JEDEC
STANDARD

Transient Voltage Suppressor
Standard for Thyristor Surge
Protective Device Rating Verification
and Characteristic Testing

JESDG66

NOVEMBER 1999 (Reaffirmed: NOVEMBER 2006)

ELECTRONIC INDUSTRIES ALLIANCE
JEDEC Solid State Technology Association

ZEl~

Electronic Industries Alliance

Documents

Document Sharing Hub

Full document details: JEDEC JESD66 1999


http://www.avadocuments.com/doc/jedec-jesd66-1999
http://www.avadocuments.com/doc/jedec-jesd66-1999

NOTICE

This JEDEC standard is considered to have international standardization implications, but the
International Electrotechnical Commission or the International Organization for Standardization
activity has not progressed to the point where a valid comparison between the JEDEC standard
and the IEC or the 1SO document can be made.

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the EIA General Counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting
the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby an JEDEC standard or
publication may be further processed and ultimately become an ANSI/EIA standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC Solid State Technology Association, 2500 Wilson
Boulevard, Arlington, VA 22201-3834, (703)907-7560/7559 or www.jedec.org
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JEDEC Standard No. 66

Foreword

This standard was prepared by JEDEC JC-22.5 Committee on Transient V oltage Suppressors. The
intended users of this standard are those interested in Thyristor Surge Protective Device characterization
and rating verification. These devices are used primarily by the telecommunications industry to protect
circuits from harmful overvoltages.

Major contributions to the content of this standard come from recent work by the ANSI/IEEE in
PC62.37, 1996 Standard Test Specification For Thyristor Diode Surge-Protective Devices, and from the
JC-10 Committee in-process work on revisions to Standard No. 77, Terms, Definitions, and Letter
Symbols for Discrete Semiconductor and Optoelectronic Devices, Section 7 - Transient Voltage
Suppressors; Surge Protective Devices. Similar standards are presently being developed by the IEC.

This standard conforms with the work of other groups. However, work on this standard, and the others

in-process has not progressed to the point where an exact and complete comparison of documents can be
made.

Documents

-v- Document Sharing Hub

Full document details: JEDEC JESD66 1999


http://www.avadocuments.com/doc/jedec-jesd66-1999
http://www.avadocuments.com/doc/jedec-jesd66-1999

Documents

Document Sharing Hub

Full document details: JEDEC JESD66 1999


http://www.avadocuments.com/doc/jedec-jesd66-1999
http://www.avadocuments.com/doc/jedec-jesd66-1999

JEDEC Standard No. 66
Page 1

TRANSIENT VOLTAGE SUPPRESSOR STANDARD FOR THYRISTOR SURGE
PROTECTIVE DEVICE RATING VERIFICATION AND CHARACTERISTIC TESTING

(From JEDEC Board Ballot JCB-97-81, formulated under the cognizance of the JC-22.5 Committee on
Transient Voltage Suppressors.)

1 Introduction

The Thyristor Surge Protective Device (TSPD) is a semiconductor device that is recently finding
widespread application in the telecommunications industry. The intent of this standard is to provide
information on test methods that will reduce the possibility of disagreement and misunderstanding
between TSPD vendors and users, and facilitate the determination of device interchangability. This
publication is not intended to preclude or discourage other approaches that similarly represent good
engineering practice, or that may be acceptable to, or have been accepted by, appropriate bodies. Parties
who wish to bring other approaches to the attention of the formulating committee to be considered for
inclusion in future revisions of this publication are encouraged to do so. It istheintention of the
formulating committee to revise and update this publication from time to time as may be occasioned by
changes in technology, industry practice, or government regulations, or for other appropriate reasons.

2 Scope

This standard is applicable to Thyristor Surge Protective Devices. It describes terms and definitions and
explains methods for verifying device ratings and measuring device characteristics.

3 Devicedefinitions

3.1 Thyristor surge protective device (TSPD)
A thyristor, designed for transient voltage suppression in telecommunication, dataline, and similar
applications. They limit voltage transients by conducting surge currents. It returns to a blocking state
when the current decays below acritical value.

NOTE — The device is also known as a thyristor surge suppressor (TSS).

3.1.1 Off stateof a TSPD

The state of a TSPD, in aquadrant in which switching can occur, that corresponds to the high dynamic-
resistance portion of the characteristic between the origin and the beginning of the breakdown region.
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3.1 Thyristor surge protective device (TSPD) (cont’d)

3.1.2 Breakdown region of a TSPD

The portion of the characteristic that starts with the transition from the high dynamic resistance off state
to a substantially lower dynamic resistance and extends to the switching point.

lpps

A\

lesw

1\

lFRM"'

________________ Quadrant |
..... I Forward
Conduction
Characteristic

“loru

“Vier)

Quadrant Ill

Switching
Characteristic

+Vv

Figure 1 — Symbols and termsfor a forward-conducting positive-breakdown-resistance

TSPD

3.1.3 On state of a TSPD

The condition of the TSPD corresponding to the low-resistance low-voltage portion of the principal
voltage-current characteristic in the switching quadrant(s).
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3.2 Classes of thyristor surge protective devices
3.2.1 Forward-conducting diode TSPD

A two-terminal internally triggered TSPD that switches only for negative cathode voltage and conducts
large currents at positive cathode voltages comparable in magnitude to the on-state voltage (see figures 1
and 2).

NOTES

1 Inconventional SCR thyristor terminology, where the voltage is applied to the anode, this device
would be called areverse-conducting diode thyristor.

2 When the TSPD cathode is positive, the device characteristics are similar to those of aforward-
biased diode.

3 When the TSPD cathode is negative, the device characteristics are similar to those of a breakover-triggered
SCR thyristor.

+i

________________ Quadrant |

IPPS"'

gy j Forward
= Conduction

lerm ] I Characteristic

+Vv

Quadrant Ill

Switching
Characteristic

Figure 2 — Symbols and terms for a forward-conducting negative-breakdown-resistance
TSPD
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3.2 Classes of thyristor surge protective devices (cont’d)
3.2.2 Forward-conducting triode TSPD
A three-terminal TSPD that switches only for negative cathode voltage and conducts large currents at
positive cathode voltages comparable in magnitude to the on-state voltage. Figure 3 showsthe
characteristic applicable to the switching quadrant of gated devices.
NOTES

1 Inconventional SCR thyristor terminology, where the cathode is the common terminal, this device
would be called areverse-conducting triode thyristor.

2 Application of an appropriate fixed gate voltage allows switching to take place at voltages below
the intrinsic breakover value.

+i Quadrant | N-gated devices +i
Quadrant Il P-gated devices Gate. .
Characteristic

LT Switching l
v I Characteristic 1’: (b)

1\
W

I Trm ; ;J/ (@

\

T +v i T

Vi VD VG VI(BO)

IGKT IGSM

Figure 3 — Symbols and terms for a gated TSPD

3.2.3 Reverse-blocking diode TSPD

A two-terminal TSPD that exhibits a blocking state for positive cathode voltage. Figures4 and 5
illustrate the device characteristic.
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3.2 Classes of thyristor surge protective devices (cont’d)

3.2.4 Reverse-blocking triode TSPD

A three-terminal (gated) TSPD that exhibits a blocking state for positive cathode voltage. Figures 4 and
5 illustrate the device characteristic in quadrant three only.

3.2.5 Bidirectional TSPD

A TSPD having switching characteristicsin the first and third quadrants. Figures 6 and 7 show the
characteristic for this type device.

Quadrant |

Switching
Characteristic

IPPS
lrsm

ITF!M

Net negative

/slope

VS

VF\:RM \{R

Quadrant lll

Blocking
Characteristic

Figure 4 — Symbols and termsfor areverse-blocking negative-breakdown-resistance TSPD

3.2.6 Unidirectional TSPD
A TSPD that can switch in only one quadrant.
NOTE — There aretwo types: forward-conducting TSPDs and reverse-blocking TSPDs.
3.2.7 Negative-breakdown-resistance TSPD
A TSPD whose static characteristic has a negative-resistance slope between the breakover point (V o),
ls0) ) and a higher-current, lower-voltage point (Vs,ls) at which switching occurs. Any of the device

types described in 3.2.1 — 3.2.6 can have negative-breakdown resistance in the quadrants where switching
occurs. Figures 2, 4, and 6 show devices with negative-breakdown resistance.
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3.2 Classesof thyristor surge protective devices (cont’d)
3.2.8 Positive-breakdown-resistance TSPD

A TSPD whose static characteristic has a positive-resistance slope between the breakover point (V grg),
ler) ) and a higher-current, higher-voltage point (Vs, Is) at which switching occurs. Any of the device
types described in 3.2.1 — 3.2.6 can have positive-breakdown resistance in the quadrants where switching
occurs. Figures 1, 3, 5, and 7 show devices with positive-breakdown resistance.

Quadrant |

Switching
Characteristic

IPPS""
ITSM

lrrm

\Y

(BO)

VR:RM \{R I ...
-V ______ IR VD
IRRM
Net positive
slope
Quadrant lll
Blocking
Characteristic

Figure 5 — Symbols and terms for areverse-blocking positive-breakdown-resistance T SPD

3.3 Definitions of characteristic, rating, and parameter

The following definitions are offered to aid the reader in understanding the terms presented.

3.3.1 Characteristic

A characteristic is an inherent and measurable property of adevice. It can be expressed as avaue for
stated or recognized conditions. A characteristic also may be a set of related values, usually shown in
graphical form.

3.3.2 Rating

A rating is avalue establishing either alimiting capability or limiting condition for an electronic device.

It is determined for specified values of environment and operation, and may be stated in any suitable
terms. Limiting conditions may either be maxima or minima.
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3.3 Definitions of characteristic, rating, and parameter (cont’d)
3.3.3 Parameter

A device descriptor that is measurable or quantifiable such as a device characteristic or rating.

+i

IF’PS [ Quad rant |
| 1. Switching
T f Characteristic

VES Net negative

/slope

~. Vo,

)

Quadrant Il

)

Switching / T
Characteristic

Figure 6 — Bidirectional negative-breakdown-resistance TSPD

3.4 Thyristor surge protective device parameters

The manufacturer establishes the values of device parameters according to statistical acceptance criteria.
The specified tests are performed at nominal 25 °C ambient temperature unless otherwise stated. If the
volt-ampere characteristics are asymmetrical, the characteristic values shall be specified for each (V,I)
graph asillustrated in figures 1 —7.

For the method of defining impulse waveforms, see figures 11 and 12 of this standard. For voltage waves
with wavefront duration less than 30 ps, the virtual duration of the impulse wavefront is 1.67 times the
time for the voltage to increase from 30% to 90% of its crest value. For voltage waves with wavefront
duration of 30 ps or more, it isthe time taken by the voltage to increase from actual zero to maximum
crest value. For current waves, the virtual wavefront duration is 1.25 times the time for the current to
increase from 10% to 90% of crest value.

The ac power frequency is the operating frequency of the ac power distribution system, which is often 50
or 60 Hz but can range up to 420 Hz.
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3.4 Thyristor surge protective device parameters (cont’d)

IPPS""
ITSM

lrrm

Quadrant |

Switching
Characteristic

\Y,

(BO)

Quadrant Ill

Switching
Characteristic

)

J

Net positive
slope

Figure 7 — Symbols and terms for a bidirectional positive-breakdown-resistance TSPD

3.4.1 Electrical parametersapplicableto all devicetypes

The parameters described in table 1 apply to all TSPDs (regardless of whether they are
bidirectional, unidirectional, symmetrical, asymmetrical, reverse blocking, forward conducting,
or any permutation or combination of the former) in their switching quadrant or quadrants.
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3.4 Thyristor surge protective device parameters (cont’d)
3.4.1 Electrical parametersapplicableto all device types (cont’d)
Table 1 — Electrical parameters applicable to all TSPDs
Term and description Symbol Reference

(1) Off-State Voltage. The principa voltage when the thyristor Vp Fig. 17
isin the off state.

(2) Off-State Current. The principal current when the thyristor ) Fig. 17
isin the off state.

(3) Repetitive Peak Off-State Voltage. The highest VpRrM Fig. 1and 2,
instantaneous value of the off-state voltage, including all 47
repetitive transient voltages but excluding all nonrepetitve
transient voltages.

(4) Maximum Off-State Current. The maximum (peak) IbRM Fig. 1and 2,
instantaneous value of the off-state current that results from 47
the application of repetitive peak off-state voltage.

(5) Breakover Voltage. The maximum voltage in the breakdown V(go) Fig. 17
region.

(6) Breakover Current. The principal current at the thyristor lBo) Fig. 17
breakover voltage.

(7) On-State Voltage. The principal voltage when the thyristor Vy Fig. 17
isin the on state.

(8) On-State Current. The principal current when the thyristor I+ Fig. 17
isin the on state.

(9) Repetitive Peak On-State Current. Rated maximum (peak) lTRM Fig. 17
value of on-state current of specified waveshape and
frequency which may be applied continuously.

(10) Nonrepetitive Peak On-State Current. The maximum (peak) lTsm Fig. 17
value of on-state surge current of specified waveform,
frequency, and duration or number of cycles.

(11) Nonrepetitive Peak Pulse Current. Rated maximum value of Ipps Fig. 17
peak impulse pulse current of specified amplitude and
waveform.

(12) Holding Current. The minimum, principal, or thyristor Iy Fig. 17
current that will maintain the thyristor in the on state.

(13) Off-State Capacitance. The capacitance in the off state. Co

(14) Critical Rate of Rise of Off-State Voltage. The maximum dv/dt Fig. 3940
rate of rise of voltage (lessthan or equal to Vpgry) that
will not cause switching from the off state to the on
state.

(15) Critical Rate of Rise of On-State Current. Rated value of the di/dt Fig. 45
rate of rise of current which the device can withstand
without damage.
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3.4 Thyristor surge protective device parameters (cont’d)

3.4.1 Electrical parametersapplicableto all device types (cont’d)

r === = - Additional Devices
1
—ao—— /MA
R Ammeter
N
—oN\ o
VWA ° (»)
Voltage Supply
_ dc (\D Voltmeter
N or V=Vyrm
ac
or | |
NYY Ppulsating dc = =
NN dc +ac DUT
@

Figure 8 — Maximum repetitive off-state voltage (Vprm ) test circuit

3.4.2 Thermal parametersapplicableto all devicetypes
TSPD parameters often depend on temperature. Different temperatures may arise as aresult of ambient

conditions or because of power dissipation inthe TSPD. Table 2 gives common parameters useful for
thermal characterization of al TSPDs.
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3.4 Thyristor surge protective device parameters (cont’d)
3.4.2 Thermal parametersapplicableto all devicetypes (cont’d)

Table 2 — TSPD thermal parameters

Page 11

Term and description Symbol

Unit

(1) Thermal Resistance. The effective temperature rise per unit Raa
power dissipation of adesignated junction, above the Rqic
temperature of a stated external reference point (lead,case,

Rqo
or ambient) under conditions of thermal equilibrium. )

°CIW
(K/W)

(2) Transient Thermal Impedance. The changein the Zaa
difference between the virtual junction temperature and the Zaxcn
temperature of a specified reference point or region (lead,
case, or ambient) at the end of atimeinterval, divided by
the step function change in power dissipation during the
same time interval which causes the change of temperature
difference.

NOTE — It isthe thermal impedance of the junction
under conditions of changing time, and is generally given
in the form of a curve as afunction of the duration of an
applied pulse.

Zang

°CIW
(KIW)

(3) Temperature Coefficient of Breakdown Voltage. Theratio aver)
of the change in breakdown voltage, (V gg)) to changesin dV gr/dT,
temperature expressed as either millivolts per °C or percent
per °C with reference to the 25 °C value of breakdown
voltage.

mV/°C or
%/°C
(mV/K or
%/K)

(4) Variation of Holding Current with Temperature. The change
in holding current, I, with changes in temperature. Itis
shown asagraph of Iy versusT,.

(5) Temperature Derating. Derating with temperature above a
specified base temperature, expressed as a percentage per
degree C, may be applied to surge or operating current
parameters.

%/°C
%/K
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3.4 Thyristor surge protective device parameters (cont’d)

3.4.2 Thermal parametersapplicableto all devicetypes (cont’d)

Full wave ac without
f\ Time

optional bridge rectifier
Shown for bidirectional positive

i
U |TSM
ﬁ\/ I
switching resistance TSPD

+

Full wave pulsating dc
with optional bridge rectifier

+i
- lsm
mh
Time

Shown for unidirectional positive
switching resistance TSPD

Figure 9 — Example of current wave, I tgy test
3.4.3 Additional electrical parametersfor paositive-breakdown-resistance types

Table 3 gives parameters applicabl e to the switching quadrant or quadrants of positive-breakdown-
resistance TSPDs.

NOTE — The switching voltage and current are useful only when the coordinate (Vs, ls) is
substantially different from (V go), lg0)) asin some negative-breakdown-resistance types. When
(Vs, lg) is coincident with (V go), |g0)), OF not significantly different, the latter shall be used to
describe the device characteristic.

Table 3 — Electrical parameters for positive-breakdown-resistance TSPDs

Term and parameter description Symbol Reference

(1) Breakdown Voltage. The voltage across the device in the VeR) Fig. 1,5,
breakdown region. and 7

(2) Breakdown Current. The anode, principal, or thyristor leR) Fig. 1,5,
current at the breakdown voltage. and 7

(3) Switching Voltage. The instantaneous principal voltage at Vs Fig.1-7
the highest current point in the breakdown region prior to
switching to the on state.

(4) Switching Current. The instantaneous principal current at Is Fig.1-7
which the thyristor begins to switch from the breakdown
region to the on state.
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3.4 Thyristor surge protective device parameters (cont’d)

3.4.3 Additional electrical parametersfor positive-breakdown-resistance types (cont’d)

Jero-cross
Switch-0™  __._. R.=R,+R,

o

[ ]
W
LS 8: R1: Rz
19 -3 1
15 9 1
T
iz 2] :

G\’ Vac 18 S 1 '
:EOI CI JZ
o =~ =
. 2 o . 1 Optional buTt
|mﬂ 1
c 5 .

'3 3 ;
o [ ]

o £ :
1 e, 1
1 1 1
1 1

1

Figure 10 — Nonrepetitive peak on-state surge current (Itsy ) test
3.4.4 Additional parametersfor negative-breakdown-resistance types

Table 4 gives electrical parameters applicable to the switching quadrant or quadrants of negative-
breakdown-resistance TSPDs.

NOTE — These devices have a switching voltage much lower than their breakover voltage and a
switching current much greater than their breakover current. They exhibit switchback in their volt-
ampere characteristic which is observable on a curve tracer but is often difficult to measure.
Specification of (Vs, Is) isoptional.

Table 4 — Electrical parameters for negative-breakdown-resistance TSPDs

Term and parameter description Symbol Reference

(1) Switching Voltage. The voltage at the high-current Vs Fig.1-7
termination of the breakdown region prior to switching to
the on state.

(2) Switching Current. The current at the high-current Is Fig.1-7
termination of the breakdown region prior to switching to
the on state.

(3) Switching Resistance. The quotient of (&) the difference Rs Fig. 2, 4,
between the breakover voltage and the switching voltage and 6
and (b) the difference between the breakover current and
the switching current. Rs= (Vg -Vs)/(lgo) - Is)
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3.4 Thyristor surge protective device parameters (cont’d)

3.4.4 Additional parametersfor negative-breakdown-resistance types (cont’d)

N
€ 100 - < lp Impulse wave shape is
§ 90 N 0.9,  defined as A/B ps where:
O 80 A is the virtual front time
s 70 =1.25(t, - t)
2 60 B is the virtual time to
g 50 0.5, half value
((/_Q) 40 - (tz - tv)
3
% 10 Virtual front rate-of-rise
£ 0l diidt = 0.814t, - )
> Lt L 4 t, time
_Virtual front
_ time " virtual time _
B to half value g
Virtual
origin

Figure 11 — Definition of double exponential impulse current waveshape

$

g 100 < V .

> 7N P Impulse wave shape is

(o]

= 90 09Ve  defined as C/D ps where:
> 80 C is the virtual front time
3 70 =1.67(t,-t,) C<30usor
5 60 = -t) C330pus

= 950 0.5V, Dis the virtual tail time

L 40 =(,-t) C<30usor
93 30 03V, =(-1t) C330ps

o 20 \ . .

= 10 Virtual front rate-of-rise

& dv/dt = 0.6V,/(t, - t)

5 0

z

Lt t i 4 t, time

=Virtual front=
time Virtual time
to half value

<

Virtual
origin

Figure 12 — Definition of double exponential impulse voltage waveshape
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