetiive peak off- 1\, Vo 0°C < T, < 70°C 10 10 10| A

DRM  state current D = *VoRM: <= * * * s

b Oft-state current Vp =450V +10 +10 +10 HA
T=100kHz, V,=100mV Vp =0,

Coft Off-state capacitance | Third terminal voltage = 0 20t 35 20t 35 20t 35 pF
(see Notes 4 and 5)

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit value.
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electrical characteristics for the T and G or the R and G terminals, T, = 25°C

o TISP2125F3 | TISP2150F3 | TISP2180F3
PARAMETER TEST CONDI UNIT
ONDITIONS MIN [ MAX [ MIN | MAX MIN | MAX
| Repetitive peak off- - Vp = Vpam. 0°C < T, < 70°C 10 10 £10 A
DRM " state current D= =VoAM T < Ly < * * s
dv/dt = +250 V/ms,
Vigo) Breakover voltage 125 +150 +180 v
Source Resistance = 300 (2
Impulse breakover volt-| dv/dt = £1000 V/us, di/dt < 20 A/ps
Veoy verv +143t +168t +198t] v
age Source Resistance = 50 Q2
o T dv/dt = 250 Vims,
lgo)y  Breakover current +0.15| 0.6 | +0.15| +0.6 | +0.15| 206 A
Source Resistance = 300 €2
Vy On-state voltage l;=25A, tw=100ps +3 +3 +3 \
In Holding current di/dt = -/+30 mA/ms +0.15 +0.15 +0.15 A
Critical rate of rise of | Linear voltage ramp,
dv/dt 5 +5 5 kV/us
off-state voltage Maximum ramp value < 0.85Vgamin
[o Off-state current Vp = £50 V +10 10 +10 VA
[ t=100kHz, V4=100mV Vg =0, 521 90 521 90 52t 90 pF
Cott Off-state capacitance | Third terminal voltage = 0 Vp=-5 261 45 26t 45 261 45 pF
(see Notes 6 and 7) Vp=-50V 1t 20 11t 20 11t 20 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section.

t Typical value of the parameter, not a limit value.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
T ) D Package 160

Rgya  Junction to free air thermal resistance P Package 100 °CwW
SL Package 105

‘@* TeExAs
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PARAMETER MEASUREMENT INFORMATION

Quadrant |

hisp

Switching
Characteristic

|DRMV_

Vo Io - :
Io Vo
.......... N
Vi,
L

)
\ W
W

§

=
Quadrant It
Switchng L - 1rse
Characteristic A \

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals R and T are not guaranteed
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs Vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
100 TC2MAL T T , T TC2MAO
Normalised to V g,
1.2 |- }ar, = 100 pA and 25°C
< 10 3 Positive Po:arny 1
B S V(llm/‘ /, //
§ 1 1.1 A—/ /
3 V=50V N
% 01 Vp=-50V 5 E
8 k V(!lw//
-
o 1012 =t
0.01 K T Vew
0-001 0.9
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
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Bi
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals
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vs
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Off-State Capacitance - pF

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVEg
100 JC2mAB 100 TC2MAD
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Figure 8. Figure 9.
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Figure 10.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
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Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CURRENT

NORMALISED BREAKDOWN VOLTAGES

vs vs
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Figure 14. Figure 15.
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TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
Vs Vs
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Figure 17. Figure 18.
THERMAL INFORMATION
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voitage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 pys wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ys open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit vaiues.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5kV, 10/700 us surge is
changed to a 38 A, 5/310 us waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 us
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPENCIRCUIT  SHORT CIRCUIT
VOLTAGE CURRENT
CCITTIX K17 1.5kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 ps
RLM88 1.5kV,05/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 2 (2000/50). If the equipment has a series resistance of 25 €2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage

The protection voltage, (V(gp)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gg) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 . If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45=10A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance
off-state capacitance

The off-state capacitance of a TISP is sensitive to junction temperature, T, , and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
21. When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE

vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
1.00 T
N

8 095 A\
c
£
Q
3 090
3 \
3 \
E 0.85
M
2 o080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V, =0
1 Lo 1 I
0.70 L L LIl 1l L1l
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 21.
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APPLICATIONS INFORMATION

longitudinal balance

Figure 22 shows a three terminal TISP with its equivalent "delta” capacitance Each capacitance, Cyg , Crg

and Crp, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Crg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (Ctg - Crg). The line capacitive unbalance
is due to (Cyg - Crg ) and the capacitance shunting the line is Cyg + Crg/2 .

T
el L

Cro
Equipment El‘_J —— Equipment
= Cm
T
R AIXXAB
Equivalent Unbalance
Figure 22.

All capacitance measurements in this data sheet are three terminal guarded to allow the designer to

accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voitage
Low Voitage Overshoot under Surge

] v
DEVICE ORM | T(80)
v v

2240F3 180 | 240
2260F3 200 | 260
2290F3 220 | 290

o —aar ]
2320F3 240 | 320
"2380F3 270 | 380

® Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":’
2110 ps FCC Part 68 175
820 ps ANSI C62.41 120

10160 ps FCC Pant 68 60
10/560 ps FCC Parn 68 45
0.5/700 ps RLM 88 38
FIZR12 50

10/700 ps VDE 0433 50
CCITT IX K17 38

10/1000 ps REA PE-60 35

® Surface Mount and Through-Hole Options

PACKAGE PART # SUFFIX
Small-outline D
Small-outline taped DR
and reeled
Plastic DIP P
Single-in-line SL
description

These high voltage dual symmetrical transient
voltage suppressor devices are designed to
protect telecommunication applications with
battery backed ringing against transients caused
by lightning strikes and ac power lines. Offered in
five voltage variants to meet battery and
protection requirements they are guaranteed to
suppress and withstand the listed international
lightning surges in both polarities. Transients are
initially clipped by breakdown clamping until the
voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar

D PACKAGE

811G
736G
6 G
5

1
2
NCc 3
R l¢ 16 o

NC - No internal connection
P PACKAGE
(TOP VIEW)
TO"
G2
G[]3
R4

mh)
16
[1G6

1R MD)XXAF

O

N » N @

Specified T terminai ratings require connection of pins 1 and 8.
Specified R terminal ratings require connection of pins 4 and 5.

SL PACKAGE
(TOP VIEW)

T<—10

c— |2
R—_3

MDXXAG MD23AA

device symbol

/

v o

[mw
G

Terminals T, R and G correspond to the
altemnative line designators of A, B and C

holding current prevents dc latchup as the
current subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Tex‘n Instruments standard VIIINIMY.

Copyright © 1994 Texas Instruments Limited
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description (Continued)
ensure precise and matched breakover control and are virtually transparent to the system in normal operation
The small-outline 8 pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand
ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
'2240F3 + 180
‘2260F3 + 200
Repetitive peak off-state voltage (0°C < T < 70°C) ‘2290F3 Vpam + 220 \
‘2320F3 + 240
‘2380F3 + 270
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 pus (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
50Hz, 1s P Package Irsm 6 Arms
SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 i K/ué
Junction temperature Ty -40 to +150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T <70°C. The surge may be repeated atter the TISP returns to its initial
conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T, = 25°C

TISP2240F3 | TISP2260F3 | TISP2290F3
PAR
AMETER TEST CONDITIONS WIN T AKX Wi T MAX | Wi T MAX UNIT

Repetitive peak off-
| Vp = ° ° 10 1 10
DRM  iate current b =%Vppm, 0°C < T; < 70°C + +10 + pA
o Off-state current Vp =150 V £10 £10 10 | pA

f=100kHz, V4=100mV Vp=0,

Cott Off-state capacitance | Third terminal voltage = 0 22t 40 22t 40 22t 40 pF

(see Notes 4 and 5)

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit value.
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electrical characteristics for the T and G or the R and G terminals, T, = 25°C

TISP2240F3 | TISP2260F3 | TISP2290F3
PARAMETER TEST CONDITION L UNIT
o S MIN | MAX | MIN | MAX [ MIN MAX
Repetitive peak off-
[ Vp = 2V, ,0°C<T,<70°C 10 +10 +10 A
ORM  state current D = *VoRM <= * H
dv/dt = £250 V/ms,
Vo) Breakover voltage +240 +260 +290 \2
Source Resistance = 300 Q
Impulse breakover volt-| dv/dt = £1000 V/ps, di/dt < 20 A/ps
Veoy v +267t +287¢ £3317t] v
age Source Resistance = 50 Q
dv/dt = £250 V/ms,
lgo)  Breakover current +0.15| 0.6 | +0.15] 106 | +0.15| 0.6 A
Source Resistance = 300
Vr On-state voltage lr=45A, tyw=100ps +3 3 +3 v
Iy Holding current di/dt = -/+30 mA/ms +0.15 10.15 +0.15 A
Critical rate of rise of | Linear voltage ramp,
dv/dt +5 5 +5 kV/ps
off-state voltage Maximum ramp value < 0.85V ggmin
Ip Off-state current Vp =450V +10 +10 +10 pA
f=100kHz, V4=100mV Vp=0, 521 90 52t 90 52t 90 pF
Cot Off-state capacitance | Third terminal voltage = 0 Vp=-5V 20t 35 20t 35 20t 35 pF
(see Notes 6 and 7) Vp=-50V 8t 15 8t 15 8t 15 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section

t Typical value of the parameter, not a limit value.

electrical characteristics for the T and R terminals, T, = 25°C

TISP2320F3 | TISP2380F3

PARAMETER TEST CONDITIONS MiN T MAX T Wi T MAX UNIT

Repetitive peak off-
state current

Ip Off-state current Vp =250 V +10 +10 pA
T=100kHz, Vg=100mV Vp =0,

Vp = £Vppm, 0°C < T, < 70°C 10 +10 pA

Cott Off-state capacitance Third terminal voltage = 0 22t 40 22t 40 pF

(see Notes 4 and 5)

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

electrical characteristics for the T and G or the R and G terminals, T; = 26°C

TISP2320F3 | TISP2380F3
MIN | MAX | MIN | MAX

UNIT

PARAMETER TEST CONDITIONS

Repetitive peak off-

Vp = +Vppm, 0°C < T; < 70°C +10 10 A
state current b DRM ! ¥

loRM

dv/dt = +250 V/ms,
Vigo) Breakover voltage +320 +380 v
Source Resistance = 300 Q
Impulse breakover voit-| dv/dt = £1000 V/ps, di/dt < 20 A/us
Vigo) P +347¢ £407t| V
age Source Resistance = 50
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electrical characteristics for the T and G or the R and G terminals, T, = 25°C (Continued)

TISP2320F3 | TISP2380F3
PARAMETER TEST CONDITIONS UNIT
MIN | MAX [ MIN | MAX
dv/dt = £250 V/ms,
lo)  Breakover current +0.15| +06 | +0.15| 0.6 A
Source Resistance = 300 Q2
Vy On-state voltage ly=25A, ty=100ps +3 +3 Vv
M Holding current di/dt = -/+30 mA/ms - +0.15 +0.15 A
itical rate of rise of Linear voltage ramp, T
dvigr  Criicalrate of 5 +5 KV/us
off-state voltage Maximum ramp value < 0.85V gamin
b Off-state current Vp =150V +10 +10 VA
f=100KkHz, Vg=100mV Vp=0, 77t | 130 | 77t [ 130 PF |
Con Off-state capacitance | Third terminal voltage = 0 Vp=-5V 42t 70 42t 70 pF
(see Notes 6 and 7) Vp=-50V 191 30 19t 30 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third termir{al is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit value.

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Vo

Quadrant it

Switching
Characteristic

PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals R and T are not guaranteed.
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thermal characteristics

! PARAMETER MIN TYP | MAX UNIT
D Package 160

Rgya  Junction to free air thermal resistance P Package 100 "C/W
SL Package 105

‘@‘ TEXAS
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CURRENT

NORMALISED BREAKDOWN VOLTAGES

Vs Vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC2HAL TC2HAO
R e e e =
1.2 v — ;‘
10 =——xrt H ©0) Lt
1 —F 5 —t | 4/
. 7 g -
g 1 = vo=s0v L/ £ 11 /
£ = = o 1. g
a i s ] /
2 / ]
8 o1 e hd Vo=-50V o @ Vioeu ~<
5 7 3 L
o e =
e P~ el E 1.0
0.01 L s LT Ven Normalised o V,gn
] lgr) = 100 pA and 25°C —
Positive Polarity
0.001 0.9 L L L
-25 0 25 50 75 100 125 150 -25 ) 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
NORMALISED BREAKDOWN VOLTAGES ON-STATE CURRENT
Vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
TC2HAP 100 TCT“Q
v
1.2 A
@ 77
% — / /4
—
s Voo : p L
B i 2 7
°
H / ] @ 1 4
R
o c y. 4
L e A S £
T 1.0 X
£ P - /4
2 Ver Normalised to Vg, 150 C/II 25°C
- Isr = 100 pA and 25°C
Negative Polarity / { \ -40°C
0.9 [ i |
-25 V) 25 50 75 100 125 150 1 2 3 4 5 6 7 8910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4. Figure 5.
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HOLDING CURRENT & BREAKOVER CURRENT

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

NORMALISED BREAKOVER VOLTAGE

vs vs
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
1.0 TC2HAM 13 TC2HAF
« 09
, 08
§ 07
g 0-6 o
O o5 é”
9 o
5 04 <L > 12
] N $
g 03 ]
g \ H
£ leo) \\ e
3 02—+ ~J 3
o = 11
: N £ /
T \ z /
's 01 Positive  |_HH 4
= 009 o
. 008 1
= 007 N 0 TT{]]| Negative
25 0 25 50 75 100 125 150 0-001 0.01 01 1 10 100
T, - Junction Temperature - °C di/dt - Rate of Rise of Principle Current - A/us
Figure 6. Figure 7.
OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
100 T Ty 100 — ICRHAD
CEHIE Third Terminal Bias = 50 v | - Third Terminal Blas = -50 V
- ——
O =~ -
|~ Third Terminal Bias = 0 M TN
w N w — A
e ™ e ‘1 "N
® ® | ! . N ™
E E Third Terminal Bias = 0 ~.~~ \\
H | NN
8 10 1 8 10
o J o<
[4] 4]
2 2
3 / /-
& p A
- Third Terminal Bias = 50 V - Third Terminal Bias = 50 V T
L1 LU L
01 1 10 50 01 1 10 50
Terminal Voltage (Positive) - V Terminal Voltage (Negative) - V
Figure 8. Figure 9.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CAPACITANCE

OFF-STATE CAPACITANCE

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC2HAH TC2HA:
100 T T T 500 T T T T
- Third Terminal Bias = 50 V [~ Third Terminal Bias = 0
/]
5 % 100 ==
® ® =
I g
% Terminal Bias = 50 V % Te"“'{'" E'ﬁi? 0 et
8 10 b4 - T T
E — 3 Terminal Bias = 50 V
p 2 |
5 Eo0Eg ——
& |— Terminal Bias = 0 * [— Terminal Bias = -50 V
o — =] (o]
—
——
Terminal Bias =50V | T
1 1
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 10. Figure 11.
OFF-STATE CAPACITANCE SURGE CURRENT
vs vs
JUNCTION TEMPERATURE DECAY TIME
500 . . . . TC2HAJ 1000 TC2HAA
Third Terminal Bias = -50 V
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Figure 12. Figure 13.
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I, - Off-State Current - pA

TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
100 TC2HAK , . . . TC2HAN
F Vp, =450V Normalised to Vg,
——1 12 | Yo = 100 pA and 25°C
10 Both Polarities
== . , _—
~ Vo
4 = — |
! 1.1
= N v
Z (BRM /
0-1 5 7‘/ /'/
7 1.0
0.01 ; / Vem
L~
0-001 0.9
-25 [} 25 50 75 100 125 150 -25 1] 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 14. Figure 15.

NORMALISED BREAKOVER VOLTAGE
vs

RATE OF RISE OF PRINCIPLE CURRENT
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Figure 16.
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TYPICAL CHARACTERISTICS
T and R terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
100 —r—r ——r —r TC2HAC BT — — TC2HAE
= Third Terminal Bias = -50 V ] = Third Termmal Bms =-50 V
By Su 1 oy Sw
w P~~~ w ~L[] R
a . o o Ay a N ™~
é 1ok Third Terminal Bias = 0 %5 s é 10 T~
s ] [— Third Terminal Bias = 0 ~
b 5 —
2 3 N
o ]
o (3]
2 -]
3 1 - a3
5 == 5
[ Third Terminal Bias = 50 V [ Third Terminal Bias =50 V : i
0-1 01
0-1 1 10 50 01 1 10 50
Terminal Voltage (Positive) - V Terminal Voltage (Negative) - V
Figure 17. Figure 18.

THERMAL INFORMATION
MAXIMUM NON-RECURRING 50 Hz CURRENT

vs
CURRENT DURATION THERMAL RESPONSE
<‘ \ IRRALLLUBL ﬁlﬁiy
- Veen = 350 Vrms
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§ \\:‘:“ SL Package Rgpy = 20 t0 250 Q % 100
~ 10
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t - Current Duration - s t - Power Pulse Duration - s
Figure 19. Figure 20.
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 us wave shape would have a peak current value of
50 A, arise time of 5 pys and a decay time of 310 pys. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 pys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5kV, 10/700 pus 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage

The protection voltage, (V(go)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The Vgo) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge's di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45= 10 A/us. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite siope
resistance of the TISP breakdown region.

capacitance
off-state capacitance

The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
21. When Vp >> Vg4 the capacitance value is independent on the value of V. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
AIXXAA

1.05

1.00 T
8 o095 N\
c
2
o
2 090
3 \
3 \
2 085
a H
E
2 080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V,=0
oqol—L LU 1111
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 21.
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APPLICATIONS INFORMATION

longitudinal balance
Figure 22 shows a three terminal TiSP with its equivalent "deita” capacitance Each capacitance, Ctg , Cpg
and Cyg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Crg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (Cyg - Crg ). The line capacitive unbalance
is due to (Cyg - Crg ) and the capacitance shunting the line is Ctg + Cg/2 .

il
Cra Cra
Eg—— Fc" ‘l Equipment (3— =—.E“ lj} Equipment
T

-

Cpo Cra
R AIXXAB

Cro>Cra Equivalent Unbalance

Figure 22.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge
v Vo
DEVICE DAM | T(80)
v v
"3072F3 58 72
'3082F3 66 82
@ Planar Passivated Junctions
Low Off-State Current < 10 pA
@ Rated for International Surge Wave Shapes
WAVE SHAPE | STANDARD ":’
2/10 ps FCC Part 68 80
8/20 ps ANSI C62.41 70
107160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50
10/700 ps VDE 0433 50
CCITTIX K17 38
10/1000 ps REA PE-60 35
® Surface Mount and Through-Hole Options
PACKAGE | PART # SUFFIX
Small-outline D
Sraiiout
mall-outline taped DR
and reeled
Plastic DIP P
Single-in-line SL

description

These low voltage dual symmetrical transient
voltage suppressor devices are designed to
protect ISDN applications against transients
caused by lightning strikes and ac power lines.
Offered in two voltage variants to meet battery
and protection requirements they are guaranteed
to suppress and withstand the listed international
lightning surges in both polarities. Transients are
initiaily ciipped by breakdown ciamping untii the
voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar
holding current prevents dc latchup as the
current subsides.

D PACKAGE
(TOP VIEW)

T
NC
NC

R

G
6
=T
G MDXXAE

2O N =
LI S )

NC - No internal connection

P PACKAGE

(TOP VIEW)
TO"
Inb)
G[]3
R4

mhy
(16
16

[ R MDXXAF

O

DN D N ™

Specified T terminal ratings require connection of pins 1 and 8.
Specified R terminal ratings require connection of pins 4 and 5.

SL PACKAGE
(TOP VIEW)

T<—}1O

qu

R 3

device symbol

SD3XAA
G

Terminals T, R and G correspond to the
alternative line designators of A, B and C

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

{ does not include

testing of all the parameters.

U

Copyright © 1994 Texas Instruments Limited
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description (Continued)

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand

ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
Repetitive peak off-state voltage (0°C < T; < 70°C) 807273 Vbrm 58 v
‘3082F3 + 66
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 120
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 80
8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 70
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.5/310 pus (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 us (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
50Hz, 1s P Package lrsm 6 Arms
SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alps
Junction temperature Ty -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.

2. Initially the TISP must be in thermal equilibrium with 0°C < T; <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T; = 25°C

TISP3072F3 | TISP3082F3
PARAM R b NIT
ETE TEST CONDITIONS MIN T MAX | MIN T MAX U
Repetitive peak off-
= °C < T, < 70° 1
IDAM ot currant Vp = £Vpgy, 0°C < T, < 70°C £10 £10 nA
o Off-state current Vp =450V +10 10 PA
f=100kHz, V4=100mV Vp=0, D Package | 50t 150 [ 50t 150
Cott Off-state capacitance | Third terminal voltage = -50 V to +50 V P Package 65t 200 651 200 iF
(see Notes 4 and 5) SL Package 30t 100 30t 100

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

+ Typical value of the parameter, not a limit value.

electrical characteristics for the T and G or the R and G terminals, T; = 25°C

T [ TISP3072F3 | TISP3082F3 -
PARAMETER
TEST CONDITIONS MIN T MAX | WIN | MAX UNIT
Repetitive peak off- " o
lorRMm state current Vp = +Vppm. 0°C < Ty < 70°C 10 +10 nA
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electrical characteristics for the T and G or the R and G terminals, T = 25°C (Continued)

TISP3072F3 | TISP3082F3
PARAMETER TEST CON| UNIT
CONDITIONS MIN | MAX | MIN | MAX
o dv/dt = +£250 V/ms,
Vo) Breakover voltage +72 +82 v
Source Resistance = 300 €2
| Impulse breakover volt-| dv/dt = £1000 V/js, di/dt < 20 Alus
V(go) +86t +961 v
age Source Resistance = 50
dv/dt = +250 V/ms,
lso)  Breakover current +0.15| +0.6 | +0.15| 20.6 A
Source Resistance = 300 2
Vi On-state voltage ly=25A, tw=100ps +3 +3 Vv
Iy Holding current di/dt = -/+30 mA/ms 10.15 +0.15 A
Critical rate of rise of | Linear voltage ramp,
dv/dt +5 5 kV/us
off-state voltage Maximum ramp value < 0.85Vgrmin
) Off-state current Vp=£50V +10 +10 HA
t=100kHz, V4=100mV Vp=0, 82t 140 82t 140 pF
Cost Off-state capacitance | Third terminal voltage = -50 V to +50 V Vp=-5V 49t 85 49t 85 pF
(see Notes 6 and 7) Vp=-50V | 25t 40 25t 40 pF
NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section.

t Typical value of the parameter, not a limit value.

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

\o fo -

Veer)”

laoy
®0) i

Veo

Quadrant

Switching
Characteristic

Vo

PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS
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thermal characteristics

PARAMETER MIN TYP | MAX UNIT
D Package 160
Rgya  Junction to free air thermal resistance P Package 100 °Cw
SL Package 105
TYPICAL CHARACTERISTICS
T and G, or R and G terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCILAF TC3LAI
100 e T T T T
Normalised to V g,
1.2 | Yar = 100 pA and 25°C
10 e 1 Positive Polarity
E E
. e >
c
3 } Z, ]
o - T Y4 L~
g 01 Vo=50V ¥, b= Vieam 5/2/‘
5 77 =
‘a g7 — Vo =-50V 1.0 — L Veo
0-01 | i— ~ —_— :E ’/ \
0-001 0.9
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
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Nor

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

NORMALISED BREAKDOWN VOLTAGES

ON-STATE CURRENT

vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
C3LAJ TC3LAL
T T T T 100 T
Normalised to Vg,
1.2 |- 15 = 100 pA and 25°C | ]
Negative Polarity 1/
< /Y
2 L
$ y
1.1 £
s L1 ] PR
Viommr e =
- ° Vel
s v/
vol Y : i 71
Lo //V(Lm [ 150°C / 25°C
= |
/ a0c
0.9 1 l
-25 [} 25 50 75 100 125 150 1 2 3 4 5 6 7 8910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4. Figure 5.

l» Lso, - Holding Current, Breakover Current - A

HOLDING CURRENT & BREAKOVER CURRENT

vs
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Figure 6.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE
1.3 TC3LAB 100 TCILAE
!
M Positive Bias
)
2 / | s RN
o . T 17711
> 12 f ° ‘F q
§ Wﬁ g Negative Bi ::
Q L 2 egative Bia:
E Positive / § \\
& o
y N
]
Z 1 @
£ Negati £
é /‘, egative §
/
<
1.0 10
0-001 0-01 01 1 10 100 01 1 10 50
di/dt - Rate of Rise of Principie Current - A/us Terminal Voltage -V
Figure 7. Figure 8.
OFF-STATE CAPACITANCE
Vs
JUNCTION TEMPERATURE TeaLo
500
[T
a
é /
S 100
8
& | Terminal Bias = 0
(3}
& R
] ;I'ermmlal Blasl = Su/n/
° l
Terminal Bias = -50 V
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T, - Junction Temperature - °C
Figure 9.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

SURGE CURRENT

vs
DECAY TIME
1000 TC3LAA
\
<
E ~
5 ™
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2 100
3
7]
13
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E
3
=
10
2 10 100 1000
Decay Time - ps
Figure 10.
TYPICAL CHARACTERISTICS
T and R terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE TosAG JUNCTION TEMPERATURE
100 T T T
E v =150V Normalised to V g,
1 | 1.2 | ler = 100 pA and 25°C
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< 8
> > S
€ c
g ! HRR]
3 —~ 2
e V4 § é
3 o1 L E Voo ?/ w
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Figure 11. Figure 12,
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TYPICAL CHARACTERISTICS

T and R terminals

NORMALISED BREAKOVER VOLTAGE

OFF-STATE CAPACITANCE

vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE
TC3LAC TC3XAA
13 100 111
ps T T 1T
L 10 P Packege.
[ 4
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-
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2 /
L Both Voltage Polarities
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Figure 13. Figure 14.
THERMAL INFORMATION
MAXIMUM NON-RECURRING 50 Hz CURRENT
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Figure 15.
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Figure 16.
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T,. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 us wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 pys open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 ps waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITTIXK17 1.5kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 ps
RLMs88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 ( then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(go)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gp, value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 €. If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45 The maximum di/dt then can be estimated as 450/45=10A/us. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
17 When Vp >> Vg the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
ey
1.00
N

3 095
c
£
%]
§ 0.90 \
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3 \
a 0.85 \
©
E
2 o080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V, =0
omol—L i 1111l
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 17.
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APPLICATIONS INFORMATION

longitudinal balance

Figure 18 shows a three terminal TISP with its equivalent "delta” capacitance Each capacitance, Crg , Crg

and Ctp, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Crg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (Cyg - Crg ). The line capacitive unbalance
is due to (Ctg - Crg ) and the capacitance shunting the line is Cyg + Crg/2 -

Cewe] |
T T=L H et

Cm

F”
AIXXAB

Equivalent Unbalance

,,”_"

Figure 18.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region D PACKAGE
Precise and Stable Voltage (TOP VIEW)
Low Voltage Overshoot under Surge T r) el
v, V, 7
DEVICE orm | V(eo) NC[ |2 G
v v NCH 3 sf G
"3125F3 100 | 125 Rl ska6 MOXAE
“3150F3 120 | 150
‘3180F3 145 180 NC - No internal connection
® Planar Passivated Junctions P ';APC‘:‘AGE
Low Off-State Current < 10 pA (TOP VIEW)
@ Rated for International Surge Wave Shapes T o spJT
; G[]2 7[
TSP
WAVE SHAPE STANDARD N G[]s she
2/10 ps FCC Part 68 175 rRCle shr
8720 s ANST C62.41 120 MDIOAF
10/160 ps FCC Part 68 60 Speclfied T terminal ratings require connection of pins 1 and 8.
107560 ps FCC Part 68 a5 Spectfied R terminal ratings require connection of pins 4 and 5.
0.5/700 ps RLM 88 38
SL PACKAGE
FTZR12 50 (TOP VIEW)
10/700 ps VDE 0433 50
CCITT IX K17 38
1071000 ps REA PE-60 35 T——10
G— |2
® Surface Mount and Through-Hole Options
R— |3
PACKAGE PART # SUFFIX MDXXAG  MD23AA
Small-outline D .
Small-outline taped oR device symbol
and feeled T R
Plastic DIP P
Single-in-line SL
description
These medium voltage dual symmetrical
transient voltage suppressor devices are
designed to protect ISDN and telecommunication
applications with ground backed ringing against SDIXAA
transients caused by lightning strikes and ac G
power lines. Offered in three voltage variants to
meet battery and protection requirements they T;:“'“:ci}":"gﬁ;"’m"da"’m
are guaranteed to suppress and withstand the akemative line designators of A, B and C
listed intenational lightning surges in both .
polarities. Transients are initially clipped by These ~monolithic  protection ~ devices are
breakdown clamping until the voltage rises to the fabricated in ion-implanted planar structures to
breakover level, which causes the device to ensure precise and matched breakover control
crowbar. The high crowbar holding current and are virtually transparent to the system in
prevents dc latchup as the current subsides. normal operation
PRSDUCTION DATAdinlormation is current “lo of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications ¢
pevlhe terms of Texxa: Instruments standard wamanty. TEXAS
INSTRUMENTS

Prod p does not y include
testing of all the parameters.
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description (Continued)
The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand
ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
‘3125F3 + 100
Repetitive peak off-state voltage (0°C < T, < 70°C) ‘3150F3 Vorm +120 v
‘3180F3 + 145
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 pys (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
50Hz, 1s P Package lrsm 6 Arms
SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alps
Junction temperature Ty -40 to +150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T; = 25°C

TISP3125F3 | TISP3150F3 | TISP3180F3
MIN | MAX | MIN | MAX | MIN | MAX

PARAMETER TEST CONDITIONS UNIT

Repetitive peak off-
state current

Ip Off-state current Vp=150V +10 +10 +10 pA
f=100 kHz, V4=100mV D Package 501 150 50t 150 501 150

Vp = 2Vpam, 0°C < Ty < 70°C £10 +10 10 | pA

Cott Off-state capacitance | Vp =0, (see Notes 4 and 5) P Package 65t 200 65t 200 65t 200 fF
Third terminal = -50 to +50 V. SL Package 30t 100 301 100 301 100

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit value.
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electrical characteristics for the T and G or the R and G terminals, T; = 25°C

TISP3125F3 | TISP3150F3 | TISP3180F3
PARAMETER TEST CONDITIONS iR INIT
MIN | MAX | MIN | MAX | MIN | MAX u
; Repetitive peak off- VooV 0°C < T, < 70°C - 10 10 A
ORM  state current D = *V¥pRm. DL < 1y < * * * H
T dv/dt = £250 V/ms,
Vigo) Breakover voltage 125 +150 +180 v
Source Resistance = 300 Q
Impulse breakover volt-| dv/dt = +1000 V/us, di/dt <20 A/us
Vigo) +139t +1641 £194t| Vv
age Source Resistance = 50 2
dv/dt = +250 V/ms,
lgo)  Breakover current +0.15| +0.6 | +0.15| +0.6 [ +0.15| 0.6 A
Source Resistance = 300 Q
V¢ On-state voltage ly=#5A, tw=100ps +3 +3 +3 Vv
Iy Holding current di/dt = -/+30 mA/ms 10.15 +0.15 10.15 A
Critical rate of rise of | Linear voltage ramp,
dv/dt +5 5 +5 kV/ps
off-state voltage Maximum ramp value < 0.85V gamin
lp Off-state current Vp=150V +10 +10 +10 HA
f=100kHz, V4=100mV Vp=0, 551 95 55t 95 55t 95 pF
Coft Off-state capacitance | Third terminal = -50t0 +50V Vp=-5V 31t 50 31t 50 31t 50 pF
(see Notes 6 and 7) Vp=-50V 15t 25 15t 25 15t 25 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section.

1 Typical value of the parameter, not a limit vatue.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
D Package 160

Rgya  Junction to free air thermal resistance P Package 100 °CwW
SL Package 105

TEXAS
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PARAMETER MEASUR

EMENT INFORMATION

A Quadrant |

............... Switching
Characteristic

Yh Ip - v
Io Vo
o Ty
Vi
o .
11~
Quadrant lll /
Switching S S,

Characteristic

-i PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
VS vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC3MAF TC3MAI
100 p—p——p—m ——F T T T T
—] Normalised to V ,,,
1.2 | Yo, = 100 pA and 25°C
10 3 Positive Polarity
g. — 1 71' 2
E’ ! 11 1/
3 E b 7
g Vo =50V 7 J: v,,} P =
1 ,
g 01 ey V.- 50V = L~ L~
o — 11 S 10}
0.01 2 | Ve
| ‘V(lﬂ)"
0-001 0.9
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
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1.1

1.0

Nor

0.9

NORMALISED BREAKDOWN VOLTAGES

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

ON-STATE CURRENT

vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
TC3MAY TC3MAL
T T T T 100
Normalised to V 5,
ler) = 100 pA and 25°C (A
Negative Polarity
<
o Z4
Vo) — /'2 = §
10
/‘/‘/ // ﬁ 7
L~ < 9 v,/ i
1 A Vo £ AT
P ;
v v 7/
L1 Ve / i
- 150°C T
[ l-wc
, Ll
25 0 25 50 75 100 125 150 1 2 3 4 5 6 780910

T, - Junction Temperature - °C

Figure 4.

b Lgo) - Holding Current, Breakover Current - A

Figure 5.

HOLDING CURRENT & BREAKOVER CURRENT
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0.4

03

0.2

0.1

vs
JUNCTION TEMPERATURE

TC3MAH

I(BO)
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\\§
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) 25 50 75 100 125 150
T, - Junction Temperature - °C
Figure 6.

V. - On-State Voltage - V
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Normalised Breakover Voltage

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

et
[— Terminal Bias = 0
] )

NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE
13 1C3MAB 100 TCIMAE
Ia =
2 8 TS| Positive Bias
5 -
Negative g \\ k.\\
N
Uﬂ / : N
11 = Negative Bias| N
. 4
i 5 \
N
Positive 4!:'
,Jf
10 == 10
0-001 0-01 01 1 10 100 01 1 10 50
di/dt - Rate of Rise of Principle Current - A/us Terminal Voltage -V
Figure 7. Figure 8.
OFF-STATE CAPACITANCE
vs
JUNCTION TEMPERATURE
TC3MAD
500
/
'Y
o
100 A
R = >
H —
o
2
2
1
&

Terminal Bias = 50 V
! I ! t

——
Terminal Bias = -50 V
1 1

10 1 L
-25 0 25 50 7% 100 125 150

T, - Junction Temperature - °C
Figure 9.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

SURGE CURRENT
vs
DECAY TIME
TC3MAA
1000 T
< ™
g Q I
5 Baast
o T~
:')‘ 100 \‘
3
2]
g N
E
3
=
10
2 10 100 1000
Decay Time - ps
Figure 10.
TYPICAL CHARACTERISTICS
T and R terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE —
100 =p———p—=— T T T T
F Vp =450V Normalised to V gp,
I ] 1.2 |- lem = 100 pA and 25°C
10 e | 3 Both Polarities
EY
B VA
3 v 4
g 7 4/
@ 01 # T Ve
5 Z _ P
o 1.0
— :
P
0-001 0.9
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS
T and R terminals
NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE
1.3 _TC3MAC 100 I l [ l TC3XAA
pos T
o P Package.
g, N 60 D Package
%-, 12 “‘3 50
% 5 a0} -
§ § SL Package
& g ¥
3 E]
L / i
£
§ / 5
1L" Both Voltage Polarities
1.0 L 10 L LI |
0-001 0-01 01 1 10 100 01 1 10 50
di/dt - Rate of Rise of Principle Current - A/us Terminal Voltage - V
Figure 13. Figure 14.
THERMAL INFORMATION
MAXIMUM NON-RECURRING 50 Hz CURRENT
vs
CURRENT DURATION THaus THERMAL RESPONSE .
< \II T mu; 1v AL Illm wlllluli
- =250 Vrms i
E’ \ IH Rﬂ::l 10t0 150 Q E 100 ‘l"""
é 10 \ N ++1 SL Package '3
- I
; b ‘ P Packnge
8 N H II l IIIlII‘IIIIl' ! IIIII
§ | e SN I |
T :
£ I iy 4 |
i Hil |
g i DO 1 sl T
| L 1 T 1 U
i, L W | ‘
01 1 10 100 1000 0-0001 0-001 0-01 01 000
t - Current Duration - s t - Power Pulse Duration - s
Figure 15. Figure 16.
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APPLICATIONS INFORMATION

electrical characteristics

light

The electrical characteristics of a TISP are strongly dependent on junction temperature, T;,. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

ning surge

wave shape notation

gene

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 pys wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

rators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5kV, 10/700 ps surge is
changed to a 38 A, 5/310 us waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ys. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25A,5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 us

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 Q then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(gp)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The Vgg, value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 £2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45 =10 A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
21. When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
1.05 AIXXAA
1.00 T
N

8 095 A\
c
-]
ﬁ 0.90
; x
2 oss t
®
£ H
S o080

0.75 |- Normalised to Vy =100 mv

DC Bias, V,=0
oqoL—L LILHI 1 111
1 10 100 1000

V, - RMS AC Test Voltage - mv

Figure 17.
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APPLICATIONS INFORMATION

longitudinal balance

Figure 22 shows a three terminal TISP with its equivalent "delta" capacitance Each capacitance, Ctg , Crg

and Ctg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then Cyg > Crg . Capacitance Cyg is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (C1g - Crg). The line capacitive unbalance
is due to (Ctg - Crg ) and the capacitance shunting the line is Cyg + Cra/2 .

Cle
Equipment G — Equipment
= Cm
Tcm
R AIXXAB

Equivalent Unbalance

Figure 18.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

D PACKAGE
(TOP VIEW)

T sfoG
NC ] |2 726
NCCH 3 6
RCH 4 S

G
G mooue

NC - No internal connection

P PACKAGE
(TOP VIEW)

T [mkg
O

G[]2 7176

G[]s g

RE‘ :'R MDXXAF

6
5

Specified T terminal ratings require connection of pins 1 and 8.
Specified R terminal ratings require connection of pins 4 and 5.

SL PACKAGE
(TOP VIEW)

T<—110
G— |2
R<—— 3

MDXXAG

device symbol

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge
T 7 v,
( DEVICE ORM | T(80)
v v
‘3240F3 180 | 240
"3260F3 200 | 260
‘3290F3 220 | 290
‘3320F3 240 | 320
"3380F3 270 | 380
® Planar Passivated Junctions
Low Off-State Current < 10 pA
® Rated for International Surge Wave Shapes
[
WAVE SHAPE | STANDARD 'As"
2/10 ps FCC Part 68 175
8/20 ps ANSI C62.41 120
10/160 ps FCC Part 68 60
107560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FIZRi2 50
10700 ps VDE 0433 50
COITTIX K17 38
10/1000 ps REA PE-60 35
® Surface Mount and Through-Hole Options
PACKAGE PART # SUFFIX
Small-outline D
Small-outline taped DR
and reeled
Plastic DIP P
Single-in-line SL
description

These high voltage dual symmetrical transient
voltage suppressor devices are designed to
protect telecommunication applications with
ground backed ringing against transients caused
by lightning strikes and ac power lines. Offered in
five voltage variants to meet battery and
protection requirements they are guaranteed to
suppress and withstand the listed international
lightning surges in both polarities. Transients are
initially clipped by breakdown clamping until the
voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar

SD3XAA
G

Terminals T, R and G correspond to the
altemative line designators of A, B and C

holding current prevents dc latchup as the
current subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to

PRODUCTION DATA information is current as of

publication date. Products conform to specifications

per the terms of Texas instruments standard warranty.
Production p g does not y include
testing of all the parameters.

Copyright © 1994 Texas Instruments Limited
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description (Continued)
ensure precise and matched breakover control and are virtually transparent to the system in normal operation
The small-outline 8 pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand
ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
‘3240F3 + 180
‘3260F3 + 200
Repetitive peak off-state voltage (0°C < T < 70°C) ‘3290F3 Vpam + 220 v
‘3320F3 + 240
‘3380F3 + 270
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 us) lrsp 50 A
0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 us (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
50Hz, 1s P Package lrsm 6 Arms
SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alps
Junction temperature Ty -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equifibrium with 0°C < T; <70°C. The surge may be repeated after the TISP returns to its initial
conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T, = 25°C

TISP3240F3 | TISP3260F3 | TISP3290F3
PARAMETER TEST CONDITIONS MiN T MAX ] WIN T MAX | MiN | MAX UNIT

Repetitive peak off-
1 = ° 70° 10 1
DRAM  grate current Vp =+Vpppy, 0°C < Tj < 70°C + +10 +10 pA
b Off-state current Vp =250V +10 +10 +10 pA

f=100kHz, V4=100 mV D Package 50t 150 50t 150 50t 150

Cott Off-state capacitance | Vp = 0, (see Notes 4 and 5) P Package 651 200 65t 200 651 200 tF

Third terminal =-50to +50 V. SL Package | 30t 100 301 100 30t 100

NOTES: 4. These capacitance measurements employ a three terminal itance bridge ir
connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

porating a guard circuit. The third terminal is

1 Typical value of the parameter, not a limit value.
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electrical characteristics for the T and G or the R and G terminals, T, = 25°C

TISP3240F3 TISP3260F3 TISP3290F3
PARAMETER DITI UNIT
TEST CONDITIONS MIN | MAX [ MIN | MAX [ MIN [ MAX
Repetitive peak off-
| Vp =2V, ,0°C<Ty<70°C 1 10 +10 A
ORM " state current D = *VoRM < s 10 * s
dv/dt = £250 Vims,
Vigo) Breakover voltage 240 1260 +290 v
Source Resistance = 300 {2
Impulse breakover volt-| dv/dt = +1000 V/ps, di/dt < 20 A/ps
Vigo) P +2671 +2871 £317¢) Vv
age Source Resistance = 50
T dv/dt = 250 V/ms,
ligoy  Breakover current +0.15| 0.6 | +0.15| 0.6 | 0.15( 20.6 A
Source Resistance = 300 Q
V On-state voltage ly=25A, ty=100pus +3 +3 +3 \
T w
I Holding current di/dt = -/+30 mA/ms +0.15 +0.15 +0.15 A
Critical rate of rise of Linear voltage ramp, T
dv/dt +5 5 +5 kV/us
off-state voltage Maximum ramp value < 0.85Vggjmin
) Off-state current Vp=150V 10 +10 +10 vA
f=100kHz, V4=100mV Vp=0, 57¢ 95 571 95 57t 95 pF
Cott Off-state capacitance Third terminal = -50t0 +50 V. Vp =-5V 26t 45 261 45 261 45 pF
(see Notes 6 and 7) Vp=-50V 111 20 111 20 11t 20 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications Information section

1 Typical value of the parameter, not a limit value.

electrical characteristics for the T and R terminals, T; = 25°C

TISP3320F3 | TISP3380F3
PARAMETER TEST CONDITIONS UNIT
MIN | MAX | MIN | MAX
Repetitive peak off-
) Vp =+Vpry. 0°C < T, < 70°C 1 1 A
DAM " state current 0= *YoRM s =10 +10 H
o Off-state current Vp =450V +10 +10 WA
f=100kHz, Vy4=100 mV D Package | 50f | 150 | 50f | 150
Cot Off-state capacitance Vp =0, (see Notes 4 and 5) P Package 651 200 651 200 fF
Third terminal = -50 to +50 V SL Package 30t 100 30t 100

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. Further details on capacitance are given in the Applications Information section.

electrical characteristics for the T and G or the R and G terminals, T; = 25°C

TISP3320F3 | TISP3380F3
PARAMETER TEST CONDITIONS UNIT
MIN [ MAX [ MIN | MAX
Repetitive peak off-
| Vp = £V, ,0°C < Ty<70°C 10 10 A
DRM  state current 0 = *VAM ACh * * s
dv/dt = £250 V/ms,
Vo) Breakover voltage +320 +380 v
Source Resistance = 300 €2
Impulse breakover volt-| dv/dt = £1000 V/ps,  di/dt < 20 A/jps
Viso) +3471 +407t| Vv
age Source Resistance = 50

¥ Texas

INSTRUMENTS

2-81




TISP3240F3, TISP3260F3, TISP3290F3, TISP3320F3, TISP3380F3
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE10 - MARCH 1994 - REVISED SEPTEMBER 1994

electrical characteristics for the T and G or the R and G terminals, T = 25°C (Continued)

TISP3320F3 TISP3380F3
PARAMETER TEST CONDITIONS 4 UNIT
MIN | MAX | MIN [ MAX
dv/dt = +250 V/ms,
lgo)  Breakover current +0.15| +0.6 | +0.15| 20.6 A
Source Resistance = 300 Q
vV On-state voltage ly=25A, ty=100us +3 13 v
Iy Holding current di/dt = -/+30 mA/ms +0.15 10.15 A
itical rate of rise of Linear voltage ramp,
dvige  Critical rate o +5 15 KV/s
off-state voltage Maximum ramp value < 0.85V ggjmin
Ip Off-state current Vp =450V +10 +10 pA
t=100kHz, V4=100mV Vp=0, 571 95 57t 95 pF
Cosf Off-state capacitance | Third voltage = -50 to +50 V Vp=-5V 26t 45 26t 45 pF
(see Notes 6 and 7) Vp=-50V 11t 20 1t 20 pF

NOTES: 6 These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
7. Further details on capacitance are given in the Applications information section.

1 Typical value of the parameter, not a limit value

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant Il

Switching
Characteristic

PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS
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thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
D Package 160

Rgya  Junction to free air thermal resistance P Package 100 °C/W
SL Package 105
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC3HAF TC3HAI
(P ——=——— —
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12 =
10 — leOD
S 7 3 L
. E L1
i / pd
:’; — 77 1 7 Vierm
{V, =50V ¥/
] o y.v4
V- s A
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5 = =V, =-50 V=] ) L~
R 1 1.0
T om C — 5 T Vew Normalised 10 V,n,
lgry = 100 pA and 25°C
Positive Polarity
0.001 0.9 .
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
NORMALISED BREAKDOWN VOLTAGES ON-STATE CURRENT
vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
TC3HAY TC3HAL
100 T
] H
12 ]
» v — P4
L : 7
] E 4
11 + £
/ " Voem " 3
/ e 10
g A P 8
|~ > 7]
L 5
: ; _ /
1.0 -+
/ Viery Normalised to V g, I 150°07f 25°C
L~ 1w = 100 pA and 25°C -] |
Negative Polarity / -40°C
09 [ 1 |
-25 0 25 50 75 100 125 150 1 2 3 4 5 6 780910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4. Figure 5.

QP TEXAS
INSTRUMENTS

2-84



TISP3240F3, TISP3260F3, TISP3290F3, TISP3320F3, TISP3380F3

DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLIPSE10 - MARCH 1994 - REVISED SEPTEMBER 1994

s )igo, - Holding Current, Breakover Current - A

Off-State Capacitance - pF

TYPICAL CHARACTERISTICS
T and G, or R and G terminals

HOLDING CURRENT & BREAKOVER CURRENT
vs
JUNCTION TEMPERATURE

TC3HAH
1.0
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0.7
0.6

0.5

04

i P N A
'H \\\

0.2
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-25 L] 25 50 7 100
T, - Junction Temperature - °C
Figure 6.

0.1

125 150

OFF-STATE CAPACITANCE
vs
TERMINAL VOLTAGE

TC3HAE
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§.¢\
\\\:' Positive Bias
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™
N
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Negative Bias \\
N
N
N
10
01 1 10 50
Terminal Voltage -V
Figure 8.

Normalised Breakover Voltage

Off-State Capacitance - pF

NORMALISED BREAKOVER VOLTAGE

vs
RATE OF RISE OF PRINCIPLE CURRENT
13 ,m TC3HAB
12
/
A
1 //
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Pl
w— T 4211 | Negative
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0-001 0.01 01 1 10 100
di/dt - Rate of Rise of Principle Current - A/ys
Figure 7.
OFF-STATE CAPACITANCE
VS
JUNCTION TEMPERATURE
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500 —
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L
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l 1 i
| —
10F Terminal Bias = -50 v
1
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T, - Junction Temperature - °C
Figure 9.
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TYPICAL CHARACTERISTICS
T and G, or R and G terminals

SURGE CURRENT
vs
DECAY TIME
1000 TC3HAA
N
J
< - N
I
3 »_-....___;\
'E,’ 100 ™~
3
7
E
3 -
E
s
=
10
2 10 100 1000
Decay Time - ps
Figure 10.
TYPICAL CHARACTERISTICS
T and R terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
VS vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TC3HAG T
100 = —————p—
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| 12 — |
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E’ 1 1.1 V,
5 = (BR)M'
o 7
] 7
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» 01 — =
o 7 1.0
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Both Polarities
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Figure 11. Figure 12.
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Normalised Breakover Volitage

TYPICAL CHARACTERISTICS
T and R terminals

NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE
TC3HAC TC3XAA
1.3 100 T TT]
90 - !
80 | — HTH
| 4 70 |- i P?c'“:gf‘
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Y s0
1.2 ]
§ a0
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& 30
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1.1 ]
£ 20—
Y/ &
I 1"’ Both Voltage Polarities
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di/dt - Rate of Rise of Principle Current - A/ps Terminal Voltage - V
Figure 13. Figure 14.

lraus - Maximum Non-Recurrent 50 Hz Current - A

THERMAL INFORMATION
MAXIMUM NON-RECURRING 50 Hz CURRENT
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Figure 15. Figure 16.
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 us wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 ys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ys. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IX K17 1.5 kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 ys
RLM88 1.5 kV, 0.5/700 ps 38 A, 0.2/310 pus
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40  (2000/50). If the equipment has a series resistance of 25 £ then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection volitage
The protection voltage, (Vo). increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(g value under surge conditions can be estimated by multiplying the 50 Hz rate
V(Bo) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 £2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45=10A/us. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in
Figure17. When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is
essentially constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
1.00 T
N

8 095 A\
H
=
Q
S 090
]
[3}
°
2 085
K]
£ !
2 080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V=0
ozoL—L LI 1 1111
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 17.
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APPLICATIONS INFORMATION

longitudinal balance
Figure 18 shows a three terminal TISP with its equivalent "delta" capacitance Each capacitance, Ctg , Crg
and Ctg. is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then Cyg > Crg . Capacitance Cq is equivalent to
a capacitance of Crg in parallel with the capacitive difference of (C1g - Crg). The line capacitive unbalance
is due to (C1g - Crg ) and the capacitance shunting the line is Cyp + Cpg/2 .

T
el
IJ =
Equlpment G — Equipment
Tem

Tcu
R ADOKB

Equivalent Unbalance

Figure 18.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region D PACKAGE
Precise and Stable Voltage (TOP VIEW)
Low Voitage Overshoot under Surge = I R
7 v T 2 7R
DEVICE | V| 6% H
v v T3 6F TR
"4072F3 58 72 Tls SR oo
‘4082F3 66 82

Specified ratings require the connectlon
. N of pins 1, 2, 3 and 4 for the T terminal.
® Planar Passivated Junctions P

Low Off-State Current < 10 pA SL PACKAGE
(TOP VIEW)
® Rated for International Surge Wave Shapes
B hrsp 1—110
WAVE SHAPE STANDARD iy
2/10 ps FCC Part 68 80
8720 s ANST C62.41 70 R——"12
707160 pis FCC Pan 68 0 MOXXAH
107560 s FCC Part 68 T3 MDOA
0.5/700 ps RLM 88 38 device symbol
FTZR12 50
10/700 ps VDE 0433 50 T
CCITT IX K17 38
1071000 pis REA PE-60 35
® Surface Mount and Through-Hole Options
___ SD4XAA
PACKAGE PART # SUFFIX R
Small-outiine o Terminals T and R correspond to the
Small-outline taped DR alternative line designators of A and B
and reeled
Single-in-line st These monolithic protection devices are
. fabricated in ion-implanted planar structures to
description

ensure precise and matched breakover contro!

These low voltage symmetrical transient voltage
suppressor devices are designed to protect two
wire telecommunication applications against
transients caused by lightning strikes and ac
power lines. Offered in two voltage variants to
meet battery and protection requirements they
are guaranteed to suppress and withstand the
listed international lightning surges in both
polarities.

Transients are initially clipped by breakdown
clamping until the voltage rises to the breakover
level, which causes the device to crowbar. The
high crowbar holding current prevents dc latchup
as the current subsides.

and are virtually transparent to the system in
normal operation

The small-outline 8-pin assignment has been
carefully chosen for the TISP series to maximise
the inter-pin clearance and creepage distances
which are used by standards (e.g. IEC950) to
establish voltage withstand ratings.

PRODUCTION DATA information is current as of o Copyright © 1994 Texas Instruments Limited
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absolute maximum ratings

RATING SYMBOL VALUE UNIT
Repetitive peak off-state voltage (0°C < T < 70°C) :2;2 Vorm :22 v
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 s (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 120
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 pis) 80
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 70
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 pus (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
i:——— lrsm Arms
50Hz, 1s SL Package 6
Initiaf rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alus
Junction temperature Ty -40 to +150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, T; = 25°C

TISP4072F3 TISP4082F3
PARAMETER TEST CONDITIONS UNIT
MIN L TYP l MAX | MIN | TYP lMAX
Repetitive peak off-
I Vp = £V, ,0°C < T;<70° 10 10
ORM  state current D = Vomw, 0°C < T, < 70°C * * kA
Vo) Breakover voltage dv/dt = +250 V/ms, Rgoyrce = 300 Q +72 +82 v
Impulse breakover volt- | dv/dt = +1000 V/ps, R =50 Q.
Vo, vidt= = Hs: Psource +86 296 v
age di/dt < 20 A/us
ligo)  Breakover current dv/dt = £250 V/ms, Rgource = 300 +0.15 +0.6 | 20.15 +0.6 A
Vr On-state voltage lr=25A, ty=100ps +3 +3 v
I Holding current di/dt = +/-30 mA/ms +0.15 10.15
dvrdt Critical rate of rise of Line.ar voltage ramp +5 +5 KVips
off-state voltage Maximum ramp value < 0.85V grymin
[ Off-state current Vp=450V +10 +10 VA
Vp=0, 82 140 82 14 F
] f=100kHz, Vg =100 mV o o ®
Cott Off-state capacitance (see Note 4) Vp=-5V 49 85 49 85 pF
of
Vp=-50V 25 40 25 40 pF
NOTE 4: Further details on capacitance are given in the Applications Information section.
thermal characteristics
PARAMETER TEST CONDITIONS MIN ’ TYP | MAX UNIT
. . . P =0.8W, Tp=25°C D Package 160
R Junction to free air thermal resist: ot LA M
oA ermal resistance 5cm? FR4 PCB SL Package 5] oW
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PARAMETER MEASUREMENT INFORMATION

Quedrant |

Switching
Characteristic

Vo

Quadrant i

Switching
Characterlistic

-i PMXXAA
Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
ALL MEASUREMENTS ARE REFERENCED TO THE R TERMINAL
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TYPICAL CHARACTERISTICS
R and T terminals

OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
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Figure 2. Figure 3.
NORMALISED BREAKDOWN VOLTAGES ON-STATE CURRENT
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Figure 4. Figure 5.
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TYPICAL CHARACTERISTICS
R and T terminals

HOLDING CURRENT & BREAKOVER CURRENT

NORMALISED BREAKOVER VOLTAGE

vs vs
JUNCTION TEMPERATURE Toaan RATE OF RISE OF PRINCIPLE CURRENT
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Figure 6. Figure 7.
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TYPICAL CHARACTERISTICS
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T, Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters' temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge

wave shape notation
Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 ys wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 pys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 us. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5kV, 10/700 ps 38 A, 5/310 ys
CCITT IX K20 1kV, 10/700 ps 25A,5/310 ys
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ys
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 Q (2000/50). If the equipment has a series resistance of 25 €2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(go) ), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(g value under surge conditions can be estimated by muitiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 €, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45=10 A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite siope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vg, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
13 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
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070 IR
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Figure 13.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region D PACKAGE
Precise and Stable Voltage (TOP VIEW)
Low Voltage Overshoot under Surge = I s R
v ] T2 7R
DEVICE b B
v v T3 6FIR
"4125F3 100 | 125 T la 5ER o
“4150F3 120 | 150
“2180F3 145 180 Specified ratings require the connection
of pins 1, 2, 3 and 4 for the T terminal.
® Planar Passivated Junctions SL PACKAGE
Low Off-State Current < 10 pA (TOP VIEW)
® Rated for International Surge Wave Shapes T—410
WAVE SHAPE | STANDARD ":"
270 s FCC Pan 68 75 R——12
8720 ps ANSI C62.41 120 MOXXA!
107160 ps FCC Pari 68 60 MoLAA
10/560 ps FCC Part 68 45 device symbol
0.5/700 ps RLM 88 38
FTZR12 50 T
10/700 ps VDE 0433 50
CCITT IX K17 38
10/1000 ps REA PE-60 35
® Surtace Mount and Through-Hole Options ‘! SDAXAA
PACKAG,E PART # SUFFIX Terminals T and R correspond to the
Smail-outline D alternative line designators of A and B
Small-outline taped
and reeled DR
d These monolithic protection devices are
Single-in-line SL . PR
fabricated in ion-implanted planar structures to

ensure precise and matched breakover control

description and are virtually transparent to the system in

These medium voltage symmetrical transient
voltage suppressor devices are designed to
protect two wire telecommunication applications
against transients caused by lightning strikes
and ac power lines. Offered in three voltage
variants to meet battery and protection
requirements they are guaranteed to suppress
and withstand the listed international lightning
surges in both polarities.

Transients are initially clipped by breakdown
clamping until the voltage rises to the breakover
level, which causes the device to crowbar. The
high crowbar holding current prevents dc latchup
as the current subsides.

normal operation

The small-outline 8-pin assignment has been
carefully chosen for the TISP series to maximise
the inter-pin clearance and creepage distances
which are used by standards (e.g. IEC950) to
establish voltage withstand ratings.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
r the terms of Texas Instruments standard warranty.
roduction processing does not necessarily include
testing of all the parameters.

Copyright © 1994 Texas Instruments Limited
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absolute maximum ratings

RATING SYMBOL VALUE UNIT
‘4125F3 + 100
Repetitive peak off-state voltage (0°C < T; < 70°C) ‘4150F3 Voam +120 v
‘4180F3 + 145
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential iransient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 us (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 80
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 s (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 us) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
[— — Irsm A rms
50Hz, 1s SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alus
Junction temperature Ty -40 to +150 °C
Storage temperature range tg -40 to +150 °C

NOTES:

1. Further details on surge wave shapes are contained in the Applications Information section.

2. Initially the TISP must be in thermal equilibrium with 0°C < T; <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, 25°C

TISP4125F3 TISP4150F3
PARAMETER TEST CONDITIONS UNIT
MIN TYP—[ MAX Mlq TVI:[ MAX
I Repetitive peakoff- 1, .\  0oc<T,<70°C +10 +10 A
= . <Ty<
DRM  state current o DRM J H
Vo) Breakover voltage dv/dt = +250 V/ims, Rgoypce = 300 Q +126 +150 \
Impulse breakover volt- | dv/dt = +1000 V/ps, R =50 Q.
Vao, ¥ vict == HS. Hisource +143 +168 v
age di/dt < 20 Alus
lgo)  Breakover current dv/dt = +£250 V/ms, Rgoypce = 300 £2 +0.15 06 | £0.15 +0.6 A
Vr On-state voltage ly=25A, ty=100ps +3 +3 v
Iy Holding current di/dt = +/-30 mA/ms +0.15 +0.15
Critical rate of rise of Linear voltage ram
dv/dt ) 9 P +5 +5 kV/us
off-state voltage Maximum ramp value < 0.85V(ggrymiN
Ip Off-state current Vp =450V +10 +10 pA
Vp=0, 55 95 55 95 F
) f=100kHz, V4=100mV Ll P
Cott Off-state capacitance Vp=-5V 30 50 30 50 pF
(see Note 4)
Vp=-50V 15 25 15 25 pF
NOTE 4: Further details on capacitance are given in the Applications Information section.
electrical characteristics for the T and R terminals, 25°C
TISP4180F3
PARAMETER TEST CONDITIONS
MIN | TYP | MAX UNIT
\ Repetitive peak off- v v 0°C < T, < 70°C 1
ORM  state current D = =VDRM: 9= *10 wA
Vo) Breakover voltage dv/dt = #4250 V/ms, Rgpoynce = 300 Q +180 \

2-100
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electrical characteristics for the T and R terminals, 25°C (continued)

Characteristic

Quadrant il

Switching
Characteristic

-

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
ALL MEASUREMENTS ARE REFERENCED TO THE R TERMINAL

PARAMETER TEST CONDITIONS TISP4180F3 UNIT
MIN [ TYP | MAX
I Ise break It- | dv/dt = +1000 V/, =
Vieor mpulse breakover vol v + ws, Rgource =50 €. +198 v
age di/dt < 20 A/ps
Tfm Breakover current dv/dt = 2250 V/ms, Rgounce = 300 Q £0.15 £0.6 A
Vy On-state voltage ly1=45A, ty=100ps 3 v
n Holding current di/dt = +/-30 mA/ms 10.15
Critical frise of | Li It -
vt ritical rate of rise o inear voltage ramp 5 KVips
off-state voltage Maximum ramp value < 0.85Vgrymin
Ip Off-state current Vp =450V +10 pA
Vp =0, 55 95 F
f=100kHz, V4=100mV =0 i
Coy  Oft-state capacitance Vp=-5V 30 50 pF
(see Note 5)
Vp=-50V 15 25 pF
NOTE 5: Further details on capacitance are given in the Applications Information section.
thermal characteristics
PARAMETER TEST CONDITIONS MIN I TYP l MAX | UNIT
o ) Pt = 0.8 W, T =25°C D Package 160
R, Junction to free air thermal resistance °Cw
oA 5cm?, FR4 PCB SL Package 105
PARAMETER MEASUREMENT INFORMATION
Quadrant |
Switching
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TYPICAL CHARACTERISTICS
R and T terminals
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TYPICAL CHARACTERISTICS
R and T terminals
HOLDING CURRENT & BREAKOVER CURRENT NORMALISED BREAKOVER VOLTAGE
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TYPICAL CHARACTERISTICS
R and T terminals

2-104
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THERMAL INFORMATION
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge

wave shape notation
Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 ps wave shape would have a peak current value of
50 A, a rise time of 5 ys and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 us short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 pys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5kV, 10/700 ps 38 A, 5/310 us
CCITT IX K20 1kV, 10/700 ps 25 A, 5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 2 (2000/50). If the equipment has a series resistance of 25 2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(gp)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gg) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(Bo) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45=10A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T,, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
13 When Vp >> Vg the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

pevice | O™ | Ve
v v
‘4240F3 180 240
%560F3 | 200 | 260
‘4290F 3 220 290
330F3 | 240 | 320
%380F3 | 270 | 380

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":"
2710 ps FCC Pan 68 175
8/20 s ANSI C62.41 120

107160 ps FCC Part 68 60
107560 ps FCC Parl 68 a5
0.5/700 ps RLM 88 38
FTZR12 50

10700 ps VDE 0433 50
CCITT IXK17 38

1071000 ps REA PE-60 35

® Surface Mount and Through-Hole Options

PACKAGE PART # SUFFIX
Small-outline D
Small-outline taped DR
and reeled
Single-in-line SL
description

These high voltage symmetrical transient voltage
suppressor devices are designed to protect two
wire telecommunication applications against
transients caused by lightning strikes and ac
power lines. Offered in five voltage variants to
meet battery and protection requirements they
are guaranteed to suppress and withstand the
listed international lightning surges in both
polarities.

Transients are initially clipped by breakdown
clamping until the voltage rises to the breakover
level, which causes the device to crowbar. The

D PACKAGE
(TOP VIEW)
Tt
T2
TR
T4

R
R
R
[OR o

N D~ D

Specified ratings require the connaction
of pins 1, 2, 3 and 4 for the T terminal.

SL PACKAGE
(TOP VIEW)

Té(}

R——_2

device symbol

SD4XAA
R

Terminals T and R correspond to the
alternative line designators of A and B

high crowbar holding current prevents dc latchup
as the current subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

The small-outline 8-pin assignment has been
carefully chosen for the TISP series to maximise
the inter-pin clearance and creepage distances
which are used by standards (e.g. IEC950) to
establish voltage withstand ratings.

PRODUCTION DATA information is current as of . Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications ¢

per the terms of Texas Instruments standard warranty. TEXAS

Production p ing does not ily include

testing of all the parameters. INSFRUMENTS
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absolute maximum ratings

RATING SYMBOL VALUE UNIT
'4240F3 + 180
'4260F3 + 200
Repetitive peak off-state voltage (0°C < T; < 70°C) ‘4290F3 Voam + 220 \
‘4320F3 + 240
‘4380F3 + 270
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ys) 38
5/310 pus (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 4
lrsm Arms
50Hz, 1s SL Package 6
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alps
Junction temperature Ty -40 to +150 °C
Storage temperature range . Tstg -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial
conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and R terminals, 25°C

TISP4240F3 TISP4260F3
PARAMETER TEST CONDITIONS UNIT
MIN l TYP I MAX | MIN I TYP I MAX
| Repetitive peak off- 1\, ' o Vomw 0°C < Ty < 70°C 10 +10 A
=z , < <
ORM  state current 0 DRM J * s
Vigo) Breakover voltage dv/dt = +£250 V/ms, Rgoypce = 300 Q +240 +260 v
Impulse breakover volt- | dv/dt = +1000 V/ps, R = Q.
Vo, p over vo v It = +1000 V/ps, source = 50 4267 287 v
age di/dt < 20 A/us
lgo)  Breakover current dv/dt = +250 V/ms, Rgpypce =300 Q 10.15 0.6 | £0.15 0.6 A
Vr On-state voltage Ir=4¢5A, tw=100ps +3 +3 v
[M Holding current di/dt = +/-30 mA/ms 0.15 +0.15
Critical rate of rise of Li
it ise IDE?T voltage ramp 5 +5 KWips
off-state voltage Maximum ramp value < 0.85V ga)min
lp Oft-state current Vp =150V +10 10 HA
f=100kHz, Vg =100 mV Vp=0. 7 % 5 % pF
Cof  Off-state capacitance |, ©oTeT Vp=-5V 26 45 26 45 pF
(see Note 4)
Vp=-50V 1 20 1" 20 pF

NOTE 4: Further details on capacitance are given in the Applications Information section.

{’? TEXAS
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electrical characteristics for the T and R terminals, 25°C

TISP4290F3 TISP4320F3
PARAMETER TEST CONDITIONS UNIT
MIN leYP I MAX | MIN l TYP ] MAX
[ Repetitive peak off- ’ T
= " ° 10 A
loAm state current Vp=2Vppy. 0°C < T; < 70°C +10 + u
Vo) Breakover voltage dv/dt = +250 Vims,  Rsoynce = 300 €2 T Tx290 +320 v
Vo Impulse breakover volt- | dv/dt = £1000 V/ps, Rgoypce = 50 €2 +317 +347 v
age di/dt < 20 A/ps
lgo)  Breakover current dv/dt = +250 Vims, Rgounce = 300 Q +0.15 +0.6 | +0.15 0.6 A
Vy On-state voltage lr=45A, ty=100ps 13 +3 v
Iy Holding current di/dt = +/-30 mA/ms 10.15 +0.15
Critical rate of ri f Li It:
dvidt ritical rate of rise of me.ar voltage ramp 5 5 KVis
off-state voltage Maximum ramp value < 0.85V grmin
[ Off-state current Vp=+50V +10 +10 pA
Vp=0 7 9! 57 95 F
=100 kHz, Vg4 =100 mV 0= 5 i i
Coff Off-state capacitance Vp=-5V 26 45 26 45 pF
(see Note 5)
Vp=-50V 1 20 1 20 pF
NOTE 5: Further details on capacitance are given in the Applications Information section.
electrical characteristics for the T and R terminals, 25°C
PARAMETER TEST CONDITIONS TISPA380F3 UNIT
MIN | TYP | MAX
Repetitive peak off-
[ Vp =V, ., 0° T,<70°C 10 A
ORM state current 0 = *Voru. 0°C < T, <70 * "
Vigo) Breakover voltage dv/dt = £250 V/ms, Rgoypce = 300 Q +380 v
v Impulse breakover volt- | dv/dt = +1000 V/us, Rgouace = 50 Q. +407 v
v (BO) ;
age di/dt < 20 A/ps
lsoy  Breakover current dv/dt = +250 V/ms, Rgource = 300 Q +0.15 0.6 A
Vi On-slate voltage Iy =5A, ty= 100 ps +3 Y
My Holding current difdt = +/-30 mAims T 1015
dv/dt Critical rate of rise of Linear voltage ramp 5 KVis
off-state voltage Maximum ramp value < 0.85V ggmn
o Off-state current Vp =150V +10 VA
Vp=0, TE7 F
c Ofstat ) f=100KkHz, Vg=100mV ey :6 i: "F
- acitanc =-
oft ate cap: ° (see Note 6) 0 P
Vp=-50V ] 20 oF
NOTE 6: Further details on capacitance are given in the Applications Information section.
thermal characteristics
PARAMETER TEST CONDITIONS MINJ TYP I MAX | UNIT
Po1=08W, T4=25C D Package 160
Rgya  Junction to free air thermal resistance 5'2:“2' FRa PCAB % Pack:ge 155 °C/W

X 1
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION
Quadrant |
Switching

Characteristic

Ny o Vo |
Tomw Verm

Quadrant Il /
Switching ~ Jreenpe Irep
Characteristic r

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
ALL MEASUREMENTS ARE REFERENCED TO THE R TERMINAL

P TEXAS
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TYPICAL CHARACTERISTICS
R and T terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
100 TC3HAF TC3HA
— L1
1 12 //
10 v(noy
] 7 ]
. [ I S R 77 g //
H 1 3
£ 1.1 v
3 — — 7 / (R
® V, =50V —/
ki 7 & A
« 01 g
5 e———— Vo =-50V = L~
" 1.0
T ot 5 L4+—T Vew Normalised t0 V ,,
3 lgq, = 100 pA and 25°C |
i Positive Polarity
0.001 0.9 | 1 ]
-25 ) 25 50 75 100 125 150 -25 [/} 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
NORMALISED BREAKDOWN VOLTAGES ON-STATE CURRENT
vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE
TC3HAJ 100 TlC3HAL
1
12 . ”
v, a 4
(8O) P <
- /]
L1 H 4
1.1 + 14
// Vierm // § 10 /
A ] =
/ 2
c
© /
1.0 - /
3 Viony Normalised to Vg, [ 150°C / - 25°C
- - Lom = 100 pA and 25°C — |
Negative Polarity / -40°C
0o L1 s |
-25 [} 25 50 75 100 125 150 1 2 3 4 5 6 7 8910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4. Figure 5.
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TYPICAL CHARACTERISTICS
R and T terminals
HOLDING CURRENT & BREAKOVER CURRENT NORMALISED BREAKOVER VOLTAGE
vs N
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
10 TC3HAH 13 TC3HAB
< 09
. 08
§ 07 s L
3 os 1
g 05
é I(no) 12
g 0.4 \ \
HEI' 03 \ L1
g h 5
5 b \\\ / J
o P
Z 02 S i /!
5 N 3 Y
2 \\ > Positive
§ ‘\§ a
ol 0.1 10 LTI A Negative
-25 0 25 50 75 100 125 150 0-001 0.01 01 1 10 100
T, - Junction Temperature - °C di/dt - Rate of Rise of Principle Current - A/ys
Figure 6. Figure 7.
OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE JUNCTION TEMPERATURE
TC3HAE TC3HAD
100 500
i T /
w B w100 =
8 \\4: [T\ Positive Bias 8 =
2 N s |— Terminal Bias = 0
g N & | terminaiBias=s0v R
8 { 8 1 ] Il
2 ive B \N \ £ 1E I
a Negative Bias \N & I~ Terminal Bias = -50 V
5 N
\\
N
10 1
o1 1 10 50 -25 [ 25 50 75 100 125 150
Terminal Voltage - V T, - Junction Temperature - °C
Figure 8. Figure 9.
i
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TYPICAL CHARACTERISTICS
R and T terminals

SURGE CURRENT

vs
DECAY TIME
1000 TC3HAA
N
<' N
€
g
3 -—"“"-'\
:;"' 100 >~
]
£
E
£
10
2 10 100 1000
Decay Time - ps
Figure 10.
THERMAL INFORMATION
MAXIMUM NON-RECURRING 50 Hz CURRENT
vs
CURRENT DURATION THERMAL RESPONSE
TIAHAA TISMAC
< AL AL
_é Vgen = 350 Vrms z
g N Ry = 20 10 250 Q g 100
é 10 \:\ 11% ETH : H l
8 PN St package s |g\='w ailim
N £ |l IIIHIIIIIIHIIIII nlhllll!\llllll![ll
5 3 |||,r|
& N 5 ' A‘ 1
£ N\ g Eaiii
z
N
£ NN i
g r RN} = 4 M:! Allt ! | i
H Dpsctace | ¢ iR U
| bt IV R I
i, LU LI il |
01 1 10 100 1000 00001 0-001 0.01 100 1000
t - Current Duration - s t - Power Pulse Duration - s
Figure 11. Figure 12.
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T,. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature curves, the power
dissipated and the thermal response curve (Zg ).

lightning surge

wave shape notation
Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 pys wave shape would have a peak current value of
50 A, a rise time of 5 ys and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 ys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 us
on the surge graph and not 700 us. Some common short circuit equivalents are tabulated below:

STANDARD OPENCIRCUIT  SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IX K17 1.5KkV, 10/700 ps 38 A, 5/310 s
CCITT IX K20 1KV, 10/700 pis 25 A, 5/310 ps
RLM88 15kV,05/700 s 38 A, 0.2/310 s
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 pis
FTZ R12 2.0 KV, 10/700 ps 50 A, 5/310 pis

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 € then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.

“9 TeEXAS
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(gp,). increases under lightning surge conditions due to thyristor regeneration
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gp) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(80) (250 V/ms) value by the normalised increase at the surge's di/dt (Figure 7.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/ps. The instantaneous generator output
resistance is 25 €. If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45£2. The maximum di/dt then can be estimated as 450/45= 10 A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
13 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
1.00 "('n.
S o095 \‘
c
£
o
a 0.0 \
3
g 0.85 \
E H
S os0
0.75 |- Normalised to V, = 100 mV
|- DC Bias, V, =0
opol—L LLILIM 1 1111

1 10 100 1000
V, - RMS AC Test Voltage - mV

Figure 13.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region D PACKAGE
Precise and Stable Voltage (TOP VIEW)
Low Voltage Overshoot under Surge P IC 1 el
v v 7
DEVICE orM | V(BO) NC ] |2 INU
v v NCCH 3 6FINU
7072F3 58 | 72 R |4 skac MOXAL
7082F3 66 82

NC - No internal connection

NU - Nonusable; no extemal electrical connection
should be made to these pins.

Speclfied ratings require connection of pin 5 and

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

pin 8.
® Rated for International Surge Wave Shapes
; P PACKAGE
WAVE SHAPE | STANDARD T:" (TOP VIEW)
210 ps FCC Part 68 80 T 1O 811G
8/20 ps ANSI C62.41 70 Ne 2 bnu
10/160 ps FCC Part 68 60
707560 s FCC Pari 68 I3 NC []3 s[INU
0.5/700 ps RCM 88 38 R4 s o
FTZ R12 50
10/700 ps VDE 0433 50 NC - No internal connection
NU - N ble; no |
CONTIXKI7 | 38 should be made to these pins.
10/1000 ps REA PE-60 35 Spectfied ratings require connection of pin 5 and
pin 8.
® Surface Mount and Through-Hole Options
SL PACKAGE
PACKAGE PART # SUFFIX (TOP VIEW)
Small-outline D
Small-outline taped oR T—— 1O
and reeled -
Plastic DIP 7 G—_1]
Single-in-line SL R<——3
MDXXAK
description MD7XAA

These low voltage symmetrical transient voltage device symbol

suppressor devices are designed to protect
against metallic and simultaneous longitudinal
surges. These baianced devices are suitable for
the protection of ISDN applications against
transients caused by lightning strikes and ac
power lines. Offered in two voltage variants to
meet battery and protection requirements they
are guaranteed to suppress and withstand the
listed international lightning surges on any
terminal pair.

SD7XAB
G

Terminals T, R and G correspond to the
altemnative line designators of A, B and C

Transients are initially clipped by breakdown
clamping until the voltage rises to the breakover
level, which causes the device to crowbar.

PRODUCTION DATA information is current as of o Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications 7/

per the terms of Texas Instruments standard warranty. TEXAS

Production processing does not necessarily include lNSTRUMENTS

testing of all the parameters.
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description (continued)
The high crowbar holding current prevents dc latchup as the current subsides

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise and
matched breakover control and are virtually transparent to the system in normal operation

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand
ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
Repetitive peak off-state voltage (0°C < T; < 70°C) ;g:z: Vorm 22 \%
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 120
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 80
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 70
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 us (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current {see Notes 2 and 3) D Package 3
P Package ITsm 4 Arms
50Hz, 1s mﬁ— 5
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Aus
Junction temperature T, -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES:

electrical characteristics for the T and G, R and G and T and R terminals, 25°C

1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T, <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

2-118

TISP7072F3 TISP7082F3
PARAMETER TEST CONDITIONS UNIT
MIN [ TVPJ MAX | MIN | TYP ] MAX
| Repetitive peak off Vp =V, 0°C < T; < 70°C 10 10 A
= <
DRM " state current . < * * ¥
Vo) Breakover voltage dv/dt = 250 V/ms, Rgoypce = 300 Q 172 82 v
Impulse breakov It- | dv/dt = £1000 V/ps, R =500,
Vg, Pvise breakovervolt-| dvidt = +1000 Vius. - Rsounce +90 £100 v
age di/dt < 20 A/ps
lgoy  Breakover current dv/dt = +250 V/ms, Rgource = 300 Q 0.1 +0.8 | 0.1 08 | A
Vr On-state voltage lr=25A, tw=100ps 15 +5 v
Iy Holding current di/dt = +/-30 mA/ms 0.15 +0.15
Critical rate of rise ot Linear voltage ram|
dv/dt . 9 P 5 +5 kV/us
off-state voltage Maximum ramp value < 0.85Vpgy
Ip Off-state current Vp =450V +10 +10 VA
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electrical characteristics for the T and G, R and G and T and R terminals, 25°C (continued)

TISP7072F3 TISP7082F3
PARAMETER TEST COND N UNIT
TIoNS MIN —J TYPJ MAX | MIN l TYP J MAX
=0. ) 66 135 F
= 100kHz Vg=t00my |00 66 1| P
. . . Vp=-5V 34 70 34 70 pF
Cott Off-state capacitance | Third terminal voltage = 0
Vp=-50V 18 40 18 40 pF
(see Notes 4 and 5) o
VprR=0 37 75 37 75 pF

NOTES: 4 Further details on capacitance are blven ir the Applications Information section.
5 First three capacitance values, with bias Vp, are for the T and G and T and G terminals only. The forth capacitance value, with bias
Vprn. is for T and R terminals only.

thermal characteristics

—

PARAMETER TEST CONDITIONS MIN ] TYP l MAX | UNIT
D Package 160
P Package 100 °C/W
SL Package 135

Pot=0.8W, Ty =25°C
5 cm?, FR4 PCB

Rgya  Junction to free air thermal resistance

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Vo

Quadrant Il

Switching
Characteristic - PMNDOCAA
Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
T and G and R and G measurements are referenced to the G terminal
T and R measurements are referenced to the R terminal
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

OFF-STATE CURRENT

NORMALISED BREAKDOWN VOLTAGES

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
100 TCILA TCTLAE
T — 1 1.2
10 4
< —+——
< 4
€
N = ; 1 ]
| I
s I i 5 1
g 01 V,=-50V Vieo) L~
= ' a;: ——] Vierm /
° LEp— — =
o V, =50V g 1.0 4',
0.01 = — B LA Vien Normalised to V g,
> lgry =1 mAand 25°C
A S N B Positive Polarity
0.001 00 L |

25 0 25 50 75 100 125 150
T, - Junction Temperature - °C
Figure 2.

NORMALISED BREAKDOWN VOLTAGES
vs
JUNCTION TEMPERATURE

TC7LAF

1.2

P
] ez

-25 0 25 50 75 100 125 150
T, - Junction Temperature - °C
Figure 3.

ON-STATE CURRENT
vs
ON-STATE VOLTAGE

TC7LAL

100

T
[ Positive Polarity

I, - On-State Current - A

o 10 =
T Vieo) - v i
yAVEN |
; / yAR |
E o 7/ |
2L /’ i | 1
= Ver Normalised to Vg, 150°C / T 25°C
A lom = 1 MA and 25°C _| { i
Vierm Negative Polarity / , -40°C
0. L1 [ B ] |
-25 o 25 50 75 100 125 150 1 2 3 4 5 6 7 80910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4, Figure 5.
’
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

HOLDING CURRENT & BREAKOVER CURRENT

ON-STATE CURRENT
vs
ON-STATE VOLTAGE

TC7LAM

100 ——
I Negative Polarity
=~
<
2
5
[5)
e 10 17/
3 /
5 1]
(<}
. /1]
- /
150°C °
/ 25]C
|
-40°C
1 L 1
1 2 3 4 5 6 7 8910
V; - On-State Voltage - V
Figure 6.

NORMALISED BREAKOVER VOLTAGE
vs
RATE OF RISE OF PRINCIPLE CURRENT
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals
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TYPICAL CHARACTERISTICS
R and T terminals
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TYPICAL CHARACTERISTICS
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T;. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature coefficient, the
power dissipated and the thermal response curve ,Zg (see M. J. Maytum, "Transient Suppressor Dynamic
Parameters."TI Technical Journal, vol. 6, No. 4, pp.63-70, July-August 1989).

lightning surge
wave shape notation

Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 pus wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g- a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shap: produced is
intermediate between the open circuit and short circuit values.

current rating

When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge is
changed to a 38 A, 5/310 ys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 pys
on the surge graph and not 700 us. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5 kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1kV, 10/700 ps 25 A, 5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VDE 0433 2.0 kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 £ (2000/50). If the equipment has a series resistance of 25 € then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(go)). increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(g(, value under surge conditions can be estimated by multiplying the 50 Hz rate
V(g0) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 2.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/us, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/us. The instantaneous generator output
resistance is 25 2. If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45 =10 A/us. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
6 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
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8 o095
]
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3 \
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Figure 24.
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APPLICATIONS INFORMATION

longitudinal balance

Figure 7 shows a three terminal TISP with its equivalent "delta" capacitance Each capacitance, Crg , Crg

and Cyp, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then Ctg > Crg . Capacitance Crg is equivalent to
a capacitance of Cpg in parallel with the capacitive difference of (C1g - Crg ). The line capacitive unbalance
is due to (Cyg - Crg ) and the capacitance shunting the line is Cyg + Crg/2 .

cml
—— Equipment G Equipment
Tcl'l c,l
T
R l AIXXAB

Cro > Cra Equivalent Unbalance

Figure 25.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

pevice | O™ Ve
v | v
12575 | 100 | 125
7150F3 | 120 | 150
7180F3 | 145 | 180

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD ":“
2710 ps FCC Part 68 175
8/20 ps ANSI C62.41 120

10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50

107700 ps VDE 0433 50
COITT IX K17 38

10/1000 ps REA PE-60 35

® Surface Mount and Through-Hole Options

PACKAGE PART # SUFFIX
Small-outline D

Touti

Small-outline taped OR

and reeled

Plastic DIP P
Single-in-line SL

description

These medium voltage symmetrical transient
voltage suppressor devices are designed to
protect against metallic and simultaneous
longitudinal surges. These balanced devices are
suitable for the protection of ISDN and
telecommunication applications with battery
backed ringing against transients caused by
lightning strikes and ac power lines. Offered in
three voltage variants to meet battery and
protection requirements they are guaranteed to
suppress and withstand the listed international
lightning surges on any terminal pair.

D PACKAGE
(TOP VIEW)

T 1
NC |2
NC 3
R4

=Te
- NU
}’:!NU
:G MDXXAL

N o N @

NC - No internal connection

NU - Nonusable; no external electrical connection
should be made to these pins.

Specified ratings require connection of pin 5 and

pin 8.

P PACKAGE

(TOP VIEW)
T ;] mKe]

O
NC ]2 7[JNU
NC []3 e[ JNU
Rd4 sf1G MOXXAS

NC - No Internal connection

NU - Nonusable; no extemal electrical connection
should be made to these pins.

Specified ratings require connection of pin 5 and

pin 8.
SL PACKAGE
(TOP VIEW)
T<—J10
c—= |2
R<——13
MDXXAK
MD7XAA

device symbol

SD7XAB
G
Terminals T, R and G correspond to the
altemnative line designators of A, Band C

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
Pr ion p ing does not ily include
testing of all the parameters.
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description (continued)

Transients are initially clipped by breakdown clamping until the voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar holding current prevents dc latchup as the current subsides

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise and
matched breakover control and are virtually transparent to the system in normal operation

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand

ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
‘7125F3 100
Repetitive peak off-state voltage (0°C < T, < 70°C) ‘7150F3 Vorm 120 \
‘7180F3 145
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ys (FCC Part 68, open-circuit voltage wave shape 2/10 ys) 175
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lysp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 us (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package
P Package lrsm 4 A rms
SoHz, 1s SL Package 5
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alus
Junction temperature -40 to +150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1.

Further details on surge wave shapes are contained in the Applications Information section.

2. Initially the TISP must be in thermal equilibrium with 0°C < T <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and G, R and G and T and R terminals, 25°C

TISP7125F3 TISP7150F3
PARAMETER TEST CONDITIONS UNIT
MIN ! TYP I MAX | MIN | TYP l MAX
Repetitive peak off- N o
loRM state current Vp =+Vpgm, 0°C < T; < 70°C +10 +10 pA
Vo) Breakover voltage dv/dt = +250 V/ims, Rgource = 300 Q +125 +150 %
Impulse breakover volt- | dv/dt = +1000 V/ps, Rgoupce = 50 Q.
v 7 143 168 A
80) a0 difdt < 20 Als * *
lgoy  Breakover current dv/dt = 250 V/ms, Rgoyrce = 300 0.1 +0.8 | £0.1 +0.8 A
Vi On-state voltage ly=#5A, ty=100ps 5 15 v
Iy Holding current di/dt = +/-30 mA/ms 10.15 +0.15
Critical rate of rise of Linear voltage ramp
dv/dt . +5 +5 kV/ps
off-state voltage Maximum ramp value < 0.85V grymin
INSTRUMENTS
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electrical characteristics for the T and G, R and G and T and R terminals, 25°C (continued)

TISP7125F3 TISP7150F3
PARAMETER TEST CONDITION UNIT
ONS MIN | TYP I MAX | MIN I TYP [ MAX
Ip  Off-state current Vp = $50 V 10 +10 VA
I Vp=0, at 8 a1 85 F
=100 kHz, Vg4=100mV i s d
Vp=-5V 21 45 21 45 pF
Cott Oft-state capacitance | Third terminal voltage = 0
Vp=-50V 10 20 10 20 pF
{see Notes 4 and 5)
Vorr =0 23 50 23 50 oF

NOTES: 4 Further details on capacitance are given in the Applications Information section
5 First three capacitance values, with bias Vp, are for the T and G and T and G terminals only. The forth capacitance value, with bias
Vp1g. is for T and R terminals only.

electrical characteristics for the T and G, R and G and T and R terminals, 25°C

PARAMETER TEST CONDITIONS TISPT180F3 UNIT
MIN TYP [ MAX
Repetitive peak off-
| Vp =%V, L,0°C<T " 10 A
ORM state current o= *Voam. 0°C < T, < 70°C * H
Temperature coefficient Fl 100 WA, 0°C < T, < 70°C 01 %G
ot = . .
V(BR) of breakdown voltage (BR) = * W <= * °
Vigo) Breakover voltage dv/dt = £250 V/ims, Rgoynce = 300 Q +180 Vv
Impulse breakover volt- | dv/dt = +1000 V/us, R =50Q.
Vo) P! " * U SOURCE +198 v
age di/dt < 20 A/us
lgoy  Breakover current dv/dt = +250 V/ims, Rgoypce = 300 Q 0.1 0.8 A
Vi On-state voltage ly=15A, ty=100ps +5 1
Iy Holding current di/dt = +/-30 mA/ms +0.15
Critical rate of rise of Linear voltage ram
avrdt ar vollage ramp 15 KVips
off-state voltage Maximum ramp value < 0.85Vgpymiv
[ Off-state current Vp=%50V +10 HA
Vp=0, a1 85 F
=100 kHz, Vg=100mV vD- = = = pF
Co  Off-state capacitance | Third terminal voltage = 0 0- i
Vp=-50V 10 20 pF
(see Notes 6 and 7)
VorRr=0 23 50 oF

NOTES: 6 Further details on capacitance are given in the Applications Information section.
7 First three capacitance values, with bias Vp, are for the T and G and T and G terminals only. The forth capacitance value, with bias

Vprr. is for T and R terminals only.

thermal characteristics

PARAMETER TEST CONDITIONS MIN I TYP ] MAX UNIT
D Pack
R Junction to f ir thermal resistance Pior= 08 W, Tp =25°C PP::::k:ge :(6)3 C/W
ion to free ali i rest: e °f
A \r thermat re 5cm? FR4 PCB g
SL Package 135
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PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Vo

Quadrant Il

Switching
Characteristic F PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
T and G and R and G measurements are referenced to the G terminal
T and R measurements are referenced to the R terminal
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals
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Figure 2.
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
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Figure 10. Figure 11.
OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
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Figure 12, Figure 13.
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

SURGE CURRENT
Vs
DECAY TIME
1000 TC7TMAA
N
L4 S
g
o \
& N
a 100 -
13
3
E
s
=
10
2 10 100 1000
Decay Time - ps
Figure 14.
TYPICAL CHARACTERISTICS
R and T terminals
OFF-STATE CURRENT NORMALISED BREAKDOWN VOLTAGES
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TYPICAL CHARACTERISTICS
R and T terminals

ON-STATE CURRENT HOLDING CURRENT & BREAKOVER CURRENT
vs vs
ON-STATE VOLTAGE . JUNCTION TEMPERATURE
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Figure 17. Figure 18.
NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
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Figure 19. Figure 20.
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TYPICAL CHARACTERISTICS

R and T terminals

OFF-STATE CAPACITANCE
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APPLICATIONS INFORMATION

electrical characteristics
The electrical characteristics of a TISP are strongly dependent on junction temperature, T,. Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature coefficient, the
power dissipated and the thermal response curve ,Zg (see M. J. Maytum, "Transient Suppressor Dynamic
Parameters."T| Technical Journal, vol. 6, No. 4, pp.63-70, July-August 1989).

lightning surge

wave shape notation
Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 us wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 ps open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 us open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 pys surge is
changed to a 38 A, 5/310 ps waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1kV, 10/700 pus 25 A, 5/310 ps
RLM88 1.5kV, 0.5/700 ps 38 A, 0.2/310 ps
VOE (433 2.0KkV, 10/700 us 50 A, 5/200 us
FTZ R12 2.0kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 (2 (2000/50). If the equipment has a series resistance of 25 €2 then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(go)), increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V gg, value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 2.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/ps. The instantaneous generator output
resistance is 25 . If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€). The maximum di/dt then can be estimated as 450/45 =10 A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, V4. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
6 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE

vs
RMS AC TEST VOLTAGE
AIXXAA
1.05
™
1.00 .
N

8 095 N\
c
3
g
8 0.90
3 \
3 \
3 085 \
®
g n
2 080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V,=0
0.70 LLL 1 1ail
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 24.

“9 TEXAS
INSTRUMENTS

2-140



TISP7125F3, TISP7150F3, TISP7180F3
TRIPLE SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSET6 - MARCH 1994 - REVISED SEPTEMBER 1994

APPLICATIONS INFORMATION

longitudinal balance

Figure 7 shows a three terminal TISP with its equivalent "delta” capacitance Each capacitance, Crg . Crg

and Cyg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then C1g > Crg . Capacitance Ctg is equivalent to
a capacitance of Cg in parallel with the capacitive difference of (Cyg - Cgrg). The line capacitive unbalance
is due to (Cyg - Crg ) and the capacitance shunting the line is Cyg + Crg/2 -

el
[Jowane S R -

Ceo
R AIXXAB

Ci0>Cpra Equivalent Unbalance

——
—
Crm

Figure 25.
All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region

Precise and Stable Voltage
Low Voltage Overshoot under Surge

DEVICE Vorw | Vieo)
v v
‘7240F3 180 240
'7260F3 200 260
'7290F3 220 290
‘7320F3 240 320
'7380F3 270 380

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

NC - No Internal connection
NU - Nor k

® Rated for International Surge Wave Shapes

D PACKAGE
(TOP VIEW)

T 1
NC ] |2
Nc

4

R

[ )

G
[INU
[ NU

G MODXXAL

no external el

should be made to these pins.
Spectfied ratings require connection of pin 5 and
pin 8.

WAVE SHAPE STANDARD ":"
2/10 ps FCC Part 68 175
8/20 ps ANSI C62.41 120
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50
10/700 ps VDE 0433 50
CCITT IX K17 38
10/1000 ps REA PE-60 35
® Surface Mount and Through-Hole Options
PACKAGE PART # SUFFIX
Small-outline D
Salrouh
mall-outline taped DR
and reeled
Plastic DIP P
Single-in-line SL
description

These high voltage symmetrical transient voltage
suppressor devices are designed to protect
against metallic and simultaneous longitudinal
surges. These balanced devices are suitable for
the protection of telecommunication applications
with battery backed ringing against transients
caused by lightning strikes and ac power lines.
Offered in five voltage variants to meet battery
and protection requirements they are guaranteed
to suppress and withstand the listed international
lightning surges on any terminal pair.

P PACKAGE
(TOP VIEW)
T 8|1 G
O
NC ]2 711NV
NC[]3 8| INU
R4 511G —

NC - No Internal connection

NU - le; no | cti
should be made to these pins.

Spectfied ratings require connection of pin 5 and

device symbol

pin 8.
SL PACKAGE
(TOP VIEW)
T<— |10
e— |2
R :1 3
MDXXAK
MD7XAA
T R
SD7XAB
G

Terminals T, R and G correspond to the
altemative line designators of A, Band C

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per Ehe terms of Texas Instruments standard warranty.

does n

;esting of all the parameters.

ot ily include
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description (continued)

Transients are initially clipped by breakdown clamping until the voltage rises to the breakover level, which
causes the device to crowbar. The high crowbar holding current prevents dc latchup as the current subsides

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise and
matched breakover control and are virtually transparent to the system in normal operation

The small-outline 8-pin assignment has been carefully chosen for the TISP series to maximise the inter-pin
clearance and creepage distances which are used by standards (e.g. IEC950) to establish voltage withstand

ratings.

absolute maximum ratings

RATING SYMBOL VALUE UNIT
‘7240F3 180
‘7260F3 200
Repetitive peak off-state voltage (0°C < T, < 70°C) ‘7290F3 Vbam 220 \
‘7320F3 240
‘7380F3 270
Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)
1/2 ps (Gas tube differential transient, open-circuit voltage wave shape 1/2 ps) 350
2/10 ps (FCC Part 68, open-circuit voltage wave shape 2/10 ps) 175
8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 120
10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60
5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A
0.2/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38
5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50
10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45
10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current (see Notes 2 and 3) D Package 3
50Hz 1s P Package lrsm 4 Arms
SL Package 5
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alus
Junction temperature Ty -40 to +150 °C
Storage temperature range Tstg -40 to +150 °C

NOTES: 1. Further details on surge wave shapes are contained in the Applications Information section.
2. Initially the TISP must be in thermal equilibrium with 0°C < T; <70°C. The surge may be repeated after the TISP returns to its initial

conditions.
3. Above 70°C, derate linearly to zero at 150°C lead temperature.

electrical characteristics for the T and G, R and G and T and R terminals, 25°C

TISP7240F3 TISP7260F3
PARAMETER T CONDITIONS NIT
EsT MIN l TYP | MAX | MIN ‘ TYP | MAX v

| Repetitive peak off- v v 0°C < T, < 70°C 10 " A
PRM  state current 0 = *YDAM: <he * =10 s
Vo) Breakover voltage dv/dt = +250 V/ms, Rgoymce = 300 Q2 +240 1260 v

Impulse breakover volt- | dv/dt = +1000 V/us, Rgoypce = 50 €.
\Y 269 289 v

(80) age di/dt < 20 Alps * *
lgoy  Breakover current dv/dt = +250 V/ims, Rgoygpce =300 Q 0.1 0.8 | +0.1 0.8 A
Vr On-state voltage lr=+5A, tw=100ps +5 5 Vv
[M Holding current di/dt = +/-30 mA/ms 10.15 +0.15
E’
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electrical characteristics for the T and G, R and G and T and R terminals, 25°C (continued)

TISP7240F3 TISP7260F3
PARAMETER TEST CONDITIONS MIN ] TV;]”MAX MIN l e ] MAX UNIT
avidt Critical rate of rise of Lme‘ar voltage ramp .5 KVips
off-state voltage Maximum ramp value < 0.85V grymin
Ip Off-state current Vp=450V +10 +10 VA
f=100kHz, Vg=t00my |20 DA - 30 i
Cott Off-state capacitance | Third terminal voltage = 0 Vo f i 18 0 18 ° i
(see Notes 4 and 5) Vo =-50V 7 15 ’ 15 PF
Vprr=0 26 50 26 50 pF

NOTES: 4 Further details on capacitance are given in the Applica(ions |nlorma(rionisrection.

5 First three capacitance values, with bias Vp, are for the T and G and T and G terminals only. The forth capacitance value, with bias
Vptr. is for T and R terminals only.

electrical characteristics for the T and G, R and G and T and R terminals, 25°C

""" - TISP7290F3 TISP7320F3
PARAMETER TEST CONDITIONS UNIT
EST Co MINT TYP [ MAX MIN—[ TYP l MAX
Repetitive peak off- T
| Vp = 2V, , 0°! T,<70°C 10 10 A
ORM state current 0 = *Voaw 0°C < Ty < * * s
Vigo) Breakover voltage dv/dt = £250 V/ims, Rgoynce = 300 Q 290 +320 v
Vo, impulse breakover volt- dY/dt =+1000 V/ps, Rsounce = 50 Q. +319 +349 v
age di/dt < 20 Alps
o)  Breakover current dv/dt = £250 V/ims, Rgoyrce = 300 Q2 0.1 +0.8 | £0.1 +0.8 A
Vr On-state voltage lr=25A, ty=100ps 5 5 v
Iy Holding current di/dt = +/-30 mA/ms +0.15 10.15
dvidt Critical rate of rise of Line43r voltage ramp +5 KVis
off-state voltage Maximum ramp value < 0.85V gpymin
o Off-state current Vp=150V +10 +10 pA
Vp =0, “4a 90 44 90 F
f=100KkHz, Vg =100 mV o i
C Off-state capacitance | Third terminal voltage = 0 Vp=-5V 18 40 18 40 PF
ot (306 Notes 4 ar 5) Vp=-50V 7 15 7 15 oF
see Notes 4 an
Vprr=0 26 50 26 50 pF
electrical characteristics for the T and G, R and G and T and R terminals, 25°C
N TISP7380F3
PARAMET! TEST CONDITIONS U
ER MIN | TYP | MAX N
. Repetitive peak of- | VH ] v 0°C < T, < 70°C 10 A
= . <Ty< E3
ORM " state current D = *V0RM J s
Vigo) Breakover voltage dv/dt = £250 V/ms, Rgoyrce = 300 Q +380 \
- = Ius, = Q.
Vo, Impulse breakover volt dy/dt +1000 V/ps, Rgource = 50 +409 v
age di/dt < 20 A/ps
lsoy  Breakover current dv/dt = 250 V/ms, Rgoyrce = 300 Q +0.1 +0.8 A
Vr On-state voltage lr=25A, ty=100ps 15 v
n Holding current di/dt = +/-30 mA/ms ) +0.15
dvidt Critical rate of rise of Linef-ar voltage ramp 5 KVius
off-state voltage Maximum ramp value < 0.85V(grymin
Ip Off-state current Vp =450V +10 HA
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electrical characteristics for the T and G, R and G and T and R terminals, 25°C (continued)

PARAMETER TEST CONDITIONS TISP7380F3 UNIT
MIN | TYP | MAX
f=100kHz, Vg =100 mV \\;D=05'v ‘:; gg "E
Cott Off-state capacitance Third terminal voltage = 0 D=- P
Vp=-50V 7 15 pF
(see Notes 6 and 7)
Vorr =0 26 50 pF

NOTES: 6 Further details on capacitance are given in the Applications Information section.
7 First three capacitance values, with bias Vp, are for the T and G and T and G terminals only. The forth capacitance value, with bias
Vprg. is for T and R terminals only.

thermal characteristics

PARAMETER TEST CONDITIONS MINJ TYP ‘ MAX | UNIT
D Package 160
P Package 100 °C/W
SL Package 135

Py = 0.8 W, T =25°C
5 cm?, FR4 PCB

Rgya  Junction to free air thermal resistance

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Torm_

Vo

Vo

Quadrant Il

Switching
Characteristic

PMXXAA

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR T AND R TERMINALS
T and G and R and G measurements are referenced to the G terminal
T and R measurements are referenced to the R terminal

1/
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HA

I, - Off-State Current -

Nor

TYPICAL CHARACTERISTICS
R and G, or T and G terminals
NORMALISED BREAKDOWN VOLTAGES

OFF-STATE CURRENT

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
100 TC7HAE
1.2
W) &
i i Z, >
! |/ 4
1 V,=50V "
; ' v(um /
— | E s /
01 Vpo=-50V k | 1 Viorm 7
-E 1.0 71
Bl === - % /V(“) Normalised to Vg,
= < lom=1mAand 25°C -}
- Positive Polarity
0.001 0.9 1 ! I
25 0 25 50 75 100 125 150 25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 2. Figure 3.
NORMALISED BREAKDOWN VOLTAGES ON-STATE CURRENT
vs vs
JUNCTION TEMPERATURE ON-STATE VOLTAGE T
TC7HAF 100 . ‘C7THAL
I Positive Polarity
1.2
Vy < -
LA g
11 = §
Vv, e 10
(a;‘/ 3 if
5 v/
1o //// Q 1
. L~ d Normalised to V, - / I l
v ®R) 150°C = o
/ i lory = 1MAand 25°C | / I 21‘5 ¢
/ Negative Polarity / .40°C
09 L 1| 1 L
25 0 25 50 75 100 125 150 1 2 3 4 5 6 7 82910
T, - Junction Temperature - °C V; - On-State Voltage - V
Figure 4. Figure 5.
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TYPICAL CHARACTERISTICS
R and G, or T and G terminals

ON-STATE CURRENT

HOLDING CURRENT & BREAKOVER CURRENT

vs vs
ON-STATE VOLTAGE - JUNCTION TEMPERATURE
TC7HAH
100 - - - < 4
- Neg Polarity = 08
2 o7
3 06
< § 0-5
> £ o4
§
£ @ 03 NN
o .cr \ (80)
10
g - \\\\\1\
@ 1 o ~ N
S o \
. / 3 SN .
- // I g ooy "
150°C 25°C .6 0-1
n 2 0-09
| - 0.08 N
o - 007
; ".o ¢ 0.06
1 2 3 4 5 6 7 8910 -25 0 25 50 75 100 125 150
V; - On-State Voltage - V T, - Junction Temperature - °C
Figure 6. Figure 7.
NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE (POSWWET)UHAN
THAY 100 ’ — —
‘ [ Third Terminal Bias = -50 V
(-] Fr
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TISP7240F3, TISP7260F3, TISP7290F3, TISP7320F3, TISP7380F3

TRIPLE SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE17 - MARCH 1994 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
R and G, or T and G terminals

OFF-STATE CAPACITANCE

OFF-STATE CAPACITANCE

vs vs
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TISP7240F3, TISP7260F3, TISP7290F3, TISP7320F3, TISP7380F3
TRIPLE SYMMETRICAL TRANSIENT

VOLTAGE SUPPRESSORS
SLPSE17 - MARCH 1994 - REVISED SEPTEMBER 1994
TYPICAL CHARACTERISTICS
R and G, or T and G terminals
SURGE CURRENT
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TRIPLE SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS
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TYPICAL CHARACTERISTICS
R and T terminals

ON-STATE CURRENT

HOLDING CURRENT & BREAKOVER CURRENT

vs vs
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Off-State Capacitance - pF

TYPICAL CHARACTERISTICS
R and G, T and G and R and T terminals
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APPLICATIONS INFORMATION

electrical characteristics

The electrical characteristics of a TISP are strongly dependent on junction temperature, T, Hence a
characteristic value will depend on the junction temperature at the instant of measurement. The values given
in this data sheet were measured on commercial testers, which generally minimise the temperature rise
caused by testing. Application values may be calculated from the parameters’ temperature coefficient, the
power dissipated and the thermal response curve ,Zg (see M. J. Maytum, “Transient Suppressor Dynamic
Parameters."T! Technical Journal, vol. 6, No. 4, pp.63-70, July-August 1989).

lightning surge

wave shape notation
Most lightning tests, used for equipment verification, specify a unidirectional sawtooth waveform which has an
exponential rise and an exponential decay. Wave shapes are classified in terms of peak amplitude (voltage
or current), rise time and a decay time to 50% of the maximum amplitude. The notation used for the wave
shape is amplitude, rise time/decay time. A 50A, 5/310 ps wave shape would have a peak current value of
50 A, a rise time of 5 ps and a decay time of 310 ps. The TISP surge current graph comprehends the wave
shapes of commonly used surges.

generators

There are three categories of surge generator type, single wave shape, combination wave shape and circuit
defined. Single wave shape generators have essentially the same wave shape for the open circuit voltage
and short circuit current (e.g. 10/1000 pus open circuit voltage and short circuit current). Combination
generators have two wave shapes, one for the open circuit voltage and the other for the short circuit current
(e.g. 1.2/50 ps open circuit voltage and 8/20 ps short circuit current) Circuit specified generators usually
equate to a combination generator, although typically only the open circuit voltage waveshape is referenced
(e.g. a 10/700 ps open circuit voltage generator typically produces a 5/310 ps short circuit current). If the
combination or circuit defined generators operate into a finite resistance the wave shape produced is
intermediate between the open circuit and short circuit values.

current rating
When the TISP switches into the on-state it has a very low impedance. As a result, although the surge wave
shape may be defined in terms of open circuit voltage, it is the current wave shape that must be used to
assess the required TISP surge capability. As an example, the CCITT IX K17 1.5 kV, 10/700 ys surge is
changed to a 38 A, 5/310 pys waveshape when driving into a short circuit. Thus the TISP surge current
capability, when directly connected to the generator, will be found for the CCITT IX K17 waveform at 310 ps
on the surge graph and not 700 ps. Some common short circuit equivalents are tabulated below:

STANDARD OPEN CIRCUIT SHORT CIRCUIT
VOLTAGE CURRENT
CCITT IXK17 1.5 kV, 10/700 ps 38 A, 5/310 ps
CCITT IX K20 1 kV, 10/700 ps 25 A, 5/310 us
RLM88 1.5 kV, 0.5/700 ps 38 A, 0.2/310 us
VDE 0433 2.0kV, 10/700 ps 50 A, 5/200 ps
FTZ R12 2.0 kV, 10/700 ps 50 A, 5/310 ps

Any series resistance in the protected equipment will reduce the peak circuit current to less than the
generators’ short circuit value. A 2 kV open circuit voltage, 50 A short circuit current generator has an
effective output impedance of 40 © (2000/50). If the equipment has a series resistance of 25 Q then the
surge current requirement of the TISP becomes 31 A (2000/65) and not 50 A.
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APPLICATIONS INFORMATION

protection voltage
The protection voltage, (V(go)). increases under lightning surge conditions due to thyristor regeneration.
This increase is dependent on the rate of current rise, di/dt, when the TISP is clamping the voltage in its
breakdown region. The V(gg) value under surge conditions can be estimated by multiplying the 50 Hz rate
V(go) (250 V/ms) value by the normalised increase at the surge’s di/dt (Figure 2.) . An estimate of the di/dt
can be made from the surge generator voltage rate of rise, dv/dt, and the circuit resistance.

As an example, the CCITT IX K17 1.5 kV, 10/700 ps surge has an average dv/dt of 150 V/ps, but, as the rise
is exponential, the initial dv/dt is higher, being in the region of 450 V/ps. The instantaneous generator output
resistance is 25 . If the equipment has an additional series resistance of 20 €2, the total series resistance
becomes 45€2. The maximum di/dt then can be estimated as 450/45= 10 A/ys. In practice the
measured di/dt and protection voltage increase will be lower due to inductive effects and the finite slope
resistance of the TISP breakdown region.

capacitance

off-state capacitance
The off-state capacitance of a TISP is sensitive to junction temperature, T, and the bias voltage, comprising
of the dc voltage, Vp, and the ac voltage, Vy. All the capacitance values in this data sheet are measured
with an ac voltage of 100 mV. The typical 25°C variation of capacitance value with ac bias is shown in Figure
6 When Vp >> V4 the capacitance value is independent on the value of V4. The capacitance is essentially
constant over the range of normal telecommunication frequencies.

NORMALISED CAPACITANCE
vs
RMS AC TEST VOLTAGE
1.05 AIXXAA
1.00 T
N

8 095 A
]
.‘5
8 0.90 Y
]
o
E 0.85 \
]
g 1
2 080

0.75 |- Normalised to V, = 100 mV

|- DC Bias, V, =0
0.70 [ |
1 10 100 1000

V, - RMS AC Test Voltage - mV

Figure 24.
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APPLICATIONS INFORMATION

longitudinal balance

Figure 7 shows a three terminal TISP with its equivalent "delta" capacitance Each capacitance, Cyg , Cpg

and Ctg, is the true terminal pair capacitance measured with a three terminal or guarded capacitance
bridge. If wire R is biased at a larger potential than wire T then Cyg > Crg . Capacitance Crq is equivalent to
a capacitance of Cpg in parallel with the capacitive difference of (Cyg - Crg ). The line capacitive unbalance
is due to (C1g - Crg ) and the capacitance shunting the line is Cyg + Cpg/2 .

T
i T
Cno
o Equipment G — Equipment
——
c = Ten

- =

Cra
R AIXXAB

Cra > Cpo Equivalent Unbalance

Figure 25.

All capacitance measurements in this data sheet are three terminal guarded to allow the designer to
accurately assess capacitive unbalance effects. Simple two terminal capacitance meters (unguarded third
terminal) give false readings as the shunt capacitance via the third terminal is included.
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TISP61CAP3
PROGRAMMABLE TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEA4S - SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ Programmable Voltage Triggered SCR
with high Holding Current

® Transistor Buffered Inputs for Low Vgg
current

@ Rated for International Surge Wave Shapes

[
WAVE SHAPE | STANDARD T:"
107700 ps CCIT IX K17 38
1071000 pis REA PE-60 30

description
The TISP61CAP3 is a programmable
overvoltage protector designed to protect SLIC
applications against lightning and transients

P PACKAGE
(TOP VIEW)

T
VGG[:2
NC []3
R4

O

N O N @

o7
B[]
(16

: R MD6XAC

NC - No intemal connection

induced by ac power lines. Normally the Vgg device symbol

(Gate) terminal will be connected to the negative
supply rail of the SLIC

When a negative transient exceeds the negative
supply rail voltage of the SLIC it will cause the
thyristor to crowbar, shunting the surge to
ground. The high crowbar holding current
prevents dc latchup as the transient subsides.

Positive transients are clipped by diode action.

I

SD6XAB

Terminals T, R and G cormespond to the altemative line

designators of A, B and C. The negative protection

voltage is controlled by the voltage applied to the V4

terminal.

absolute maximum ratings

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) lrsp 38 A

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 30
Non-repetitive peak on-state current, 50 Hz, 1 s (see Notes 1 and 2) lrsm 25 Arms
Maximum gate current lam 2 A
Repetitive peak off-state voltage Voam -80 Vv
Maximum gate supply voltage VGG(max) -80 v

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

TEXAS
does not y include INSTRUMENTS

testing of allthe parameters.

Copyright © 1994 Texas Instruments Limited
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TISP61CAP3
PROGRAMMABLE TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE45 - SEPTEMBER 1994

electrical characteristics, T, = 25°C

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Ve Forward voltage lF=5A 3 v
F d recove
Vep L omwar v dv/dt=300 Vius  di/dt < 10 Als Rsounce = 30 Q 7 v
voltage
Gate cathode voltage
Vekeo) at breakover dv/dt = -250 V/ms <72 <V <-10V  Rgoyrce = 300 Q -3 \4
(Vigo) - Veo)
Impulse gate cathode
v age o breakover | YA="300VS v A 30 5] v
voltage 72< <- = -
GK(8O) g difdt < -10 Aluis GG SOURCE
(Vigo) - Vao)
Vy On-state voltage lr=-4A 72 <Vgg <-10V -3 v
o Off-state current Vp=-80V Vg =-80V -10 pA
Is Switching current dv/dt = -250 V/ms 72 <Vgg <-10V  Rggypce = 300 © -0.15 A
(M Holding current di/dt = 30 mA/us 72 <Vgg <-10V -0.15 A
} Gate reverse current Ve =72V 10 A
GAO  wyith cathode open Ge = "
Gate reverse current
| Ve =-72V lt=-05A -1 mA
GAT in the on-state e T
Gate reverse ct t T -
urren h=1A -10
lgar  inthe forward Veg=-72V mA
) lr=5A -30
conducting state
Peak gate switchini
Ism g 9 | dvdt=-250Vims  -72<Veg <10V Rggunce = 300 Q 5 | ma
current
Vp=-3V 150
C Off-state capacitance | -72 <V, -0V see Note 4 F
off pi <Vgg < Vp=-48V ( ) 80 p
Critical rate of rise of
dv/dt ! Vgg = -72 V, linear ramp, Maximum ramp value > 0.85 Vg -50 Vius
off-state voltage
NOTE  4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.
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SLPSEA4S - SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
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Switching . ] I
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Figure 1. VOLTAGE-CURRENT CHARACTERISTIC
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Technical Specifications

DO-220 Package
SOT-82 Package
TO-220 Package

TO-92 Package
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

S1.PSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vi) | Viso)

DEVICE @ | TEo
v| v

082 58 [ 82

® Pianar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":”
8120 ps ANSI C62.41 150
107160 pis FCC Part 68 60
107560 ps FCC Part 68 25
0.5/700 s ALM 88 38
FTZ R12 50

101700 ps VDE 0433 50
CCITT IX K17 50

10/1000 ps REA PE-60 50

description

The TISP1082 is designed specifically for
telephone line card protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Negative transients are initially clipped by zener
action until the voltage rises to the breakover
level, which causes the device to crowbar. The
high crowbar holding current prevents dc latchup
as the transient subsides. Positive transients are
clipped by diode action.

ANC— |1
co)—— @ O
BRIC——— 3

T0-220 PACKAGE
(TOP VIEW)

=

Pin 2 is In electrical contact with the mounting base.
MD)XXAN

device symbol

AM B(R)

C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications ¢

per the terms of Texas Instruments standard warranty. TEXAS

P ion p ing does not y include

ieing of e peamete. INSTRUMENTS
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alps
Junction temperature T 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10's Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
vy Reference zener Iy = + 1mA +58 v
voltage
Off-state leakage
| Vp=150V +1
O current o 0 pA
Coy  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 1 5 pF
NOTE 4: These capacitance measurements employ a three terminal itance bridge i porating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN [ TYP [ MAX | UNIT
Reference zener
vz Iz=-1mA -58 v
voltage
o Temperature coefficient
vy perature c 0.1 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) - 82 v
lgo)  Breakover current (see Note 5) -0.15 -0.6 A
Ve Forward voltage lg=5A (see Notes 5 and 6) 3 A
Vim Peak on-state voltage | Iy =-5A (see Notes 5 and 6) -2.2 -3 v
Iy Holding current (see Note 5) - 150 mA
Critical rate of rise of
dv/dt Note 7, -
off-state voitage (see Note 7) 5 kVis
Off-state leakage
1 Vp=-50V -
° current o 1o HA
Cof  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 300 500 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

NOTE 7: Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Vo

Quadrant It

Switching
Chaeracteristic PAXXAS

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A AND B

“ Quadrant |
Forward
Characteristic

Vo

Quadrant

Switching
Characteristic

Figure 2. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A AND C OR B AND Ct
tPolarity is determined at terminal A or B with respect to C
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

thermal characteristics

PARAMETER

[ MIN I TYP I MAX] UNIT I

[ Rgya Junction to free air thermal resistance

| | 62.5] °CW ]

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

ON-STATE AND FORWARD CURRENTS

ZENER AND BREAKOVER VOLTAGE

vs vs
ON-STATE AND FORWARD VOLTAGES JUNCTION TEMPERATURE
TCR1LAA TCRILAB
1000 r > 8
< 1 .
é . g 80
g 5 mu il
L‘E’ /:/ ' %
s 100 x 75
: :
o V.
: % 8 =
£ g =
3 >° v // v(au;
g 1wl A 5 g5l =
(7,& == , ,;,“' //
] 7 g I
L > 60
- s
1 { 55
1 10 100 25 0 25 50 75 100 125 150
V;, Ve - On-State Voltage, Forward Voltage - V T, - Junction Temperature - °C
Figure 3. Figure 4.
i
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

ky , lgo, - Holding Current, Breakover Current - A

V;, V, - On-State Voltage, Forward Voltage - V

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

HOLDING CURRENT & BREAKOVER CURRENT

vs
JUNCTION TEMPERATURE

TCRILAC

(BO)

01 \\%

0-01
-25 0 25 50 75 100

T, - Junction Temperature - °C

125 150

Figure 5.
ON-STATE VOLTAGE & FORWARD VOLTAGE
vs

JUNCTION TEMPERATURE
3.0 ] ]TCR‘LAE
25 I, =-5A —

I, =5A

2.0

v1
15 \\

vF
1.0
[
0.0

25 0 25 50 75 100 125 150

T, - Junction Temperature - °C
Figure 7.

OFF-STATE CURRENT

vSs
JUNCTION TEMPERATURE
TCRILAD
10
E v, =-50V
; /
1 .
. i
5 4
3
® 01
s 7
?
E /
o
- 0.01 /L
0-001
25 0 25 50 75 100 125 150

T, - Junction Temperature - °C
Figure 6.

NORMALISED BREAKOVER VOLTAGE
vs

RATE OF RISE OF PRINCIPLE CURRENT

TCRI1LAI

2.00
N
1.75
1.50
i !
1.00
0-001 0-01 01 1 10 100
di/dt - Rate of Rise of Principle Current - A/ys
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

PEAK DIODE FORWARD VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT A OR B TERMINAL VOLTAGE (POSITIVE)
TCR1LAJ TCR1LAK
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>
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Figure 9. Figure 10.
OFF-STATE CAPACITANCE
vs
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

V., Va0, - Zener Voltage, Breakover Voltage - V

TYPICAL CHARACTERISTICS
A and B terminals
ZENER VOLTAGE & BREAKOVER VOLTAGE HOLDING CURRENT & BREAKOVER CURRENT
Vs VS
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
85 TCR1LAF 1 TCRILAG
<
H .
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3
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Figure 12. Figure 13.
OFF-STATE CURRENT
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JUNCTION TEMPERATURE

TCRILAH

Vd=250V
1

™N

I, - Off-State Current - pA
°

o
o
=

0-001
-25 0o 25 50 75 100 125 150

T, - Junction Temperature - °C
Figure 14.
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and B terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
A OR B TERMINAL VOLTAGE (POSITIVE) A OR B TERMINAL VOLTAGE (NEGATIVE)
TCRILAM TCRILAN
10 T ™17 10 N —— —
[ Only for C = +50 V [ Only forC=+50 V
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Figure 15. Figure 16.
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vs
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TISP1082
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SILPSE22 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

ient Thermal

THERMAL INFORMATION

MAXIMUM NON-RECURRENT 50Hz CURRENT

vs
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TISP1082L
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE23 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

\/ 17
DEVICE @ ®)
v v
‘1082L -58 - 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":"
8720 ps ANSIC62.41 150
107160 ps FCC Pan 68 60
107560 ps FCC Part 68 a5
0.5/700 ps RLM 88 38
FTZR12 50

107700 ps VDE 0433 50
CCITT IX K17 50

1071000 s REA PE-60 50

description

The TISP1082L is designed specifically for
telephone line card protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Negative transients are initially clipped by zener
action until the voltage rises to the breakover
level, which causes the device to crowbar. The
high crowbar holding current prevents dc latchup
as the transient subsides. Positive transients are
clipped by diode action.

L PACKAGE
(TOP VIEW)

L —— L
ce) —————— ]
BR)IC———————

N

O

Pin 2 is in electrical contact with the mounting base.
MDXXAC

w

device symbol

A(T) B(R)

C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

does not ily include TEXAS
festing of il the parareters Y INSTRUMENTS



TISP1082L
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE23 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 us (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz. 0.7 s (see Notes 1 and 2) ITsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alps
Junction temperature Ty 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Ts(g -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zener
Vs 1=+ 1mA +58 v
voltage
| Off-state leakage Vo= 450V +10 A
0 current b== B s
Coy  Off-state capacitance | Vp =0 t=1kHz (see Note 4) 1 5 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Referen e
vz e zener Iz=- 1mA -58 v
voltage
- fici -
v, Temperature coefficient o1 %0
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) -82 \
lnoy  Breakover current (see Note 5) -0.15 -0.6 A
Vg Forward voltage lF=5A (see Notes 5 and 6) 3 A
Vim  Peak on-state voltage | Iy =-5A (see Notes 5 and 6) -22 -3 v
iy Hoiding current (see Note 5) - 150 mA
Critical rate of rise of
dvidt €% | (see Note 7) -5 | kvis
off-state voltage
| Off-state leakage v 50V 10 A
O current 0=" "
Cot  Off-state capacitance | Vp =0 =1kHz (see Note 4) 300 | 500 | pF

NOTES: 5. These parameters must be measured using pulse technigues, t, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
*3
TEXAS
INSTRUMENTS




TISP1082L
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE2} - FEBRUARY 1990 - REVISED SEPTEMBER 1994

NOTE 7: Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

PARAMETER MEASUREMENT INFORMATION

+ Quedrant |
bee - Switching
Characteristic
b
.
[
Vo b - v

Quadrant it
Switching ==t b
Chaeracteristic

- PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A AND B

“ Quadrant |
b = F
Conduction
Characteristic
=1
& .
Ve
Vo
* b

Quadrant it

Switching
Charactertstic

PMXXAD

Figure 2. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A AND C OR B AND Ct

tPolarity is determined at terminal A or B with respect to C

“"P TEXAS
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TISP1082L
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE23 - FEBRUARY 1990 - REVISED SEPTEMBER 1994
—

thermal characteristics

[ PARAMETER I MIN [ TYP I MAX | UNIT
[Re.m Junction to free air thermal resistance [ | [ 100 | “cw

‘3 TEXAS

INSTRUMENTS
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TISP2082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SL.PSE24 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vv, Vv,
DEVICE @ ®
v v
‘2082 58 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD 'T:"

8/20 s ANSI C62.41 150

107160 ps FCC Part 68 60

10/560 ps FCC Pan 68 a5

0.5/700 ps RLM 88 38

FTZRi12 50

10/700 ps VDE 0433 50

CCITT IX K17 50

1071000 ps REA PE-60 20

description

The TISP2082 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

ANVC—— |1
ce)————— @ O
BRIC———— |3

T0-220 PACKAGE
(TOP VIEW)

Pin 2 Is In electrical contact with the mounting base.
MDXXAN

device symbol

AM) B(R)
[

v o

] SD2XAB
c(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of o
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas instruments Limited

does not ily include TEXAS
;e:ting of all the parameters. ) lemUMEms



TISP2082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE24 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 80

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shap2 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 40
Non-repelitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dip/dt 250 Alps
Junction temperature o T 150 °C
Operating free - air temperature range Qto 70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s ‘H Tiead 260 T |

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T, =25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX [ UNIT
v, Reference zener = 1mA 158 v
voltage
Off-state leakage
b 9 Vp=+50V 10| pA
current
Coyt  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 70 150 pF
NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zener
Vz Iz=% 1MA + 58 \2
voltage
o Temperature coefficient
Vs P 0.1 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) + 82 v
lgo) Breakover current (see Note 5) +0.15 + 06 A
Vim Peak on-state voltage | ly=+ 5A (see Notes 5 and 6) +22| +3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/us
off-state voltage
Off-state leakage
| Vp=+ 50V + 1 A
D current 0 0 "
Coxt  Off-state capacitance Vp=0 f=1kHz (see Note 4) 110 200 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum)

3-18
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TISP2082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE24 NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant il / ]
Swhching S e

Characteristic 4 PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals A and B are not guaranteed.

thermal characteristics

PARAMETER [ MINT TYP ] MAX] UNIT |
Raya Junction to free air thermal resistance - - | | | 625 "cw |

TeEXAS
INSTRUMENTS



TISP2082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE24 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

SURGE CURRENT
vs
DECAY TIME

TCS2LAA
1000

Maximum Surge Current - A
-
(=3
o
1
I
F

10

2 10 100 1000
Decay Time - ps
Figure 2.
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TISP2082L
DUAL SYMMETRICAL TRANSIENT
VCLTAGE SUPPRESSORS

SLPSE2S - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vi) | Vieo)

DEVICE @ | Teo
v v
2082L 58 | 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

hrsp
WAVE SHAPE STANDARD A
8/20 ps ANSI C62.41 150
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZ R12 50
10/700 ps VDE 0433 50
CCITT IX K17 50
10/1000 ps REA PE-60 40

description

The TISP2082L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

L PACKAGE
(TOP VIEW)

=
=2
w

Pin 2 Is In electrical contact with the mounting base.
IXXAOQ

device symbol

A(T) B(R)

7w

' SD2XAB
c(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PR&I:UCT}ON DATA information is curm;'l as of i
publication date. Products conform to specifications b T
EXAS

per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

;esting of alithe paramﬂz?:’ ot e lNSTRUMENTS
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TISP2082L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE25 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 pus (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 40
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature T, 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Teig -40 to +150 °C
Lead temperature 1.5 mm from case for 10's Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT’s quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT

v, Reference zener Ig=+ mA +58 v
voltage
Off-state leakage

Io Vp=+50V +£10 uA
current

Cof  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 70 150 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zene!
vz ’ Iz=+ 1mA +58 v
voltage
o Temperature ffici
v, pt ure coefficient 01 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) + 82 v
lgoy Breakover current (see Note 5) +0.15 + 06 A
Vim  Peak on-state voltage | Iy =+ 5A (see Notes 5 and 6) +22| +£3 v
M Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt T (see Note 7) +5 kV/ps
off-state voltage
Off-state leakage
In Vp=+ 50V +10| pA
current
Cof  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 10 200 pF
NOTES: 5. These parameters must be measured using pulse technigues, t,, = 100 ps, duty cycle < 2%.

6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V (minimum).

P TEXAs
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TISP2082L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE2S  FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
Quadrant |

Switching
Characteristic

Quadrant Il

b

1 P
- PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals A and B are not guaranteed.

Switching
Characteristic

thermal characteristics

[ PARAMETER [ MINT TYP | MAX] UNIT |
[ Raya  Junction to free air thermal resistance | i [ 100 | cow |

{if TEXAS
INSTRUMENTS

3-23



3-24



TISP2180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE26 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

Vg TV,
DEVICE @ | e
v| v
3180 45 | 180

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":”

8720 is ANSI C62.41 150

107160 ps FCC Par 68 60

107560 ps FCC Pan 68 35

0.5/700 ps RLM 88 38

FTZ R12 50

101700 ps VDE 0433 50

COITT IX K17 50

7071000 pis REA PE-60 50

description

The TISP2180 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

AMNc— |1
co)———— @ O
BRIC——— |3

T0-220 PACKAGE
(TOP VIEW)

T

Pin 2 is in electrical contact with the mounting base.
MDXXAN

device symbol

A(T) B(R)

|
N

N o

l SD2XAB
c(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRSDUCTK)N DATA information is current as of o Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications

per the terms of Texas Instruments standard warranty. TEXAS

Production p ing does not ily include

testing of all the parameters. lNSTRUMEms
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TISP2180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE26 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) Irsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dig/dt 250 Alus
Junction temperature Ty 150 °C
Operating free - air temperature range 0to 70 °c
Storage temperature range Tog 40t0+150 | °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT’s quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Refi

Vz eterence zener Iz=+1mA + 145 A
voltage
Off-state leakage

Ip Vp=%50V +£10 A
current

Coit  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 40 100 pF

NOTE
connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Reference zener
vz Iz=% 1mA +145 Y
voltage
o Temperature coefficient
Vs P 0.1 %°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +180 \
lgo)  Breakover current (see Note 5) +0.15 + 0.6 A
Vrm  Peakon-state voltage | lr=+ 5A (see Notes 5 and 6) +22 +3 Vv
In Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/ips
off-state voltage
; Off-state leakage Vet 50V +10 A
®  current 0= W
Cott  Off-state capacitance Vp=0 f=1kHz (see Note 4) 110 200 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V7 (minimum).
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DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE26 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant il

Switching
Characteristic

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals A and B are not guaranteed.

thermal characteristics

PARAMETER ] MIN] TYP [ MAX] UNIT |

Rgya  Junction to free air thermal resistance | | | 625 cw ]

“i) TExXAS
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TYPICAL CHARACTERISTICS
A and C, or B and C terminals

ON-STATE CURRENT
vs

ON-STATE VOLTAGE
1000

ZENER VOLTAGE & BREAKOVER VOLTAGE

TCS2MAA
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160

I, - On-State Current - A
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145

vy, Vieo) - Zener Voltage, Breakover Voitage - V

140

vs
JUNCTION TEMPERATURE
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]
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V; - On-State Voitage - V T, - Junction Temperature - °C
Figure 2. Figure 3.
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HOLDING CURRENT & BREAKOVER CURRENT

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

OFF-STATE CURRENT

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
1 TCS2MAC 10 TCS2MAD
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Figure 4. Figure 5.
ON-STATE VOLTAGE NORMALISED BREAKOVER VOLTAGE
vs Vs
JUNCTION TEMPLATE RATE OF RISE OF PRINCIPLE CURRENT
TCS2MAE TCS2MAI
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TYPICAL CHARACTERISTICS
A and C, or B and C terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
TCS2MAK TCS2MAL
1000 1000 n
s - - s
@ L[[][| Third terminal bias = @ —1 Third terminal bias = -50 V
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Figure 8. Figure 9.
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TYPICAL CHARACTERISTICS
A and B terminals

ZENER VOLTAGE & BREAKOVER VOLTAGE HOLDING CURRENT & BREAKOVER CURRENT

V2 Vg0 - Zener Voltage, Breakover Voltage - V

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCS2MAF TCS2MAG
180 < 1
£
175 o
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Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS
A and B terminals

3-32

NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
vs vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE (POSITIVE)
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Figure 14. Figure 15.
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THERMAL RESPONSE
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TISP2180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SI.PSE27 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vi) | Vieo)

DEVICE @ | .o
v v

21800 145 | 180

® Pianar Passivated Junctions
Low Off-State Current < 10 pA

Y1) ——

NS
ceO————————— 12 O
BRI 3

L PACKAGE
(TOP VIEW)

Pin 2 Is in electrical contact with the mounting base.
MO!

® Rated for International Surge Wave Shapes XXAO
WAVE SHAPE | STANDARD ":"
8/20 ps ANSI C62.41 150
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45 device symbol
0.5/700 ps RLM 88 38
FTZ R12 50 A(T) B(R)
10/700 ps VDE 0433 50
CCITT IX K17 50 [V
7071000 ps REA PE-60 50 N
description Z Z 2 Z
The TISP2180L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These I So2xAB
devices will supress voltage transients between c(6)

terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

Pﬂa_DU(‘:TION DATA information is current as of I
publication date. Products conform to specifications b
per the terms of Texas Instruments standard warranty. TExAS

Copyright © 1994 Texas Instruments Limited

tre‘sting of all the paramet:?:.s "t Hy include ler RUMENTS
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TISP2180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE27 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ys (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) Irsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alps
Junction temperature T, 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Reference zener

vz Iz=+1mA +145 v
voltage
Off-state leakage

Ip Vp=+50V +10 pA
current

Coff  Off-state capacitance | Vp=0 =1kHz (see Note 4) 40 100 pF

NOTE 4: These capacitance measurements employ a three terminal bridge incorp 1g a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN [ TYP | MAX | UNIT
Reference zener
vz Iz=+ 1mA +145 v
voltage
o« Temperature coefficient
Vs peraiu cien 0.1 %PC
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) + 180 v
lgo) Breakover current (see Note 5) +0.15 + 06 A
Vim Peakon-state voltage | lr=+ 5A (see Notes 5 and 6) +22| +3 v
[M Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/us
off-state voltage
| Off-state leakage Vo=+ 50V + 10 A
D current == "
Coft  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF
NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.

6.

7

These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
Linear rate of rise, maximum voltage limited to 80 % V (minimum).

“’? TEXAS
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TISP2180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE27 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

+ Quadrant |
IS E—
Switching
/ Characteristic
=
T
b=t -
vV
ly——
v-
Vo o - v
) b ~h Vo
L3 lonu
Vo
[— [
Vo)
Quadrant it
Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals A and B are not guaranteed.

thermal characteristics

PARAMETER

[ MINT TYP | MAX] UNIT ]

| Resa Junction to free air thermal resistance

| | | 100 | "CW |

‘@’ TEXAS
INSTRUMENTS
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TISP2180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE27 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

SURGE CURRENT
vs
DECAY TIME

1000 TCS2MAP

Maximum Surge Current - A

2 10 100 1000
Decay Time - ps
Figure 2.
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SELPSE2R - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

T0O-220 PACKAGE

(TOP VIEW)
v v
DEVICE @ Teo AT N
v v Mc— |1
2290 200 | 2%0 coy———_ _ |® Q
BRIC————— |3
@ Planar Passivated Junctions A
Low Off-State Current < 10 pA
. Pin 2 is In electrical contact with the mounting base.
® Rated for International Surge Wave Shapes MDXXAN
WAVE SHAPE | STANDARD 'T:"
8/20 ps ANSI C62.41 150
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45 device symbol
0.5/700 ps RLM 88 38
FTZ R12 50 A(T) B(R)
10/700 ps VDE 0433 50
CCITT IX K17 50 (|
10/1000 ps REA PE-60 50 N
description Z Z ZZ
The TISP2290 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These l sD2AB
devices will supress voltage transients between c(©)

terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRgDUCTION DATA information is current as of .
publication date. Products conform to specifications ¢
per the terms of Texas Instruments standard warranty. TEXAS

Copyright © 1994 Texas Instruments Limited

F [ does not ily include
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3) u

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 us (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) Irsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps 1
Junction temperature T, 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS | MINT TYP | MAX| UNIT
v, Reference zener Iy=+ ImA +200 v
voltage
Off-state leakage
Io Vp=+50V +10 nA
current
Cont  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 40 100 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Refe
v, eerencezener Iz=% 1mA +200 v
voltage
=y, Temperature coefficient 01 %P
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +290 v
lso)  Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | lt=+ 5A (see Notes 5 and 6) +19| +3 v
[N Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt rate olnise of 1 (see Note 7) +5 | Kkvis
off-state voltage
Off-state leakage T
| Vp=¢% +
® current p=* S0V 1o kA
Coft  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF

NOTES: 6. These parameters must be measured using pulse techniques, t, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.

7. Linear rate of rise, maximum voltage limited to 80 % V; (minimum).

“';’TEXAS
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant lil / i
Switching ST 1 b

hil
Characteristic 4 PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS
The high level characteristics for terminals A and B are not guaranteed.

thermal characteristics

PARAMETER [ MINT TYP | MAX] UNIT |
[‘ Rgia  Junction to free air thermal resistance - ] | | | 625 ] ~cw |

{'f TEXAS
INSTRUMENTS
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TISP2290

DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

ON-STATE CURRENT ZENER VOLTAGE & BREAKOVER VOLTAGE
vs vs
ON-STATE VOLTAGE JUNCTION TEMPERATURE
1000 TCS2HAA 290 TCS2HAB
>
& 280
2 v
Yy g 270 {BO)
< / o L1
! 1
E 100 - g 260 /,4/ ,/
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V; - On-State Voltage - V T, - Junction Temperature - °C
Figure 2. Figure 3.
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994
I

HOLDING CURRENT & BREAKOVER CURRENT

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

OFF-STATE CURRENT

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCS2HAC TCS2HAD
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Figure 4. Figure 5.
ON-STATE VOLTAGE NORMALISED BREAKOVER VOLTAGE
vs vs
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
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Figure 6. Figure 7.
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
TCS2HAK TCS2HAL
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w -~ Third terminal bias = -50 V 111 \;_ | Third terminal bias = -50 V L
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Figure 8. Figure 9.
SURGE CURRENT
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DECAY TIME
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Figure 10.
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

- Zener Voltage, Breakover Voltage - V

2 V(BO)

ZENER VOLTAGE & BREAKOVER VOLTAGE

TYPICAL CHARACTERISTICS
A and B terminals

HOLDING CURRENT & BREAKOVER CURRENT

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
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TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE28 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and B terminals

NORMALISED BREAKOVER VOLTAGE OFF-STATE CAPACITANCE
\'C vs
RATE OF RISE OF PRINCIPLE CURRENT TERMINAL VOLTAGE (POSITIVE)
TCS2HAJ TCS2HAM
25 1000 e
g 23
Al s
3 20 g 100 !
3 2 L Third terminal bias = -50 V
s 18 8 P ]
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£ 15 — = 10
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Figure 14. Figure 15.
OFF-STATE CAPACITANCE
vs
TERMINAL VOLTAGE (NEGATIVE)
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o
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Figure 16.

“? TEXAS
INSTRUMENTS

3-46



TISP2290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE 2R - NOVEMBER 1986 - REVISED SEPTEMBER 1994
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TISP2290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

S1.PSE29 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vo) | Vieo

DEVICE @ (80)
v v

2290L 200 290

® Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD ":"

8/20 ps ANSI C62.41 750

107160 ps FCC Part 68 60

T0/560 ps FCC Pant 68 a5

0.5/700 ps RLM 88 38

FTZ R12 50

107700 ps VDE 0433 50

CCITT IXK17 50

10/1000 ps REA PE-60 50

description

The TISP2290L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

AT ————————4 ~—
ce\————————— ]2 O
B(R)l— 3

L PACKAGE
(TOP VIEW)

Pin 2 is in electrical contact with the mounting base.
MDXXAO

device symbol

A(T) B(R)
[

7w

I SD2XAB
c(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications l

per the terms of Texas Instruments standard warranty. EXAS

F ion pi ing does not ily include

e ool poraner INSTRUMENTS
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TISP2290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE29 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ys (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature Ty 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Ref
vy eference zener Iy =+ 1mA +200 v
voltage
Off-state leakage
| Vp=+50V +10 A
0 current o "
Con  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 40 100 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Ref
v eference zener lp=+ 1mA +200 v
voltage
o Te t ffici
v, ‘emperature coefficient o1 %C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +290 \
lgo) Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | lt=% 5A (see Notes 5 and 6) +19 | +3 v
ly  Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt Note 7 * kV/
off-state voltage (see Note 7) 5 us
Off-state leakage
i Vp=1% 4
°  current o sov 10 wA
Coff  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 10 200 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

{'f EXAS
INSTRUMENTS
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TISP2290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE29 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant lil

Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

The high level characteristics for terminals A and B are not guaranteed.

thermal characteristics

| © PARAMETER

l MIN I TVPI MAXI UNIT ]

I Rgya  Junction to free air thermal resistance

| [ [ 100 ] cow ]

‘E’ TEXAS
INSTRUMENTS

3-51



TISP2290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE29 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

SURGE CURRENT
vs
DECAY TIME

1000 TCS2HAP

Maximum Surge Current - A
-
8

10

2 10 100 1000
Decay Time - ps
Figure 2.

i
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TISP2310L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE41 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vg TV,

DEVICE @ | “eo
v| v

23100 750 | 310

® Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD ":"
8/20 ps ANSI C62.41 150
107160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZ R12 50
10/700 ps VDE 0433 50
CCITTIX K17 50
10/1000 ps REA PE-60 50

description

The TISP2310L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

AT ———————

coC—————— |2 O
BR)

L PACKAGE
(TOP VIEW)

-

3

Pin 2 is In electrical contact with the mounting base.
MODXXAO

device symbol

A B(R)
[ n ]

v o

I SD2XAB
c(Q)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of ’
publication date. Products conform to specifications 1/
per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

does not ily include EXAS
testing of all the parameters. ' INSTRUMENTS

3-53



TISP2310L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE41 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 pus (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alys
Junction temperature Ty 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 | °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resuiting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
feren:
vy Reference zener Iy = + 1mA + 950 v
voltage
Off-state leakage
I Vp=+50V +10 A
°  current 0 "
Coy  Off-state capacitance Vp=0 f=1kHz (see Note 4) 40 100 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zener
\'74 Iz=+ 1mA +250 v
voltage
o Temperature coefficient
Vs " 0.1 %/°C
of reference voltage
Vgo) Breakover voltage (see Notes 5 and 6) +310 A
lgo) Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | ly=+ 5A (see Notes 5 and 6) +22| +3 Vv
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt Note 7 +5 kV/j
off-state voltage (see Note 7) e
| Off-state leakage Vo=t 50V + 10 A
O curment o== - "
Coy  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF
NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.

6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V7 (minimum).
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TISP2310L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE4] - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
Quadrant |

Switching
Characteristic

Quadrant Il

Switching
Characteristic

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS
The high level characteristics for terminals A and B are not guaranteed.

PMXXAB

thermal characteristics

PARAMETER l MIN l TYP L MAXI UNIT ]
[ Resa Junction to free air thermal resistance | 1 100 ] cw |

{i’ TeExAS
INSTRUMENTS
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TISP3082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE30 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

V, v
DEVICE @ ®0)
v v
‘3082 58 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD 'T:’

8720 ps ANSI C62.41 150

107160 ps FCC Pan 68 60

107560 ps FCC Pant 68 45

0.5/700 ps RLM 88 38

FTZR12 50

107700 ps VDE 0433 50

CCITT IX K17 50

10/1000 ps REA PE-60 20

description

The TISP3082 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
These devices will supress voltage transients
between terminals A and C, B and C, and A and
B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

ANc————— |1
ce)———— 1@ O
BRIC———— |3

T0-220 PACKAGE
(TOP VIEW)

T

Pin 2 Is In electrical contact with the mounting base.
MDXXAN

device symbol

A(T) B(R)

SDIXAB
C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of o
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

does not include TEXAS
testing of all the ;:mrnwil’eterss ) INSTRUMENTS

3-57



TISP3082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE30 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 us) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 40
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature Ty 150 °C
Operating free - air temperature range “0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 N °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT’s quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v, Reference zener Iy =+ 1mA +116 v
voltage
Off-state leak ) -
Ip state leakage Vp=%50V +10 pA
current
Co  Off-state capacitance Vp=0 f=1kHz (see Note 4) 0.5 5 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MiN | TYP | MAX | UNIT
Reference zenei
vy ce zener Iz=+ 1mA + 58 v
voltage
o Temperature coefficient
Vz P 0.1 %P°C
of reference voltage
Vgo) Breakover voltage (see Notes 5 and 6) + 82 v
lgo) Breakover current (see Note 5) +0.15 + 0.6 A
Vim  Peakon-state voltage | Iy =+ 5A (see Notes 5 and 6) +22| +3 v
(M Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kVius
off-state voltage
Off-state leakage
lp 9 Vp=+% 50V + 10 pA
current
Cof  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V (minimum)

{9 TeEXAS
INSTRUMENTS
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TISP3082

DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3) - NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant I

Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR TERMINALS

thermal characteristics

PARAMETER [ MIN T TYP ] MAX] UNIT |
[ Resa  Junction to free air thermal resistance 1 | | 625 *cw |
4
TEXAS
INSTRUMENTS

3-59



TISP3082
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE30 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

SURGE CURRENT

vs
DECAY TIME
TCS3LAA
1000
.
‘\
™N
< ITH
S
P I~
o 100
3
7]
E
3
E
3
=
10
2 10 100 1000
Decay Time - ps
Figure 2.
i
INSTRUMENTS
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TISP3082L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3] - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

Vi) | Viso)

DEVICE @1 Teo
v | v
30820 58 | 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":"
8/20 ps ANSI C62.41 100
10/160 ps FCC Part 68 60
107560 ps FCC Part 68 a5
0.5/700 ps RLM 88 38
FTZ R12 50

10/700 ps VDE 0433 50
CCITT IXK17 50

1071000 ps REA PE-60 35

description

The TISP3082L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
These devices will supress voltage transients
between terminals A and C, B and C, and A and
B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

L PACKAGE
(TOP VIEW)

N
Pin 2 Is In electrical contact with the mounting base.
MDXXAO

device symbol

A B(R)

C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PNgDUCTION DATA information is current as of o Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications
Eer the terms of Texas lndl:;umm standard wrrva I EXAS
s not inclu
umng of all the parlmeten lerRUM Ems
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TISP3082L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE31 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 pus (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 100

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 s (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 pys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) Irsm 10 A rms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alps
Junction temperature Ty 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
R ner

v, eference zenel Iy =+ 1mA +116 v
voltage
Off-state leakage

Ip Vp=+50V +10 pA
current

Cop  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 0.5 5 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Reference zener
vz Iz=+ 1mA + 58 v
voltage
o Temperatu flicient
v, P re coefficien 01 %G
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) + 82 v
lgo) Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peakon-state voltage | iy=+ 5A (see Notes 5 and 6) +22| +£3 v
M Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) 5 kV/ips
off-state voitage
| Off-state leakage Vot 50V +10 A
°  cument 0== i
Cof  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 110 [ 200 pF
NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.

6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).
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TISP3082L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SEPSE - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant il

Switching
Characteristic

PMXXAB
Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

thermal characteristics

[ PARAMETER [ MINT TYP | MAX [ UNIT |
Rgya  Junction to free air thermal resistance | | [ 100 ] ew ]
£
TEXAS
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Volitage

TO-220 PACKAGE

Low Voltage Overshoot under Surge (TOP VIEW)
v v, BYA
@ | Veo)
DEVICE
v v AN C———— |1
3180 145 | 180 cey———__ @ O
@ Planar Passivated Junctions BR) ———— 13 A
Low Off-State Current < 10 pA
Pin 2 is in electrical contact with the mounting base.
® Rated for International Surge Wave Shapes MDXXAN
WAVE SHAPE | STANDARD ":"
8/20 ps ANSI C62.41 150
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45 device symbol
0.5/700 ps RLM 88 38
FTZ R12 50
10/700 ps VDE 0433 50 A(T) B(R)
CCITT IX K17 50
10/1000 ps REA PE-60 50

description

The TISP3180 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
They will supress voltage transients between
terminals A and C, B and C, and A and B.

C(G)

These monolithic protection devices are

Transients are initially clipped by zener action fabricated i", ion-implanted planar structures to
until the voltage rises to the breakover level, ensure precise and matched breakover control
which causes the device to crowbar. The high and are virtually transparent to the system in

crowbar holding current prevents dc latchup as normal operation
the transient subsides.

PRODUCTION DATA information is current as of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications
per the terms of Texas instruments standard warranty.

does not inclu -IEXAS
testing of al the parameters. " : lNSTRUMENTS
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 pys (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dip/dt 250 Aps
Junction temperature T 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1.

Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference ze

vz ner Iy =+ 1mA +290 v
voltage
Off-state leaka

Io ae Vp=250V 10| pA
current

Coyr  Off-state capacitance Vp=0 f=1kHz (see Note 4) 0.5 5 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX [ UNIT
Reference zener
vz Iz=% 1mA +145 \
voltage
o« Temperature coefficient
vz P 0.1 %P°C
of reference voltage
Vgo) Breakover voltage (see Notes 5 and 6) +180 A
lgo)  Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | Iy=+ 5A (see Notes 5 and 6) +22] +3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt Note 7 Vi
off-state voltage (see Note 7) ts kVius
Off-state leakage
Ip 9 Vp=% 50V + 10 nA
current
Co  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF
NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 us, duty cycle < 2%.

6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

3-66
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TISP3180

DUAL SYMMETRICAL TRANSIENT

VOLTAGE SUPPRESSORS

SL.PSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant I

Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

thermal characteristics

PARAMETER

I MINI TYP] MAX] UNIT|

r Rgya  Junction to free air thermal resistance

[ | [ws| ow]

{'P TeEXAS
INSTRUMENTS
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

ON-STATE CURRENT ZENER VOLTAGE & BREAKOVER VOLTAGE
vs vs
ON-STATE VOLTAGE o JUNCTION TEMPERATURE
TCS3l
1000 5 180 ;
& s oA
g =
I > p
:.t J |3 170 = /
£ 100 2 P v,
£ 3 185 / i /
o m
2 & 160 b= 1
3 £ o
1 2 1ss
L0 4 g
— 4 N N Pl
HH Y 150
:
% s
>
1 140
1 10 100 25 0 25 50 75 100 125 150
V, - On-State Voltage - V T, - Junction Temperature - °C
Figure 2. Figure 3.
i
INSTRUMENTS
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

HOLDING CURRENT & BREAKOVER CURRENT

OFF-STATE CURRENT

vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCS3MAC TCS3MAD
<« ! 10
£
§ \\\Imm
~J VD =150 V
E \‘\“ < 1 =
% I“ .\\“\ ‘é "I
(3
2 S 3 7
E, 01 g 01 =
5 o
2 5 i
5 s 74
2 0.01 4
.§ B B
0.01 0.001
25 0 25 S0 75 100 125 150 25 0 25 S0 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 4. Figure 5.
ON-STATE VOLTAGE NORMALISED BREAKOVER VOLTAGE
vs vs
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
TCS3MAE TCSIMAI
3 14
3
> I, =15A S 13
é» 2 \\ '
£
o
>
)
5 s 12 ‘
<
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"
> 3 /
2 1 A
0 LA
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T, - Junction Temperature - °C di/dt - Rate of Rise of Principle Current - A/ps
Figure 6. Figure 7.
3 1
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and C, or B and C terminals

OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
TCS3MAJ TCS3MAK
100 -y 100 S
M I
™ —
\~.
%- \\ w ™
4;) N II) \ HHH
g N g N
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g g b
] L
o 4]
1] 2
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10 10
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Terminal Voltage (Positive) - V Terminal Voltage (Negative) - V
Figure 8. Figure 9.
SURGE CURRENT
vs
DECAY TIME
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2 10 100 1000
Decay Time - us
Figure 10.
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

Vg, V‘,o) - Zener Volitage, Breakover Voltage - V

TYPICAL CHARACTERISTICS
A and B terminals

ZENER VOLTAGE & BREAKOVER VOLTAGE HOLDING CURRENT & BREAKOVER CURRENT
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCS3MAF TCSIMAG
360 < !
v(BO}l é
350 / = g ~ \i’ o
(5] ~
340 = A - e .
/ [ —~— ~
| A V/z § LU B
330 ] F ~
1 v @ SN
320 ,/ /1 :f, 01
| 8
310 3 o
/ 5
2
300 /’ 2
290 £
280 0-01
25 0 25 50 75 100 125 150 25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 11. Figure 12.
OFF-STATE CURRENT
vs
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T, - Junction Temperature - °C
Figure 13.
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS

OFF-STATE CAPACITANCE

A and B terminals

OFF-STATE CAPACITANCE
vs

vs
TERMINAL VOLTAGE (POSITIVE) TERMINAL VOLTAGE (NEGATIVE)
TCS3MAL TCS3MAM
1 1
+HHH
w w
=S o
: :
]
3 3
& Ly
o — o
2 2
P 2
B 9
& § 1
01 01
01 1 10 100 01 1 10 100
V,s - Terminal Voltage (Positive) - V V,q - Terminal Voltage (Negative) - V
Figure 14. Figure 15.
i
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TISP3180
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE32 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

THERMAL INFORMATION

MAXIMUM NON-RECURRENT 50 Hz CURRENT

THERMAL RESPONSE CURREN‘II'SDURAHON
100 - T.SW < 10 TISIMAB
5 l:I i ‘-nmu § i
° B Il|||llllllll|t i} IR 5
NI I IIIIIIII Hli IH'"IIIIII IIIIIIII H
0 L A b
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Figure 16. Figure 17.
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Figure 18.
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TISP3180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE31 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

Vo [V

DEVICE @ | "Eo
v v

‘3180L 145 180

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD ‘T:P
8/20 ps ANSI C62.41 100
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50

10/700 ps VDE 0433 50
CCITTIX K17 50

10/1000 ps REA PE-60 35

description
The TISP3180L is designed ennmflr‘allu for

80L designed specifical
telephone equipment protectlon against Ilghtnmg
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
They will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

AN ——— 11
(of(c) | m———— F 1 O
BRIC— 3

L PACKAGE
(TOP VIEW)

Pin 2 Is In electrical contact with the mounting base.
MDXXAO

device symbol

A B(R)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PH(:DUCTION DATA information is current as of o Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications
Eev the terms of Texn Ir::;;usmms standard wiarran:’ye TEXAS
Inclu
g o1 e poranten, INSTRUMENTS
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TISP3180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE33 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3) - N

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 100

10/160 ps (FCC Part 68, open-circuit voitage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 us (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) hrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dip/dt 250 Alus
Junction temperature Ty 150 °C
Operating free - air temperature range Oto 70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1.

Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voitage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN [ TYP | MAX | UNIT
Reference zener
Vz Iz=+1mA +290 \
voltage
} Off-state leakage Vo =450V +10 A
°  current 0== - W
Cof  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 0.5 5 pF
NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN [ TYP | MAX | UNIT
Reference zener
vz Iz=+ 1mA +145 v
voltage
o Temperature coefficient
vz P ! 0.1 %P°C
of reference voltage
Vgo) Breakover voltage (see Notes 5 and 6) +180 v
lgo) Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | Ir=+ 5A (see Notes 5 and 6) +22] +3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dvidt nse ol 1 (see Note 7) +5 | kvius
off-state voltage
; Off-state leakage Vot 50V + 10 A
°  current 0== "
Coft  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 70 150 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V (minimum).

“’? TEXAS
INSTRUMENTS
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TISP3180L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SI.PSE33 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
Quadrant |

Switching
Characteristic

H<

Quadrant iff

Switching
Characteristic

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

PMXXAB

thermal characteristics

PARAMETER [ MINTTIVP | MAX] UNIT |
l !

[ Reya_Junction to free air thermal resistance [ 100 [ "cw ]

*5‘ TEXAs
INSTRUMENTS
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TISP3290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

S1PSE 34 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voitage
Low Voltage Overshoot under Surge

Tz TV,

DEVICE @ | e
v| v

3290 200 | 290

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD 'TAS"
8/20 s ANSI C62.41 150
107160 ps FCC Part 68 60
7107560 ps FCC Part 68 45
0.5/700 ps RLM 88 38
FTZR12 50
107700 ps VDE 0433 50
CCITT IX K17 50
1071000 ps REA PE-60 35
description

The TISP3290 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
They will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

ANC———— |1

cey———— @ O

Bm)c:(_’j 3

T0-220 PACKAGE
(TOP VIEW)

Pin 2 is In electrical contact with the mounting base.
MDXXAN

device symbol

A(T) B(R)

SD3XAB
C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of o, Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications {/

per the terms of Texas Instruments standard warranty. TE

Pr ion pi ing does not ily include

(e ool paenters INSTRUMENTS
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TISP3290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE34 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lysm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alus
Junction temperature T, 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tstig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics for the A and B terminals, T,; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX [ UNIT
v, Reference zener Iy =+ 1mA + 400 v
voltage
Off-state leak
Io age Vp=150V +10 pA
current
Co  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 0.5 5 pF

NOTE 4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zenet
vz ' Iz=+ 1mA +200 v
voltage
o Temperature coefficient
Vs P 0.1 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +290 v
lgoy Breakover current (see Note 5) +0.15 + 06 A
Vim Peakon-state voltage | ly=+ 5A (see Notes 5 and 6) +19f +3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/us
off-state voltage
Off-state leakage
[ Vp=% 50V *
° current o 0 1 HA
Coff  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 70 150 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

'/
INSTRUMENTS
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TISP3290
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE34 - NOVEMBER 1986 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
Quadrant |

Switching
Characteristic

==

!
[f-

Quadrant Il
Switching = he
Characteristic - PMXXAB
Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

thermal characteristics

| e PARAMETER [ MINT TYP | MAXT UNIT |
| 625 *cw |

[ Resa__Junction to free air thermal resistance | |

¥ 7
INSTRUMENTS
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TISP3290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3S - FEBRUARY 1990 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

Vi | Viso

DEVICE @ ®0)
\' \'

'3290L 200 290

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

brsp

WAVE SHAPE STANDARD A
8/20 pus ANSI C62.41 150
10/160 ps FCC Part 68 60
10/560 ps FCC Part 68 45
0.5/700 ps ALM 88 38
FTZ R12 50

10/700 ps VDE 0433 50
CCITT IX K17 50

10/1000 ps REA PE-60 35

description

The TISP3290L is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of two bidirectional suppressor
elements connected to a Common (C) terminal.
They will supress voltage transients between
terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

Y — [
ce——————— |
| ———

L PACKAGE
(TOP VIEW)

[N)

N/
Pin 2 Is in electrical contact with the mounting base.
MDXXAQ

device symbol

A(T) B(R)

C(G)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of o,
publication date. Products conform to specifications v/
per the terms of Texgs Instruments standard warranty.

testing of all the parnn:elers.

Copyright © 1994 Texas Instruments Limited

d wa EXAS
does not y include INS-I-RUMENTS
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TISP3290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE35 - FEBRUARY 1990 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 pys (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current, 50 Hz, 0.7 s (see Notes 1 and 2) Irsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature T 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tsig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics for the A and B terminals, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
v Reference zener Iy =+ 1mA +400 v
voltage
Off-state leakage
Io Vp=+50V +10 pA
current
Coft  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 0.5 5 pF

NOTE
connected to the guard terminal of the bridge.

electrical characteristics for the A and C or the B and C terminals, T; = 25°C

4: These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zener
Vz voltage Iz=% 1mA +200 \
o Temperature coefficient
V. 0.1 %/t
2 of reference voltage ore
Vso) Breakover voltage (see Notes 5 and 6) +290 \
ligoy  Breakover current (see Note 5) +0.15 + 0.6 A
Vim Peak on-state voltage | l;=+ 5A (see Notes 5 and 6) +19) +3 v
In Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/us
off-state voltage
Off-state leakage
In Vp=+ 50V +10| pA
current
Cof  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 70 150 pF

NOTES: 5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

ﬁ‘ TEXAS
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TISP3290L
DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3S - FEBRUARY 1990 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant I
Switching 0 S 1 he
Characteristic ] PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR ANY PAIR OF TERMINALS

thermal characteristics

PARAMETER I MIN J TYP I MAX [ UNIT I
I Rgya Junction to free air thermal resistance | ] | 100 | “CNV]
¢ TEXAS
INSTRUMENTS
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TISP4082
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE36 - APRIL 1987 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vo |V
DEVICE @ | Teo
v| v
3082 58 | 82

® Planar Passivated Junctions
Low Off-State Current < 10 pA

® Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":"

8/20 ps ANSI C62.41 150

107160 ps FCC Par 68 60

10/560 ps FCC Part 68 45

0.5/700 ps ALM 88 38

FTZR12 50

107700 ps VDE 0433 50

CCITT IX K17 50

10/1000 ps REA PE-60 a0

description

The TISP4082 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of a bidirectional suppressor
element connecting the A and B terminals. They

will suppress inter-wire voltage transients.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

AN —— |1

BRIC———_ ]2

DO-220 PACKAGE
(TOP VIEW)

o 11O

Pin 1 Is in electrical contact with the mounting base.
MDAXAB

device symbol

AM

1 SD4xAD
B(R)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of
publication date. Products conform to specifications ¢

per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

d we EXAS
;elning of all the pmn;t‘:?:' o Y Inchde INST RUMEN[S
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TISP4082
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE36 - APRIL 1987 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 pys (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 pus (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dip/dt 250 Alus
Junction temperature T, s [ °C |
Operating free - air temperature range Oto 70 °C
Storage temperature range Tag -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2.

3.

This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.

Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics, T, = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Reference zener
\ =% 1mA +58 v
voltage
o Temperature coefficient
vy P 0.1 %/°C
of reference voltage
Vipoy Breakover voltage (see Notes 5 and 6) +82 \
lgo) Breakover current (see Note 5) +0.15 + 06 A
Viw  Peak on-state voltage | Iy =+ 5 A “(seeNotes 5and6) £22| 3 v
In Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kVips
off-state voltage
Off-state leakage
Ip Vp=+ 50V +10 nA
current
Coy  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 110 200 pF
NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. These parameters must be measured using pulse techniques, t,, = 100 s, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

thermal characteristics

PARAMETER [ MiN [ TP ] MAX T UNIT |

[TBJA Junction to free air thermal resistance I | | 62.5j "C/W]
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TISP4082
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE36 - APRIL 1987 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION
+ Quadrant |

R Switching
Characteristic

% b ‘

y

[

Quadrant Il
Switching e e

Characteristic 4

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC TERMINALS A AND B
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INSTRUMENTS
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TISP4180
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3T - APRIL. 1987 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

® lon-iImplanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

V' Vv,
DEVICE @ ®0
v v
‘4180 145 180

@ Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD ":"

8/20 ps ANSI C62.41 150

10/160 ps FCC Part 68 60

10/560 ps FCC Part 68 45

0.5/700 ps RLM 88 38

FTZ R12 50

101700 ps VDE 0433 50

CCITTIX K17 50

1071000 ps REA PE-60 50

description

The TISP4180 is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of a bidirectional suppressor
element connecting the A and B terminals. They
will suppress inter-wire voltage transients.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

ANVC— 11

BRIC—————— |2

DO-220 PACKAGE
(TOP VIEW)

T

o 1O

Pin 1 s In electrical contact with the mounting base.
MDAXAB
device symbol
AM
|  SD4XAD
B(R)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications %

per the terms of Texas Ir:;;umemn standard wllmln;y‘. EXAS

Pr p ing does not ity inclu

testing of all the parameters. lN STRUMEN-PS
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TISP4180
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE37 - APRIL 1987 - REVISED SEPTEMBER 1994

absolute maximum ratings

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 50
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) lrsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A dir/dt 250 Alus
Junction temperature T T T 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tstg 4010 +150 | °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current wavetorm is specified.

electrical characteristics, T, = 25°C

PARAMETER TEST CONDITIONS MIN TYP [ MAX UNIT
Reference zener
Vz Iz=+ 1mA +145 v
voltage
o Temperature coefficient
v, 0.1 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +180 \
o) Breakover current (see Note 5) +0.15 + 0.6 A
Vry Peakon-state voltage | Ir=+ 5A (see Notes 5 and 6) +22| +3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dv/dt (see Note 7) +5 kV/us
off-state voltage
Off-state leakage
In Vp=+ 50V +10| pA
current
Cof  Off-state capacitance | Vp=0 f=1kHz (see Note 4) 10 200 pF

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

[ G

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V7 (minimum).

thermal characteristics

. These parameters must be measured using pulse techniques, t,, = 100 us, duty cycle < 2%
. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

PARAMETER

[ Rgya  Junction to free air thermal resistance

Bttt e 4

{’? TEXAS
INSTRUMENTS
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TISP4180
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE37 - APRIL 1987 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

+v

Quadrant lll

— hs»

Switching
Characteristic 4

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A and B

“5’ TEXAS

INSTRUMENTS
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TISP4180
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE37 - APRIL 1987 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and B terminals
ON-STATE CURRENT ZENER VOLTAGE & BREAKOVER VOLTAGE
vs vs
ON-STATE VOLTAGE JUNCTION TEMPERATURE
1000 TCSAMAA o 180 TCS4MAB
: v,
& s b
1]

- E / -
< 5 170 /’ =
£ 100 o g L v
£ g 165 —— AV
3 @

b G // //
£ o 160
@ H //
15 2 155
X 10 £ 2
f N 150 |4
3
% s
>
1 I 140
1 10 100 25 0 25 5 75 100 125 150
V; - On-State Voltage - V T, - Junction Temperature - °C
Figure 2. Figure 3.
{f
EXAS
INSTRUMENTS
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TISP4180

SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS
SLPSE3? - APRIL 1987 - REVISED SEPTEMBER 1994
TYPICAL CHARACTERISTICS
A and B terminals
HOLDING CURRENT & BREAKOVER CURRENT OFF-STATE CURRENT
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
TCS4MAC TCS4MAD
« 1 10
é [
£ \\.\'lm)
Q ~J VD =150 V
g P~ i 1 A
% " \\\“\ § Il,'
H _— £
o N 3
§ o1 £ o1 >
? 5 7
3 L e
2 0.01 A
.§ 4
= ——
0-01 0-001
-25 0 25 50 75 100 125 150 -25 0 25 50 75 100 125 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 4. Figure 5.
ON-STATE VOLTAGE NORMALISED BREAKOVER VOLTAGE
vs vs
JUNCTION TEMPERATURE RATE OF RISE OF PRINCIPLE CURRENT
3 TCSAMAE 14 TCSAMAF
3
n
> I =5A 13
S 2 \\
S
o
>
g2 ® 12
3 n - A
8 /
1
= 3 /
2 11 /
1] /,—’
i il
0 1.0
-25 0 25 50 75 100 125 150 0-001 0.01 01 1 10 100
T, - Junction Temperature - °C di/dt - Rate of Rise of Principle Current - A/us
Figure 6. Figure 7.

{"f TEXAS

INSTRUMENTS
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TISP4180

SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS
SLPSE37 - APRIL 1987 - REVISED SEPTEMBER 1994
TYPICAL CHARACTERISTICS
A and B terminals
OFF-STATE CAPACITANCE OFF-STATE CAPACITANCE
vs vs

A TERMINAL VOLTAGE (POSITIVE)

TCS4MAG

TERMINAL VOLTAGE (NEGATIVE)

TCS4AMAH

100 Sau 100 -
. I
N
N ™N
[’ IS W N 1
Iy AN Iy N f
£ g N
- g N
3 ]
% 4
5 &
10 10
01 1 10 100 01 1 10 100
Terminal Voltage (Positive) - V Terminal Voitage (Negative) - V
Figure 8. Figure 9.
SURGE CURRENT
vs
DECAY TIME
TCS4MAI
1000
-
N
h.;
< N
0 ~
H el
3 S~
% 100 Bes
3
(7]
E
3
E
3
-
10
2 10 100 1000
Decay Time - ps
Figure 10.
i
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TISP4180
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SL.PSE37  APRIL 1987 - REVISED SEPTEMBER 1994

THERMAL INFORMATION

MAXIMUM NON-RECURRENT 50 Hz CURRENT
THERMAL RESPONSE CURREN"IFSDURATION
100 < 10 e
5 et 1o P N
: Illllll‘llllllll IIIIIIN IIIIIIlIlIIIIIlI‘"IIIII S
i IIIII\IIIIIIllIII|I!|HIIIIII||III|I" il : N
-E il .= Il i g il
2 IIIIIII illlllh 'imm IIIIIIII Bl IIII|I|1 lIIIIIl! &
8 ““W 2 Veen = 250 Vpye
E 01 E Rgey = 20 to 1000 ohms
g B = Towe = 70°C
|§ g Hl
N 3
o ~ oo ||l
00001 0.001 001 01 1 10 100 1000 0.01 1 10 100
t - Power Pulse Duration - s t - Current Duration - s
Figure 11. Figure 12.
FREE AIR TEMPERATURE
DERATING CURVE
100 TIS4MAC
\
® 80 \
: \
i \
\
: w
\
20
0 25 50 7% 100 125 150
T, - Free Air Temperature - °C
Figure 13.
R Texas
lNSTRUMENl‘S
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TISP4290
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE38 - APRIL 1987 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Voitage Overshoot under Surge

Vg TV

DEVICE @ | eo
v | v

4290 300 | 290

@ Planar Passivated Junctions

AN———— |1

BRIC—————_ ]2

DO-220 PACKAGE
(TOP VIEW)

o 1O

Low Off-State Current < 10 pA e 'u——
I .
® Rated for International Surge Wave Shapes Pin 118 In electrical contect with the mauning bace. @
WAVE SHAPE | STANDARD 'T:”
8120 ps ANSI C62.41 150
107160 pis FCC Part 68 60
10/560 ps FCC Part 68 45 device symbo]
0.5/700 ps RLM 88 38
FTZR12 50
107700 ps VDE 0433 50 AM
CCITT IX K17 50
1071000 ps REA PE-60 35
description
The TISP4290 is designed specifically for |
telephone equipment protection against lightning B(R)

and transients induced by ac power lines. These
devices consist of a bidirectional suppressor
element connecting the A and B terminals. They
will suppress inter-wire voltage transients.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of Copyright © 1994 Texas Instruments Limited
publication date. Products conform to specifications ¢

per the terms of Texas Instruments standard warraln:’ye. TE x A_S

P ion p ing does not ily inclu

testing of all the parameters. lerRUMENTS
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TISP4290
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE38 - APRIL 1987 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 ps (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 150

10/160 ps (FCC Part 68, open-circuit voltage wave shape 10/160 ps) 60

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) lrsp 38 A

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 50

5/310 ps (FTZ R12, open-circuit voltage wave shape 2 kV, 10/700 ps) 50

10/560 ps (FCC Part 68, open-circuit voltage wave shape 10/560 ps) 45

10/1000 ps (REA PE-60, open-circuit voltage wave shape 10/1000 ps) 35
Non-repetitive peak on-state current, 50 Hz, 2.5 s (see Notes 1 and 2) Irsm 10 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature T, 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Taig -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES:

1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics, T; = 25°C

PARAMETER TEST CONDITIONS MIN | TYP | MAX| UNIT
Ratarance zaner
v Reference zener L=t TmA +200 v
z voltage z
o Temperature coefficient
vy pe! ol 0.1 %/°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +290 v
lso) Breakover current (see Note 5) +0.15 + 06 A
Viu Peak on-state voltage | Iy=+ 5A (see Notes 5 and 6) +19| =3 v
In Holding current (see Note 5) + 150 mA
Critical rate of ri f
dv/dt calrate ol rise o (see Note 7) +5 kV/ips
off-state voltage
| Off-state leakage V=t 50V +10 A
D current b== "
Cott  Off-state capacitance | Vp =0 f=1kHz (see Note 4) 110 200 pF
NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

thermal characteristics

connected to the guard terminal of the bridge.

5. Thesep

s must be

d using pulse techniques, t,, = 100 ps, duty cycle < 2%.

6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

[

PARAMETER

[ MINI TVP[ MAX

UNIT |

l Rgya  Junction to free air thermal resistance

|

] 62.5_r °C/W |

3-100
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TISP4290
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE3R - APRIL. 1987 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant M

Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTIC FOR TERMINALS A AND B

Qf TEXAs
INSTRUMENTS

3-101



TISP4290
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE38 - APRIL 1987 - REVISED SEPTEMBER 1994

TYPICAL CHARACTERISTICS
A and B terminals

SURGE CURRENT
VS
DECAY TIME
1000 TCR4HAA
< ™N
E' ‘\\
© 100 IS
3
(7]
E ™~
3
E
H
=
10
2 10 100 1000
Decay Time - ys
Figure 2.
i
‘V TEXAS
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TISP4160LPR, TISP4180LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE39 - APRIL 1987 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

Vo | Ve

DEVICE @ | Teo
v v

"4160LPR 120 | 160

“4180LPR 145 | 180

® Planar Passivated Junctions
Low Off-State Current < 10 pA

@ Rated for International Surge Wave Shapes

WAVE SHAPE | STANDARD frsp

A
820 ps ANSIC62.41 100
0.5/700 ps RLM 88 38
10700 s VDE 0433 50
s CoITIXKI7 | 38
description

The TISP4xxxLPR series is designed specifically
for telephone equipment protection against
lightning and transients induced by ac power
lines. These devices consist of a bidirectional
suppressor element connecting the A and B
terminals. They will suppress inter-wire voltage
transients.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

LP PACKAGE
WITH FORMED LEADS
(TOP VIEW)

A(T) vﬁ\

NC =——/———"

B(R) \4

NC - No intemnal connection

RIS

MD4XAF

device symbol

A

| soexao
B(R)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

Copyright © 1994 Texas Instruments Limited

TEXAS
;mlng of all the paun;t:‘v,:‘ et Y include lNSTRUMENTS
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TISP4160LPR, TISP4180LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE39 - APRIL 1987 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3)

8/20 us (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 100

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) lrsp 50 A

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38

5/310 pus (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
Non-repetitive peak on-state current, 50 Hz, 1 s (see Notes 1 and 2) o Tsw | 25 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature T 150 °C
Operating free - air temperature range 0to 70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10's Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature

2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has

returned to thermal equilibrium.

3. Most PTT’s quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting

loaded current waveform is specified.

electrical characteristics, T, = 25°C

TISP4160LP TISP4180LP
PARAMETER TEST CONDITIONS UNIT
MIN [ TYP | MAX| MIN | TYP | MAX
Ret e zener
v, eerene 7=+ 1mA +£120 +145 v
voltage
o Temperature coefficient
Vs P 0.1 0.1 %P°C
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +160 + 180 )
lgoy Breakover current (see Note 5) +0.15 + 06| £0.15 + 0.6 A
Vim Peak on-state voltage | ly=+ 5A (see Notes 5 and 6) +22| +3 +22| +3 \
W Holding current (see Note 5) + 150 + 150 mA
Critical rate of rise of
dv/dt " (see Note 7) +5 +5 kV/ipus
off-state voltage
Off-state leakage
1) g Vp=2% 50V + 10 + 10 pA
current
Co  Off-state capacitance Vp=0 f=1kHz (see Note 4) 70 150 70 150 pF

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is

connected to the guard terminal of the bridge.

5. These parameters must be measured using pulse techniques, t,, = 100 us, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm

(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % Vz (minimum).

thermal characteristics

PARAMETER

l M|NTTVP| M

[ Resa Junction to free air thermal resistance

i

AX | UNIT
[ 156 ] cow
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TISP4160LPR, TISP4180LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE39 - APRIL 1987 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

+

Vo )

Quadrant |

Switching
Characteristic

Quadrant il
Switching S ™
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTICS FOR TERMINALS A AND B
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TISP4290LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEA0 - APRIL 1987 - REVISED SEPTEMBER 1994

TELECOMMUNICATION SYSTEM SECONDARY PROTECTION

lon-implanted Breakdown Region
Precise and Stable Voitage
Low Voltage Overshoot under Surge

Vo) | Vieo)
v v

DEVICE

‘4290LP 200 290

Planar Passivated Junctions
Low Off-State Current < 10 pA

Rated for International Surge Wave Shapes

[
WAVE SHAPE STANDARD ':"
8/20 ps ANSI C62.41 150
0.5/700 ps RLM 88 38
10700 s VDE 0433 50
H CCITT IX K17 50

description

The TISP4290LPR is designed specifically for
telephone equipment protection against lightning
and transients induced by ac power lines. These
devices consist of a bidirectional suppressor
element connecting the A and B terminals. They
will suppress inter-wire voltage transients.

Transients are initially clipped by zener action
until the voltage rises to the breakover level,
which causes the device to crowbar. The high
crowbar holding current prevents dc latchup as
the transient subsides.

LP PACKAGE
WITH FORMED LEADS
(TOP VIEW)

A(T) lﬂ

NC

B(R) 4

NC - No intemal connection

W N -

MD4XAF

device symbol

AM

I SD4xAD
B(R)

These monolithic protection devices are
fabricated in ion-implanted planar structures to
ensure precise and matched breakover control
and are virtually transparent to the system in
normal operation

PRODUCTION DATA information is current as of

Copyright © 1994 Texas Instruments Limited

publication date. Products conform to specifications
per the terms of Texas Ivmrumentl standard vmunz
inclu

mtmg of all the pnrlmeten
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TISP4290LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSEA40 - APRIL 1987 - REVISED SEPTEMBER 1994

absolute maximum ratings at 25°C case temperature (unless otherwise noted))

RATING SYMBOL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1, 2 and 3) o

8/20 us (ANSI C62.41, open-circuit voltage wave shape 1.2/50 ps) 100

5/200 ps (VDE 0433, open-circuit voltage wave shape 2 kV, 10/700 ps) Irsp 50 A

0.5/310 ps (RLM 88, open-circuit voltage wave shape 1.5 kV, 0.5/700 ps) 38

5/310 pys (CCITT IX K17, open-circuit voltage wave shape 1.5 kV, 10/700 ps) 38
Non-repstitive peak on-state current, 50 Hz, 1 s (see Notes 1 and 2) T ITsm 25 Arms
Initial rate of rise of on-state current, Linear current ramp, Maximum ramp value < 38 A diy/dt 250 Alps
Junction temperature - T 150 °C
Operating free - air temperature range T Oto70 °C
Storage temperature range Tstg -40 to +150 °C
Lead temperature 1.5 mm from case for 10 s Tiead 260 °C

NOTES: 1. Above 70°C, derate linearly to zero at 150°C case temperature
2. This value applies when the initial case temperature is at (or below) 70°C. The surge may be repeated after the device has
returned to thermal equilibrium.
3. Most PTT's quote an unloaded voltage waveform. In operation the TISP essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics, T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Ref ner
y, eerenceze Ip=+ 1mA +200 v
voltage
=v, Temperature coefficient o1 %WrC
of reference voltage
Vo) Breakover voltage (see Notes 5 and 6) +290 \
lso) Breakover current (see Note 5) +0.15 + 0.6 A
Vim  Peak on-state voltage | Ily=+ 5A (see Notes 5 and 6) +22] +£3 v
Iy Holding current (see Note 5) + 150 mA
Critical rate of rise of
dvidt o (see Note 7) +5 | ks
off-state voltage
Off-state leakage
Ip Vp=1 50V £+10[ pA
current
Co  Off-state capacitance | Vp=0 t=1kHz (see Note 4) 70 150 pF

NOTES: 4. These capacitance measurements employ a three terminal capacitance bridge incorporating a guard circuit. The third terminal is
connected to the guard terminal of the bridge.
5. These parameters must be measured using pulse techniques, t,, = 100 ps, duty cycle < 2%.
6. These parameters are measured with voltage sensing contacts seperate from the current carrying contacts located within 3.2 mm
(0.125 inch) from the device body.
7. Linear rate of rise, maximum voltage limited to 80 % V (minimum).

thermal characteristics

PARAMETER MINJ TYP l MAX UNIT I
[ Reya__ Junction tofree air thermal resistance | | [ 156 | cew]
i
EXAS
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TISP4290LPR
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SEPSE40 - APRIL 1987 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant il

Switching
Characteristic

PMXXAB

Figure 1. VOLTAGE-CURRENT CHARACTERISTICS FOR TERMINALS A AND B
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9EL2
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE4Y - JANUARY 1994 - REVISED SEPTEMBER 1994

SOLID STATE REPLACEMENT FOR GAS DISCHARGE TUBES

® lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge

[ Vieoymin | 265V @ 250 Vims |
| Vigoymax | 400V @250 Vims |

@ Planar Passivated Junctions
Low Off-State Current < 0.5 pA
Extended Service Life

@ Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD Irsp
10/700 ps CCITT IXK17 5kV
10/1000 ps Belicore 100 A

® Fast Response to Transients Gives
Low Let Through Voltage
<400V @ 1000 V/us

@ Sealed Cell Construction
High Current Capability

Soldered Copper Electrodes for
High Strength

& Caila Choct Nloacis Hnda
w rand ondit Lilcun uina®

Current Conditions

xcessive

description

The 9EL2 Primary Protector is designed
specifically for applications that require
adherance to Bellcore  TR-NWT-000974
(Issue 1). This device consists of a bidirectional
suppressor element connecting the A and B
terminals. Typically, the 9EL2 is used as a
replacement for conventional gas discharge
tubes (GDT’s) which are utilized to protect
telephone exchange equipment from lightning
and transients induced by ac power lines.

High level transients are initially clipped by
breakdown clamping until the voltage rises to the
breakover level, which causes the device to
crowbar. The high crowbar holding current
prevents dc latchup as the transient subsides.

CELL PACKAGE
(SIDE VIEW)

A

MD4XAC

device symbol

Am)

1 SDEXAD

B(R)

These monolithic protection devices are
constructed using two nickel plated 4.95 mm
(0.195") diameter copper electrodes soldered to
each side of the silicon chip. This packaging
approach allows heat to be removed from both
sides of the silicon, resulting in the doubling of
the devices thermal capacity. This improves the
power line cross current capability enabling
conformance to international requirements such
as 10 A for 1 second. One of the 9EL2's copper
electrodes is specially shaped to promote a
progressive shorting action (@ 50/60 Hz currents
greater than 60 A) when mounted under
compression inside a protection module. Under
excessive power line cross conditions the 9EL2
will fail short circuit, providing maximum
protection to the equipment.

For added environmental and physical
protection, the 9EL2 utilizes a green plastic
sleeve which shrouds the entire silicon chip.

ADVANCE INFORMATION

ADVANCE |NFORMAT10N concerns new products in Copyright © 1994 Texas Instruments Limited
hase of

¥ Texas

lNSTRUMENTS

phase
Characterlatlc data and other specifications are
subject to change without notice.
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9EL2
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE42 - JANUARY 1994 - REVISED SEPTEMBER 1994

absolute maximum ratings at specified temperature

TEMPERATURE
RATING SYMBOL T, INTIAL VALUE UNIT

Non-repetitive peak on-state pulse current (see Notes 1 and 2)

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 8 kV, 10/700 ps) lrsp -20 to +65°C 200 A

10/1000 ps (Belicore, open-circuit voltage wave shape 1.5 kV, 10/1000 ps) -20 to +65°C 150
50/60 Hz rms on-state current 1 s, (see Note 1) Irsm -40 to +65°C 10 A ms
Junction temperature Ty 150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1. The surge may be repeated after the device has returned to thermal equilibrium
2. Most PTT's quote an unloaded voltage waveform. In operation the 9EL essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics at specified temperature

TEMPERATURE
PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
T, INITIAL
Vigr) Breakdown voltage I8R) = 20 MA (see Note 3) -40 to +65°C +245 v
<250 V/ms, <1 A/ms +15to +25°C + 265 \
<250 V/ms, < 1 A/ms -40 to +65°C +400 v
Vigo) Breakover voltage <100 Vigs, < 10 Alus -40 to +65°C +a00| v
< 1kV/ps, <10 Alus -40 to +65°C +400 \
52.5V,260mA S.C., dc
Impulse reset 135V,200mA S.C., dc -40 to +65°C 20 ms
1000 V, 25 A S.C., 10/1000 ps
Ip  Off-state current Vo=t S0V (see Note 4) 4010 +65°C 05 uA
Vp=+200V -40 to +65°C +10 HA
Cof  Off-state capacitance | 1 Vrms, 1 MHz, Vpp = 0 Vdc bias -40 to +65°C 150 pF

NOTES: 3. Meets Belicore TR-NWT-000974 Issue 1 - DC Limiting Voltage Test (4.4).
4. This device can be sensitive to light. Suggest this parameter be measured in a dark environment.

{
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9EL2

SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE4Y - JANUARY 1994 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characterlistic

Quadrant IIl

Switching
Characteristic

Figure 1. VOLTAGE-CURRENT CHARACTERISTICS
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9EL3
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE43 - JANUARY 1994 - REVISED SEPTEMBER 1994

SOLID STATE REPLACEMENT FOR GAS DISCHARGE TUBES

lon-Implanted Breakdown Region
Precise and Stable Voltage
Low Volitage Overshoot under Surge

V(go) min ] 200 V @ 250 V/ms |

T

Vigoymax | 265V @ 250 V/ms |

Planar Passivated Junctions
Low Off-State Current < 0.5 pA
Extended Service Life

Rated for International Surge Wave Shapes

WAVE SHAPE STANDARD bysp

10/700 ps CCITTIX K17 5kV

10/1000 ps Bellcore 100 A

Fast Response to Transients Gives
Low Let Through Volitage
<350V @ 1000 V/us

Sealed Cell Construction
High Current Capability

Soldered Copper Electrodes for
High Strength

Fails Short Circuit Under Excessive
Current Conditions

description

The 9EL3 Primary Protector is designed
specifically for applications required to be
Bellsouth complient. This device consists of a
bidirectional suppressor element connecting the
A and B terminals. Typically, the 9EL3 is used as
a replacement for conventional gas discharge
tubes (GDT’s) which are utilized to protect
telephone exchange equipment from lightning
and transients induced by ac power lines.

High level transients are initially clipped by
breakdown clamping until the voltage rises to the
breakover level, which causes the device to
crowbar. The high crowbar holding current
prevents dc latchup as the transient subsides.

CELL PACKAGE
(SIDE VIEW)

A(T)

MD4XAC

device symbol

AM

SD4XAD
B(R)

These monolithic protection devices are
constructed using two nickel plated 4.95 mm
(0.195") diameter copper electrodes soldered to
each side of the silicon chip. This packaging
approach allows heat to be removed from both
sides of the silicon, resulting in the doubling of
the devices thermal capacity. This improves the
power line cross current capability enabling
conformance to international requirements such
as 10 A for 1 second. One of the 9EL3's copper
electrodes is specially shaped to promote a
progressive shorting action (@ 50/60 Hz currents
greater than 60 A) when mounted under
compression inside a protection module. Under
excessive power line cross conditions the 9EL3
will fail short circuit, providing maximum
protection to the equipment.

For added environmental and physical
protection, the 9EL3 utilizes a black plastic
sleeve which shrouds the entire silicon chip.

ADVANCE INFORMATION

ADVANCE INFORMATION concerns new products in Copyright © 1994 Texas Instruments Limited

the

pling or phase of P %
Characteristic data. and other specifications are TEXAS
subject to change without notice. lNSTRUM ENTS
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9EL3
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE43 - JANUARY 1994 - REVISED SEPTEMBER 1994

absolute maximum ratings at specified temperature

RATING SYMBOL TEMPERATURE VALUE UNIT
T, INITIAL

Non-repetitive peak on-state pulse current (see Notes 1 and 2)

5/310 pys (CCITT IX K17, open-circuit voltage wave shape 5 kV, 10/700 ps) Irsp 0to +65°C 125 A

10/1000 ps (Bellcore, open-circuit voltage wave shape 1 kV, 10/1000 ps) 0to +65°C 100
50/60 Hz rms on-state current 1's, (see Note 1) lrsm 0to +65°C 10 Arms
Junction temperature T 150 °C
Storage temperature range Tsig -40 to +150 °C

NOTES: 1. The surge may be repeated after the device has returned to thermal equilibrium.
2. Most PTT's quote an unloaded voltage waveform. In operation the 9EL essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics at specified temperature

PARAMETER TEST CONDITIONS TEMPERATURE MIN | TYP | MAX UNIT
T, INITIAL
<250 V/ms, < 1 A/ims +1510 +25°C +200 v
Vigo) Breakover voltage <250 V/ms, < 1 A/ms 0to +65°C +265 \
<100 V/ps, <10 Alus 0to +65°C + 350 v
<1kV/ps, <10 Aus 010 +65°C +350 v
52.5V,260mA S.C., dc
Impulse reset 135V, 200 mA S.C., dc 0 to +50°C 20 ms
1000 V, 25 A S.C., 10/1000 us
Ip  Off-state current zz z i 25:0\9 (see Note 3) g :Z :Z:"g tio;s ﬁ:
Cof  Off-state capacitance | 1 Vrms, 1 MHz, Vp = 0 Vdc bias 0to +65°C 150 pF

NOTE 3: This device can be sensitive to light. Suggest this parameter be measured in a dark environment.

“5’ TEXAS
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9EL3

SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE43 - JANUARY 1994 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quadrant Il

Switching
Characteristic

Vo

Figure 1. VOLTAGE-CURRENT CHARACTERISTICS
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9ELS
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE44 - JANUARY 1994 - REVISED SEPTEMBER 1994

SOLID STATE REPLACEMENT FOR GAS DISCHARGE TUBES

Typically, the 9ELS5 is used as a replacement for
conventional gas discharge tubes (GDT's) which
are utilized to protect telephone exchange
equipment from lightning and transients induced
by ac power lines.

High level transients are initially clipped by
breakdown clamping until the voltage rises to the
breakover level, which causes the device to
crowbar. The high crowbar holding current
prevents dc latchup as the transient subsides.

@ lon-implanted Breakdown Region
Precise and Stable Voltage
Low Voltage Overshoot under Surge
CELL PACKAGE
| V(80) Mmax [ 250V @ 250 Vims | (SIDE VIEW)
A(T)
® Planar Passivated Junctions e w———
Low Leakage =
Extended Service Life
@ Rated for International Surge Wave Shapes T
WAVE SHAPE STANDARD rsp B(R) MDEXAC
10/700 ps CCITT IXK17 5kV
10/1000 ps Belicore 100 A
@ Sealed Cell Construction
High Current Capability device symbol
@ Soldered Copper Electrodes for
High Strength
A
@ Fails Short Circuit Under Excessive
Current Conditions
description
This device consists of a bidirectional suppressor
element connecting the A and B terminals. s('n) oD

These monolithic protection devices are
constructed using two nickel plated 4.95 mm
(0.195") diameter copper electrodes soldered to
each side of the silicon chip. This packaging
approach allows heat to be removed from both
sides of the silicon, resulting in the doubling of
the devices thermal capacity. This improves the
power line cross current capability enabling
conformance to international requirements such
as 10 A for 1 second. One of the 9EL5’s copper
electrodes is specially shaped to promote a
progressive shorting action (@ 50/60 Hz currents
greater than 60 A) when mounted under
compression inside a protection module. Under
excessive power line cross conditions the 9ELS
will fail short circuit, providing maximum
protection to the equipment.

For added environmental and physical
protection, the 9EL5 utilizes a plastic sleeve
which shrouds the entire silicon chip.

ADVANCE INFORMATION

ADVANCE INFORMATION concerns new products in Copyright © 1994 Texas Instruments Limited
the

*’? TEXAS
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pling or prep! ase P
Characteristic data and other specifications are
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9ELS
SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE44 - JANUARY 1994 - REVISED SEPTEMBER 1994

absolute maximum ratings at specified temperature

RATING SYMBOL TEMPERATURE VALUE UNIT
T, INITIAL

Non-repetitive peak on-state pulse current (see Notes 1 and 2)

5/310 ps (CCITT IX K17, open-circuit voltage wave shape 8 kV, 10/700 ps) lrsp 01o +70°C 125 A

10/1000 ps (Bellcore, open-circuit voltage wave shape 1.5 kV, 10/1000 ps) 01o +70°C 100
50/60 Hz rms on-state current 1's, (see Note 1) Irsm 0to +70°C 10 Arms
Junction temperature Ty 150 °C
Storage temperature range Teig -20 to +85 °C

NOTES: 1. The surge may be repeated after the device has returned to thermal equilibrium
2. Most PTT's quote an unloaded voltage waveform. In operation the 9EL essentially shorts the generator output. The resulting
loaded current waveform is specified.

electrical characteristics at specified temperature

TEMPERATURE
PARAMETER TEST CONDITIONS MIN [ TYP | MAX | UNIT
T, INITIAL
Vigr) Breakdown voltage IBR) = 20 MA (see Note 3) 0to+70°C +175 v
<250 V/ms, < 1 A/ms 0to+70°C + 250 A
Vigoy Breakover voltage
<100 V/ps, < 10 Alus 0to +70°C +250 \Y
[ Holding current di/dt = + 30 mA/ms 0to+70°C +0.15 A
Ip Off-state current Vp=% 50V (see Note 4) 0to+70°C +10 HA
Coff Off-state capacitance | 1 Vrms, 1 MHz, Vp = 0 Vdc bias 0to+70°C 200 pF

NOTES: 3. Meets Bellcore TR-NWT-000974 Issue 1 - DC Limiting Voltage Test (4.4).
4. This device can be sensitive to light. Suggest this parameter be measured in a dark environment.

P TExas
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9EL5

SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSORS

SLPSE44 - JANUARY 1994 - REVISED SEPTEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Quadrant |

Switching
Characteristic

Quedrant il

Switching
Characteristic

Figure 1. VOLTAGE-CURRENT CHARACTERISTICS
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MECHANICAL DATA

D008

plastic small-outline package
This small-outline package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

D008 Designation per JEDEC Std 30:
PDS0-G8

00 (0.197)
¢ l.ao( (R —

® ®

® @
HHHH

6,20 (0.244)

5,80 (0.228)

4,00 (0.157)
3,87 (0.750)

l

ke 4

1,75 (0.069) —> 7" NOM 0,50 (0.020) _ ,.. 5,21 (0.20
—S_‘iv,as ©.053 /'\ 3 Places A‘_io,zs (©0i0) X4SNOM— ¢ ago(.81) |

A

+

JL“}

0,28 (0.077) — Pin Spacing
1,27 (0.050) 0,229 (0.00! 90) 1,12 (0.044)
(see Note A) 0,180 (0 0,51 (0.020)
6 Places

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material condition. oo
B. Body dimensions do not include mold flash or protrusion.
C. Moid flash or protrusion shall not exceed 0,15 (0.006).
D. Lead tips to be planar within +0,051 (0.002).

D Texas

lNSTRUMENTS
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MECHANICAL DATA

P008
plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions The package is intended for
insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no
additional cleaning or processing when used in soldered assembly.

P008

l¢—— 10,2 (0.400) MAX ——P)|

® @®@ @@ 6

[ 7]

w0
L
©® @

Bl

Y

® ®

1,78 (0.070) MAX
8 Places

Deslignation per JEDEC Std 30:

P-Ti

7,87 (0.310)
7370 (o.zoo} >

TP

6,60 (0.260]
6,10 (0.240!

||

T

5,08 (0.200)
L MAX
— ____ Seating
T Plane
105°
0,51 (0.020) 80"
MIN 8 Places
‘ 3’17.2?;,'25) \h/L\ 0,36 (0.014)
2,54 (0.100) T.P. _4 0,533 (0.021) 0,20 (0.008)
6 Places < —(-——' > 8 Places
(see Note A) 0.3.6;'.(:2:5)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline Is located within 0,25 (0.010) of its true longltudina! posttion

%TEXAS

INSTRUMENTS
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SL003

MECHANICAL DATA

3-pin plastic single-in-line package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assemnbly.

SLo03

l&——— 10,2 (0.400) MAX —»‘

8,31 (0.327)
Index e
Dot | 'O
] j | 4,267 (0.168)
U U MIN
OV M| ® S
Pin Spacing
L 2,54 (0.100) T.P.
(see Note A)
1,854 (0.073) MAX 2 Places
0,711 (0.028)
0,559 (0.022)
3 Places

4,57 (0.180)
MAX

T ]

o

12,9 (0.492)
MAX
|
0,356 (0.014)
| [4— 3,203 (0.008)
3 Places

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

6,60 (0.260)
8,70 fo.uo;'

NOTES: A. Each pin centerline Is located within 0,25 (0.010) of its true longitudinal position.
B. Body molding flash of up to 0,15 (0.006) may occur in the package lead plane.

MDXXAD

54

{
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MECHANICAL DATA

SL002

2-pin plastic single-in-line package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly

[o; 10,2 (0.400) MAX —p| 4,57 (0.180)
MAX

8,80 (0.260)

5,3‘.‘(:;27) 0.1‘0%@;}_

Inde! R ( )
Dotx ] 04%2)
12,9
MAX I

SL002

U 4,267 (0.168)
MIN

- @ E—

0,711 (0.028)
1,500 (0.059) MAX

ow 2 P,
5,08 (0.200) T.P. 0,356 (0.014)
(see Note A) —¥ oTzo*aj(m)L

2 Places

S
W

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centeriine is located within 0,25 (0.010) of its true longitudinal position. MDXXAC
B. Body molding flash of up to 0,15 (0.006) may occur in the package lead plane.

% TEXAS
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MECHANICAL DATA

LP003 (TO-92)

3-pin cylindical plastic package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

LP003 (TO-92) - Formed Leads Version LP003 Falls Within JEDEC
5.21 TO-226AA Dimensions
4,44 ¢

3,43MIN. — 419 —
3,17
2,67 2,67 |
208 ) 208 r
3
5,34
4,32
!
4,00 MAX.
0,56
0,40
2,90 0,41
2,40 0,35
2,90
2,40
ALL LINEAR DIMENSIONS IN MILLIMETERS

MDXXAR
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TO-220

MECHANICAL DATA

3-pin plastic flange-mount package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance

characteristics will

remain stable when operated in high humidity conditions. Leads require no additional

cleaning or processing when used in soldered assembly.

T0-220 4,60
4,40 y
385 104 32
® 375 100 295 1,22
f 2,65
IN
/\ r\ \ A
6,6
N2 e
v
— 15,9
15,2
17,6 TYP.
55
O 35
¥ T H
13,7
1,70 12,7
1,14
0,61 il
0,94
O@@ ﬂ
2,70 0,64
2,40 0,41
5,15 2,72
ALL LINEAR DIMENSIONS IN MILLIMETERS
NOTE A: The centre pin is in electrical contact with the mounting tab. MDXXAP

d,
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MECHANICAL DATA

DO-220
2-pin plastic flange-mount package

This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

DO-220 4,60
a0 [
10,4 1,32
5 385 « N

375 10,0 2,95 123
f 65

/\f)_\_f 1‘

17,6 TYP.
P 5,5

o
<

|
d

®7 @
5,15 0,64
I P o4

ALL LINEAR DIMENSIONS IN MILLIMETERS

NOTE A: Pin 1 is in electrical contact with the mounting tab. MDXXAU
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MECHANICAL DATA

SOT-82

3-pin plastic single-in-line package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

SOT-82
’8 27 .
RLE 24
N 7 S
——
N 08 ]
10,5 Exposed »
l Heat Siug
l —-F
254typ T ‘[
0,9
— 15,7
o7 [ | e
0,75
22typ T e 0:49
4,4typ 1.2typ — &
ALL LINEAR DIMENSIONS IN MILLIMETERS
NOTE A: The centre pin is in electrical contact with the heat slug. MDXXAQ
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MECHANICAL DATA

Cell Package
BUTTON CELL 9ELx
0,508 MAX Top Electrode
s ) 5 L
P ﬁ 231 \IIIII/////// ‘, Coloured Sleeve
1 §7////////////§ Sttoon o

Bottom Electrode

ALL LINEAR DIMENSIONS IN MILLIMETERS

MDXXAV
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MECHANICAL DATA
Doo8

tape dimensions

D008 Package (8 pin SOIC) Single-Sprocket Tape

_410 1,60

390 1,50
8,05 205
40
[ 705 195 o ¢
[ O8MIN.

o DD @

. 5,55 I

545 12,30
N
PN N . Jz
6,50 J Cove
e 2 1,5 MIN. 0 MIN. r
6,30 Tape
Carrier Ta|
pe Direction of Feed ——» 22
Embossment 20
ALL LINEAR DIMENSIONS IN MILLIMETERS
NOTES: A. Taped devices are supplied on a reel of the following dimensions:- MDXXAT
Reel diameter: 330 +0,0/-4,0 mm
Reel hub diameter: 100 2,0 mm
Reel axial hole: 13,0 £0,2 mm

B. 2500 devices are on a reel.

TeExAs
INSTRUMENTS
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MECHANICAL DATA
LPR

tape dimensions

LP Package (TO-92) Tape (Formed Lead Version)

5,21
348 [
419
3,43 MIN. —» — E:W
267 267
203 ]‘— 2,03
r 3
534
2,32
¥

4,00 MAX.

056 041

0,40 0,35 | -
13,70

32,00 I T
7.68

0,50
2,50 MIN T
2 . .
23,00 2.8 1650 l’ 0,00
1550 44,00 LI o7 1
J' l 8,50 “_3 ;S 19,00
v t Pany v 550 19,00

2,90 3,70
— T 240
6,75
555 13:00—
“ 12,40

ALL LINEAR DIMENSIONS IN MILLIMETERS

MDXXAS
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ORDERING INSTRUCTIONS

new IC packages (Introduced 1994)

TISP 1 072 F3 D
082 DR
P
SL
TISP 2 072 F3 D
3 082 DR
4 125 P
7 150 SL
180
240
290
320
380
Device Protection !go) = 150mA Package
Configuration Voltage Iy = 150mA D = 8 pin surface mount

DR = tape and reel
P =8 pin dual in line
(not TISP4xxx)

SL = single in line

eg.
TISP7290F3DR 7xxx series configuration, 290V protection voltage, 8 pin surface mount tape and reel
TISP4180F3SL 4xxx series configuration, 180V protection voltage, single in line package

note : SL package interchangeable with TO-220/DO-220

1
INSTRUMENTS
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existing packages

TISP 1 082 L
2 160 LPR
3 180 None
4 290
Device Protection Package
Configuration Voltage L =80T-82
LPR=TO-92 tape and reel
None = TO-220
None = DO-220
(TISP4xxx only)
eg.
TISP2180L 2xxx series configuration, 180V protection voltage, SOT-82 package
TISP3082 3xxx series configuration, 82V protection voltage, TO-220 package

Note : changes made to the part numbering system October 1994 :

TISP5160-R renamed as TISP4160LPR TISP8180 renamed as TISP3180
TISP5180-R renamed as TISP4180LPR TISP8290 renamed as TISP3290
TISP5290-R renamed as TISP4290LPR TISP8180L renamed as TISP3180L
TISP7180 renamed as TISP2180 TISP8290L renamed as TISP3290L
TISP7290 renamed as TISP2290 TISP9180 renamed as TISP4180
TISP7180L renamed as TISP2180L TISP9290 renamed as TISP4290
TISP7290L renamed as TISP2290L

{'f TEXAS
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DEVICE CONFIGURATION

End Equipment | Family Configuration Working Protection Working Protection
Voltage (V) Voltage (V) Voltage (V) Voltage (V)
Existing Packages NEWIC Packages
SLIC linecard TISP 1xxx
H T 58 82 58 72
66 82
| o
3 wire battery TISP2xxx
backed ringing 1 1 58 82 58 72
=~ 145 180
2 Z z Z 200 290 66 82
!
3 wire ground TISP3xxx 100 125
backed ringing H 1 58 82
145 180 120 150
200 290
145 180
(<]
2 wire system | TISP4xxx 58 82 180 240
H 120 160
145 180 200 260
200 290
220 290
R
ISDN / Interwire | TISP7xxx . n 240 320
270 380
a
TEXAS
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UNITED KINGDOM for EUROPE
TEXAS INSTRUMENTS
MANTON LANE

BEDFORD

ENGLAND

MK41 7PA

+44 234 270111

+44 234 223679 (FAX)

US.A.

TEXAS INSTRUMENTS
34 FOREST STREET
ATTLEBORO, MA 02703
M/S 1-39

508-699-1744
508-699-3868
508-699-3851
508-699-1246(FAX)

Note : area code to change 4Q94 from 699 to 236

US.A.

TEXAS INSTRUMENTS

515 W. ALGONQUIN ROAD
ARLINGTON HEIGHTS, IL 60005
M/S 4009

708-640-2989
708-640-3901(FAX)

USA.

TEXAS INSTRUMENTS

12412 POWERSCOURT DRIVE
SUITE 125

ST. LOUIS, MO 63131

WS 4062

314-984-2412
314-984-2403(FAX)

MEXICO

TEXAS INSTRUMENTS DE MEXICO
MS 4246

DEC.V.

ALFONSO REYES #115

CO. HIPODROMO CONDESA
MEXICO, D.F.06170

525-272-1922

525-515-4178(FAX)

SALES OFFICES

US.A.

TEXAS INSTRUMENTS

399 THORNALL STREET (4TH FLOOR)
EDISON, NJ08837

M/S 4060

908-321-3742

908-321-5180(FAX)

US.A.

TEXAS INSTRUMENTS

1920 MAIN STREET, SUITE 900
IRVINE, CA92714

M/S 4093

714-660-8183
714-553-8479(FAX)

US.A.

TEXAS INSTRUMENTS
7800 BANNER DRIVE
DALLAS, TX75265

M/S 3912

214-917-6435
214-917-7391(FAX)

BRASIL

TEXAS INSTRUMENTS ELETR.DO BRASIL
AV LUIS CARLOS BERRINI

1461-11 ANDAR-NOVO BROOKLIN
04571-903-SA0O PAULO- S, BRASIL

65-11-535-5133
55-11-533-0544
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