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4. GENERAL REQUIREMENTS

4.1 Test conditions. Unless otherwise specified herein or in the individual specificati.a”r all
measurements and tests shall be made at themal equilibrium at an ambient temperature of 25 *3°c a“d at
ambient atmospheric pressure and relative humidity and the specified test condition C (at e“vir.a”me”tally
elevated a“d reduced temperatures) shall have a tolerance of *3 percent or 3“c, whichever is greater.
uheneve? these conditions must be closely controlled in order to obtain reproducible results, the referee
conditions shall be as follows: temperature 25 *l° C, relative humidity 50 *5 percent, a.d atmospheric
pressure from 650 to 8CQ millimeters of mercury.

.4.’S.7 Permissible temperature variation in environmental chambers. Uhen chambers are used, specimens
under test shall be located only within the working area defined as follows:

a, Temperature variati.a” within working area: The controls for the chamber shall be capable of
maintaining the temperature of any single reference pint within the working area within *2°c or *4
percent, whichever is greater.

b. Space variation within working area: chambers shall be so constructed that, at any given time, the
temperature of any point within the working area shall not deviate more than *3°c or +3 percent,
whichever is greater, from the reference paint, except for the immediate vicinity of specimens
generating heat.

c. Chambers with specified minimum temperatures (e. g., burn-in, life test, etc.): Uhen test
requirements involve a specified minimum test temperature, the controls and chamber construction
shall be such that the temperature of any p.ai”t within the working area shall not deviate rmre than
+8, -O” C; or +8, -O percent, whichever is greater, from the specified minimum temperature, except
for the immediate vicinity of the specimens generating heat.

4.1.2 Electrical test frequency. U“Less otherwise specified, the electrical test frequency shall be
1,~ *25 Hertz (Hz).

4.1.3 ~. The specified limits are for abso[ute (true) values, obtainsd with the specifisd
(nominal) test conditions. Proper allowance shall be made for measurement errors (i”cl”ding those due to
deviations from nominal test conditions) in establishing the working limits to be used for the neas”red
values, so that the true values of the device parameters (as they would be under nominal test conditions)
are within the specified limits.

The following electrical test tolerances a“d precautic.”s, unless otherwise specified in the applicable
acquisition document, shall be maintained for all device measurements to which they apply (300?I, 4(2OC series
and other specified electrical measurements). Wherever test conditions are specified in the applicable
acquisition document to a precision tighter than the tolerances indicated below, the specified co”ditio”s
shall apply and take precedence over these general requirements.

a. Bias conditions shall be held to within 3 percent of the specified va(ue.

Supersedes page 5 of Notice 4
5
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b. Input pulse characteristics, repetition rates, frequencies, etc., shall be held to within 10
percent. Nominal values should be chosen so that *IO percent variation (or the actual test
equipment variation, if less than 10 percent) does not affect the accuracy or validity of the
measurement of the specified value.

c. voltages applied in breakdown testing shall be held within 1 percent of specified value.

d. Resistive loads shall be *5 percent tolerance.

e. Capacitive loads shall be *IO percent or *I picofarad tolerance, whichever is greater.

f. Inductive loads shall be *IO percent or *5 microhenries tolerance, whichever is greater.

g. Static parameters shal L be measured to within 1 percent.

h. Switching parameters shall be measured to within 5 percent or 1 nanosecond, whichever is greater.

4.1.3.1. Test methods and circuits. Unless otherwise stated in the specific test method, the methcds and
circuits shown are given as the basic measurement methcd. They are not necessarily the on[y method or
circuit which can be used, but the manufacturer shall demonstrate to the acquiring activity that alternate
methods or circuits which he may desire to use are equivalent and give results within the desired accuracy
of measurement (see 4.1.3).

4.1.4 Calibration requirements. Calibration and certification procedures shall be provided in accordance
with MIL-sTD-45652 for plant standards and instruments used to measure or control production processes and
semiconductor devices under test. For those measurements that are not traceable to the National Institute
of Standards and Technology (NIST), correlation samples shall be maintained and used as the basis of proving
acceptability when such prmf is required. In addition, the following requirements shall apply:

a. The accuracy of a calibrating instrument shall be at least four times greater than that of the item
being calibrated, unless the item being calibrated is state of the art equipment, which may be near
or equa L in accuracy to the state of the art calibrating equipment, in which case the five time
requirement does not apply. However, the instrument shall be calibrated to correlate with
standards established by the National 8.reau of Standards (NBS).

b. Except in those cases where the National Institute of Standards and Technolqy (NIST) recommends a
longer peri.xl and concurrence is obtained from the qualifying activity, calibration intervals for
plant electrical standards shall not exceed one year, and for plant mechanical standards shall not
exceed two years.

Supersedes page 5a of Notice 4
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Numerical index of test methcds

Ilethcd no.

Icm.1
1o11
1015
1016
1017.1
1019.3
1020.2
1021.1
1022.4
1026.5
1027.3
1031.5
1032.2
1036.3
?037.2
1038.2

*1039.4
1040
1041.3

*1042 .3
1046.2
1048
1049
1051.5
1054.1
1055.1
1056.5
1061.1
1066.1
1071.6
1018

2005.2
2006
2016.2
2017.2
2026.8
2031.2
2036.3
2037
2046.1
2051.1
2052.2
2056
2057.1
2066
2C&8

2069
2070.1
2071.2

*2072 .5

Title

Environmental tests (1000 series).

Barometric pressure (reduced).
Immersion.
Steady-state primary photocurrent irradiation procedure (electron beam).
Insulation resistance.
Neutron irradiation.
Steady-state total dose irradiation procedure.
Electrostatic discharge sensitivity classification.
Moisture resistance.
Resistance to solvents.
Steady-state operation life.
Steady-state operation life (LTPD).
High-temperature life (nonoperating).
High-temperature (nonoperating) life (LTPD).
Intermittent operation life.
Intermittent Cperation life (LTPD).
Burn-in (for diodes, rectifiers, and zeners).
Burn-in (for transistors).
Burn-in (for thyristors (controlled rectifiers)).
Salt atmosphere (corrosion).
Burn-in and life test for pxer IIOSFET’S or insulated gate bipolar transistors (lGBT).
Salt spray (corrosion).
Blocking life.
Blocking life (LTPD).
Temperature cycling (air to air).
Potted environment stress test.
Monitored mission temperature cycle.
Thermal shock (liquid to liquid).
Temperature measurement, case and stud.
Dew paint.
Hermetic seal.
Internal uater-vapt.r content.

Mechanical characteristics tests (2030 series).

Axial lead tensile test.
Constant acceleration.
Shock
Oie attach integrity.
Solderabi li ty.
Soldering heat.
Terminal strength.
Bond strength.
Vibration fatigue.
Vi brat<on noise.
Particle impact noise detection test.
Vi brat~on, variable frequency.
Vibration, variable frequency <monitored).
Physical dimensions.
External visual for nontransparent, glass-encased, double plug, noncavity, axial leaded
diw’es,
Pre-cap visual, power MOSFET’S.
Pre-cap visual microwave discrete and multi chip transistors.
Visual and mechanical examination.
Internal visual transistor (pre-cap) inspection.

Supersedes page 13 of Notice 7
13
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Numerical index of test methcds - Continued.

Method no. Title

2073
2074.2
2075

*2076. 2
2077.2
2081
2082

3CQI .1
3W5 .1
3011.2
3015
3020
3026.1
3030
3036.1
3041.1
3051
3052
3053
3061.1
3C.%. I
3071
3076.1
3086.1
3092.1

*3I 01.1
3103
3104

*3 I 05
3126
3131.2
3132
3136
3141
3146.1
3151
376’t

3181

3201.1
3206.1
3211
3216

Mechanical characteristics tests (20@l series) - Continued.

Visual inspection for die (semic.mductor diode).
Internal visual inspection (discrete semiconductor diodes).
Oecap internal visual design verification.
Radi cgraphy.
Scanning electron microscope (SEM) inspection of metal libation.
Forward instability, shock (FIST).
Backward instability, vibration (BIST).

Electrical characteristics tests for bipolar transistors (3C02 series).

Breakdown voltage, collector to base.
Burnout by pulsing.
Breakdown voltage, collector to emitter.
Drift.
Floating potential.
Breakdown voltage, emitter to base.
COLlectOr to emitter voltage.
Collector to base cutoff current.
Collector to emitter cutoff current.
Safe operating area (continuous de).
Safe operating area (pulsed).
Safe operating area (switching).
Emitter to base cutoff current.
Base emitter voltage (saturated or nonsaturated).
Saturation voltage and resistance.
Forward-current transfer ratio.
Static input resistance.
Static transconductance.

Circuit-performance and thermal resistance measurements (311MI series).

Thermal impedance testing of diodes.
Thermal impedance measwements for imulated gate bipolar transistors.
Thermal impedance measurements of GaAs MOSFET)S (constant current forward-biased gate voltage
method).
Measurements method for thermal resistance of a bridge rectifier assembly
Thermal resistmce (collector-cutoff-current method).
Thermal impedame measwem.mts for bipalar transistors (delta base-emitter methcd).
Thermal resistame (dc forward voltage drop, emitter base continmus methcx l).
Thermal resistance (forward voLtage. drop, coLLect6r to base, diode methcd).
Thermal response time.
Thermal time constant.
Thermal resistance, general.
Thermal impedance meawrements for vertical pwer MOSFET, S (delta source-drain voltage
method ).
Therma L resistance for thyri?.tors.

Low frecmency tests (32CT3 series).

Small-signal short-circuit input impedance.
Small-signal short-circuit forward-current transfer ratio.
small-signal opewcirc”it reverse-voltage trmsfer ratio.
Small-signal open-circuit output admittance.

Supersedes page 14 of Notice 7
14
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‘Numerical index of test methds - Continued.

Hethad no. Title

3221
3231
3236
3240.7
3241
3246.7
3251.1
325S
3256
3261.1

3301
3306.3
3311
3320

3401.1
3403.1
3404
3405.1
3407.1
3411.1
3413.1
3415.1
3421.1
3423
3431
3433
3453
3455
3457
3459
346J
3469
347o.2
347’T .1
3472.2
3473.1

3474.1
3475.1

3476

*3477.1

Low frequeric~ tests (3203 series) - Continued

small-signal short-circuit input admittance.
small-signal short-circuit output admittance.
open circuit output capacitance.
Input capacitance (output open-circuited or short-circuited).
Oirect interterminal capacitance.
Noise figure.
Pulse respanse.
Large signal power gain.
small signal power gain.
Extrapolated unity gain frequency.
Real part of small-signal short circuit input impedance.

Hiah frequency tests (33oU series)

Small-signal short-circuit forward-current transfer-ratio cutoff frequency.
Sma LL-signa L short-circuit forward-current transfer rati O.
Maximum frequency of oscillation.
Power output, RF power gain, and collector efficiency.

Electrical characteristics tests for MOS field-effect transistors
(34W series)

Rreakdown voltage, gate to source.
Gate to source vOLtage or current.
MOSFET threshold voltage.
Drain to source on-state voLtage.
Breakdown voltage, drain to source.
Gate reverse current.
Drain current.
Drain reverse current.
Static drain to source an-state resistance.
Sma(l-signal, drain to source on-state resistance.
Smakl-signal, common-source, short-circuit, input capacitance.
Sma\i-signa L, common-source, short-circuit, reverse-transfer capacitance.
Sma L1-signal, common-source, short-circuit, output admittance.
Smatl-signal, comrrm-source, short-circuit, forward transadmittance.
Sma L1-signa L, common-source, short-circuit, reverse transfer admittance.
Pulse reswnse (FET).
SmaL1 -signal, common-source, short-circuit, input admittance.
Repetitive unclamped inductive switching:
SingLe puLse unc[amped inductive switching.
Gate charge.
Switching time test.
Reverse recovery time (trr). and recovered charge (Qrr) for pewer MOSFET body diode and fOr
fast, ultra-fast power rectifiers.
Safe operating area (SOA) for power MoSFET’S or insuLated gate bipolar transistors (lGBT).
Forward tranconductance (pulsed dc methcd) for power IIOSFET’S or insulatsd gate bipeLar
transistors (lGET).
Commutating diode for safe operating area test procedure for measuring dvldt
during reverse recovery of lmwer NCSFET transistors or insdated gate bipoLar
transistors (IGBT).
Meawrement of total switching losses of an insu Lated gate bipolar transistor
( lGBT)

Supersedes page 15 of Notice 7
15
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Numerical index of test methcds - Continued

Method no.

3478.1
3479
3490

3507
3575
3505

mn.1

4011.4
4016.3
.4021.2
6022

*40.23
4026.2

*4037 .3
4036.1
4041.2
4046.1
4051.3
6056.2
40$1.1
6066.3
4071.1
L076 .1
4081.2

4101.3
.4102
4106
6111.1
4116.1
4127.2
4126.2
4131.1
1+’136.7
6141.1
4146.1
6151

Title

Electrical character ist$c$ tests for MOS field-effect transistors
(34i31 series) - C.mtinued

Power transistor electrical dose rate test methcd.
Short circuit withstand time.
Clamped inductive switching safe operating area for !40S gate power transistors.

Electrical characteristics tests for Gallium Arsenide transistors
(35CF2 series)

Breakdown voltage, drain to source.
Forward transconductance.
Associated gain.

Electrical characteristics tests for dicdes (4000 class).

Capacitance.
Forward voltage (source-drain diode).
Reverse current Leakage.
Breakdown voltage (dimies).
Breakdown voltage (voLtage regulators and voltage-reference diodes)
Scope display.
Forward recovery voltage and time.
Reverse recovery time.
“Q” for voltage var?able capacitance diodes.
Rectification efficiency.
Reverse current, average.
Smatt-signal reverse breakdown voltage impedance.
Sma L1-signat forward impedance.
Stored charge.
Surge current.
Temcwature coefficient of breakdown voltaae.
Saturation current.
Thermal resistance of tead mounted dicdes (forward voltage, switching method).

Electrical characteristics tests for microwave dicdes (4100 series)

Conversion 10ss.
Microwave dicde capacitance.
Detector power efficiency.
Figure of merit (current sensitivity).
Intermediate frequency (IF) impedance.
Output noise ratio.
Overatl noise figure and noise figure of the IF amplifier.
Video resistame.
Standing wave ratio.
Eurnout by repetitive putsing.
Burnout by single pulse.
Rectified microwave dicde current.

Supersedes page 16 of Notice 7.
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Methcd no.

4201.2
420d .1
4211.1
4216
42~9
&22q .1
4223
4224
4225
4226.7
4231.2

4301
4306.1
4316
4321
4326
4331

5C131 .1
5002
5010

Numerical index of test methcds - Continued.

Title

Electrical characteristics tests for thyristors (controlled rectifiers) (420U series)

Holding current.
Forward blocking current.
Reverse blocking current.
Pulse response.
Reverse gate current.
Gate-trigger .oltage or gate-trigger current.
Gate-controlled turn-on time.
Circuit-commutated turn-off time.
Gate-controlled turn-off time.
Forward “onL’ voltage.
Exponential rate of voltage rise.

Electrical characteristics tests for tunnel diodes (43CSl series)

Junction capacitance.
Static characteristics of tunnel diodes.
Series inductance.
Negative resistance.
Series resistance.
Witching time.

Hiqh reliability sDace application tests (5CGII cLass)

wafer lot acceptance testing.
Capacitance-voltage measuremmts to determine oxide quality.
Clean room and workstation airborne particle classification and measurement,

Supersedes page 77178 of Notice 7
17/18
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METHOD 1039.4

BURN-IN (FOR TRANSISTORS)

1. ~. This test is performed to eliminate marginal devices or those with defects resulting from
manufacturing aberrations that are evidenced as time and stress dependent failures. Uithout the burn-in,
these defective devices would be expected to result in early lifetime faihires under normal use conditions.
It is the intent of this test t. operate the semiconductor device at specified conditions to reveal
electrical failure ties that are time and stress dependent.

2. Procedure. The semiconductor device shall be subjectd to the burn-in at the temperature and for the
time specified herein. Preburn-in measurements shall be made as applicable. The failure criteria shall be
as specified.

2.1 ~. Devices with leads projecting from the WY shall be mounted by their leads at least
ll&inch (6.4 mm) from the seating pLane. Devices with studs or case shall be umunted by the stud or case,
unless otherwise specified.

2.1.1 Test condition A, steady-state reverse bias. The transistor primary blocking junction, as
specified, shall be reverse biased for 48 hours minimum, except PNP bipolar transistors shall be 24 hours,
at the ambient temperature specified (norma(ly 150”c) and at SU percent of its maximum rated collector-b?se
voLtage. FOP bipolar tr.a”sistors, the V(B bias is not to exceed the maximum collector-emitter v01t89e

rating. For field-effect transistors (signal or low power), the gate to source voltage, with drain to
source shorted, shall be as specified. At the end, of the high-temperature test time, specified herein, the
ambient temperature shall be lowered. The test voltage shall be maintained on the devices until TC = 30” C
*5°c is attained. After rcom ambient temperature has been established, the bias voltage shall be removed.
After removal of the bias voltage, no other voltage shall be applied to the device before taking the post
burn-in reverse-current measurement(s). After burn-in voltage is reroved, post burn-in measurements shall
be completed within 24 hours, unless otherwise specified. If measurements cannot be performed within the
specifid time, the devices shall be subjected to the same test conditions for a minimum of 24 additional
hours before past test measurements are performed.

2.1.2 Test condition B, steady-state power. A1l devices shall be operated at the maximum rated power
related to the test temperature for 16LI hours minimum at the specified test conditions (excluding
microwave).

a.

b.

c.

d.

For bipolar transistors, the temperature and Fuwer shall be specified. Unless otherwise specified,
the temperature shall be as follows:
T& = 30”C *5°C for small signal, switching, and medium power devices intended for printed
circuit bard mounting; TJ = maximum rated temperature, +O° C, -2S” C, for devices intend~
forchassis or heat sink mounting. Case temperature burn-in at maximum ratings (typically
Tc = lCWC) may be substituted on the chassis or heat sink muunted devices at the
supplier’s option. If the voltage conditions specified herein cause the safe operating
area rating to be exceeded, then the voltage shall be decreased until the safe operating
area rating is met while maintaining the full rated power condition. For microwave
bipolar transistors, the temperature, voltage, and current shall be as specified in the
detail specification.

For unijunction and field-effect (signal and low power) transistors, the temperature, voltage, and
current shall be as specified.

Post burn-in measurements shall be as specified.

Post burn-in readings shall be taken within 96 hours, unless otherwise specified. If measurements
cannot be performed-within the specified time, the devices shall be subjected to the same test
conditions for a minimum of 24 additional hours before past test measurements are performed.

Supersedes method 1039.3 of METHOD 1039.4
Notice 5 ‘T9 November q993Iofz
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3. m. Test condition letter and the following conditions shall be specifi~ in the detail
specification:

3.1 Test condition A:

a.

b.

c,

d.

e.

f.

9.

Junction to be reverse biased (see 2.1.1).

Gate to source voltage for field-effect transistors (see 2.1.1).

Test temperature (see 2.1.1).

Test time for field-effect transistors (see 2.1.1).

Voltage for post burn-in reverse currem measuremem (see 2.1.1).

Time for completion of past burn-in measurements, if other than 24 hours (see 2.1.1).

Criteria for failure (see 2.).

3.2 Test condition B:

a.

b.

c.

d.

●.

f.

9.

Test temperature, if other than as’ specified i“ 2.1.2.

Test conditions (see 2.1,2).

Power for bipolar transistors (see 2.1.2).

Voltage and current for u“ijuncti.m and field-effect trmsistors (see 2.1.2).

Preburn-in and post burn-in measuremems (see 2.1.2).

Time for completion of past burwi” measurements, if othe~ than as specified in 2.1.2,

Criteria for failure (see 2.).

NETHOD 7039.4
19 November 7993 2
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METHOD 1042.3

BURN-IN AND LIFE TEST FOR POUER MOSFETSS OR
INSULATEO GATE BIPOLAR TRANsIsToRS (lGBT)

1. ~. Test conditions A, B, and C are performed to eliminate marginal devices or those with
defects resulting from manufacturing aberrations that are evidenced as time a“d stress failures under normal
use conditions. Test condition D is performed to eliminate marginal lots with manufacturing defects. For
the lGBT, replace the drain a“d source MOSFET designations with collector and emitter lGBT designations,
D= Canal S=E.

2. Procedure, The semi conductor devi co sha 11 be subjected to the burn-i” et the temperature and for the
time specif fed herein. Preburn-i n ❑easurements shal 1 be made as applicable. The fai lure criteria sha 11 be
as specified.

2.1.1 Test condition A, steady-state reverse bias. A1l devices shall be operated at GO percent of the
maximum rated drain to source voltage at the specifid test temperature for I.W hours minimum, at the
specifi~ test conditions. The drain to source “oltage, with gate to source shorted, shall be as SPeCifi~.

At the end of the high-temperature test t i me, $pecif ied herein, the ambient temperature sha 11 be Lowersd.
The burn-in voltage shall be maintained on the devices unti 1 Tc = 30° C :5°c is attained. The interruption
of bias for up to one minute for the purpose of moving devices to cool down positions separate from the
chamber wi thin which life test i “g was performed shal 1 not be considered removal of bias.

After removal of the burn-in voltage, no other voltage shal 1 be applied to the device before taking the pest
burn-in reverse current measurement (s). After burn-in voltage is removed, post burn-in measurements shal 1
be completed within 96 hours, unless otherwise specifisd. (See figure 1042-1. ) unless otherwise
specified, the burn-in temperature shall be 1A = 150” C. The VDS burn-in voltage shal 1 be as foltows. For
lGBT devices, burn-in temperature shall be TJ = 150° C -15° C to +O” C, and test time shall be 96 hours
minimum.

lf ‘( BR)DSS is 20 V
30 v
40 v
60 V
80 V
90 v

IOU v
120 v
1s0 v
170 v
2W v
240 V
350 v
WJv
450 v
503 v
mv

Vos shall be 76 V
24 V
32 V
48V
64V
72 V
80 V
96 V

120 v
136 V
160 V
192 V
280 v
320 V
360 V
400 v
4S0 v

V(BR)oss V01ta9eS in between sha 11 revert to the next lower VOS burn-i” voltage.

2.1 .1.1 Temperature accelerated test detai 1s. In an accelerated test devices are subjected to bias
condi t ions at a temperature exceeding the maxi mum rated j“nct ion temperature. The maxi m“m a,nbi e“t
temperature for MOSFETS is f75° C for a minimum of 48 hours. It is recommend that an adequate sample of
devices be exposed to the high temperature while measuring the voltage(s) and c“rre”t (s) of the devices to
assure that the applied stresses do not i nd”ce damaging overst ress. An adequate sampte uhi ch has completed
the accelerated test she” Ld also be subjected to a 1,OUO hour steady state reverse bias at standard test
conditions to assure the devices have not bee” deleteriously affected. Oetai 1s of the accelerated test wiLL
be found in the detai L andlor genera 1 specif i cat ion.

Supersedes method 1042.2 of Notice 5 Methcd 1042.3
19 November J993
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2.1.2 Test condi t ion B, steady-state qate bias. Al 1 devices shal 1 be operated at 80 percent of the
maximum rated gate to source voltage at the specified temperature for a minimum of 48 hours. (See figure
1042-2. ) For MOS pwer transistors, the temperature and voltage shal L be as specified. Unless otherwise
sp.mifiej, the temperature (TA) shall be 150° C.

If maximum rated VGS is 10 V B“V”-i” voltage (VGS) shall be 8 V

15 v 12 v
20 v 16 V
30 v 24 V
40V 32 V

VGS voltages in between sha 11 revert to the next lower voltage,

2.1.3 Test condition C, steady-state power. All devices shall be operated at the maximum junction
temperature +O”C, -24° C by means of applying power to the device while maintaining an ambient temperature of
25”c +IO”C, -5-C. The junction temperature shall be verified by means of measuring junction temperature
using the change i n Ldy diode voltage drop or calculated by applying the f ol lowing equations:

TJ = ReJA XPD+TA Mot heat sink used
or

TJ = ReJC XPD+TC Heat sink used

Tc = Temperature of case

TA = Ambient air temperature

Ts = Temperature of heat sink

‘O = ‘DS x lD

v 0$ = Drain-source voltage

ID = Drain-source current

Note: The power indicated by the safe operating curve shall not be exceeded.

2.1.4 Test condition D, intermittent power. “II All devices shalt be subjected to the number of cycles
as specifi~. A cycle shall consist of applying power to the device for the time necessary to achieve a
IOO”C +15”C, -IO”C minimum rise in junction temperature followed by an off pericd for the time necessary for
the junction to cml. Forced air cmling is permitted during the off pericd only.

The power level, power-on time, and heat sink used, if any, shall be chosen to ensure that at the end of the
heating cycle, the case temperature is not more than 15°C below the junction temperature. The rise in
junction temperature during the on period shall be verified by means of measuring junction temperature using
the change in LwJy dicde voltage drop or calculated by applying the following equations.

ATJ . PT ReJA (1 - EXp - tlTp) where PT = VDS ID

Tp = thermal time constant of device package, and the heat sink used.

t = ~ting ‘i Me, ‘eJ4 = thermal resistance junction to ambient, for the period of heating time
spec~fld, of the device and any necessary heat sink used.

This test is intended to allow the case temperature to rise and fall appreciably as the junction is
heated and coaled; thus, it is not appropriate to use a large heat sink or a high power short
pulse.

‘est condition is destructive.

Methcd 1042.3
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3. -. Test condition letter and the following details shall be specified in the individual
specification.

3.1 Test condition A.

a. Drain to source voltage for f!OS power field-effect tPansistOr$ (VDS) (see 2.7.1).

b. Test temperature, if other than specified in 2.1.1.

c. Test time, if other than specified in 2.1.1.

d. Voltage for post burn-in reverse current measurement (see 2.1.1).

e. Criteria for failure.

3.2 Test condition B.

a. Test temperature, if other than as specified in 2.1.2.

b. Test conditions (see 2.1.2).

c. Voltage for MOS power field-effect transistors (see 2.1.2).

d. Preburn-in and post burn-in measurements.

e. criteria for failure.

3.3 Test condition C.

a. Ambient temperature and thermal resistance (see 2.1.3).

b. Voltage and current, if other than specified in 2.1.3.

c. PreLurn-in and past burn-in measurements.

d. Total test time (see 2.1.3).

e. Criteria for failure.

3.6 Test condition O.

a.

b.

c.

d.

e.

f.

Ambient temperature (if one is desired) and thermal resistance (see 2.1.4).

Voltage and current, if other than specified in 2.1.4.

Pretest and post test measurements.

Number of cycles (see 2.1.4).

Criteria for failure.

minimum heating time.

3
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LOAD

CIRCUIT

GND ~

(SEE NOTES) ,

#

GATE

l-J-DRAIN
--,

?

x
---

SOURCE

NOTES :
1. The load circuit sha 11 be selected or designed to ensure that the voltage across the load

circuit of each acceptable device shal 1 not exceed 10 percent of the specified test
voltage. The load circuit may be a resistor, fuse, or circuit which:

a. Protects the power supply.

b. Isolates the defective devices from the other devices under test.

c. Insures a mini mum’of 98 percent of the specified test voltage is applied across the DUT.

2. If the circuit does not maintain bias on a fai led device, then means must be provided to identify
that device.

FIGURE ‘1042-l. Hi ah temperature reverse bias test .? rcui t.

Method 1042.3
19 November 1993

‘%’&iJ
[MINI

J DRAIN
---

?

+---

SOURCE

FIGURE 1042-2. Hiqh temperature qate bias circuit.
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METHOO 2072.5

INTERNAL VISUAL TRANSISTOR (PRE-CAP) INSPECTION

1. ~. The purpose of this inspection is to verify the construction and workmanship of bipolar
transistors, field effect transistors, discrete nmnolithic, multi chip, and multifunction devices excluding
microwave and selected RF devices. This test wi 11 be performed prior to capping or encapsulant ion to detect
those devices with internal defects that could lead to fai lures in normal application and verify compliance
with the requirements of the applicable detai 1 specification.

.?. Apparatus. The apparatus for this inspect ion sha 11 consist of the following.

2.1 Optical equipment capable of the specified magnifications.

2.2 Light source$ of sufficient intensity to adequately i 1 Luminate the devices being inspected.

2.3 Adequate f ixturing for handling the devices being inspected without causing damage.

2.4 Adequate covered storage and t ranspartat ion containers to protect devices from mechanical damage and
environmental contami nat ion.

2.5 Any visual standards (drawings and photographs) necessary to enable the inspector to rake objective
decisions as to the acceptability of the devices being examined.

3. Definitions.

3.1 Glassivat ion. The top layer of transparent insulating material that covers the active circuit area
meta LLizat ion, but excluding bonding pads.

3.2 Passivation. Si Licon oxide, nitride, or other insulating material that is grown or deposited
direct l-e prior to the deposition of any metal.

.4. Procedure.

4.1 _. The device shall be examined in a suitable sequence of observations within the specified
magnif i cat ion range to determine complia”o? with the requirements of the appli cable detai 1 specif i cat ion and
the criteria of the specified test condition. If a specified visual inspection requirement is in conflict
with the topology or construction of a specific device design, alternate inspection criteria may be included

-in the detai 1 specification. Any alternate inspect ion criteria cent.ai”ed in the detai 1 specification shal 1
take precedence over the criteria of this test method. Any criteria of this test method intended for a
specific device process or technology has been indicated. Uhere appli cable, unused cel Ls shal 1 not be
subjected to “internal visual criteria.

a.

b.

Sequence of inspection. The order in which criteria are presented is not a required order of
examination and may be varied at the discretion of the manufacturer. Visual criteria specified in
4.1.1, 4.1.2, 4.1.3, and 4.1.7, may be examined prior to die attachment with reexamination at tow
or high magnification after die attachment for these criteria. Visual criteria specified in
4.1.6.2 and 4.1.6.3 may be examined prior to lead wire banding without reexamination after bonding.

lnsDect ion cent rol. Within the time interval between vi sua 1 inspection and preparation for
sealing, devices shall be stored in a controlled environment (one which controls airborne particle
count and relative humidity). The use of an inert gas environment, such as dry nit rcgen shal 1
sat isf y the requirements for storing in a controlled environment. De.i ces examined in accordance
with this test methcd sha 11 be inspected and stored in a class 100,’KYJ environment, in accordance
with FED-STD-209, except that the maxi MUM allowable relative humidity sha Ll not exceed 65 percent.

Supersedes Method 2072.4 of
2 September J986 1 of 13
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If devices are subjected to a high temperature bake (>1 CO°C) i mediately prior to sealing, the
humidity cent rol is not required. Devices shal 1 be in covered containers when transferred f ram one
control Led e“vi rc.nme”t to another, unless a cleaning operat i.a” is performed prior to sealing.

c. Magnification. High magnification inspection shall be performed perpendicular to the die surface
with normal incident i Llumi nation. Low magni f i cat ion inspection sha 11 be performed vi th either a
monocular, binocular, or stereo microscope, and the inspection performed within any appropriate
angle, with the device under suitable i 1 luminat ion. The inspection criteria of 4.1.4 and 4.’I.6.’I
may be examined at “high magnif icati on,% at the .an.fact”rer Cs option. High power rragnif ication may
be used to verify a discrepancy noted at a low power.

TABLE 1. Die magnification requirements,

* Chip size I High magnification ‘ Low magnif i cation

30 mi 1s or less I(XI to 20QX 30 to 50X

31 to 60 mi 1s 75 to 1 50X 30 to 50X

6J to 150 mi 1s 35 to 120X 10 to 30X

greater than 150 mi 1s 25 to 75x 10 to 30X

* Length of shortest dimension,

d. Reinspection. Uhen inspection for prcduct acceptance .JP q“ali ty verif i cat ion of the visua 1
requirements herein is conducted subsequent to the manufacturer, s successf” 1 inspect ion, the
additional inspect i.a” may be pe?formea at any mag”i f i cat ion specified herein, “n less a specific
magnification is required by the detai 1 specificati.a”. If sampling is useu rather than 103 percent
reinspect ion, reeval.at ion of lot qua 1 ity i n accordance with the “Reevaluation of lot quality!, of
MI L-s-19500 shal 1 be used.

e. Exclusions. If conditional exclusions have bee” allowed, specific instruction as to the tocatic.”
and condi t ions for which the exclusion ca” be applied sha 11 be doc”me”ted i” the assembly
inspect ion drawing.

4.1.1 Die meta LLizat ion defects (hiqh magnification). A die which exhibits any of the following defects
shall be rejected.

4.’I.1.1 Metal lizati.a”, scratches, and voids exposinq underlying material (see fiqure 2072-1).

a. A scratch or “oid that severs the innermost metal lized guard ring.

b. Any die containing a void in the metaklization at the bonding pad covering more than 25 percent of
the cad area.

METHOO 2072.5
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a. Flat pack and dual-in-line (see figure 2076-5).

1.

2.

3.

4.

5.

6.

Any lead wire that appears to touch or cross another Lead wire or bond (Y plane
only).

Any lead wire that deviates f ram a straight line f ron bond to external lead and

aPPears tO be Mithin 0.m2 inch (0.0508 mm) of another bond (Y plane only).

Lead “i res that do “d deviate from a st might line f mm Lm”d to external lead
and appear to touch another wire or bond (Y plane only).

Any lead wire that touches or is less than O. C02 inch (O. 0504 mm) from the case
or external Lead to which it is not attached (X and Y plane).

Any to”d that is less than 0.001 inch (0.0254 mm) (excluding kinds co””ected by
a common conductor) f mm another bond (Y plane only).

Any wire making a straight line run (with no arc) from die bonding pad to
package post.

b. Rcu”d or ,Sbox,n transistor type (see figure 2076-6).

1.

2.

3.

6.

5.

6.

7.

8.

Any lead wire that touches or is less than 0.002 inch (0.0504 mm) f mm the case
or external lead to which it is “ot attached (X and Y plane).

Lead wi Pes that stay below an imaginary plane across the top of the bond (x
plane only).

Any lead wire that appears to tcuch or CPOSS anc.the? lead wire o? bond (Y plane
only) if bonded to different electrical elements.

A“y lead wire that deviates f PO. a s.t might line f ram band to externa 1 lead

aPPears tO touch or tO be within 0.002 inch (0.0504 mm) of another wire or band
(Y plane only).

Any b.a”d that is less than 0.001 inch (0.0254 mm) (excluding bonds connected by
a common conductor) f mm another F.md (Y plane only).

Any wire making a straight line run (with no arc) from die bonding pad to
package post, unless specifically designed in this manner (e. g., clips, rigid
connecting leads, or heavy power leads.

Any internal post that is bent more than 10 degrees from the vertical (or
intended design posit ion) or is “ot “nifot-m i n length a“d construction or comes
closer than one pst diameter to another post.

Any post in a Low profile case (such as a TO-46) which comes closer to the top
of the case than 20 pepce”t of the total inside dimension between the headep and
the top of the case. A“y device in which the semi conductor element is vertical
to the header, and comes closer than O. 0Q2 inch (0.0508 mm) to the header or to
any part of the case.

Supersedes page 5 of Notice 7
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c. Axial Lead type (see figure 2076-7).

1.

2.

3.

6.

5.

6.

7.

8,

9.

whisker embedded with glass body wall.

Whisker ti (ted mare than 5 degrees in any direction from the device lead axis or deformed to
the extent that it touches itself.

Either half of an S or c bend whisker that is compressed so that any dimension
if reduced to less than 50?? of its design value. On dicdes with whiskers
meta 1 lurgi cal Ly bonded to the pest and to the die, the whisker may be deformed
to the extent that it touches itself, if the minimum whisker clearance zone
specified in figure 2076-7a, is maintained for metal psckages.

Uhi sker less construction device with plug displacement distance mare than one-
fourth of the diameter of the plug with respect to the central axis of the
device.

Semi conductor element mount ing t i Ltsd more than 15 degrees from normal to the
main axis of the device.

Die hanging over edge of header or pedestal more than 20 percent of the die
contact area by design.

Less than 75 percent of the semiconductor element base area is banded to the
mounting surface.

Voids in the welds which reduce the lead to plug connection by more than 25
percent of the total weld area.

Devices with psckage deformities such as, Ldy glass cracks, incomplete seals
(voids, position of glass, etc.), die chip outs, and severe misalinement of S-
and C-shaped whisker connect ions to die or past that excesd the limits of the

aPPli cable visual inspection requirements.

3.9.3 Encapsulated non-cavity assemblies of discrete devices. External to the i nd~vi dual devices, the
encapsulating material she 11 be examinsd and rejected for the fol Lowing defects.

3.9.3.1 Extraneous mater ia 1. Extraneous matter of any shape with any dimension exceeding 0.020 inches.
Also, any two adjacent part i c Les of such mstter with total dimensions exceeding 0.030 i riches.

4. ~. The following conditions shall be specified in the applicable detai L specification.

a.

b,

c.

d.

e.

f.

Number of views, if other than indicated in 3.1.1 and 3.1.1.1.

Radiograph submission, if applicable (see 3.8.2).

Marking, if other than indicated in 3.3 and msrking of samples
radiographer, if required (see 3.3.3).

to indicate they have been

Sample defects and criteria for acceptance or rejection, if other than indicated in 3.9.

Radiograph and rep-art retention, if applicable (see 3.8.3).

Test reports when required.

METHOD 2076.2 Supersedes page 6 of Notice 7
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METHOD 3101.1

THERMAL IMPEDANCE TESTING OF D1ODES

1. m. The purpase of this test is to determine the thermal performance of dicde devices. This can
be done i” two ways, steady-state therms 1 impedance andlc.r thermal transient test i “g. steady-state therms 1
impedance (referred to as thermal resistance) determines the overal 1 thermal performance of devices. A
prmiuct ion-ori ented s.xee”i ng process, ref erred to as thermal t ran.sient test ing, is a subset of thermal
impeda”c.e testing and determines the abi lity of the diode chip-to-header interface to transfer heat f mm the
chip to the header, and is a measure of the thermal quality of the die attachment. It is relevant to
designs uhf ch use headers, or heat conducting plugs, with mass and therms 1 conduct ivi ty a 1 lowing ●f f ect i ve
discrimination of pcor die attachments. This is particular Ly true with power devices. The method can be
aPPlied to rectifier dicdes, transient voltage suppresses, power zener diodes, and some zener, signs L and
switching diodes. This methcd is intended for prcduct ion monitoring, incoming inspection, and pre-burn in
screening appli cations.

1.1 Background and scope for thermal transient test i ng. Steady-state thermal response (thermal
resistance) and therms 1 transient response (related to and often ca 1 led thermal impedance or thermal
transient impedance) of semiconductor devices are sensitive to the presence of these voids in the die
attachment material between the semi conductor chip and package since voids impede the flow of heat from the
chip to the substrate (package). Due to the cliff erence i n the thermsl time constants of the chip and
package, the measurement of transient thermal response can be made more sensitive to the presence of voids
than can the measurement of steady-state therms 1 respnse. This is because the chip thermal time constant
is genera 1 ly severs 1 orders of magnitude shorter than that of the package. Thus, the heating power pulse
width can be selected so that only the chip and the chip-to-substrate interface are heated duri ng the pulse
by using a PU lse width somewhat greater than the chip thermal time constant but less than that of the
substrate. Heating power pulse widths ranging from 1 to 4W mi 1 li seconds for various package designs have
been found to satisfy this criterion. This enables the detection of voids to be great Ly enhanced, with the
added advantage of not having to heatsi nk the device under test. Thus, the transient therms 1 response
technique is less time-consuming than the measurement of thermal resistance for use as a manufacturing
screen, process cent rol, or incoming inspection measure for die attachment intsgri ty evaluation.

2. Definitions. The following symbols and terminology shal 1 apply for the purpose of this test meth.xl

a. ‘F

‘Fi

‘Ff

b. AVF

c. lH

d. VH

e. ‘H

f. tH

g. IH

The forward biased j unct ion voltage of the devi cc-under-test (DUT) used for j unct ion
temperature sensing.

The initial VF value before application of heating power.

The final VF value after application of heating pxer.

The change i n the temperature sensitive parameter, VF, due to the appli Cat i On of heati.9 W.,F
to the DUT.

The c.rre”t appLied to the OUT during the heating time i“ order to cause power diss jpat ion.

The heat ing voltage resulting from the application of lH to the DUT.

The heat ing power pu he magnitude; product of VH and lH.

The duration of PH applied to the DuT.

The measurement current used to forward bias the temperature sensing diode junction for
measurement of VF.

Supersedes Method 3101 of 30 Apri 1 1591
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‘. ‘MD

i. %

j. VTC

k. K

1. Cu

m. ‘J

n. AIJ

Measurement delay time is de finsd as the time from the start of heating power (pH) re~vaL tO
the start of the f ina 1 VF measurement time, rtf erred to as tSU.

Sample window time during which final V measurement is made. The valUe Of tsw shouLd be
“fsn!al 1; i t can approach zero if an OSCI 1 oscope is used for manual measurements.

Voltage-temperature coefficient of VF with respect to TJ at a fixed value of lM; in MVI”C.

Thermal calibration factor equal to the reciprocal of VTC; in “CImV.

The comparison unit, consisting of AVF divided by VH, that is used to nor~lize the tranSient
thermal response for variations in power di ssipat ion; in units of mvlv.

The devi cc-under-test junction temperature.

The change i“ TJ caused by the application of PH for a time equal to tH.

0. ZeJX Therms 1 impedance from device j unct ion to a time defined reference point; in units of “CIU.

z~JC ?herma 1 impedance from device j unct ion to a point on the outside surface of the case
immediately adjacent to the device chip measured using timeequal time constant of device; in
units of “c/w.

p. IS?JX Thermal resistance from device junction to a defined reference point; in units of “CIU. ALSO

‘hewn as ‘JX in publications.

SOJC ?ermaL resistance from device junction to a point on the outside surface of the case
~mmediately adjacent to the device chip; in units of “cIu. ALSO shown as EIJC in publications.

@JA Thermal resistance from device junction to a ambient (world); in units of ‘c/U. ,AISO shown as
C)JA in publicaf. ions.

3. Apparatus. The apparatus requi red for this test shal 1 inc Lude the following, configured as shown on
figure 3101-1, as applicable to the specified test procedure:

3.1 A co”sta”t current source capable of adjustment to the desired value of lH and able to supply the V

value rqui red by the DUT. The current source should be able to mai “tai” the de$i red current to within 52 !
during the entire length of heating time.

3.2 A constant current source to supply lH with sufficient voltage compliance to turn the TSP junction

fully on.

3.3 An eLect roni c switch capable of switching between the heat i“g period conditions a“d measumme”t
conditions in a time frame short ●nough to avoid OUT cooling during the transition; this typically requires
switching in the microsecond or tens of microseconds range.

METHOD 3101.1
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3.4 A voltage measurement circuit capable of accurately making the VF f measurement within the time frame
with millivolt resolution.

FIGURE 3101-1. Thermal impedance testinq setup for dicdes.

4. Test oDerat ion.

4.1 General description. The test begins with the adjustment of IH and lH to the desir~ vaLues. The
value of IH is usually at least 50 times greater than the value of IM. Then with the electronic s’-’itch in
~sitjon 1, the value of VEi is measured. The switch is then moved to position 2 for a length of time equal
to tH ,and the va he of VH IS meas”r.d. Finally, at the conclusion of tH, the switch is again moved to
psitwan 1 and the vFf value is measured within a time period defined by tH (or tMD PLUS tS , depending On
the definitions stated previously). The two current sources are then turn ~ off at the completion of the
test.

The voltage and current waveforms for al 1 three time pericds of the test are shown below on figure 3101-2

lH

lF .IH

o

‘H

‘F
VFL

‘Ff
o

~k ‘H

‘F VFL –––– –––––.
“Fr –––– -

/“~ “f’” 0 ,~, ~:
1;

l\ t3
‘.L --

FIGURE 3101-2. Thermal impedance test i na waveforms.
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4.2. I SOme test equipment may provide a AVF directly instead of VF j and ‘/F ~; this i% an acceptable
alternative. Record the value of AVF.

6.2.2 SOme test eq”ipme”t may prov+de a QJX direct ly instead of VFi and VF ~ for thermal resistance

calculations; this is an acceptable alternative. ‘eCord ‘he ‘a ‘Ue ‘f ‘JX’

4.2.3 Alternative waveforms, as may be generated by automatic test equipment using the general pri nci pies
of this methcd, may be used upon approval of the qualifying activity.

5. Acceptance limit.

5.1 General discussion. Variations in dicde characteristics from one manufacturer to another cause
difficulty in establishing a single acceptance limit for all diodes tested to a given specification.
Ideal lY, a sing Le acceptance limit value for AVF would be the simplest approach. However, different design,
materials, and processes can alter the resultant &vF value for a given set of test conditions. Li$t~ beLOw
are several different approaches to defining acceptance limits. The AVF li.it is the simplest apprOach and
is usually selecttd for screening purposes. 5.3 through 5.6 rsquire increasingly greater detai 1 or effort.

5.2 .iVF limit. h single &vF limit is practicaL if the K factor and V values for all dicdes testd, to a
given specification are near Ly Identical. “?Since these va I.e. may be dl f erent for different manufacturers,
the use of different Limits is likely to more accurately achieve the desirsd intent. (A Lower Limit does
not indicate a better die band when comparing different prcduct sources. ) 34e dicde specifications would
list the foL Lowing test condi t ions and measurement parameters:

IH (in A)

tH (in MS)

lH (in MA)

tMD (in ps)

tSW (in ps)

AVF (maximum Limit value, in MV)

5.3 AT: limit. (Much umre invoLved than AVF but useful for examining questionable devices. )

since ATJ is the prduct of K (i” accordance with 6.) and AVF, this approach is the same as defining a
maximum acceptable junction temperature rise for a given set of test co”di t ions.

5.4 ~. ($ Light Ly more involved than ATJ. )

The ATJ limit approsch described above does not take into account patent iaL paver di ssipat ion variations
between devices. The V value can vary, depending on chip design and size, thus causing the pwer

Idissipation during the eating time to be different from device to device. This “wistio” wi LL be smGLL
within a lot of devl ces prcduced by a sing Le manufacturer but may be large between manufacturers. A CU
limit vaL”e takes into account variations in power dissipation due to differences in VH by dividing the AVF
vaLue by VH.

METHOD 3101.1
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5.5 (K. CU) limit. (Slightly more involved but provides greater detai l.)

This is a combinational approach that takes into account both K factor a“d power dissipation variations
between devices.

5.6 z ~Y limit. (For f ul 1 characterization; not needed for screening purpases. )

The therms 1 impede,”ce approach uses a“ absolute magnitude value specif ic,at ion that overcomes the problems
associated with the other approaches. Thermal impedance is time dependant and is calculated as fol 10WS:

ATJ I (K)(AVF) I

‘eJX = — ‘
‘D I (lH)(VH) I

5.7 Re,t limit. (For thermal resistance specif i cat ion testing. )
The therms resl st.mwe to some def i“ed point, such as the case, is an ebsolute magnitude value specif icetion
used fo, equi Librium conditions. The th heat i“g time must therefore be extended to appreciably longer times

(typi ca 1 lY 20 to 50 seconds). In the example of ReJC measurements, the case must be caref uL LY stabi Li Zed
and monitored in temperature which rsqui res an inf ln,te heat sink for opt i mum results. The ATJ is the
difference in j LInct ion temperature to the case temperature for the example Of ReJC.

ATJ I (K)(AVF) I ~C,U

‘eJx = ~ = I (xH)( v”) I

5.8 General comment for thermal transient test i “q. One potential problem in using the thermal transient
testing approach lies i“ trying to make accurate e“.augh measurements with suf f i ci e“t resolut i.o” to
distinguish between acceptable and nonacceptable diodes. As the diode-under-test current hand king
capabi li ty increases, the thermal impedance under transient conditions wi 11 become a very small value. This
raises the ,wtent iaL for rejecting good devices and accepting bad ones. Highe, lH values must be used in

this case.

6, Measurement of the temperature sensitive parameter VF The calibration of VF versus TJ is

accomplished by monitoring V$D for the rsqui red value of IH as the environmental temperature (and thus the
DUT temperature), and is var?ed by external heating. It is not rquired if the acceptance limit is AV (see

f5.2), but is reLevant to the other acceptance criteria (see 5.3 through 5.6). The magnitude Of IH sha L be
chosen so that VF is a Linesrly decreasing function over the normal TJ range of the dewi ce. lM ~st be
large enough to e“s”re that the diode junct io” is turned on but “at large e“.augh to cause sign?f 1 cant
self-heating. An example of the measuremem method and resulting calibration curve is shown on figure
3101-3,

METHOD 3101.1
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rTEMPERATURE CONTROLLED
ENVIRONMENT

SOURCE

, I

I

I
I

) I 1.
FORUARD
VDLTAGE

INDICATOR

“ “f’

.— — _—— -

(S 1/2 DIGIT DVH)

DEvICE
TEST

UNDER

step 1: Measure VF1 at TJ1 usin9 IH
Step 2: neasure vF2 at T ~ usin9 lM
Step 3: fI ‘J2 - ‘JI .C,mv

K.

I v~z-v~q I

‘F

h “

SLOPE . l/K

AT IH .SHALL
CONSTANT
CURRENT

‘J

% must be large enough to overcome surface
Leakage effects butsmall enough not to
cause significant self-heating.

‘J is externally applied - via oven,
liquid, etc. - environment.

FIGURE 3101-3. Example curve of vF versus TJ.

A calibration factor K (which is the reciprocal of the slope of the curve on figure 3101-3) can be defined
as:

I TJ2-TJI I .C,mv
K=

I v~2-vFq I

H has been found experimentally that the K-factor variation for all devices within a given device type
class is small. The usual procedure is to perform a K factor calibration on a 10 to 12 piece sampLe from a
device lot and determine the average K and standard deviation (u). If o is less than or equal to 3 percent
of the average value of K, then the average waLue of K can be used for aLl devices within the lot. If 0 is
greater than 3 percent of the average value of K, then all the devices in the lot shall be calibrated and
the individual values of K sha LL be used in determining device acceptance.

METHOD 3101.1
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7. Establishment of test conditions and acceptance limits. Thermal resistance measurements require that
lH be equal to the required value stated in the device specifications, typically at rated current o? higher.
Values for t HZ ‘ff~ and heat sink conditions are also taken from the device specifications. The Step% ~~”
below are prlmarl y for thermal transient testi~ and thermal characterization purposes.

The following steps describe how to set up the test conditions and determine the acceptance limits for
implementing the transient thermal test for die attachment evaluation using the apparatus and definitions of
above.

7.1 Initial device testing P rocedure. The following steps describe in detail how to set up the apparatus
described previously for proper testing of various diodes. Since this procedure thermally characterizes the
dicde out to a point i“ heating time required to ensure heat propagation into the case (i. e., the~JX

condition), an appropriate heat sink should be used or the case temperature should be monitored.

Step 1:

Step 2:

Step 3:

From a 20 to 25 piece sample, pick any one diode to start the setup process. Set up the test
apparatus as follows:

IH=I. OA

t“ = 10-50 MS

50 - 250 ms

z 250 MS

(Or some other desired value near the device-under-test’s (DUTS) normal
operating current. )

(for mast devices rated up to 15 U pier dissipation), unless otherwise
specified.

(for mast devices rated up to 2CfJ U pawer dissipation), unless otherwise
specified.

for steady state thermal resistance measurement. The Pulse must be shown
to correLke to steady state conditions before it can be substituted for
steady state condition.

‘MD = IWPS ~x (lar9er vaiye my be required on pouer devices with magnetic pcka9e
elements which generate nonthermally induced transients; this would be
observed in the t3 regi.m of figure 3101-2) unless otherwise SpeCifi4.

I“=IOMA (Or some nominal value approximately 1/50, or Le% Of IH. )

Insert device into the apparatus test fixture and initiate a test. (For best results, a test
fixture that offers some form of heat sinking would be desirable. Heat sinking is not needed
if either the power dissipation during the test is well within the diode’s free-air rati~ Or
the maximum heating time is Limited to less than that required for the heat to propagate
through the case. )

If AVF is in the 5 to i%! mv range, then proceed to the next step. This range aPPrOXi~telY
corresponds to a junction temperature change of roughly IO”C to 20” C and is sufficient for
initial comparison purp.xes. .

lf AVF is LeSS than 5 N, return to step 1 and increase heating power intO device by

increasing IH.

If AVF is greater than 2JJ mv, approximately corresponding tO a jUnCtiOn temperature change
greater than 40”C, it would probably be desirable to reduce the heating power by returning to
step 1 and rtducing IH.

NOTE: The test equipment shall be capable of resolving AVF to within 5 percent. If not, a higher

value of AVF must be selected until the 5 percent tolerance is met.

7
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Note that two different devices can have the same junction temperature rise e.en wh=. pH is
different, due to widely differing VH. Within a given lot, however, a higher vH i$ ~re LikeLy tO
result in a higher junction temperature rise. For such examples this screen can be more accurately

accomplished using the CU value. As defined in 2., CU provides a comparison unit that takes into
account different device VH values for a given lH test cOndit ion.

step 4: Test each of the sample devices and record the AVF and CU data. :

Step 5: Select out the devices with the highest and lowest values of CU and put the remaining devices
aside.

The &vF values can be used instead of CU if the measured values of VH are very tightly grouped
around the average value.

Step 6: Using the devices from step 5, collect and plot the heating curve data for the two devices in
a manner similar to the examples shown on figure 3101-4.

Step 7; Interpretation of the heating curves is the next step. Realizing that the thermal
characteristics of identical chips should be the same if’ the heating time (tH) is less than or
equal to the thermal time constant of the chip, the two curves shou[d start out the same for
the low values of tH. Nonidentical chips (thinner or sraller in cross section) will have
completely different curves, even at the smaller values of tH. As the value of t is”
increased, thereby overcoming the chip thermal constant, heat MILL have propagat ~ through the
chip into the die attachment region. Since the heating curve devices of step 5 were
specifically chose” for their difference, the curves of figure 3101-4 diverge after tH reaches

a value whe?e the die attac.hme”t variance has an affect on the device junction temperature.
Increasing tH further will probably resuLt in a flattening of the curve as the heating
propagates in the device package. If the device package has little thermal mass a“d is “ot
well rrrsunted to a gmd heat sink, the curve will not flatten very much, but will show a
definite change i“ slope.

Step 8: Using the heating curve, select the appropriate value of t to correspond to the inflection
!point i“ the transition region between heat in the chip an heat in the package.

If there are several different elements in the heat flow path: chip, die .attechme”t,
substrate, substrate attach, a“d package for example in a hybrid: there wiLL be several

plateaus and transitions in the heating curve. Appropriate selection of tH wiLL optimize

evaluation sensitivity to other attachment areas.

step 9: Return to the appsrat”s a“d set tH equal to the value determined from step 8.

8
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A VF

(.vl

10-4 ,0-3 lo-z ~~-1 ,0-0 ~&

fH (SECONDS)

FIGURE 3101-4. Heatinq curves for two extreme devices.
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Step 10: Because the selected value of tH is much less than that for thermal equilibrium, it is
possible to significantly increase the heating power without degrading or destr.ayi”g the
device. The increased power dissipation within the device under test will result in higher
AvF andlor cu values that will make determination of acceptable and nonacceptable devices much
easier.

Step 11: The passl fail limit, the cut-off point between acceptable and nonacceptable devices, can be
established in a variety of ways:

a. Correlation to other die attachment evaluation methods, such as die shear .mdlor x-ray,
while these two methods have little actual value from a thermal point of view, they do
represent standardization methods as described in MI L-STD specifications.

b. Maximum allowable juncticm temperature variations between devices, since the relationship
between ATJ and AVF and is about 0.5”clrnv, the junction temperature spread between
devices can be easily determined. The TJ predicts reliability. Conversely, the TJ
spread necessary to meet the reliability projections can be trans Lat4 to a AvF andlOr cu
value for psssl fail criteria.

To fully utilize this approach, it will be necessary to calibrate the devices for the
exact value of the TJ - VF characteristic. The characteristic~s slope, commonly referred
to as K factor, is easily measured on a sample basis “sing a voltmeter, environmental
chamber, temperature indicator< and a pier supply setup for forcing, temperature
indicator a“d a pawer supply setup as described i“ 6. A simple set of equati.a”s yieLd
the junction temperature once K and AVF are know”:

ATJ = (K) (AVF)

TJ = TA + .iTJ

Uhere TA is the ambient or reference temperature. For thermal transient test conditions,
this temperature is usually equivalent to lead temperature (TL) for axia L lead devices or
case temperature (Tc) for case mounted devices.

c. Statistically from a 20 to 25 device sample; the distribution of .sVF or CU vaLues should
be a normal one with defective devices o“t of the normal range. Figure 3101-5 shows a
AVF distribution for a sample lot of diodes. Note that the left-hand side of the
histogram envelope is fairly well defined but the other side is greatly skewed to the
right. This comes about because the left-hand side is constrained by the absolutely best
heat f~ow that can be obtained with a given chip assembly material and process. The
other side has “O such constraints because there is no limit as to how pearly a chip is
mountsd.

METHOD 3101.1
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#

Step 12:

0 20 25 30 35

Av
F[mv)

FIGURE 3101-5. Typical AVF distribution.

The usual rul of thum in setting the maximu limit for hV or CU is to use the
5 i.e.:distribution average value and one standard deviation (O :

(AvF) I = AVF + X o A.

high
limit

(cu)I=cu+xo A.

high
limit

Uhere X = 3 i“ mast cases.

The statistical data required is obtained by testing 25 or more
devices under the conditions of step 11.

The maximum Limit, determined from this apprcach should be correlated
to the diodens specified thermal resistance. This will insure that
the AVF or cu limits do “ot pass dicdes that would fail the thermal

resistance requirement.

Once the test conditions and passl fail limit have been dtermined, it is necessary only to
record this information for future testing requirements of the same device in the same
package.

METHOD 3101.1

11

http://www.abbottaerospace.com/technical-library


MIL-STD-750C
NOTICE 8

The steps Listed hereto are conveniently summarized on figure 3101-6.

~General description~ Steps ~ Comments ~

~ , I ~.itia~ setup ~ 1 thrO.~h 4 I sam.,eApprOxl~te instrument settings to find
var~atums am.ang devices in 10 to 15 piece I

I I P

i,~ ~5through6!
I

Heating curve Using highest and lowest reading devices,
qe”erat ion .aenerate heatina curves.

~Cl Heating c”rye17through91 Heating curve is used to find more

II

7nterpretatlo”l I .aPP?OPrlate value for tH corresponding to
heat ~n the dle attachment area (or some

Ii

other desired interface in the heat flow
oath).

I I
I D I Final setup I 10 I Heating power applied during tH is I

II

increased i n order to i reprove measurement
sensitivity to variations amonu devices.

I E I ~ims;~tion ~ II through !, I A variety of methcds is available for

II

I
setting the fall limit; the statistical I
apprcach is the fastest and easiest to

I I implement. L

FIGURE 3101-6. Summary of test procedure steps,

7.2 Routine device thermal transient testinq P rocedure. Once the proper control settings have been
determined for a part i c“lar device type f ran a gi.e” man” fact”ri ng process or vendor, repeated testing of
that device type si reply requires that the same test condi t ions be used as previously determined.

New device types or the same devices iaa””f actured with a di f f ere”t process Mi L 1 require a repeat of 7.1 for
proper thermal transient test condi t ions.

8. Test conditions and measurements to be specified and recorded.

8.1 Thermal transient and e.aui Libri”m measurements.

8.1.1

a.

b.

c.

d.

e.

Specify the following test conditions:

lM measuring current —~

lH heating current —A

tH heating time — ms

tHD measurement time delay _ ~s

t~u sample window time _ ps

METHOD 3f Of . f
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8.1.2 Record the following data:

a. VFi initial forward voltage ~

b. VH heating voltage J

c. VFf final forward voltage ~

(Note: some test equipment may provide a AVF instead of VFi and VFf; this is an acceptable
a Lternative. Record the value Of AVF.

some test equipment may provide direct display of calculated CU and for QJX; this is an
acceptable alternative. Record the value of CU andlor OJX. )

8.2 K factor calibration. (Optional for criteria 8.3a or 8.3b, msndatory for 8.3c, d, or e.)

8.2.1 Specify the following test conditions:

a. lM current magnitude _mA

b. Initial j unct ion temperature —“C

c. lnitiaL VF voltage _mV

d. Final junction temperature _“ c

e. Final VF voltage _mV

8.2.2 Calculate K factor in accordance with the following equation:

I ‘JI ‘TJ2 I .C,mv
K.

I v~, =v~z I

a. K factor —“cf~v

8.3 Specification limit calculations. One or more of the following should be measured and/or calculated,
as called for on the device specification (see 5.1);

a. AVF —mv

b. CU _mv Iv

C. ATJ —“c

d. K.CU

e. ZeJX

‘. ‘JX

—“cJv

—“CIU

_“C/w

METHOO 3101.1
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METHOD 3105

MEASUREMENT METHOD FOR THERMAL RESISTANCE
OF A BRIDGE RECTIFIER ASSEMBLY

1. ~. This methcd describes a means to cause current to flow alternately through the legs of a
single-phase or three-phase bridge assembly under condition to make it feasible to determine its effective
thermal resistance. The bridge is operatsd under steady-state 10 conditions and the current in each L~ is
interrupted while readings are take” from which to calculate thermal resistance.

2. Definitions. The following symbols and terminology shall apply for the purposes of this test method:

a. vF ---------

b.vFl --------

,.’vF2 --------

‘. vF3 --------

,, vF4 ________

f. AVF --------

g.vFH --------

h. Io ---------

i. ‘REF --------

j. TcvF --------

k. TJ---------

L. ATJ --------

m. TSP --------

n. ‘N --------

0. ‘thJX -------

p. ~thJc---_--_

q. tF4 --------

‘. vAC --------

The forward-biased junction voltage of the device under test (DUT)
used for junction temperature sensing. For a bridge, this applies
to individual legs (i. e., one ac to one dc terminal).

The forward vOLtage at rcom temperature at IREF.

The forward voLtage at lREF and ICO”C abOVe that at VF1.

The initial v value at lREF before the application of heating
kpower, with t e device at rated case temperature.

‘he ‘inaL ‘F ‘a~ at lREF
after stabilization of temperatures due

to the application of rated current at ratsd case temperature.

The change in the temperature sensitive parameter VF, due tO
the application of heating power to the DUT, in volts.

The maximum forward voltage resulting from the application Of 10 tO
the DUT.

The rated average current applisd to the DUT.

The measurement current used to forward-bias the temperature sensing
diwle j“”ction for measurement of VF.

Voltage-temperature coefficient of VF with respect tO TJ at a fix~
value of lREF, in V/” C.

The DUT junction temperature.

The change in TJ caused by the application of l..

The temperature-sensitive parameter (VF).

Reference case temperature for measuring VN, when N = ‘1, 2, 3, or 4.

Thermal resistance from device junction to a defined reference
point (e.g. lead or ambient), in units of “C/U.

ThermsL resistance from device junction to a defined reference point
on the outside surface of the case, in units of “CIU.

Step trace time.

Bridge input AC voltage per leg.

Method 3105
19 November 1993
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3. Test circuit. The apparatus rquired for this test shall include the following, configured as shown
on figures 1 and 2.

a. A source of &l hertz, single or three phase sine wave (AC) capable of being adjusted to the
desired value of10 and able to supply the VFH value required by the DUT. The current source
should be able to m-mntain the desired current to within +2 percent during the entire time nesck$d
for temperature stabilization and measurements.

b. A constant-current source to supply lREF with sufficient compliance voltage ra.9e to turn On fully
t the junction of the dicde leg being measured.

c. Anti-parallel fast recovery rectifier dicdes with ratings exceeding l., tO prOvide isOLatiOn Of the
high-current source from IREF during commutation of 10 between Legs.

d. A voltage measurement circuit capable of accurately risking the VF measurements within the available

time interval (when the anti-parallel diodes are not conducting), with mikl{ volt resolution.

4. Procedure. Refer to figures 1 and 2, test circuits for single- and three-phase bridges.

a.

b.

c.

d.

Uith S1 open, and DUT at 20”c to 30”c (temperature T,), read VFq of each Le9 at current lR ~.
Elevate the device temperature to ICO”C above temperature T, CteMPeratUre T2). &LLow the ~e.ice to
stabilize until the junction temperature is at T2. Read VF2 of each kg at lREF current. Compute

the TCVF of each leq as follows:

TCVF = (k’Fl - VF2) / 10C°C VF2 computed at T, + (ICU”C)

compute the expected VF2A at TJ . maximum rated as follows:

‘F2A = ‘F1 - C(TCVF) X (TJnax - Tl)] VF2A computsd at TJMX

Determine the average TCVF and the standard deviation of the TCVF from the readings on each leg.
If the standard deviation is less than or qual to 3 percent of the average value of TCVF, TCVF
may be used for all devices. If the standard deviation is greater than 3 percent of the average
value of TCVF, then the individual values of, TCVF shall be wed in determining the performance of
the bridge.

Uith the device held at T3, at or below rated case temperature of l., close S1 and read VF3 fOr
each leg.

After closing s , adjust the power source andlor the load resistor to obtain the Wximum rat~ 10
(either 101 OP ~oz, depending on the ratsd TC selected) and readjust the case temperature to the

chosen rated value. Allow the device to achieve stable junction temperatures (see note 1).

Heasure VF4 (see figure 3) for each leg at the same reference current (* 1%) as in steps a and b.

(The instrumentation used to measure V.,. must have sufficient resolution to read it within 2 mv or
2%) .

r-,

NOTE: If VF3 for the Leg is greater than VF2, lJ iS leSS than TJmax.

e. Measure VFH for each kg.

Methcd 3105
19 November 1593
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f. compute thermal resistance as follows:

1. Compute AVF = VF6 - VF3 for each Lw.

2. Compute

ATJ=~, see note 1.
TCVF

3. Compute RthJc of the fuLL bridge;

‘TJC
‘thJC =

— , where ATJ is the average of all legs. VFH iS the

10 x 2VFH
.“erage of aLl legs and 10 is the rectified output current

of the full bridge. See notes 2, 3, and 4.

NOTES :
1. If, under power, the case is held to T4, sLight Ly above T3, a cOrrect~ ATJ (ATJ(corP1

= ‘TJC - (T4 - T3) should be ussd for steP f.2.

?. Step f.3 gives Rth for the bridge. The average per-leg Rth for a single-phase bridge is fOur
times the va[ue; six times for a three-phase bridge (see note 3).

3. xf desir~, Rth of individual legs may be computed from the individual value$ Of ATJC and VFH.

4. The power dissipated 10 x 2VFH is a reasonable aPPrOxi~t iOn.

Test cot!dition to be specified.

10

Tc

lREF

Frequency (if other than .$3 Hz)

Characteristics to be determined:

Steady state thermal resistance. Junction to case (unless otherwise specified): —“CIU.

3
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ANTI-PARALLEL DIOOES

r-

CURRENT
SOURCE

II

‘AC

-+ (OSCILLOSCOPE
OR EOUIVALENTI

REAO
1 REF S2 LEG .
~A 2

+ 63 R~ OF 10 METER <<< VFH/10
84
Al

NOTE: ALL voltage Measurements shall be msde using leads Kelvin - connected directly
to the bridge terminals

FIGURE 1. Sinqle Dhase bridqe.

&
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DU1

r––-----–––.! c

AN 1 \-~oPABE~ LE

DETECTOR
SC ILLOSCOPE

VAC
EOUIVALEN1l

—
TTT1 7X2

,

+BA3 BB4
+CA5 CB6

FIGURE 2. Three phase bridqe.
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OVERALL ‘/F VERSUS t

USE 2 V/di.v VERTICAL

2 ms/di.v HORIZONTAL

NOTE: VF4 “step trance” is provided When
anti- parrel dicdes in circuit briefly

T--H

commutate off [1 AC passes through zero
during each ccaling cycle of individual
bridge legs under AC test conditions.

OSCILLOSCOPE DISPLAYS

EXPANOEO ANO CHOPPEO
‘/F VERSUS t. USE 5 OR

10 mV/div VERTICAL,

20 OR 50 us/div HORIZONTAL

NOTES:
1. polarity shoMn applies when IREF is

c.xitive. The trace is inverted when 1.,.. . .
is negative.

s o“. I“ f,gure 3 IS ~OCpls ,~$~t%d(;~’)2“ ‘#is”adi”’’d sOtha’thev

clearly defin~. A typica L VAC might be
10 volts peak. Bridges with parasitic
inductive components must adjust VAC S0 that
after the inductive ringing settles. The

vF4 step in figure 3 (tF4) is I~S *5~s.

FIGURE 3. OscilloscoDe displays.
Methcd 3105
J9 November 7993
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METHOD 347T.1

MEASUREMENT OF INSULATED GATE BIPOLAR TRANSISTOR (lGBT)
TOTAL SUITCHING LOSSES AND SUITCHING TIMES

1. ~. This method defines the basic test circuitry and waveform definitions by which to measure
the total switching losses of a“ insulated gate bipolar transistor (IGBT).

2. ~. This methcd applies only to measurements of lGBT devices without an intsgral diode.

3. Definitions.

a. V(BR)CE5 Collectorlemitter breakdown voltage.

b. lCE

c. ‘GE

d. RG

e. ‘CL

f. to

g. tl

h. t2

i. t3

j. t4

‘. ‘d(on)

1. tr

‘. ‘d(off)

‘. tf

0. ‘ON

P. u~~~

q. WTOT

r. Tj

s. ‘G

4. Circuitry.
reaui rements.

Test current.

Gate to emitter voltage.

Gate drive series Resistance

clamp voltage (ScJ percent rated V(BRICES).

Time paint where VGE is at 10 percent of the sPecifi~ 9ate drive.

Time point where icE = 5 percent lCE (r@aX).

Time point where VCE = 5 percent VCL when VCE decreasing.

Time point where VCE = 5 percent VCL when VCE inC.reaSin9.

t3 + 5 /Is.

Turn on delay time.

Rise time.

Turn off delay time.

Fall time.

Turn on switching losses.

Turn off switching losses.

Total switching losses.

Semiconductor junction temperature.

Gate drive voltage.

Figure 347T-I shows the Lmic test circuit. The circuit has to satisfy two fundamental

a. The circuit reflects the losses that are attributed to the lGBT only and is independent
from those due to other circuit components, Like the freewheeling dicde.

Supersedes Methcd 34?7 of
Notice 5 10f4

Method 34i7.1
19 November 1593
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b. The operation of the circuit shown on figure 3H7-’t is as foLlows:

5.

5.1

5.2

5.3

The drive~ IGBT builds the test current in the inductor. Uhen it ism.Im%?S’6ff. current
flows in the zener. At this paint, the switching time and switching enewtestbt gins,
by turning on and off the device under test (DUT). In its switchiwt titsilh?!rill see the
test current that is flowing into the inductor and the voLtage across th=zeuer, uithwt
any reverse recovery component from a freewheeling dicde. This test cana~udse the lGBT,-
to its fuLL voltage a“d current without any spurious effect due to dii3dk3: _ recover y..

Input drive duty cycLes should be chosen such that Tj is not affectd @llSld UfTji$
best done using external methods.

-. Figure 3477-2 shows the DUT current and voltage waveforms anii_.@mts-

Enerqy loss durinq turn on. During turn m, the energy Loss is definsM=. >Sz!.ti.

(l)!40n’=~ iy. vCEdtjouLes/p.Lse

Refer to figure 34?T-2 for tl and t2

Enerqy loss durinq turn off. During turn off, the energy Loss is de f.irt#asfcaL2ws:
I

ft3
(2) Uon =

J
‘CE “ VCE dt joules fpulse

t4

Refer to figure 3477-2 for t3 and t4

Total switchinq LOSS. The total switching loss is the sum of equations (,fk2df4?).

(3) UTOT= UON+ UOFF jouleslpuLse

5.4 Switchina time measurements. Switching time measurements while not ttu~ -thcd of:
delineating between devices may b+ determined using the rules below and as -iim~3477-2.

a. ‘d(on) The interval measured from the 10% point of the ris@!+is@@X
Vg a“d the 10% rise of the output current IC.

b. tr The interval measured from the 10.X to the W% paint afiti rising output.
current IC.

c. ‘d(off) The intervaL measured from the 93% point of the faUl?w~W16eVg to,
the 5Q% point of the falling output current lC.

d. tf The interval measured from the 97X to the 10% point drtfaeibSttng autp.It:
current IC.

Methcd 3477. J
19 November 1993
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6. Equipment. A tier. high speed digitizing system is recommended. The measurement of UON or U ~F ~.
accomplished by acc,essi”g the output V(t) and 1(t) waveforms, digitizing then, and transmitting the ata toa
a computer where WON or UOFF is calculated and the resuLts dispLayd.
considered.

Two factors of importance must be

a.

b.

SampLe spacing must be short relative to transition times for accurate and repeatable
results.

The relative V(t), 1(t) channeL delay must be known and accounted for in the computer
Drcaram that does the c.aint by rmint multiplication and summation that determines either
uoN-Or UOFF (see figure 34i7-2 )’.

7. Specifications.

a. ‘CL CLamp voLtage —v

b. lCE Maximum test current A —A

c. ‘GE Gate to emitter voLtage —v

d. RG Gate resistance —Q

e. Tj Junction temperature — ‘c

3
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FIGURE 34TT-2. TYDical clmped inductive waveforms.
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METHOD 4023

SCOPE DISPLAY

1.’ ~. The purpose of this test is to define criteria for inspection of the dynamic reverse
characteristics of rectifiers, switching, and zener diodes when viewed on a curve tracer. This inspection
criteria may not be applicable to specific rectifier designs where the device is not intended to be driven
into avalanche breakdown, or where the detail specification has not providd for this inspection.

2. w.

2.1 ALL devices requiring stable or sharp and stable breakdown characteristics. NoTE: Since 10. .0 Lta9e
zeners do not inherently have, and some other devices may not have a ,Ssharp” breakdown, specific exceptions
in requirements are also provided herein.

2.2 For condition A, stable (only) types, figures 3 through 11 shall apply.

2.3 For condition B, sharp and stable, types, figures 2 through 11 shall apply. The ideal sharp and
stable trace is one which exhibits a single horizontal line up to the point of breakdown, then transitions
vertically to form a W degree angle while maintaining the single line (see figure 1). Deviations from this
ideal, which are not specifically allowed in this method or detail, specification shall be cause for
rejection of the device under test. The following depictions (figures 2 through 11) have been compiled to
describe cormrranly observed faults. Tolerances from acceptable devices have been assignsd when applicable.

3.0 Procedures

3.1 The curve tracer presentation shall be configured so that the horizontal axis shall be calibrated
in volts per division and the “ertical axis shall be calibrated in amps per division (or fractions thereof).
The vertical and horizontal axis of the curve tracer presentation will be graduated into 8 or 10 divisions,
each representing a preca librated increment of current or voltage.

3.2 A series load resistor shall be used to limit the device reverse current and prevent device
damage. This typical resistance should be approximately one quarter or more of the device resistance at the
breakdown specification, when the curve trace set-up permits. Example: A device to be observed at IBR of

I0411JA which is specified to be 4CII volts minimum, would have a series resistance chosen according to the
following:

R z 0.25 (4W / 0.0031), therefore
R 21 Megohm

The curve tracer peak voltage (VCT) may also require limitation, Parti cuLarly if the series tad resistance
described cannot be achieved. See figure 1 and 3.5 for typical losd line relationships to assure safe
reverse current monitoring.

3.3 The trace should occur in the first and third quadrant of the display and be slowly adjusted from
.

zero volts to attain the specified current with the maximum amount of resolution for determinant ion of trace
character St i CS. The dut sha 11 be held under breakdown condi t ions for at least one second to ensure freedom
from intermittent instability for breakdown drift. NOTE: All figures herein are shown in the first
quadrant.

3.4 The vertical and horizontal sensitivity shall be adjustd on the curve tracer to provide a
rendition of the complete trace to the specified current. Horizontal and vertical sensitivity shall be
adjusted to provide a trace occupying no less than 50 percent of the avai lable screen.

lof8
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3.5 The curve trace voltage shal 1 not be simply set at a predetermined value and snapped on
instantaneous ly. This may be done only if the prcduct to be tested is known to have a sufficient lY narrow
breakdown voLtage (V ) range with a predetermined series ( load l~ne) res~ stor setting (refer to paragraph

‘f3 .2) and described be OH, to assure that the device wi 11 not be overpowered. This is typi ca 1 ly the case for
zener diodes prescreened on VZ (Or VBR). The peak open circuit supply voltage of the curve tracer. (vc ) MY

!then be adjusted such that the VCT setting can provide no more current ( 18R or Iz) than that Pequi red Or
avalanche breakdown, taking into account the series load resistance ‘PROOin figure 1. Unless otherwise
specified, these relationships may be calculated by:

‘cT - ‘BR
IBR = — , AND VC7 = lBRR + VBR

R

The resistance ,, R,, may be determined by:

R.

The VBR (or V ) utilizes
Jvalue select

‘CT - ‘BR

lBR

in this equation should be the, minimum expected so as to always maximize the R

3.6 Allowance for deviation from the desired characteristics described i“ this methcd or detai 1
specification must be granted by the qualifying activity. If a particu la? rejectable trace described is
expected i n a m-a”ufacturer ~s normal process, it must be identified and exptai ned during device
conf ormance{q”alif icati.a”. Oevices exhibiting the exceptional trace character st i c must be present in the
con fortnance/qua lif i cat io” bat to establi sh reliabi lity.

4. ~. The following condition shall be specified in the detai l-specification: Test condition to
be used.

Method 4023
19 November 1593
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This ideal trace exhibits none of the character st i cs descri bed on the figures below. Also, i 1 Lustr.sted are
the basic curve tracer adjustments and relation for a safe maximum operating current (1 ~) Mith the series
tcad resistor (R) versus peak open .i rc.it voltage (VCT) and de.i ce breakdown voltage (!BR).

FIGURE 1. Idea 1 reverse.

I

+-

; KNEE ~ 20.Z OF
SPECIFIEO IBR

The knee area is the area in which the trace transitions f mm the horizontal to the vertical. Unless
otherwise speci f i td, this area should not rqui re more than 10% of the total horizontal voltage ccnnpanent ~‘
being viewed, or more than 20% of the specif i sd IBR. Not applicable to fast, ultrafast, and schottky

rectifiers or low voltage zeners < 10 volts.

FIGuRE 2. Soft knee
Method 4023

19 November 1993
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-

The vertical compnent of the trance should remain stable in the horizontal axis. An undesirable drift is
defined as greater than 10% increase or 2% decrease in actual breakdown voltage up to 15@ volts. If over
15LKl volts, the aLLowable drift should separately specified.

FIGURE 3. ~.

J-J
*BR __––––––––––

0.2 IBR ------–––– ,

I~AvBR > 0.1 ‘BR
++

‘SR

The sLope shall be Less than 10 percent of VBR when viewed between 20 PerCent to 100 Percent Of the
specified IBR or Iz. Low voltage zeners beLow 5.5 volts are in ●xception to this requirement; also other
devices, as fray be specified.

FIGURE 4. ~.

Ilethcd 4023
19 November 1993
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The double break occurs the area in which the trace transitions from the horizontal to the vertical. Unless
otherwise specified, this area should not occupy more than 10 percent of the total horizontal voltage
component being viewed, or more than 20 percent of the specified lBR or 1 This requirement is not

applicable to ultra fast or schottky rectifiers, and low voltage zeners s 48 volts.

FIGURE 5. Oouble break (reiect criteria for sharp knee devices).

L4P—
>5X

For rectifiers and zeners the region at the knee may display a secondary trace no more than 5 percent of the
total voltage of the device under test (see detail).

FIGURE 6. Double trace.

Hethcd 4023
19 November 1593
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Any jittery movement of the trace in any direction, not
caused by power line voltage fluctuations, must not occur.

FIGURE 7. Unstable (iitter).

The vertical component must not depart from a single vertical line, ●xcept as allowed on figures 5 and 6.

FIGURE 8. Discontinuity.

Method 4023
19 November 1993
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I

I

1-

.7 —

’13R

The vertical compnent must not decrease its vaLue abrupt Ly by 2% OP ~re Of vBR

FIGURE 9. Snap back - collapsing VBR.

P...----J .

Leakage current (vertical) must not degrade from an initial value.

FIGURE 10. _.
Hethcd 4023

19 November 1993
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Instability (arcing) appearing at or near the specified lBR region on the vertical trace (such as may be
coincident with visible sparking activity within the device die region) must not be present. Noise at or
near the knee is ,permissible, such as typically observed on avalanche-ze”er devices.

FIGURE 11. *.

Method 4023
19 November 1993
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METHOD 4031.3

REVERSE RECOVERY CHARACTERISTICS

1. w. The purpose of this test is to measure the reverse recovery time and other specified
recovery characteristics related to signal, switching, and rectifier diodes by observing the reverse
transi ●nt current versus time when switching from a specif i cd forward current to a reverse biased state in a
speci f i & manner.

2. General quide for selectinq appropriate condition. Four conditi.a”s are given to include recommended
practice for the range of dicdes considered. A general guide for selecting the appropriate condi t ion letter
is:

a.

b.

c.

d.

Further,

Signal dicdes with reverse recovery time less than 6 ns.

Low to medium current rectifiers with maximum specified recovery times of 50 to 3,CGU ns.

High current rectifiers with maximum specified recovery times of 350 ns or greater.

Ultra-f ast rectifiers, particularly on new specifications.

detai led guidance is given under each condition below.

2. Test condition A. This condition is particularly relevant to low-current, signal dicdes faster than 6
ns and tested at 10 MA. However, it is practicable for measurements up to 20 ns and IIYI ti.

2.1 Circuit notes for condition A.

a. Rise time of the reverse voltage pulse across a noninductive calibration resistor in place of the
DUT shal 1 be less than one-fifth of the recovery timeof the OUT, for greatest accuracy.

b, Osci 1 loscope rise time shal 1 be less than one-fifth of devi u recovery time, for greatest accuracy.

c. Proper coaxial networks and terminations shal 1 be employed to ensure against error-prducing pulse
reflections.

d. R> IORL

‘. ‘L = ‘PG + ‘SCOPE = IW ohms, unless otherwise specified.

f, C> ’1 OPU+RL

g. PU >2 x maximum specified trr (see figure 1.)

Supersdes Methcd 4031.2 of Notice 3 t!ethcd 4031.3
79 Novernbep 1593
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TRIGGER
c

6
DuT

1( b

T * m ~ -3
ATTENUATOR ~ ATTENuATOR E OSCILLOSCOPE

PULSE
GENERA1OR

UITH 5CU7 INPUT
IMPEDANCE,

?
+ -0

PG -L— .

FIGURE 1. Test circuit for condition A.

NOTE: The test circuit shall comply’ with the test conditi.a”s as stated undep 2.1.
PW = Pulse width of reverse voltage pulse (see figure 2).
RL = Load resistance
C = Coupling capacitance

2.2 Procedure for condition A. The specified forward current shall be adjustsd by resistor R and the +
supply. Voltage E, de”eloped across the 50 ohm oscilloscope input impedance shall be measured. Specified
forward current shall be calculated by the expression IF = ElSO. The time duration of IF shaLL be at least
10 times the device recovery time. The oscilloscope trance deflection stove zero reference shall be
adjusted by the oscilloscope vertical sensitivity to produce an amplitude of 2 cm minimum vertical
deflection. Adjustment of the reverse transient current (lRM) shall be made by varying the pulse generator
output, observing the voltage E across the 50 ohm oscilloscope ~nput impedance, and calculating lRM by the
expression I . E/50. Uhen reverse bias voltage VR is specifisd, and 1 ~ is not, the DUT shall be replacsd
with a shorting bar and lRH Ishall be calculated by the expression VR/5 (see figure 2.)

2.3 SummarY for condition A. The following conditions shall be specifiwl in the detail specification:

a.

b.

c.

d.

e.

f.

Forward current, lF.

Reverse CUr?ent IRN (preferred), or reverse voltage (optional alternative).

Load resistance, if other than ICO ohms. (this is the s“m of ZpG, acd ZscopE),

Ambient temperature in “C.

Generator impedance, if other than 50 ohms.

Recovery cur.ent measuring Pint, iR(REC), if different from 10 percent of IRK.

The following measurement shall be made: trr (see” fig”re 2),

Methcd 4031.3
19 November 7993
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FIGURE 2. Response Dulse waveforms for condition A.

3. Test condition B. (See suggested conditions, s1, 62, etc. below). This cc.nditio” is particularly
relevant to medium current (axial and similar) types of standard and fast rectifiers with maximum specified
recovery times between 50 and 3,~ ns that measured at peak forward currents greater than IW MA and less

than or equa L to 1.0 ampere. It is readily adapted to lower test currents. This test is also appropriate
for devices with recovery times less than 50 ns that are meaaured at peak forward cume”t$ of 1A or less;
below 25 ns, or at higher current, particular care must be used to achieve low lc.ap inductance and low
circuit rise times to achieve acceptable repeatability.

This condition differs from condition D in that the reverse current (lRH) is limited by the test circuit,
not by the DUT.

l-- d
Designation (condition) 81 1~ B3 1~ 05

u
1 ,

~ Test current, lF I 0.5 0.5
I (amperes)

1.0 1.0 / 0.01 1

II see fig.re4
II

x~~ I 1.0 0.5 1.0 1.0 / 0.01 I

i ‘R(REC) ~ 0.25 0.1 0.5 0.1 1 0.0U5 !

~ :S;,..

1

‘F
I 1331 V’0”1’Y33

‘R
1’11: I ,;; I ,;; 1,:1

I R4 I.w

* Preferred nominal resistance values are shown; mcdi f i cat ion of RF and RR may be needed to achieve the

rise time of 3.la and the IRM specified.

3
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3.1 Circuit notes for condition B. The timing and test circuit of figure 3A is a guide to that needed.
An equivalent circuit may be used. Figure 30 shows a suggested configuration for R4. DutY factor sha L L be
5 percent maximum.

a. The rise time of the reverse voltage pulse across a noninductive calibration resistor in place of
DUT shal 1 be less than one-fifth the recovery time of the DUT.

b. The osci 1 loscope rise time sha 11 be less than one-ha Lf of the pulse generator rise time.

I T o

4%--’.
02

01

V1
RF

L LOOP

‘1 n

V2
4

— h.
OUT

R4 Vo

n =

{

V4

R3 (-20 v TO -40v1

v3 and Rr cOnt rot fOrward c“rre”t IF, ‘1 > 5 ‘rr(max)
‘4 and RR. cent rol reverse current IRH.

‘pr(w~) ;s the 10n!zest to be measured.

t2 > trr

trr(m .“ Is the shortest expected.

t3>o
L,mll < trr( .“)/10

q ..A Lb = 1RF530 L, Is the se~~ Induction of R4
Q2 and ~ = RFP12P08

I FIGURE 3A.

Method 4031.3
19 November 1993
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i

1*——————————..——-
i

Yi~=kk=-0
I
1
I I I 1== ❑1=:

I I ,== s}

2111

I I I ‘== ‘i;

I II ‘= ‘p .

~-~

—-

3, I 10
I ———— —.
I T&

4[

L~—_.

n
TOP FOIL

i

BOTTOM FOIL

]2

I

I

~5

NOTES :
1. Resi star assembly R4 is made from ten 1 ohm, 1/4 w meta 1 film resistors, 5 on top and 5 on the bottom

foi 1s. The center of resistor bodies are not shown, and leads are shown dotted so that oa”duct ing
foi 1s ray be more clearly shown. Sottom resi star current f Low L to R (-->) is oppasi te to tope
.ume”t f low R to L (<--), providing magnetic field cancel la i.a”. Sense lead to the center conductor
of the probe jack exits at right ang Le to resistor axes and is located between the top and bottom
resistor layers.

2. Cross hatched circular areas show the connections between those top and bat tom foi 1 regions” indicated
by arrows.

3. To ground of circuit and probe.
4. To center conductor of miniature probe jack.
5. to cathode of DUT.

FIGURE 3B. Suggested board layout for low L, /R4 for condition B.

3.2 Procedure for condition 8. Specified forward current (IF) shall be adjusted by varying positive
voltage, V3. Reverse current ( IRM) sha 11 be cent rol led by vary I ng the n~ati Ve voltage, V4 (see figure 4)
Uith the DUT i“ place the circuit must be capable of higher than specified lRM; the circuit, and nOt the

‘ide, ‘Ust ‘imit lRM.

5
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IF

i!+

‘R(RECI.

[ L=~]
R4

IRt4 t
rr A

FIGURE 4. Current throuqh OUT (condition B).

3.3 Summary for condition B. The following conditions shall be specified in the detai 1 specification:

a. Test condition (BI, B2, etc., - see 3.) If not in table, specify c, d, and e.

b. Ambient temperature, if other than 25”c.

c. Forward current, IF.

n

‘. ‘eVerse current, lRM.
l–> NOTE: Specify c through f

e. Lead resistances RF and RR. only if not a condition

I designation in 3e.
f. Recovery measuring paint, iR(REC). —

The f ol lowing measurement shal 1 be made: tpr (see figure 4).

4. Test condition C. This test i $ intended for high current red i f i ers with reverse recovery times equal
to or greater than 350 “s a“d test at peak forward currents greater than 10 amperes.

R, L

.1

I

Rnl SCR1

.

FIGURE 5.

method 4031.3
19 November 1993
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4.1 Circuit notes for condition C.

a.

b.

c.

d.

e.

f.

9.

h.

The circuit is designd to simulate the commutation duty encountered in power rectifier diode
circuits whi Le also keeping average power dissipation Low to m$nimize the need for thermal
management.

The resistance of the C.L. a“d DUT loop (R a“d parasitic) is small, ●.g., 21T{ L/c . R so the
ftest current will essentially be sinus.aida , possessing a width of lr~LC ; a dildt of V/L and a

peak value of V {LIC. The peak voltage across the capacitor sha 1L be as smal 1 as pract i cable to
achieve the desi red test conditions. The ●f f ects of reverse voltage magnitude on the test device
recovery characteristics are neglected.

The minimum forwa~d current pulse time (t ) shall be at least 5 times the recovery time (trr) of
~the DuT so that the di Idt “i 11 be li near nd of the same value before and after c“~rent reversal.

The osci Lloscqx rise time shall be less than one-fifth of ta or tb (see figure 6), whichever iS
less.

The inductance of the current viewing resistor sha 11 be extremely low, ●.g., 0.01 mi crohe”ry.
Abrupt recovery rectifiers (figure 6) ca” cause current osci 1 lat ions which may be reduced by “sing
a lower inductance current viewing resistor and by properly terminating the osci 1 Loscope cable. A
current transformer II with suitable rise time ray be substituted for the current viewing resistor.
Rectifier dicde RD2 provides a very 10U inductance path around SCRI if the reverse recovery time of
SCRI is shorter than that of the OUT. An external SCR triggering source may be required to achieve
stable triggering.

A slight osci 1 Lation may appear on the waveform fol lowing device recovery. This may be mducsd by
reducing the c“rren% viewing resistor as ird”ctance, or property terminating the viewing cable. The
osci L Lation, however, does not affect the test results.

D2 and its. ci rcui t branch should provide a very low inductance pth 2 around the SCFI i f the ~evep~e
recovery time of the SCR IS shorter than that of the DUT.

R. must be sufficient lY lame such that the SCR t riaaers on lV after the caDaci tor. C, has had am!ale
t;me to charge to its desi red value.

-. ,
If stable triggering or ample charging is a problem, a

momentary pushbutton switch may be inserted in line with R3 to provide tri99erin9. A PUISe
transformer technique is also acceptable in the triggering circuit.

4.2 Procedure for condition C. C, L, and V are adjusted to obtain the specified test current dildt and
magnitude, IFM. The recovery time for rectifier dicdes is defined as tpr = ta + tb (see fi9Ure 6) t= i$

measured from the instant of current reversal to the instant that current reaches Its peak reverse value

IRH(REC) and tb is measured from IRM(REC) to the i “sta”t the straight line connecting lRM(REC) and 0.25

1 (REc) !nt~rcepts the zero current axis.
!“

The recovery t Xme for devices tnth abrupt recovery
c isracterl stl cs ,: def 1ned In the same manner e:cep~ tb is, measured from lRM(REC) to the instant the teSt
current waveform Intercepts the zero current ax,s, If appl I cable.

~1 Pearson Elect roni CS, Inc. or equivalent types.
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SOFT RECOVERY

6@-
AERuPT RECOVERY

ABRUPT RECOVERY

-B
—1FM

k-
k

% %r
,.25 IRH ,R~~,

vlRM (REC)—

ABRuPT RECOVERY

FIGuRE 6. Test current waveforms for various tyDes of rectifier diodes under
test in the circuit for measurinq reverse recovery characteristics.

4.3 Summary for condition C. The following conditions shall be specified in the detail specification:

a. Case temperature in “C.

b. Test repetition race, in Hz.

c. Peak forward current, IFN, in amperes.

d. Rate of decrease of forward current, dildt, in AILIS.

e. minimum test current pulse width, tp, in microseconds. (Outy cycle shall be s l%).

The following characteristics shall be specifiei for measurement in the detail specification as rSWirSd:

a. Reverse” recovery time (defin~ as trr = ta + tb), ta, tb.

b. Reverse recovery current, lRM(REC), in amperes.

Methc=d 4031.3
19 November 1993
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5. Test condition D. (See suggesttd conditions, Dl, D2, D3, ●tc. below. ) This condition is intended for
ultra-fast medium current rectifiers (axial and case mount, or equivalent sty Les) measurti at IF Z 1A and
with reverse recovery time s 1~ ns. Uith goad engineering practice, condition D can adequately measure t..
d- toatwut 10 ns;”it can also utilize If”up teat leaSt IOA.

Devi c,

10 or I (AV)
(Af

lto4

to 20

over 20

Itob

to 20

over 20+

St inus

> 65 to ICB3

> 65 to IIXI

>65 to 1133

s 65

5 65

s 65

Oesignat ion
(condition)

D?

D2

D3

D&

D5

D6

,,

values fo

1d)

2

6

10

2

6

10

test+nq

dildt
(AljI)

Im

Ico

ICO

203

200

2cm

* For devices with substantially higher ratd. current it is desirable to use test condition fOr IC
close to rated current, and higher values of dildt.

5.1 Test circuit. Refer to figures 7 and 8 for timing and circuit details. Equivalent circuits may be
used. The forward current generator consisting of ~, Q2, R7, and R2 may be repLacsd with anY functionally
equivalent circuit. Likewise, the current-ramp generator consisting of ~, Q4, R3, and c7. The duty factOr
shall be s 5 percent.

a. This methcd presumes that good engineering practice will be employed in the construction of the
test circuit, e.g., short leads, good ground plane, minimum inductance of the measuring LWP and
minimum seLf-inductance (~) of the current sampling resistor (R4). Also, appropriate high SPeSd
generators and instruments must be used.

b. The measuring-hop inductance (LLWP, see figure 7) represents the net effect of aLL inductive
elements, whether lumped or distributed, e.g. , bonding wires, test fixture, circuit beard foil,
inductance of energy storage capacitors, etc. The value of L

~wP’h?”Ld *’~”” 0’ L=”: ‘he
reason for controlling this circuit parameter is that it, com Ined with dlcde character~st~cs
including CT, determines the value of tb.

c. The turn-off reverse-voltage overshoot shall not be allowed to exceed the device rated breakdown
voltage. Ringing and overshoot may become a problem with RLWP < ti(LIC); where L = LLWP. That
is another reason for minimizing LLgp.

d. Regarding breakdown voltage, -Vb should be kept as Low as practicable, especially hen test LOW
voltage devices. A value of approximately 30 volts is recommended.

Method 4031.3
19 November 1593
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e. TIIe self-inductance of the current-sample resistor R4 (see figure 4031-8) must be kept low relative

to ta because the observed values of ta and 1
‘a

increase with increasing self-inductance. Since
the value of R4 is not specified, the recommen ed maximum inductance iS eXpreSStd as a time

expecttd.i h
constant ( IR4), with a maximum value of ta, (mini mum)llO, where ta (minimum) is the lowest ta value

IS ratio was c osen as a practical compromise and would yield an observed ta which is
10 pepc,ent high (At . ~/R6). The IRH error is a function of the L11R4 time constant and dildt.
For a djfdt of Ical ~fps the observed lRH would also be 10 percent high. AIRM = L11R4 dildt.

f. The difdt of ICOl Alps was chosen so as to provide reasonably high signal levels and still not
introduce the large IR errors caused by higher difdt.
errors, can beachie.~with lower ~/RL.

Higher values of di/dt, without large

rr’v’
VI

,vvf L—,..-. J--l-
L LOOP

1 our

! 04

.

VI amp Litude controls forward ‘currc”t (IF).
V2 amplitude controls di /dt

ta(~x) !s the lo.gest ta to be measured.
IS the shortest ta to be measured.

~(~ll)Q4 = 1RF530
Q2 and ~ = RFPf2P08

‘1 > 5 ‘a(max)
tz > trr
t3>o
LqlR4 < ta(m. #10
L, IS the se(’/ induction of R&

FIGURE 7. trr test circuit for co”diti.an D,

t!ethcd 4031.3
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MIL-STD-750C
NOTICE 8

i

I I %.

El
TOP FOIL

———
q

I,———-.
BOTTOM FOIL

NOTE S:
1. Resistor assembly lip is made f ran ten 1 ohm, 1 f4 w metal film resistors, 5 on top and t on the bottom

.

foi 1s. The center of resistor bodies are not shown, and leads are shown dotted so that conducting

fOi LS maY be ~re cLearly shown. Sat tom resistor current f Lou L or R (-->) is opposite to top
PeSi StOr current flow R to L (<--), providing msg”et i c field cancel lat i.a”. Sense lead to the center
conductor of the probe jack ,exi ts at right angle to resistor axes a“d is located between the top and
bottom resistor layers.

2. Crosses hatched ci;cular areas show the co””ections between those” top and bottom foi 1 regions
indicated by arrows.

3. To ground of circuit and probe.
.$. TO center conductor of miniature probe jack.
5. To cathode of DUT.

FIGURE 8. Suggest board layout for low Lf /R4 for condi t i On D.

Methcd 4031.3
19 November 1993
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141L- STD-750C
NOTICE 8

5.2 Procedure for condition D. Adjust VI for the specified forward current, IF. Adlus2k -Y2 for the

specified di/dt. (See figures 7 and 9)

S.3 summary for Condition D. The following conditions shall be specified:

a. Designation (condition, - see 5.). If another is desi red, d and e must be specifi+kdl-

b, -V4, reverse ramp Fewer SUPPLY voLtage.

c. TC, case temperature, if other than 25”c.

d. IF, .25 (rein) of the continuous rated current is the suggested aLter”atjve (See 5.-I.

e. difdt, IIM AfjIs is the suggested alternative (see 5.3a).

The following characteristics sha 11 be specified for measurement:

f. Reverse recovery time, trr (see figure 9). Alternative terminating points may be: ~ified, e.g.,
the first zero crossing, when appli cabLe, or an unextrapolat~ O.ZS lRM(REC).

- g. lRN(REC) (see figure 9).

NOTE: An additional measurement, ta may be made if desired to compute tb = trr - t=, and Uh recQverY
softness factor, RSF = tb/ta.

t :—b.

+

- tb--d

I :’

FIGURE 9.

Method 4031.3
19 November 1993

Generalized reverse recovery waveforms for condition D.
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