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METHOD 3001.1

BREAKDOWN VOLTAGE, COLLECTOR TO BASE

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the device under the specified conditions is greater
than the specified minimum limit.

2. Test circuit. See figure 3001-1.
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured
or the voltmeter readings shall be corrected for the ammeter drop.

FIGURE 3001-1. Test circuit for breakdown voltage, collector to base.

3. Procedure. The resistor Rq is a current-limiting resistor and should be of sufficiently high resistance to avoid excessive current
flowing through the device and current meter. The voltage shall be gradually increased, with the specified bias conditions (condition A, B,
C, or D) applied, from zero until either the minimum limit for V(Br)cBXx or the specified test current is reached. The device is acceptable
if the minimum limit for V(BR)cBX is reached before the test current reaches the specified value. If the specified test current is reached
first, the device is rejected.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testcurrent (see 3.).
b.  Bias condition:
A: Emitter to base: Reverse bias (specify bias voltage).
B: Emitter to base: Reverse return (specify resistance of Rp).

C: Emitter to base: Short circuit.

D: Emitter to base: Open circuit.

METHOD 3001.1
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METHOD 3005.1

BURNOUT BY PULSING

1. Purpose. The purpose of this test is to determine the capabilities of the device to withstand pulses.

2. Procedure. The device shall be subjected to a pulse or pulses of the length, voltages, currents, and repetition rate specified with the
specified prepulse conditions.

3. Summary. The following conditions shall be specified in the detail specification:
a. Prepulse conditions (see 2.).
b.  Pulse width (see 2.).
c. Pulse voltages and currents (see 2.).
d. Repetition rate (see 2.).
e. Measurements after test.

f.  Length of test or number of cycles.

METHOD 3005.1
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METHOD 3011.2

BREAKDOWN VOLTAGE,
COLLECTOR TO EMITTER

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the device under the specified conditions is greater
than the specified minimum limit.

2. Test circuit. See figure 3011-1.
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1. A PNP device is shown. For NPN types, reverse the polarities of the voltage and bias sources and zener diode.

2. An electronic switch, "S" may be necessary to provide pulses of short duty cycle to minimize the rise of junction
temperature.

3. The current sensor, or ammeter, shall present essentially a short circuit to the terminals between which the current
is being measured, or the voltage readings shall be corrected accordingly.

4. Itis important to prevent, or dampen, potentially damaging oscillations in devices exhibiting negative resistance
breakdown characteristics. Protection can be in the form of a circuit which circumvents the negative resistance
region, such as one which provides suitable base current as the collector voltage is increased; however, the
specified bias condition and test current must be applied when the voltage is measured. Additional protection can
be provided with a zener diode, or transient voltage protection circuit to limit to collector voltage at, or slightly above,
the specified minimum limit.

5. Regardless of the protection used, extreme care must be exercised to ensure the collector current and junction
temperature remain at a safe value, as given in the applicable device specification.

FIGURE 3011-1. Test circuit for breakdown voltage, collector to emitter.

3. Procedure. The resistor Rq is a current-limiting resistor and should be of sufficiently high resistance to avoid excessive current

flowing through the device and current sensor. The voltage shall be increased, with the specified bias conditions (condition A, B, C, or D)
applied, until the specified test current is reached. The device is acceptable if the voltage applied at the specified test current is greater
than the minimum limit for V(BR)CEX.

METHOD 3011.2
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4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrent (see 3.).
b. Duty cycle and pulse width, when required (see note 1 above).
c. Bias condition as follows:
A: Emitter to base: Reverse bias (specify bias voltage).
B: Emitter to base: Resistance return (specify resistance value of Rp).
C: Emitter to base: Short circuit.

D: Emitter to base: Open circuit.

METHOD 3011.2
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METHOD 3015
DRIFT
1. Purpose. The purpose of this test is to determine the drift of a parameter specified in the detail specification of the device.

2. Apparatus. The apparatus used for the performance of the drift test shall be the same as that utilized for testing the associated
parameter.

3. Procedure. The voltages and currents specified in the detail specification shall be applied. In the period from 10 seconds to 1
minute, the measurement specified in the detail specification shall drift no more than the amount specified in the detail specification.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrents and voltages (see 3.).
b.  Test parameter (see 3.).

c. Test apparatus or test circuit (see 2.).

METHOD 3015
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METHOD 3020
FLOATING POTENTIAL
1. Purpose. The purpose of this test is to measure the dc potential between the specified, open-circuited terminal and reference
terminal when a dc potential is applied to the other specified terminals.

2. Test circuit. See figure 3020-1.
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NOTE: The circuit shown is for measuring the emitter floating potential. For other device configurations
the above circuitry should be modified in such a manner that is capable of demonstrating device
conformance to the minimum requirements of the individual specification.

FIGURE 3020-1. Test circuit for floating potential.

3. Procedure. The specified dc voltage shall be applied to the specified terminals and the dc voltage of the open-circuited terminal and
reference terminal shall be monitored.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).
b. Input resistance of high impedance voltmeter (see figure 3020-1).

c. Test voltage application and reference terminals (see 3.).

METHOD 3020
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METHOD 3026.1

BREAKDOWN VOLTAGE, EMITTER TO BASE

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the device under the specified conditions is greater
than the specified minimum limit.

2. Test circuit. See figure 3026-1.
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is
being measured or the voltmeter readings shall be corrected for the ammeter drop.

FIGURE 3026-1. Test circuit for breakdown voltage, emitter to base.

3. Procedure. The resistor Rq is a current-limiting resistor and should be of sufficiently high resistance to avoid excessive current
flowing through the device and current meter. The voltage shall be gradually increased, with the specified condition (A, B, C, or D)
applied, from zero until either the minimum limit for V(r)EBX Or the specified test current is reached. The device is acceptable if the
minimum limit for V(BR)EBX is reached before the test current reaches the specified value. If the specified test current is reached first,
the device is rejected.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testcurrent (see 3.).
b.  Bias condition:
A: Collector to base: Reverse bias (specify bias voltage).
B: Collector to base: Resistance return (specify resistance of R»).

C: Collector to base: Short circuit.

D: Collector to base: Open circuit.

METHOD 3026.1
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METHOD 3030
COLLECTOR TO EMITTER VOLTAGE
1. Purpose. The purpose of this test is to measure the voltage between the collector and emitter of the device under specified
conditions.

2. Test circuit. See figure 3030-1.
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FIGURE 3030-1. Test circuit for collector to emitter voltage.

3. Procedure. The bias supplies shall be adjusted until the specified voltages and currents are achieved. The voltage between the
collector and emitter shall then be measured. If high current values are to be used in this measurement, suitable pulse techniques may
be used to provide pulses of short duty cycle to minimize the rise in junction temperature.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testvoltages and currents (see 3.).

b. Duty cycle and pulse width if applicable (see 3.).

METHOD 3030
1/2



MIL-STD-750D

METHOD 3036.1

COLLECTOR TO BASE CUTOFF CURRENT

1. Purpose. The purpose of this test is to measure the cutoff current of the device under the specified conditions.

2. Test circuit. See figure 3036-1.
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured or
the voltmeter shall be corrected for the drop across the ammeter.

FIGURE 3036-1. Test circuit for collector to base cutoff current.

3. Procedure. The specified dc voltage shall be applied between the collector and the base with the specified bias condition (A, B, C,
or D) applied to the emitter. The measurement of current shall be made at the specified ambient or case temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).
b.  Testtemperature if other than +25°C +3°C and whether case or ambient (see 3.).
c. Bias condition:
A: Emitter to base: Reverse bias (specify bias voltage).
B: Emitter to base: Resistance return (specify resistance of R).
C: Emitter to base: Short circuit.

D: Emitter to base: Open circuit.

METHOD 3036.1
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METHOD 3041.1

COLLECTOR TO EMITTER CUTOFF CURRENT

1. Purpose. The purpose of this test is to measure the cutoff current of the device under the specified conditions.

2. Test circuit. See figure 3041-1.
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured or

the voltmeter shall be corrected for the drop across the ammeter.

FIGURE 3041-1. Test circuit for collector to emitter cutoff current.

3. Procedure. The specified voltage shall be applied between the collector and emitter with the specified bias condition (A, B, C, or D)
applied to the base. The measurement of current shall be made at the specified ambient or case temperature.

4. Summary. The following conditions shall be specified in the detail specification:

a.

b.

Test voltage (see 3.).

Test temperature if other than +25°C +3°C and whether case or ambient (see 3.).

Bias condition:
A: Emitter to base: Reverse bias (specify bias voltage).

B: Emitter to base: Resistance return (specify resistance value of Rp).

C: Emitter to base: Short circuit.

D: Emitter to base: Open circuit.

METHOD 3041.1
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METHOD 3051

SAFE OPERATING AREA (CONTINUOUS DC)

1. Purpose. The purpose of this test is to verify the boundary of the SOA of a transistor as constituted by the interdependency of the

specified voltage, current, power, and temperature in a temperature stable circuit.

2. Test circuit. See figure 3051-1.
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FIGURE 3051-1. Test circuit for SOA (continuous dc).

3. Procedure.

a. Starting with Vcc and VEg at a low value, increase V¢ to approximately obtain specified VCg. Increase VEE to
approximately obtain specified Ic. Increase Vcc and subsequently adjust VEg to obtain specified Vg and Ic. Operate the
transistor at the specified temperature and for the specified time duration.

b. Decrease V¢ to obtain Vcg near zero. Turn off VEg. Turn off V.

c. The transistor shall be considered a failure if Ic varies 10 percent during operation, or exceeds the end points.

4. Summary. The following conditions shall be specified in the detail specification:

a.  Maximum SOA graph: Ic versus Vcg (see 3.).

b. Temperature, case or ambient (see 3.).

c. Values of Vcg and Ic.
d. Operating time (see 3.).

e. Measurements after test.

1/2

METHOD 3051



MIL-STD-750D

METHOD 3052
SAFE OPERATING AREA (PULSED)
1. Purpose. The purpose of this test is to verify the capability of a transistor to withstand pulses of specific voltage, current and time,
establishing a SOA.

2. Test circuit. See figure 3052-1.
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FIGURE 3052-1. Test circuit for SOA (pulsed).

3. Procedure. Starting at a low value, adjust Vg2 and V¢ to the specified levels. With the duty cycle and pulse width preset to
specified conditions, increase Vgg1 voltage to achieve the specified Ic.

4. Summary. The following conditions shall be specified in the detail specification:
a.  Maximum SOA graph: Ic versus VCE.
b. Temperature, case or ambient.
c. Input pulse and bias conditions:
(1) Pulse duty cycle.
(2) Pulse width.
(3) trandts
(4) Values for Rgg2, Rgp1, and Vg2 (see figure 3052-1).
(5)  Number of pulses or test duration.
d. Values of Rg, Vcc, and Ic (see 3.).

e. Measurements after test.

METHOD 3052
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METHOD 3053
SAFE OPERATING AREA (SWITCHING)
1. Purpose. The purpose of this test is to verify the capability of a transistor to withstand switching between saturation and cut-off for
various specified loads, establishing a SOA.

2. Test circuit. See figure 3053-1.
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FIGURE 3053-1. Test circuit for SOA (switching).

3. Procedure. The output load circuit configuration shall be as specified (condition A, B, or C). Starting at a low value, adjust Vg2
and V¢ to the specified levels. With the duty cycle and repetition rate preset to specified conditions, increase Vgg1 voltage to achieve
the specified Ic; and the output waveform (I versus V) shall be observed on the scope. When the transistor is turned off (switched),

the observed trace shall be a smooth curve between saturation and cut-off. Any oscillations or inconsistencies on the trace shall be
cause for rejection.

4. Summary. The following conditions shall be specified in the detail specification:

a. Maximum SOA graph, with parameter coordinates as follows:

(1) g versus VcE for load condition A.

(2) ¢ versus VcE for load condition B.

(3) I¢ versus L as functions of Rgg2 and Vgg2, for load condition C.
b.  Load condition as follows:

A: Resistive load.

B: Clamped inductive load.

C: Unclamped inductive load.

c. Temperature, case or ambient.

METHOD 3053
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d. Input pulse and bias conditions:
(1)  Number of pulses or test duration.
(2) Pulse width.
(3) Pulse duty cycle.
(4) trandts
(5) Rpp1andVppi1.
(6) Rpp2andVpp2.
e. Specific conditions for load and output bias:

Condition A: Values of R, Ic, and V.

Condition B: Values of R, Ic, V¢, diode type or characteristics, inductance and dc resistance of L.
Condition C: Values of Ic, V¢, and characteristics of inductor L including its inductance, "Q", dc resistance, and
resonant frequency.

f. Measurements after test.

METHOD 3053
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METHOD 3061.1

EMITTER TO BASE CUTOFF CURRENT

1. Purpose. The purpose of this test is to measure the cutoff current of the device under the specified conditions.

2. Test circuit. See figure 3061-1.
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured or
the voltmeter shall be corrected for the drop across the ammeter.

FIGURE 3061-1. Test circuit for emitter to base cutoff current.

3. Procedure. The specified direct current voltages shall be applied between the emitter and the base with the specified bias condition

(condition A, B, C, or D) applied to the collector. The measurement of current shall be made at the specified ambient or case
temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).
b.  Testtemperature if other than +25°C +3°C and whether case or ambient (see 3.).
c. Bias condition (A, B, C, or D):
A: Collector to base: Reverse bias (specify bias voltage).
B: Collector to base: Resistance return (specify resistance of R»).
C: Collector to base: Short circuit.

D: Collector to base: Open circuit.

METHOD 3061.1
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METHOD 3066.1

BASE EMITTER VOLTAGE (SATURATED OR NONSATURATED)

1. Purpose. The purpose of this test is to measure the base to emitter voltage of the device in either a saturated or nonsaturated

condition.

2. Test circuit. Circuit and procedure shown are for base to emitter. For other parameters the circuit and procedure should be
changed accordingly.
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NOTE: If necessary, switch S shall be used to provide pulses of short- duty cycle to minimize the
rise in junction temperature. When pulsing techniques are used, oscillograph methods shall be used
to measure Vg and the other necessary parameters, and the duty cycle and pulse width shall be
specified.

FIGURE 3066-1. Test circuit for base emitter voltage (saturated or nonsaturated).

3. Procedure.

3.1 Test condition A (saturated). The resistor R shall be made large. If the pulse method is used, the resistor R2 shall be chosen in

combination with Vcc so that the specified collector current is achieved at a value of Vcc low enough to ensure that the device will not
be operated in breakdown between pulses. If the pulse method is not used, resistor Ry can be any convenient value. The current Ig and
voltage Vcc shall be adjusted until Ig and Ic achieve their specified values. Then, VB = VBE(sat)-

3.2 Test condition B (nonsaturated). For this test resistor Ry shall be zero. The specified values of Ig and Vg shall be applied. V

BE is then measured. Alternately, the specified Vcg shall be applied and Ig adjusted to obtain the specified Ic.

4. Summary. The following conditions shall be specified in the detail specification:

a.

b.

Duty cycle and pulse width, when required.
Test condition letter (see 3.).
Test voltages or currents (see 3.).

Parameter to be measured.

METHOD 3066.1
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METHOD 3071

SATURATION VOLTAGE AND RESISTANCE

1. Purpose. The purpose of this test is to measure the saturation voltage and resistance of the device under the specified conditions.

2. Test circuit. Circuit and procedure shown are for collector to emitter. For other parameters the circuit and procedure should be
changed accordingly.
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NOTE: If necessary, switch S shall be used to provide pulses of short- duty cycle to
minimize the rise in junction temperature. When pulsing techniques are used,
oscillograph methods shall be used to measure Vg and the other necessary

parameters, and the duty cycle and pulse width shall be specified.

FIGURE 3071-1. Test circuit for saturation voltage and resistance.

3. Procedure. The resistor R1 shall be made large. If the pulse method is used, resistor R shall be chosen in combination with Vcc
so that the specified collector current may be achieved at a value of V¢ which is low enough to ensure that the device is not operated in
breakdown between pulses. If pulse methods are not used R2 may be any convenient value. The current Ig and V¢ shall be adjusted
until I and Ic achieve their specified values. Vcg(sat) is then equal to the voltage measured by voltmeter Vcg under the specified
conditions. Saturation resistance may be determined from the same circuit conditions, as follows:

Ve (sat)

I
4. Summary. The following conditions shall be specified in the detail specification:

r.CE(sat) -

a. Duty cycle and pulse width, when required (see 3.).
b.  Test voltages or currents (see 3.).

c. Parameter to be measured.

METHOD 3071
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METHOD 3076.1

FORWARD-CURRENT TRANSFER RATIO

1. Purpose. The purpose of this test is to measure the forward-current transfer ratio of the device under the specified conditions.

2. Test circuit. Circuit and procedure shown are for common emitter. For other parameters the circuit and procedure should be
changed accordingly.

DuT
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NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is
being measured or the voltmeter shall be corrected for the drop across the ammeter.

FIGURE 3076-1. Test circuit for forward-current transfer ratio.

3. Procedure. The voltage Vg shall be set to the specified value and the current Ig shall be adjusted until the specified current Ic is
achieved.

|
Then, hgg = <
B
If high-current values are to be used in this measurement, switch S shall be used to provide pulses of short-duty cycle to minimize the
rise in junction temperature. When pulsing techniques are used, oscillograph methods may be used to measure Ic and Ig.
4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage or current (see 3.).
b. Duty cycle and pulse width, when required (see 3.).

c. Parameter to be measured.

METHOD 3076.1
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METHOD 3086.1

STATIC INPUT RESISTANCE

1. Purpose. The purpose of this test is to measure the input resistance of the device under the specified conditions.

2. Test circuit. Circuit and procedure shown are for common emitter. For other parameters the circuit and procedure should be
changed accordingly.

R
— A

DUT

v VOLTAGE
S CE SOURCE
v
+
i /ﬂ( 1 (:EE> / Vec

BIAS T
SOURCE

Ves /*| o o (1) o o <EE>

NOTE: If necessary, switch S shall be used to provide pulses of short-duty cycle to
minimize the rise in junction temperature. When pulsing techniques are used,
oscillograph methods shall be used to measure Vg and other necessary

parameters, and the duty cycle and pulse width shall be specified.

FIGURE 3086-1. Test circuit for static input resistance.

3. Procedure. The resistor R1 shall be made large. If the pulse method is used, resistor R shall be chosen in combination with Vcc
so that the specified collector current is achieved at a value of V¢ low enough to ensure that the device will not be operated in
breakdown between pulses. If the pulse method is not used, resistor Ry can be any convenient value. The current Ig and V¢ shall be
adjusted until Ig and Ic achieve their specified values.

\
Then: h|E = ﬁ
Is
4. Summary. The following conditions shall be specified in the detail specification:
a. Pulse duty cycle and width, when required (see 3.).
b.  Test voltages or currents (see 3.).

c. Parameter to be measured.

METHOD 3086.1
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METHOD 3092.1

STATIC TRANSCONDUCTANCE

1. Purpose. The purpose of this test is to measure the static transconductance of the device under the specified conditions.

2. Testcircuit. See figure 3092-1.

R2

DUT
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- . CE SOURCE
BE
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+
VBB
(1) (1)
(g )
NOTE: For other configurations, the circuit may be modified in such a manner that it is capable of demonstrating

device conformance to the minimum requirements of the individual specification.

FIGURE 3092-1. Test circuit for static transconductance.

3. Procedure. The resistor R shall be made large or the voltage source Vgg shall be replaced by a constant current source. The
resistor Ry shall be chosen in combination with Vc ¢ so that the specified collector current is achieved at a value of V¢ which is lower
than V(Br)CEO- The current I shall be adjusted until Vcg and Ic achieve their specified values. The current Ic or Ig and the voltages
VBE, VBC, or VER shall then be measured. Using the values obtained through these measurements, the static transconductance shall
be calculated as follows:

For common emitter For common collector For common base
lc le Ic
Ove = Oywe = Owe =
VBE VBC VEB

If high current values are to be used in the measurement, suitable pulse techniques may be used to provide pulses of short-duty cycle
to minimize the rise in junction temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Test voltage or current.

b.  Duty cycle and pulse width, if applicable.

METHOD 3092.1
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3100 Series

Circuit-performance and thermal-resistance measurements

For thermal-resistance measurements, at least three temperature sensitive parameters (TSP) of the transistor can be used; the
collector to base cutoff current, IcgQ; the forward voltage drop of the emitter to base diode, VER; and the forward voltage drop of

the collector to base diode, Vcp. The methods described in this standard refer to the thermal resistance between specified

reference points of the device. For this type of measurement, power is applied to the device at two values of case, ambient, or
other reference point temperature, such that identical values of IcsQ, VEB, or VB are read during the cooling portion of the

measurement.
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NOTICE 5

METHOD 3100

JUNCTION TEMPERATURE MEASUREMENT AT BURN-IN & LIFE TEST

1. Purpose. This testis conducted on a representative sample of devices to verify a desired junction temperature
(T3 is achieved during burn-in and life-test environments. There are two methods that may be used. Both use a
temperature sensitive parameter (TSP) that is initially measured at the desired T; and selected test-current levels. In
the first test method A, a selected low measuring current that does not cause significant self-heating is used (similar
to thermal resistance test methods). In the second test method B, a series of sequential current pulses are taken to
characterize the TSP at the desired T, in the same operating current region expected for the burn-in and life-test
environments. These TSP values are again later compared during burn-in or life-test to verify the same T,. In either
case, a direct sampling method of T; in the burn-in or life test environment minimizes or eliminates possible errors
introduced by ambient conditions, K factor, and non-linearity of component thermal resistance when applied at high
temperatures. The method also allows the burn-in and life-test environment to be accurately characterized for
thermal resistance junction to ambient (Rg3a) that can be used again to further advantage for similar products in the
same test environment.

2. Scope. This applies to diode and transistor bipolar products requiring junction temperature verification during
power burn-in that generates self-heating of T; well above ambient or case temperature with applied power. It may
also use an oven chamber or hot plate for achieving elevated ambient or case temperatures. The applied power
testing may include ac operating life (ACOL) conditions for rectifiers, dc power in the operating breakdown region for
zeners, and forward dc power conditions for signal diodes and others. Transistors also involve applied dc power
conditions. This generally does not apply to high temperature reverse bais (HTRB) unless sufficient power is applied
to cause significant self-heating. Equivalent heating power options are also described in method A to accommodate
existing TSP equipment measurement methods for thermal resistance.

3. Rationale. Increased requirements for semiconductor performance, reliability, and quality have forced the need
for knowledge and greater accuracy of semiconductor device junction temperatures at burn-in and life testing. This is
necessary for making long-term calculations for reliability levels if using accelerating effects of burn-in or life testing.
Accurate T; measurements can be difficult because of the many variables. Electrical considerations (power, voltage-
current levels, waveforms, etc), environmental consideration (mounting configuration, surroundings, mounting
methodology, etc.) and selection of the junction temperature sensing method will affect results. It should also be
noted that the thermal resistance characteristics of any semiconductor device are not necessarily constant with
temperature or power dissipation, thus requiring thermal measurements under conditions that best duplicate actual
operation in the burn-in or life-test environment for determining T;.

4. Definitions. Many features are identical to those used for measuring thermal resistance for test method A. For
both methods, the burn-in and life test environment shall simply be known as the “test environment.” Further details
may be found in other references including EIA-531, JESD51-1, and methods 3101, 3131, and 4081 of MIL-STD-750.

a. TSP Temperature sensitive parameter at the measuring current.
b. T, Junction temperature.

c. Ta Ambient temperature in the test environment.

d. Rga Thermal resistance from junction to ambient.

e. RgiL Thermal resistance from junction to lead.

f.  Rexc Thermal resistance from junction to case.

0. Reakec Thermal resistance from junction to end cap.

METHOD 3100
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NOTICE 5
h. Iu Measuring current for the TSP (VE or Vgg).
i ln Heating current.
i tm Heating time.
k. two Measurement delay time
. Py Heating power.
m. Ve Forward voltage.
n. Vee Base-emitter voltage.
0. Vce Collector-emitter voltage.
p. lc Collector current.
g. Is Base current.
r. Ver Breakdown voltage.
s. Vz Zener voltage.
t. e Forward current.
u. lo Average I for 50 or 60 Hz sine wave and 180 degree conduction angle.
v. Ir Reverse standby current.
w. EC End cap.
x. DUT Device under test.

5. Equipment. Applicable to both methods unless otherwise noted.

5.1 TSP measurement. Test equipment to initially measure the TSP in a controlled temperature chamber, bath, or
hot plate is required at a desired T, for sample DUT.

5.2 Power supplies and arrays. The equipment used shall also include the burn-in or life-test power supplies and
panel/socket arrays for electrical contacts or heat sinking where the T; is to be sample measured for the DUTs. This
“test environment” is the same as used for all other remaining devices intended for burn-in screening or life test.

5.3 Oven chamber. An oven chamber, bath, or hot plate to place the panel socket arrays with all the devices shall
be used if elevated ambient temperatures are required.

5.4 Measuring TSP. For test method A, equipment for measuring the TSP shall be similar to that described for
thermal resistance in EIA-531, JESD51-1, TM3101, TM3131, or TM4081. The TSP is sampled in a short
measurement delay time (twp) after switching to a low measuring current Iy from the applied heating power source.
The duty factor for sampling the TSP shall be 1percent or less of the heating time (t+). It is considered optimum to
use the same mode of power or heating current (I4) as the power used in the test environment conditions. However,
this method also allows for a dc forward heating current (I4) power source often used in thermal resistance test
methods to provide equivalent rms power.
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5.5 Sample-and -hold tester. For test method B, a sample-and-hold tester for recording a sequential set of TSP
measurements at operating currents in the same vicinity as the test environment operating current is required such as
a Frothingham VF40 or equivalent with the approval of the quality activity. The test pulses must be kept narrow and
widely spaced where additional heating of the junction will be insignificant.

5.6 Voltage and current measurements. Intest method B, a voltmeter and current meter shall be used to
accurately measure the expected voltage and current levels in the test.

5.7 Thermocouple. A small bare-wire thermocouple of 36 AWG is required for ACOL evaluation.

6. Procedure for method A. This method uses a selected low measuring current for the TSP that does not cause
significant self-heating (similar to thermal resistance test methods). The DUTs are a sample of serialized devices
where the TSP is initially recorded at the desired temperature. They shall also be of the same construction as other
devices in the “test environment” and be of sufficient quantity to provide a good sample for averaging. Unless
otherwise specified, this shall be a minimum of five devices.

6.1 TSP measurement. First determine the nominal T, desired for the burn-in or life test. For military burn-in
screening, the minimum T; shall be specified by the applicable detail spec. The maximum T; is the rating for the DUT
unless otherwise specified.

6.1.1 Desired T, In a separate temperature controlled chamber, bath, or hot-plate environment, the nominal T;
desired for the burn-in or life test will initially be established within plus or minus 2°C (or as required) for recording the
TSP. Additional T; tolerance considerations are also noted in step 6.3.3.

6.1.2 Recording TSP. After the DUTs have been introduced and brought to thermal equilibrium, the TSP shall be
recorded in a serialized manner at a low steady-state-measuring current (lv) for method A. This would be the forward
voltage of a diode (Vg) or base-emitter voltage (Vge) of a transistor. The magnitude of Iy shall be large enough to
ensure the Ve or Vge is turned on, but not large enough to cause significant self-heating. For transistors, it is optimum
to remove any bias voltage to the collector that generates current gain affecting Inv. However some thermal
resistance equipment requires use of a collector voltage for a Vge measurement. If so, that same test condition shall
be used for measuring the TSP in burn-in as described in 6.3.2 and 6.4.1e.

6.2 Test environment mounting.

6.2.1 Verifing T;. The sample DUTs shall then be mounted in the test environment using sockets strategically
located representing the coolest and hottest regions to verify T;. This shall also include all other devices intended for
the power test environment to duplicate the same cumulative heating effects. Those sockets used for the DUTs shall
also be the same design as all others in the test environment. The DUTSs shall also be electrically connected to the
TSP measuring equipment that requires a set of Kelvin-sense leads to monitor junction voltage. The leads shall be
attached so as to minimize heat sinking. Also see step 6.5 on further ACOL considerations.

6.3 Test environment measurement.

6.3.1 Ambient temperature. The ambient temperature (T») shall be as specified at thermal equilibrium conditions
including any convection or circulating air effects in an oven chamber where applicable. For hot-plate applications,
the surface temperature and uniformity shall also be as specified to achieve desired case temperature (T¢c) control as
exemplified in 6.1.1 and 6.4.1c.

6.3.2 Appling current or power. The same heating current (or equivalent rms power) shall be applied in increasing
increments for all devices while sampling for TSP on each DUT with a low duty factor at Iy in accordance with
equipment description in 5.4. Working with each serialized DUT one at a time, monitor the junction voltage TSP at Iy
while slowly increasing the heating current. The TSP will decline with increasing T; for Vi or Vge.
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6.3.3 TSP for the desired T; Step 6.3.1 and 6.3.2 shall be repeated until the same TSP is achieved for the desired
T, in step 6.1.2 on the sample DUTs after the same equivalent current or rms power is applied for all devices in the
test environment. The power applied for this desired T, level for each DUT shall be recorded. The average power for
the DUTSs shall also be determined and used as the value thereafter for applied power per unit during burn-in or life
test in step 6.3.4. If thermal resistance from junction to ambient Rg;a is desired for future reference as described in
10.2, the Ta should also be recorded at this time.

NOTE: The T; is also selected based on overall tolerances of the test environment. Also see 10.3 and EQ 9 for
slight T, variations with the averaging effects of applied power above. For worst-case tolerances, the T; should be
placed nominally at the midpoint between the minimum and maximum allowed T, required for the test environment.
For example this may be 155°C if the minimum is 135°C and maximum is 175°C. |If either the applied heating-power
Py or the desired T, exceeds the DUT ratings, see steps 6.3.3.1 and 6.3.3.2. If not, proceed to 6.3.4.

6.3.3.1 Current and power ratings. If applied heating current or power Py exceeds the rating of the device for
burn-in screening to achieve the desired T;, the following options apply:

a. The heat sinking may be reduced in the test environment.

b. The ambient temperature (Ta) may be increased until the desired T, is achieved when allowed in the
applicable performance specification.

c. The current or power may be increased not to exceed the current density capability of the device.

6.3.3.2 T, for JANS. The T; may be higher than typical device ratings of 150°C to 200°C when applied to JANS
life test of MIL-PRF-19500 for a faster accelerated test environment. These may be specified at T, values of 225°C
to 275°C. However these options shall not exceed temperatures where the DUTs (and remaining devices) cannot
operate effectively as a semiconductor in the test environment. This may also be identified as the intrinsic or
secondary breakdown region (thermal generation of electron-hole pairs starts approaching or exceeding the
background doping levels of the pn junctions). This may also be observed by significant increases in reverse leakage
current or in more severe cases the decline (or collapse) of reverse breakdown voltage Vgr on rectifiers, Vz for higher
voltage zeners, or Ve for transistors. Also see note in 6.4.1b for rectifiers.

6.3.4 Criteria once T;_is achieved. After the desired T, is achieved for all devices, the burn-in or life test may
proceed with the average power per unit in 6.3.3 until completed for the required number of hours.

6.4 Power requirements. It is desirable to apply the same type of rms heating power required for the test
environment in 6.3 for each DUT as applied to all other devices before switching to the Iy level for measuring the
TSP. However power supply equipment for thermal resistance test methods using dc forward heating current Iy and
a low duty factor sample-and-hold method at Im for the TSP may not offer that added flexibility. In such cases, the
same equivalent rms heating power (Py) may be used with a forward-heating current (I4) as described in thermal
resistance test methods where Py = Iy X Vi. When equivalent rms heating power is in question, the duplication of
lead, case, or end-cap temperatures (T, Tc or Tec) is required to verify identical rms power as described in step 6.5
for ACOL considerations.
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6.4.1 Test environment and DUT power options

a.

Signal and Schottky Diodes (dc burn-in with Ig): The required heating power is forward dc current (Ig)
multiplied times the forward voltage (Vr) observed during the dc burn-in or life test (or Pu = I X V). No
equipment handicaps should exist with this test environment since Ir equates to the forward heating current Iy
for thermal resistance test methods.

Rectifiers (ACOL burn-in with lo): The required ac operating life at rated Io may be approximated in equivalent
rms heating power by Py = 10(0.107 + 0.785 Vem) where Ve is the peak forward voltage observed during the
half-sine wave and lo is the rated average rectified output current for 50 Hz or 60 Hz sine-wave input and a
180 degree conduction angle (see JESD282-B). With this definition, the peak forward current in each half-sine
wave is 3.14 x lo. This Py also assumes the power in the reverse direction is negligible due to leakage current
(Ir) and applied reverse voltage (Vrrwm) as defined in JESD282-B or method 1038 of MIL-STD-750.

For equipment limitations to measure TSP, the DUT samples may also use the same effective forward power
where Py is the forward heating current Iy multiplied times the forward heating voltage Vy as described in 6.4.
The same effective power with ACOL may be verified with identical T, Tc or Tec. See step 6.5 to measure T,
Tc, or Tec. Also see Background information in 9.3 for the “Correlation of RMS Power with T, Tc or Tec”.

NOTE: A reverse power loss may not be observed if “limiting resistors” have externally absorbed the intended
reverse voltage (Vrrwm) in @an ACOL test environment due to high leakage currents (Ir X R voltage drop), or due
to collapsing voltage as described in 6.3.3.2. The required Vgrm must be sample monitored to verify it has
been successfully applied where applicable to all the other remaining rectifier devices under ACOL power.
Limiting or ballast resistors are often used in series with each device that are then placed in parallel array
connections with typical power supplies for burn-in or life test methods. This regulates Il or limits excessive
current flow if a device electrically degrades or shorts to allow continued burn-in or life testing of remaining
devices for the period of time required.

Schottky (HTRB burn-in with Ig): To minimize high power and burn-in current levels, the required Py is applied
as an HTRB with reverse voltage (Vgr) and selected range of reverse current (Ig) for all devices at elevated
temperature. At low power where there is no significant self-heating, the Tc may be assumed the same value
as T;. In this example, the Py = Ir X Vr Where Ir is increased at elevated temperature. For test equipment
options the DUT sample may also use the equivalent forward rms power (Py) as described in 6.4. Where
applicable, the Tc may simply be measured directly for the T; equivalent as described in 8.

Zeners (dc burn-in with I7): The required Py is the zener burn-in current (Iz) multiplied times the nominal zener
voltage (Vz) where Py = Iz x Vz. The Vz is also adjusted for the expected T, using the rated temperature
coefficient of the zener (avz). For equipment limitations, the DUT sample may use the equivalent forward rms
power (Py) as described in 6.4.

Transistors (dc burn-in with Ic): The required heating power is the collector current (Ic) multiplied times the
collector emitter voltage (Vce) during the dc burn-in or life test plus any significant base current (Ig) multiplied
times base-emitter voltage (Vse) where Py = Ic X Vce + Ig X Vge. Typically the Ig X Ve power may be
negligible. The low duty factor sample measurement for the TSP shall be with the same conditions as in step
6.1.2.
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6.5 ACOL considerations (rectifiers). If the parts for burn-in or life test are to receive ACOL conditions, an
additional step must be added after step 6.2.1 to ensure equivalent heating and T; to the DUT samples.

6.5.1 Thermocouple mounting. When the voltage monitoring leads are being attached to the DUTs for testing in
the burn-in configuration in step 6.2.1, also solder on a fine 36 AWG bare-wire thermocouple to each of them. The
thermocouple should be mounted at zero distance from the body of the part. The thermocouple must be mounted to
not interfere when the DUT is placed in the burn-in or life test fixtures.

6.5.2 Thermocouple usage. Also solder a thermocouple as described in 6.5.1 to the nearest device of each DUT
location that receives ACOL power in the test environment.

6.5.3 Thermocouple temperature. As each of the serialized DUT parts are set to the desired junction temperature
using the dc current method in the burn-in or life-test environment, also record the thermocouple temperature
reading. These thermocouple readings are then used to set the ac power levels in the next step.

6.5.4 Average T; Apply power to heat the remaining diodes using the required ACOL while monitoring the
thermocouple temperature. Increase the ac power input until the thermocouple in 6.5.2 reaches the temperature
level of the DUTs in 6.5.3 at the desired junction temperature. Record the ACOL power conditions applied for each
device described in 6.5.2. These values are then averaged for determining ACOL power applied for all devices. This
process guarantees that all the devices will be tested at the required average junction temperature for burn-in or life
test. Also see 9.3 for further background information.

NOTE: The rectifier diode with the lowest Ve and (or) the lowest ambient temperature Ta position in the test
environment would require the greatest power for a given thermocouple reading to ensure the same T; is achieved.

7. Procedure for method B. This method uses a sequential set of current pulses to characterize the TSP at the T,
in the same operating current region expected for the burn-in or life-test environment. The DUTs are a sample of
devices where the TSP is recorded at the desired temperature. They shall also be of the same construction as other
devices in the test environment and shall be of sufficient quantity to provide a good sample for averaging. Unless
otherwise specified, this shall be a minimum of five devices.

7.1 TSP measurement. First determine the nominal T; desired for the burn-in or life test. For military burn-in
screening, the minimum T; shall be specified by the applicable performance specification. The maximum T; is the
rating for the DUT unless otherwise specified.

7.1.1 T, desired. In a separate temperature controlled chamber, bath, or hot plate environment, the nominal T;
desired for the burn-in or life test will initially be established within plus or minus 2°C (or as required) for recording the
TSP. Additional T; tolerance considerations are also noted in 7.3.3.
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7.1.2 Recording TSP measurements. A sample-and-hold tester must be programmed for recording a sequential
set of TSP measurements at operating currents in the same vicinity as anticipated for the test environment. This will
perform incremental pulse Ve-Ig, Vz-Iz, or Vge-lce tests.

a. Choose the incremental current range so that the recorded values will be centered near the current level that is
expected for the burn-in or life test environment.

b  Program the sample-and-hold test equipment to record junction TSP voltage readings with a sufficiently low
duty factor that will not warm the DUT when taking sequential readings. Typical test parameters for a leaded-
switching diode might be as follows:

(1) 0.5 ms pulse width.

(2) 1 second wait interval.

(3) 500 mA starting level for Ig,

(4) 20 steps at 5 mA increasing increments.
NOTE: The smaller the incremental steps, the more accurate the chart will be when correlating to values taken in
burn-in or life test. Since this test is performed with a low duty-factor power and thermally stable parts, any holding
fixture may be used, but Kelvin leads are required.

7.1.3 Data. After the DUTs have been introduced and brought to thermal equilibrium, the TSP shall be recorded in

a serialized manner by cycling each part through the expected current range and printing out the data for each

identified device. Each set of data is applicable only for that particular serialized part and junction temperature.

7.2 Test environment mounting

7.2.1 Verify T; The sample DUTSs shall then be mounted in the test environment using sockets strategically
located representing the coolest and hottest regions to verify T;. All other devices intended for burn-in or life-test
shall also be mounted in the test environment to duplicate the same cumulative heating effects. Those sockets used
for the DUTSs shall also be the same design as all others in the test environment. The DUTS shall also be electrically
connected to the TSP measuring equipment that requires a set of Kelvin sense leads to monitor junction voltage.
These leads shall be attached so as to minimize heat sinking. Also see step 7.4 for ACOL considerations.

7.3 Test environment measurement.

7.3.1 Thermal equilibrium. The ambient temperature (Ta) shall be as specified at thermal equilibrium conditions
including any convection or circulating air effects in an oven chamber where applicable.

7.3.2 Desired level. A common heating current shall be applied in increasing increments for all devices while
sampling for TSP on each DUT. Working with each serialized DUT one at a time, monitor the junction voltage TSP
while slowly varying the common junction current. When the DUT being monitored is at thermal equilibrium where
both its current and voltage readings match a set of readings on the chart taken in step 7.1.3, the T; of that DUT is
known to be at the desired level. This is graphically displayed on Figure 3100-1. For accuracy, the voltage readings
should optimally use the same test equipment that can record in both a sample-and-hold mode in step 7.1.3 and
continuously in this step.
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7.3.3 Desired T;. Paragraph 7.3.2 shall be repeated until both the current and voltage readings match a set of
corresponding readings for the desired T; level on each serialized DUT after the same equivalent rms power is
applied for all devices in the test environment. The power applied for this desired T, level for each DUT shall be
recorded. The average power for the DUTs shall also be determined and used as the value thereafter for applied
power per unit during burn-in or life test in 7.3.4. If the thermal resistance from junction to ambient Rg;a is desired for
later reference as indicated in 10.2, the Ta should also be recorded.

NOTE: The T, is also selected based on overall tolerances of the test environment. Also see paragraph 10.3 and
EQ 9 for slight T, variations with the averaging effects of applied power above. For worst-case tolerances, the T;
should be placed nominally at the midpoint between the minimum and maximum allowed T; required for the test
environment. For example this may be 155°C if the minimum is 135°C and maximum is 175°C. If either the applied
heating-power Py or the desired T, exceeds the DUT ratings, see 7.3.3.1 and 7.3.3.2. If not, proceed to 7.3.4.

FROTHINGHAM VF40 CURVE WITH SWITCHING DIODE JUNCTION
MEASURED AT 200° C AND BURN-IN FIXTURE MOUNTED CURVE
SHOWING CROSS OVER AT 555 mA AND 960 mV

1000 CT T T T T T T T T T T T T T1
—— DIODE MOUNTED IN ACTUAL BURN-IN BOARD
USED FOR LIFE TEST IN 150° C OVEN
—-- VF40 CURVE WHEN DIODE
JUNCTION IS AT 200° C
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FIGURE 3100-1. Frothingham VF40 curve.
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7.3.3.1 Power rating. If the applied heating power Py exceeds the rating of the device for burn-in screening to
achieve the desired T;, the following options apply:

a. The heat sinking may be reduced in the test environment.

b. The ambient temperature Ta may be increased until the desired T; is achieved when allowed by the applicable
performance specification.

c. The current or power may be increased not to exceed the current density capability of the device.

7.3.3.2 T, for JANS. The T; may be higher than typical device ratings of 150°C to 200°C when applied to JANS
life test in groups B, C, and E of MIL-PRF-19500 for a faster accelerated test environment. These may be specified
at T, values of 225°C to 275°C. However these options shall not exceed temperatures where the DUTs (and
remaining devices) cannot operate effectively as a semiconductor in the test environment. This may also be
identified as the intrinsic or secondary breakdown region (thermal generation of electron-hole pairs starts
approaching or exceeding the background doping levels of the pn junctions). This may also be observed by
significant increases in reverse leakage current or in more severe cases the decline (or collapse) of reverse
breakdown voltage Vgr on rectifiers, Vz for higher voltage zeners, or Vce for transistors. Also see note in 6.4.1b for
rectifiers.

7.3.4 Desired T; After the desired T; is achieved for all devices, the burn-in or life test may proceed with the
average power per unit in 7.3.3 until completed for the required number of hours.

7.4 ACOL considerations (rectifiers). If the sample-and-hold test equipment is equipped with synchronized test
capabilities for measuring the TSP voltage in the desired forward conducting half-cycle region for ACOL operation,
this can again be tested in a similar manner described in 7.3. As described in 7.3.2, this should optimally be provided
with the same voltage test equipment. For synchronized capabilities, a Frothingham model VF40DB or equivalent
may be used. If a synchronized test capability is not available, alternative steps must be added after step 7.2.1 to
ensure equivalent heating and T; to the DUT samples. These are described in 7.4.1 through 7.4.4.

7.4.1 Thermocouple mounting. When the voltage monitoring leads are being attached to the DUTs for testing in
the burn-in configuration in 7.2, also solder on a fine 36 AWG bare-wire thermocouple to each of them. The
thermocouple should be mounted at zero inch distance from the body of the part. The thermocouple will have to be
mounted so as to not interfere when the DUT is placed in the burn-in or life test fixtures.

7.4.2 Thermocouple usage. Also solder a thermocouple as described in 7.4.1 to the nearest device of each DUT
location that receives ACOL power in the test environment.

7.4.3 Thermocouple temperature. As each of the serialized DUT parts is set to the desired junction temperature
using the dc current method in the ACOL test environment, also record the thermocouple temperature reading.
These thermocouple readings are then used to set the ac power levels in the next step.

7.4.4 Average T, Apply power to heat the remaining diodes using the required ACOL while monitoring the
thermocouple temperature. Increase the ac power input until the thermocouple in 7.4.2 reaches the temperature
level of the DUT in 7.4.3 at the desired junction temperature. Record the ACOL power conditions applied for each
device described in 7.4.2. These values are then averaged for determining ACOL power applied for all devices. This
process guarantees that all the devices will be tested at the required average junction temperature for burn-in or life
test. Also see 9.3 for further background information.

NOTE: The rectifier diode with the lowest Ve and (or) the lowest ambient temperature (Ta) position in the test
environment would require the greatest power for a given thermocouple reading to ensure the same T; is achieved.

METHOD 3100
9 12 November 2002



MIL-STD-750D
NOTICE 5

8. Procedure for method C. This method only applies to case mounted power devices where the operating power
or current region expected for the burn-in or life-test environment is still well below that of the rating of the device. In
these examples, the T; of the device is not significantly higher than the case temperature Tc. This operating feature
and direct measurement of case temperature may be used to confirm the minimum required T; is met for the burn-in
or life-test environment.

9. Background information.

9.1 Equations for Tj, Ta, Py, and Rgia. The observed values of the T; rise above Ta in the test environment would
be the product of effective rms heating power (Py) multiplied times the total effects of component thermal resistance
from junction to ambient (Rgja).

This may also be stated as follows:

T;= TA+PHXR9_1A EQ].
The Ta is the ambient temperature in the immediate vicinity of an open-burn-in rack or the ambient inside a
convection-oven chamber for life test. If Ta is recorded at step 6.3.3 or 7.3.3, then the Rgja can also be determined
as follows:

Reia = (T3 = Ta)/PH EQ2

9.2 Thermal resistance definitions for Rei, Reic, Resec, Rera, Reca, and Reeca. The thermal resistance Rgsa is the
total of the DUT thermal resistance junction to lead or case (RgiL Or Rgic), and the thermal resistance of the test
environment from lead or case (test socket) to ambient (Rga Or Rgca). For example:

Reia = Rgi + Roia

or Rgia = Rgic + Rgca
This also applies to surface mount devices that may use an end cap (EC) reference rather than case. In this
example:

Reia = Rgiec + Rgeca
The T; in each of these examples can be determined as follows:

Ty= Ta+PuXx (RQJL + RgLA) = T + PyuxRgw EQ3
Tij= Ta+PuXx (RQJC + Rec/.\) = Tc + PuX Rg_]c EQ 4
T;= Ta+ Py X (Resec + Rgeca) = Tec + P X Resec EQS5

Earlier methods have also determined T; based on these relations that use thermal resistance of the component and
also the reference point temperature (T, Tc, Tec) measured in the test environment with applied power Py. Possible
sources of error included the use of maximum rated thermal resistance rather than actual value (see note), nonlinear
features affecting thermal resistance or K factor at notably higher temperatures during life test, and difficulty in
measuring reference temperature (T, Tc, Tec) particularly for enclosed convection air ovens.

NOTE: For accurate determination of T;, this requires the actual component thermal resistance value rather than the
maximum rating. This distinction is important to ensure adequate T, values are achieved in 6.3.3 or 7.3.3.

9.3 Correlation of RMS power with Ty, T¢, or Tec. The lead, case, or end-cap temperature reference points within
the test environment are as follows:

TL= Ta+PuX Rga EQ6
Tc= Ta+ PuX Rgea EQ7
Tec = Ta+ Pu X Rgeca EQ8

If the Ty, Tc or Tecis the same between any two devices in identical test environment conditions for ambient
temperature and thermal resistance of the test socket from component to ambient, then the effective rms power must
be the same between them as may be observed in EQ 6, 7, and 8. This feature may be used to advantage in
determining equivalent heating power levels in different power modes as described in 6.5 and 7.4. Also when the
same equivalent heating power levels are applied to devices of identical design with the same thermal resistance at
the same Ty, Tc or Tec, then the same T, is achieved as shown in EQ 3, 4, and 5.
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10. Summary.

10.1 Repeatable T; values. This procedure may not require repeating for every lot processed for burn-in and life-
test if this method verifies the same T, values (within acceptable tolerances) for thermally identical test environments
and devices to be tested as demonstrated in 9.1 and EQ 1. This would occur in a test environment with the same Ta
and heat-sinking effects (RgLa, Reca, Or Rgeca), as well as components of the same thermal resistance (Rga, Resc, OF
Rgsec). These conditions provide the same effective Rgsa and the same T, values as demonstrated in 9.2. The value
of Rgua is determined by the following in 10.2.

10.2 The effective thermal resistance. Rgia for the test environment can be determined for the devices or DUTs
with the heating power Py recorded at 6.3.3 or 7.3.3 with ambient temperature (Ta) and junction temperature (T;) with
EQ 2in 9.1. The Rg;a for identical test environments and products can then be used to advantage for determining
other desired T; values when needed at applied power levels Py or ambient temperature (Ta) conditions.

10.3 Average power. When an individual (average) power level Py is selected for the test environment in 6.3.3 or
7.3.3, small variations in power APy to this average will exist over the sample number of DUTSs to achieve the same
TSP or T;. As a result, slight variations in AT; will also occur for continuing the burn-in or life test in 6.3.4 or 7.3.4 with
typical power supplies and wiring harnesses. This AT; may also be determined from EQ 1 as shown below in EQ 9.

ATJ=TA+APHXR93A EQg

This added consideration for T, tolerances in 6.3.3 or 7.3.3 is of interest since the same operating current or power
condition is applied to all devices for continuing burn-in or life test in 6.3.4 or 7.3.4 with typical power supplies and
wiring harnesses. These slight T; variations may be from small variations in socket and component thermal
resistance. It may also be from notable variations in ambient temperature in the immediate vicinity of each DUT
placed at different locations in the test environment.
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METHOD 3101.3
THERMAL IMPEDANCE (RESPONSE) TESTING OF DIODES

1. Purpose. The purpose of this test is to determine the thermal performance of diode devices. This can be done
in two ways, steady-state thermal impedance or thermal transient testing. Steady state thermal impedance
(referred to as thermal resistance) determines the overall thermal performance of devices. A production-oriented
screening process, referred to as thermal transient testing, is a subset of thermal impedance testing and determines
the ability of the diode chip-to-header interface to transfer heat from the chip to the header, and is a measure of the
thermal quality of the die attachment. It is relevant to designs which use headers, or heat conducting plugs, with
mass and thermal conductivity allowing effective discrimination of poor die attachments. This is particularly true
with power devices. The method can be applied to rectifier diodes, transient voltage suppressors, power zener
diodes, and some zener, signal and switching diodes. This method is intended for production monitoring, incoming
inspection, and pre-burn in screening applications. Some zener constructions, particularly when used with small
junction area designs, cool too rapidly (from a heating current) to provide accurate measurement when forward
(diode) current is used for this test. For such devices, a method is provided to apply currents in the zener direction
and make a measurement much closer to the termination of the heating current. In this way, no minority carriers
are involved and inductive effects are minimized due to lower test current. This may be considered a lab
measurement because cable lengths in an ATE may prevent accurate measurements so close to cessation of the
heating current. This laboratory method is intended on initial zener device design verification for correlation to
forward direction thermal impedance testing (such as with ATE) prior to establishing a production test limit.
Correlation assurance must be provided in the forward production monitoring that thermal impedance in the reverse
direction (zener) must not exceed the specified limit. If this zener test method exceeds the forward method by 10
percent or more, production monitoring (with an ATE in the forward direction) will require a lower limit, for some
devices, than that required by the more accurate lab method (see 5.1).

1.1 Background and scope for thermal transient testing. Steady-state thermal response (transient thermal
impedance) of semiconductor devices are sensitive to the presence of these voids in the die attachment material
between the semiconductor chip and package since voids impede the flow of heat from the chip to the substrate
(package). Due to the difference in the thermal 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 thermal response. This is because the chip thermal time constant is generally several 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 during the pulse by using a pulse width somewhat greater than
the chip thermal time constant but less than that of the substrate. Heating power pulse widths ranging from 1 to
400 ms for various package designs have been found to satisfy this criterion. This enables the detection of voids to
be greatly enhanced, with the added advantage of not having to heat sink the DUT. Thus, the transient thermal
impedance or thermal response techniques are less time-consuming than the measurement of thermal resistance
for use as a manufacturing screen, process control, or incoming inspection measure for die attachment integrity
evaluation.

2. Definitions. The following symbols and terminology shall apply for the purpose of this test method in the forward
direction: (When using the zener method, see NOTES below):

a. Vg The forward biased junction voltage of the DUT used for junction temperature sensing.

NOTE: When using the zener method, delete “forward” and use “zener” bias.
VEj: The initial VE value before application of heating power.

VFf: The final Vg value after application of heating power.
b. DVE The change in the TSP, VE, due to the application of heating power to the DUT.
c. I4: The current applied to the DUT during the heating time in order to cause power dissipation.
d. VH: The heating voltage resulting from the application of Iy to the DUT.

e. PH: The heating power pulse magnitude; product of V4 and IH.
1 METHOD 3101.3
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f. tH: The duration of PH applied to the DUT.

g. IM: The measurement current used to forward bias the temperature sensing diode junction for
measurement of VE.
NOTE: When using the zener, delete “forward” and use “zener” bias.

h. tmMD: Measurement delay time is defined as the time from the start of heating power (PH) removal to the start
of the final VE measurement time, referred to as tgyy.

i. tSW: Sample window time during which final VE measurement is made. The value of tg\y should be small;
it can approach zero if an oscilloscope is used for manual measurements.

j- VTC: Voltage-temperature coefficient of VE with respect to T at a fixed value of Ipj; in mVv/°C.

k. K: Thermal calibration factor equal to the reciprocal of VTC; in °C/mV.

I. CU:  The comparison unit, consisting of DVE divided by VH, that is used to normalize the transient thermal
response for variations in power dissipation; in units of mV/V.

m. TJ: The DUT junction temperature.
n. DT3: The change in Tj caused by the application of PH for a time equal to tH.
0. Zgyx: Thermal impedance from device junction to a time defined reference point; in units of °C/W.

p. Zgjc: Thermal impedance from device junction to a point on the outside surface of the case immediately
adjacent to the device chip measured using time equal time constant of device; in units of °C/W.

d. Rgyx: Thermal resistance from device junction to a defined reference point; in units of °C/W.

RgJc: Thermal resistance from device junction to a point on the outside surface of the case immediately
adjacent to the device chip; in units of °C/W.

RgJA: Thermal resistance from device junction to an ambient (world); in units of °C/W.

*r. TSP: The temperature sensitive parameter of Ve or Vz.

*s. Vzi  The zener voltage. (Also see note 1.)

NOTES: 1. When using the zener method, the following changes shall further apply to the definitions whenever
they appear in the text.

Letter symbols: Iz becomes Iz
Ve becomes Vz.
Vu becomes Vzy
Ve becomes Vzij
Ve becomes Vzi¢
DVEe becomes DVz.
wording: “forward” bias becomes “reverse” bias

2. DV, K, and CU parameter values will be substantially different when using the zener method (as
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compared to the forward biased method). Some difference will be observed between zeners with
different nominal voltages.

3. Apparatus. The apparatus required for this test shall include the following, configured as shown on figure
3101-1, as applicable to the specified test procedure:

a. A constant current source capable of adjustment to the desired value of IH and able to supply the VH value

required by the DUT. The current source should be able to maintain the desired current to within £2 percent
during the entire length of heating time.

b. A constant current source to supply I with sufficient voltage compliance to turn the TSP junction fully on.

c. An electronic switch capable of switching between the heating period conditions and measurement
conditions in a time frame short enough to avoid DUT cooling during the transition; this typically requires
switching in the microsecond or tens of microseconds range.

d. A voltage measurement circuit capable of accurately making the VEf measurement within the time frame
with millivolt resolution.

aD
I

O—o

=<

—
T

FIGURE 3101-1. Thermal impedance testing setup for diodes.

4. Test operation.

4.1 General description. The test begins with the adjustment of Iy and IH to the desired values. The value of IH is
usually at least 50 times greater than the value of Ipj. Then with the electronic switch in position 1, the value of VFj
is measured. The switch is then moved to position 2 for a length of time equal to t4 and the value of VH is
measured. Finally, at the conclusion of tH, the switch is again moved to position 1 and the VEf value is measured
within a time period defined by tpmp (or tvD + ts\w, depending on the definitions stated previously). The two
current sources are then turned off at the completion of the test.
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FIGURE 3101-2a. Thermal impedance testing waveforms.
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FIGURE 3101-2b. Thermal impedance testing waveforms - Continued.
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4.2 Notes.

a. Some test equipment may provide a DVE directly instead of VEj and VEf; this is an acceptable alternative.
Record the value of DVE.

b. Some test equipment may provide Zgyx directly instead of Vi and Vs for thermal resistance calculations;
this is an acceptable alternative. Record the value of Zgx .

c. Alternative waveforms, as may be generated by ATE using the general principles of this method, may be
used upon approval of the qualifying activity.

*d. The zener biased method in Fig 3101-2b illustrates a positive TSP when the zener is in avalanche
breakdown. It is also possible to portray a negative TSP for low voltage zeners when they are in the field-
emmission or tunneling mode. A near-zero TSP can also result from these two off-setting factors of a
specific operating current that must be avoided by changing to a higher or lower current. Also see
paragraph 6 for TSP.

5. Acceptance limit.

5.1 General discussion. Variations in diode characteristics from one manufacturer to another cause difficulty in
establishing a single acceptance limit for all diodes tested to a given specification. Ideally, a single acceptance limit
value for DVE would be the simplest approach. However, different design, materials, and processes can alter the
resultant DVE value for a given set of test conditions. Listed below are several different approaches to defining
acceptance limits. The DVE limit is the simplest approach and is usually selected for screening purposes. 5.3
through 5.6 require increasingly greater detail or effort. In some examples, absolute thermal impedance limits are
required for correlation to surge performance such as for zeners. In such examples, setting a limit for zener diode
construction with the forward biased (usual ATE) method requires prior evaluation of Zgx (and Rqix, when desired)
by the zener biased method. If the zener method result is more than 10 percent higher, the limit shall be based on
the more accurate zener biased measurement. In such case, if it is desired to use the forward biased method, the
limit (of DV, Zqix, Or Rqux) shall be reduced by the extent (percentage) difference between the two methods.

5.2 DVe limit A single DVE limit is practical if the K factor and V,, values for all diodes tested to a given

specification are nearly identical. Since these values may be different for different manufacturers, the use of
different limits is likely to more accurately achieve the desired intent. (A lower limit does not indicate a better die
bond when comparing different product sources.) The diode specifications would list the following test conditions
and measurement parameters:

IH (in A)

tH (in ms)

IM (in mA)

tMD (in 1m8)

tsw (in ns)

DVE (maximum limit value, in mV)

5.3 DTy limit. (Much more involved than DV , but useful for examining questionable devices.) Since DT is the
product of K (in accordance with 6.) and DV, this approach is the same as defining a maximum acceptable
junction temperature rise for a given set of test conditions.

5 METHOD 3101.3



MIL-STD-750D
NOTICE 3

5.4 CU limit. (Slightly more involved than DTj.) The DTj limit approach described above does not take into
account potential power dissipation variations between devices. The VH value can vary, depending on chip design

and size, thus causing the power dissipation during the heating time to be different from device to device. This
variation will be small within a lot of devices produced by a single manufacturer but may be large between
manufacturers. A CU limit value takes into account variations in power dissipation due to differences in VH by

dividing the DVE value by VH.

5.5 (K- CU) limit. (Slightly more involved but provides greater detail.) This is a combinational approach that
takes into account both K factor and power dissipation variations between devices.

5.6 Zax limit (For full characterization; not required for screening purposes, but preferred if the proper ATE is
available.) The thermal impedance approach uses an absolute magnitude value specification that overcomes the
problems associated with the other approaches. Thermal impedance is time dependent and is calculated as
follows:

DTy _|(K)(DOVE) oy
Po | (In)(Vh) |

5.7 Rax limit. (For thermal resistance specification testing.) The thermal resistance to some defined point, such
as the case, is an absolute magnitude value specification used for equilibrium conditions. The tH heating time must

therefore be extended to appreciably longer times (typically 20 to 50 seconds). In the example of Rqyc
measurements, the case must be carefully stabilized and monitored in temperature which requires an infinite heat
sink for optimum results. The DT is the difference in junction temperature to the case temperature for the example

of RqJC-

Zoix

DT, _ |(K)(DV:)
Po | (I)(Va) |

5.8 General comment for thermal transient testing. One potential problem in using the thermal transient testing
approach lies in trying to make accurate enough measurements with sufficient resolution to distinguish between
acceptable and nonacceptable diodes. As the diode-under-test current handling capability increases, the thermal
impedance under transient conditions will become a very small value. This raises the potential for rejecting good
devices and accepting bad ones. Higher IH values must be used in this case.

ocr

Rox =

*6. Measurement of the TSP Ve (or Vz). The calibration of VE versus T is accomplished by monitoring Ve for
the required value of Ipq as the environmental temperature (and thus the DUT temperature), and is varied by
external heating. It is not required if the acceptance limit is DVE (see 5.2), but is relevant to the other acceptance
criteria (see 5.3 through 5.6). The magnitude of Iy shall be chosen so that VE is a linearly decreasing function over
the normal Tj range of the device. I\ must be large enough to ensure that the diode junction is turned on but not

large enough to cause significant self-heating. An example of the measurement method and resulting calibration
curve is shown on figure 3101-3.
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TEMPERATURE CONTROLLED
ENVIRONMENT

CONSTANT
CURRENT
SOURCE DEVICE UNDER

TEST

FORWARD —
VOLTAGE
INDICATOR
(3.5 DIGIT DVM)

= TEMPERATURE
MONITOR

Step 1: Measure VE1 at Tj1 using Im
Step 2: Measure VE2 at Tj2 using I

. TJZ - TJl
Step3: K = |-2——ec/mv
F2 = F1
Ve
oR SLOPE = 1,
AT Iy =SMALL Ve
CONSTANT v
CURRENT

IM: must be large enough to overcome surface leakage effects but small enough not to cause significant
self-heating.

*When using the zener direction, the Iy may also require adjustment to avoid a near zero TSP where the avalanche
breakdown effects are offset by tunneling or field emission. (See 4.2, note d.)

Tj: is externally applied: (e.g., via oven, liquid) environment.

FIGURE 3101-3. Example curve of Vg versus T;.
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A calibration factor K (which is the reciprocal of the slope of the curve on figure 3101-3) can be defined as:

Ti2-Tan
Ve2-Vel

K= °C/mV

*|t 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 (s). If s is less than or equal to three percent of the average value of K, then
the average value of K can be used for all devices within the lot. If s is greater than three percent of the average
value of K, then all the devices in the lot shall be calibrated and the individual values of K shall be used in
determining device acceptance. As an alternative to using individual values of K, the manufacture may establish
internal limits unique to their product that ensures atypical product removal from the population (lot-to-lot and
within-the-lot). The manufacture shall use statistic techniques to establish the limits to the satisfaction of the
government.

7. Establishment of test conditions and acceptance limits. Thermal resistance measurements require that IH be
equal to the required value stated in the device specifications, typically at rated current or higher. Values fort,,, t

and heat sink conditions are also taken from the device specifications. The steps shown below are primarily for
thermal transient testing and thermal characterization purposes.

MD,

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 stated
above.

7.1 Initial device testing procedure. 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 diode out to a point
in heating time required to ensure heat propagation into the case (i.e., the Rqx condition), an appropriate heat sink
should be used or the case temperature should be monitored.

Step 1: From a 20 to 25 piece sample, pick any one diode to start the setup process. Set up the test apparatus

as follows:

IH=1.0A (Or some other desired value near the DUTs normal operating current: typically
higher for power diodes, and lower for zener diodes, when measured in the zener
direction.)

tH = 10-50 ms Unless otherwise specified, for most devices rated up to 15 W power dissipation.

50 - 100 ms Unless otherwise specified, for most devices rated up to 200 W power dissipation.

3 250 ms For steady state thermal resistance measurement. The pulse must be shown to
correlate to steady state conditions before it can be substituted for steady state
condition.

*tMD = 100 ms max A larger value may be required on power devices with inductive package elements

which generate nonthermal electrical transients; unless otherwise specified, this
would be observed in the t3 region of figure 3101-2.

IM =10 mA (Or some nominal value approximately two percent, or less, of I4.)
Step 2: 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 rating or the maximum heating time is limited to less

than that required for the heat to propagate through the case.)
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*Step 3: If DVE is in the 15 to 80 mV range, or DVz_ is equivalent to the same DT, then proceed to the next step.

This range approximately corresponds to a junction temperature change of roughly +10°C to +50°C and
is sufficient for initial comparison purposes.

If DVE is less than 15 mV, return to step 1 and increase heating power into device by increasing IH.

If DVE is greater than 80 mV, approximately corresponding to a junction temperature change greater

than +50°C, it would probably be desirable to reduce the heating power by returning to step 1 and
reducing IH.

NOTE: The test equipment shall be capable of resolving DVE to within five percent. If not, the higher value of
DVE must be selected until the five percent tolerance is met. Two different devices can have the same
junction temperature rise even when Py is different, due to widely differing VH. Within a given lot,
however, a higher VH is more 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 IH test condition.

*Step 4: Test each of the sample devices and record the data detailed in 8.1.

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

The DVFE values can be used instead of CU or Zgyx if the measured values of VY 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 should start out the same for the low values of t4. Non identical

chips (thinner or smaller in cross section) will have completely different curves, even at the smaller
values of t4. As the value of tH is increased, thereby exceeding the chip thermal constant, heat will

have propagated through the chip into the die attachment region. Since the heating curve devices of
step 5 were specifically chosen for their difference, the curves of figure 3101-4 diverge after tH reaches a

value where the die attachment 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 and is not well mounted to a good heat sink, the curve will
not flatten very much, but will show a definite change in slope.

Step 8: Using the heating curve, select the appropriate value of tH to correspond to the inflection point in the
transition region between heat in the chip and heat in the package.

If there are several different elements in the heat flow path: Chip, die attachment, substrate, substrate
attach, and package for example in a hybrid, there will be several plateaus and transitions in the heating
curve. Appropriate selection of ty4 will optimize evaluation sensitivity to other attachment areas.

Step 9: Return to the apparatus and set tH equal to the value determined from step 8.
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FIGURE 3101-4. Heating curves for two extreme devices.
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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 destroying the device. The increased
power dissipation within the DUT will result in higher DVE or CU values that will make determination of
acceptable and nonacceptable devices much easier.

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

Correlation to other die attachment evaluation methods, such as die shear and x-ray, while these two
methods have little actual value from a thermal point of view, they do represent standardization
methods as described in various military standards.

Maximum allowable junction temperature variations between devices, since the relationship between
DTj and DVE is about 0.5°C/mV for forward bias testing, or a measurable equivalent for zener direction
testing, 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 translated to a
DVE or CU value for pass/fail criteria.

To fully utilize this approach, it will be necessary to calibrate the devices for the exact value of the Tj to
VE characteristic. The characteristic's slope, commonly referred to as K factor, is easily measured on a
sample basis using a voltmeter, environmental chamber, temperature indicator, and a power supply
setup as described in 6. A simple set of equations yield the junction temperature once K and DVE are
known:

DTy = (K) (DVF)
T3j=Ta + DTy

Where Tp is the ambient or reference temperature. For thermal transient test conditions, this
temperature is usually equivalent to lead temperature (T|) for axial lead devices or case temperature
(T,) for case mounted devices.

Statistically from a 20 to 25 device sample the distribution of DVE or CU values should be a normal
one with defective devices out of the normal range. Figure 3101-5 shows a DVE distribution for a
sample lot of diodes. NOTE: 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 flow that can be obtained with a given chip assembly material and process
unless a test. method error is introduced. The other side has no such constraints because there is no
limit as to how poorly a chip is mounted.
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FIGURE 3101-5. Typical DVe distribution

The usual rule of thumb in setting the maximum limit for DVr , CU, or Zqx is to use the distribution average
value and three standard deviations (s). For example:

| (DVE) |=DVE + X s

high
limit
[(CU)|=CU+Xs
high
limit

| (Zaix) | = Zqux + X's
high
limit

Where X = 3 in most cases and DVe, DCU, and DZy;x are the average distribution values.
The statistical data required is obtained by testing 25 or more devices under the conditions of step 11.

The maximum limit determined from this approach should be correlated to the diode's specified
thermal resistance. This will ensure that the DVE or CU limits do not pass diodes that would fail the

thermal resistance or transient thermal impedance requirements.

*Step 12: Once the test conditions and pass/fail limit have been determined, it is necessary only to record this
information for future testing requirements of the same device in the same package. It is also
recommended that a minimum limit is established to ensure a test method error or other anomaly is
investigated.

*Step 13: After the pass/fail limits are established, there shall be verification they correllate to good and bad

bonded devices or the electrical properties such as surge.

The steps listed hereto are conveniently summarized in table 3101-I.
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*TABLE 3101-I. Summary of test procedure steps.

General description Steps Comments
A Initial setup 1 through 4 Approximate instrument settings to find
variations among devices in 10 to 15 piece
sample.
B Heating curve 5 through 6 Using highest and lowest reading devices,
generation generate heating curves.
C Heating curve 7 through 9 Heating curve is used to find more
interpretation appropriate value for ty corresponding to
heat in the die attachment area (for some
other desired interface in the heat flow path).
D Final setup 10 Heating power applied during t4 is increased
in order to improve measurement sensitivity
to variations among devices.
E Pass-fall 11 through 12 | A variety of methods is available such as
determination JESD 34 for setting the fail limit; the
statistical approach is the fastest and
easiest to implement.
F Verification 13 Mechanical / Electrical Correllation

simply requires that the same test conditions be used as previously determined.

New device types or the same devices manufactured with a different process will require a repeat of 7.1 for proper

thermal transient test conditions.

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

8.1 Thermal transient and equilibrium measurements.

8.1.1 Test conditions. Specify the following test conditions:

a.

b.

o

(0]

. tH heating time

InM measuring current

IH heating current

. tmD measurement time delay

. tgw sample window time

mA

A

ms

13
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8.1.2 Data. Record the following data:

a. VFj initial forward voltage _V
b. VH heating voltage _V
c. V£ final forward voltage _V

(NOTE: Some test equipment may provide a DVE instead of VEj and VEf; this is an acceptable alternative.
Record the value of DVE.

Some test equipment may provide direct display of calculated CU or Zgx this is an acceptable alternative.
Record the value of CU or Zgyx-

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

8.3 Test conditions. Specify the following test conditions:

a. I current magnitude __mA
b. Initial junction temperature _°C
c. Initial VE voltage _mVv
d. Final junction temperature _°C
e. Final VE voltage _mVv

8.4 K factor. Calculate K factor in accordance with the following equation:

Ti2-Ta
VE2-VEr

K= ‘ °C/lmV

K factor ___°Clmv

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

DVE _mVv
Cu _mV/NV
DT ___°C
K-CU __°Cwv
Zqix ___°ciw
Rqax ___°ciw
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METHOD 3103

THERMAL IMPEDANCE MEASUREMENTS FOR
INSULATED GATE BIPOLAR TRANSISTORS

(DELTA GATE-EMITTER ON VOLTAGE METHOD)

1. Purpose. The purpose of this test method is to measure the thermal impedance of the IGBT under the specified conditions of
applied voltage, current, and pulse duration. The temperature sensitivity of the gate-emitter ON voltage, under conditions of applied
collector-emitter voltage and low emitter current, is used as the junction temperature indicator. This method is particularly suitable to
enhancement mode, power IGBTs having relatively long thermal response times. This test method is used to measure the thermal
response of the junction to a heating pulse. Specifically, the test may be used to measure dc thermal resistance and to ensure proper die
mountdown to its case. This is accomplished through the appropriate choice of pulse duration and heat power magnitude. The
appropriate test conditions and limits are detailed in 6.

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

a. v

b. Iy:

C. VH:

d PH

e ty

f. VTC:

g K

h. Ty
Ty
TIf:

i Tx:

Txi:
Txf:

i VGE(ONY:
VGE(ON)i:
VGE(ON)F

k. VGE(M):
VGE(H):

I VcEmy:
VCE(H):

m. VcG:

Emitter current applied during measurement of the gate-emitter ON voltage.

Heating current through the collector or emitter lead.

Heating voltage between the collector and emitter.

Magnitude of the heating power pulse applied to DUT in watts; the product of |4 and V.

Heating time during which Py is applied.

Voltage-temperature coefficient of VGE(ON) with respect to T; in mV/°C.

Thermal calibration factor equal to reciprocal of VTC; in °C/mV.

Junction temperature in degrees Celsius.

Junction temperature in degrees Celsius before start of the power pulse.

Junction temperature in degrees Celsius at the end of the power pulse.

Reference temperature in degrees Celsius.

Initial reference temperature in degrees Celsius.

Final reference temperature in degrees Celsius.
Gate-emitter ON voltage in millivolts.

Initial gate-emitter ON voltage in millivolts.

Final gate-emitter ON in millivolts.

Gate-emitter voltage during measurement periods.
Gate-emitter voltage during heating periods.
Collector-emitter voltage during measurement periods.

Collector-emitter voltage during heating periods.

Collector-gate voltage, adjusted to provide appropriate VcE.

lof11

METHOD 3103



MIL-STD-750D

n.  tvmp: Measurement delay time is defined as the time from the removal of heating power Py to the start of the  V
GE(ON) measurement.

0. {tSW: Sample window time during which final VGE(ON) measurement is made.
P ZaJx: Transient junction-to-reference point thermal impedance in °C/W. Zgjx or specified power pulse duration is:
_ AT,O
Zgx = @rjf - Ty - PHE

Where: ATy = change in reference point temperature during the heating pulse (see 5.2

and 5.4 for short heating pulses, e.g., die attach evaluation, this term is
normally negligible.)

3. Apparatus. The apparatus required for this test shall include the following as applicable to the specified test procedure.

3.1 Case temperature measurement. A thermocouple for measuring the case temperature at a specified reference point. The
recommended reference point shall be located on the case under the heat source. Thermocouple material shall be copper- constantan
(type T) or equivalent. The wire size shall be no larger than AWG size 30. The junction of the thermocouple shall be welded, rather than
soldered or twisted, to form a bead. The accuracy of the thermocouple and its associated measuring system shall be +0.5°C. Proper
mounting of the thermocouple to ensure intimate contact to the reference point is critical for system accuracy.

3.2 Controlled temperature environment. A controlled temperature environment capable of maintaining the case temperature during
the device calibration procedure to within +1°C over the temperature range of +23°C to +100°C, the recommended temperatures for
measuring K-factor.

3.3 Kfactor calibration. A K factor calibration setup, as shown on figure 3103-1, that measures VGE(ON) for the specified values of
Ve and Iy in an environment where temperature is both controlled and measured. A temperature controlled circulating fluid bath is
recommended. The current source must be capable of supplying I\ with an accuracy of 2 percent. The voltage source Vcg is
adjusted to supply Vcg with an accuracy of 2 percent. The voltage measurement of Vg E(ON) shall be made with a voltmeter capable

of 1 mV resolution. The device-to-current source wire size shall be sufficient to handle the measurement current (AWG size 22 stranded
is typically used for up to 100 mA).

DUT

VGE[ON]

FIGURE 3103-1. K factor calibration setup.
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3.4 Thermal testing. There are two approaches to the actual thermal testing, either the common-gate or the common-source method.
Both methods work equally well, although the common-source method may be more reliable and less potentially damaging to the DUT.
The figures and description below describe the thermal measurement for n-channel enhancement mode devices. Opposite polarity
devices can be tested by appropriately reversing the various supplies. Depletion mode devices can be tested by applying the gate-emitter
voltage (VGE) in the appropriate manner.

3.4.1 Common-gate thermal test circuit. A common-gate configuration test circuit used to control the device and to measure the
temperature using the gate-emitter ON voltage as the temperature sensing parameter as shown on figure 3103-2. Polarities shown are
for n-channel devices but the circuit may be used for p-channel types by reversing the polarities of the voltage and current sources.

pUT
_ Es1t o g 2 g
—o1 \ /1 10—
G
+ +
I I
: V5E (oN) M
h ~| Ves
eo )
o o o

FIGURE 3103-2. Common-gate thermal impedance measurement circuit
(gate-emitter on voltage method).

The circuit consists of the DUT, two voltage sources, two current sources, and two electronic switches. During the heating phase of the
measurement, switches S1 and S2 are in position 1. The values of Vcg and Ig are adjusted to achieve the desired values of Ic and V

cE for the PH "heating" condition.

To measure the initial and post heating pulse junction temperatures of the DUT, switches S1 and S2 are each switched to position 2.
This puts the gate at the measurement voltage level Vcg(v) and connects the current source I to supply measurement current to the

emitter. The values of Vcg(m) and I must be the same as used in the K factor calibration if actual junction temperature rise data is
required. Figures 3103-4 and 3103-5 show the waveforms associated with the three segments of the test.

3.4.2 Common-source thermal test circuit. A common-source configuration test circuit used to control the device and to measure the
temperature using the gate-emitter ON voltage as the temperature sensing parameter as shown on figure 3103-3. Polarities shown are
for n-channel devices but the circuit may be used for p-channel types by reversing the polarities of the voltage and current sources.
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2 10—
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NOTE: The circuit consists of the DUT, four voltage sources, and two electronic switches. During the heating phase of the
measurement, switches S1 and S2 are in position 1. The values of Vcg and Vg are adjusted to achieve the desired values

of Ic and Vg for the PR "heating” condition.

FIGURE 3103-3. Common-source thermal impedance measurement circuit

(gate-emitter on voltage method).
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To measure the initial and post heating pulse junction temperatures of the DUT, switches S1 and S2 are each switched to
position 2. This puts the collector at the measurement voltage level VCE(M) and the gate at VGE(M): which must be adjusted

to obtain Ip. The values of Vcg(m) and Iy must be the same as used in the K factor calibration if actual junction temperature
rise data is required. Figures 3103-4 and 3103-5 show the waveforms associated with the three segments of the test.

A . ,
| I
Y | !
vee| M
VeE ()
! ! —t
| I
N
I, |
| 1c |
IM
| | -
| | = t
| I
| I
L |
| Vee |
VGE (ON) & I
v 12 VGE (oN)
GE (ON) f —|———— I
| | _.
[ ! [ —
| I
t, | t, | t
(tH )

FIGURE 3103-4. Device waveforms during the three segments of the thermal transient test.
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The value of t\yp is critical to the accuracy of the measurement and must be properly specified in order to ensure
measurement repeatability. Note that some test equipment manufacturers include the sample and hold window time tgyy
within their tpp specification.

VoE (0N)

VGE (ON) f

FIGURE 3103-5. Second VGE measurement waveform.

NOTE: The circuits for both common-gate and common-source thermal measurements can be modified so that Vcg is
applied during both measurement and heating periods if the value of VcE is at least ten times the value of V
GE(ON)- Further, the common-gate circuit can be modified so that Iy is continually applied as long as the Ig
current source can be adjusted for the desired value of heating current.

3.5 Source-drain forward voltage. Suitable sample-and-hold voltmeter or oscilloscope to measure source-drain forward voltage at
specified times. VGE(ON) shall be measured to within 5 mV, or within 5 percent of (VGE(ON)i - VGE(ON)f), whichever is less.

4. Measurement of the TSP. The required calibration of VGE(ON) versus T is accomplished by monitoring VGg(on) for the
required values of Vcg and Iy as the heat sink temperature (and thus the DUT temperature) is varied by external heating. The
magnitudes of Vcg and Iy shall be chosen so that VGE(ON) is a linearly decreasing function over the expected range of T3 during the
power pulse. For this condition, Vcg must be at least three times VGE(ON)- M must be large enough to ensure that the device is

turned on but not so large as to cause any significant self-heating. (This will normally be 1 mA for low power devices and up to 100 mA
for high power ones.) An example calibration curve is shown on figure 3103-6.
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4.1 K factor calibration. A calibration factor K (which is the reciprocal of VTC or the slope of the curve on figure 3103-4) can be
defined as:

1 T,1-T,2
K = _‘ 3 3

. | ermy

VTC VGE(ON)l -V GE(ON).

It 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 (°K).
If ©K is less than or equal to three percent of the average value of K, then the average value of K can be used for all devices within the lot.

If OK is greater than three percent of the average value of K, then all the devices in the lot shall be calibrated and the individual values of K
shall be used in thermal impedance calculations or in correcting AVGE(ON) values for comparison purposes.

A

VGE (ON)

FIGURE 3103-6. Example curve of VGE(ON).versus Tj.

When screening to ensure proper die attachment within a given lot, this calibration step is not required, (e.g., devices of a single
manufacturer with identical PIN and case style). In such cases, the measure of thermal response may be AVGE(ON) for a short heating
pulse, and the computation of AT j or Zggx is not necessary. (For this purpose, ty shall be 10 ms for TO-39 size packages and 100 ms
for TO-3 packages.)

5. Calibration. K factor must be determined according to the procedure outlined in 4, except as noted in 4.1.

5.1 Reference point temperature. The reference point is usually chosen to be on the bottom of the transistor case directly below the
semiconductor chip in a TO-204 metal can or in close proximity to the chip in other styles of packages. Reference temperature point
location must be specified and its temperature shall be monitored using the thermocouple mentioned in 3.1 during the preliminary testing.
If it is ascertained that Ty increases by more than five percent of measured junction temperature rise during the power pulse, then either
the heating power pulse magnitude must be decreased, the DUT must be mounted in a temperature controlled heat sink, or the
calculated value of thermal impedance must be corrected to take into account the thermal impedance of the reference point to the cooling
medium or heat sink.
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Temperature measurements for monitoring, controlling or correcting reference point temperature changes are not required if the tj value
is low enough to ensure that the heat generated within the DUT has not had time to propagate through the package. Typical values of tH
for this case are in the 10 ms to 500 ms range, depending on DUT package type and material.

5.2 Thermal measurements. The following sequence of tests and measurements must be made.

a. Prior to the power pulse:

(1) Establish reference point temperature Tx;.

(2)  Apply measurement voltage VcE.

(3) Apply measurement current .

(4) Measure gate-emitter ON voltage Vg E(ON)i (a measurement of the initial junction temperature).

b. Heating pulse parameters:

(1)  Apply collector-emitter heating voltage V.

(2)  Apply collector heating current Iy as required by adjustment of gate-emitter voltage.

(3) Allow heating condition to exist for the required heating pulse duration t.

(4) Measure reference point temperature Txs at the end of heating pulse duration.

NOTE: Ty measurements are not required if the t value meets the requirements stated in 5.2.

C. Post power pulse measurements:

(1)  Apply measurement current lpg.
(2)  Apply measurement voltage VGE.
(3)  Measure gate-emitter ON voltage VGE(ON)f (@ measurement of the final junction temperature).

(4)  Time delay between the end of the power pulse and the completion of the VGE(ON)f measurement as defined by the
waveform of figure 3103-4 in terms of tpp plus tsw.

d. The value of thermal impedance, Zg jx, is calculated from the following formula:

A TJ - ‘K(VGE(ON)f - VGE(ON)i
Po | (W) (V)

ZSJX -

“’C/W

This value of thermal impedance will have to be corrected if Txs is greater than Txj by +5°C. The correction consists of subtracting the

component of thermal impedance due to the thermal impedance from the reference point (typically the device case) to the cooling medium
or heat sink. Tx measurements are not required if the t value meets the requirements stated in 5.2.
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This thermal impedance component has a value calculated as follows:
ATy _ (Txf - TXi)

Zocrs = BT = T Y (V)

Where: HS = cooling medium or heat sink (if used).
Then:

Zeix| = Ze x| - Zox-Hs
I I

Corrected Calculated
NOTE: This last step is not necessary for die attach evaluation (see 4.1).

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

6.1 K factor calibration.
6.1.1 Test conditions. Specify the following test conditions:

a. Iy current magnitude mA
(See detail specification for current value)

b.  VcEg voltage magnitude \%
(See detail specification for voltage value)

c. Initial junction temperature __°C
(Normally +25°C +5°C)

d. Final junction temperature __°C
(Normally +100°C +10°C)

6.1.2 Data. Record the following data:
a. Initial VGE(ON) voltage __mv
b.  Final VGE(ON) voltage mV

6.1.3 K factor. Calculate K factor in accordance with the following equation:

TJl - TJZ

Veeont -V eeon

K =

l °C/mvV

6.1.4 For die attachment evaluation, this step may not be necessary (see 4.1).
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6.2 Thermal impedance measurements.

6.2.1 Test conditions. Specify the following test conditions:

a. Iy measuring current __mA
(Must be same as used for K factor calibration)

b.  VcEg measuring voltage _V
(Must be same as used for K factor calibration)

c. Iy heating current A

d. VH collector-emitter heating voltage _V

e. ty heating time _s

f.  typ measurement time delay __us

g. tgy sample window time __us

(NOTE: Iy and VH are usually chosen so that Py is approximately two-thirds of device rated power
dissipation.)

6.2.2 Data. Record the following data:

a. Tyjinitial reference temperature __°C

b.  Txsfinal reference temperature __°C

6.2.2.1 AVGE(ON)data:
AVGE(ON) —_mv
6.2.2.2 MGE(ON)%:
a.  VGE(ON); initial source-drain voltage _V
b.  VGE(ON)f final source-drain voltage _V
Tx measurements are not required if the tH value meets the requirements stated in 5.2.

6.2.3 Thermal impedance. Calculate thermal impedance using the procedure and equations shown in 5.4.

6.3 AVGE(ON)-Mmeasurements for screening. These measurements are made for ty values that meet the intent of 4.1 and the
requirements stated in 5.2.

6.3.1 Test conditions. Specify the following test conditions:

a. Iy measuring current __MmA
b.  VgE measuring voltage _V
c. Iy heating current _A
d. VH collector-emitter heating voltage _V
e. ty heating time _s

METHOD 3103
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f.  tymp measurement time delay __us
g. tgy sample window time _us
(The values of I4 and VR are usually chosen equal to or greater than the values used for thermal impedance measurements.)
6.3.2 Specified limits. The following data is compared to the specified limits:
6.3.2.1 AVGE(ON) data:
AVGE(ON) _mv

6.3.2.2 VGE(ON) data:

a. VGE(ON); initial source-drain voltage _V
b.  VGE(oN)f final source-drain voltage _V
Compute AVGE(ON) _mv

6.3.2.3 AT calculation. Optionally calculate AT j if the K factor results produce a  greater than three percent of the average value of
K.

A TJ = K(A VGE(ON)) °C

METHOD 3103
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METHOD 3104

THERMAL RESISTANCE MEASUREMENTS OF GaAs MOSFET's
(CONSTANT CURRENT FORWARD-BIASED GATE VOLTAGE METHOD)

1. Purpose. The purpose of this test method is to measure the thermal resistance of the MESFET under the specified conditions of
applied voltage, current, and pulse width. The temperature sensitivity of the forward voltage drop of the gate-source diode is used as the
junction temperature indicator. This method is particularly suitable for completely packaged devices.

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

a.  Iw: Measuring current in the gate-source diode.
b. Iy: Heating current through the drain.
c. VH: Heating voltage between the drain and source.
d. PH Magnitude of the heating power pulse applied to DUT in watts; the product of I4 and V.
e. ty: Heating time during which Py is applied.
f. K Thermal calibration factor (°C/mV).
g T3 Junction temperature in degrees Celsius.
T3i: Junction temperature in degrees Celsius before start of the power pulse.
Tt Junction temperature in degrees Celsius at the end of the power pulse.
h. Tx Reference temperature in degrees Celsius.
Txi: Initial reference temperature in degrees Celsius.
Txf: Final reference temperature in degrees Celsius.
i. VGsf: Forward-biased gate-source junction diode voltage drop in volts.
VGsfii): Initial gate-source voltage.
VGsf(fy: Final gate-source voltage.
i tvD: The time from the start of heating power (PH) removal to the completion of the final VG st measurement.
k. ®jx Junction-to-reference point thermal resistance in degrees Celsius/watt. ® jx for specified heating power
conditions is:
O = Oa - Ta) P-H Ta)
. CuU: Comparison unit for screening devices against specification limits. Defined as the change in forward biased

gate-source voltage divided by heating current in mV/A.

3. Apparatus. The apparatus required for this test shall include the following as applicable to the specified test procedure.

METHOD 3104
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3.1 Case reference point temperature. The case reference point temperature shall be measured using a thermocouple. The
recommended reference point should be located immediately outside the case under the heat source. Thermocouple material shall be
copper-constantan (type T) or equivalent. The wire size shall be no larger than AWG size 30. The junction of the thermocouple shall be
welded to form a bead rather than soldered or twisted. The accuracy of the thermocouple and associated measuring system shall be
+0.5°C.

3.2 Controlled temperature environment. A controlled temperature environment capable of maintaining the case temperature during
the device calibration procedure to within £1°C over the temperature range of room temperature (approximately +23°C) to +100°C.

3.3 K factor calibration setup. A K factor calibration setup, as shown on figure 3104-1, that measures Vg st for a specified value of I
in an environment that is both temperature controlled and measured. The current source must be capable of supplying I\ with an
accuracy of =1 percent and have a compliance of at least 1 volt and not more than 2 volts. The voltage measurement of Vg st should be

made to 1 mV resolution. The device-to-current source wire size shall be sufficient to handle the measurement current (AWG size 26
stranded is typically used for up to 10 mA).

TEMPERATURE
CONTROLLED ENVIRONMENT
- @ |——————— o
| |
| |
| DUT |
| |
| |
CONSTANT Vesr I e(;__F________
CURRENT INDICATOR '—7
SOURCE Iy 3.5 DIGIT DVM I I
I I TEMPERATURE
| | MONITOR
| |
I |
®
| |
_ |

FIGURE 3104-1. K factor calibration setup.

3.4 Controlled temperature heat sink. Controlled temperature heat sink capable of maintaining the specified reference point
temperature to within 15 of the preset (measured) value.

3.5 Test circuit. The circuit used to control the device and to measure the temperature using the forward voltage of the gate-source
diode as the temperature sensing parameter is shown on figure 3104-2. Polarities shown are for n-channel devices but the circuit may be
used for p-channel types by reversing the polarities of the voltage and current sources.
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o1
—O

NOTE: The circuit consists of the DUT, one voltage source, one current source, and one electronic switch. During the heating
phase of the measurement, switch S1 is in position 2. The value of Vp is adjusted to achieve the desired values of Ip and

Vps for the PH "heating” condition.

FIGURE 3104-2. Thermal resistance measurement circuit (constant
current forward-biased gate voltage method).
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To measure the initial and post heating pulse junction temperature of the DUT, switch S1 is switched to position 1. This
disconnects the Vp source during the measurement time and allows for the measurement of VG sf(j) and VG st(f) before and after

the heating time, respectively. Figure 3104-3 shows the waveforms associated with the three segments of the test.

Vs VH
|
| |
| |
| |
Ip VH
|
I
y Vst (i)
G5 Vesrip | i

FIGURE 3104-3. Device waveforms during the three segments of the thermal resistance test.
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The time required to make the second Vg st reading is critical to the accuracy of the measurement and must be properly specified in
order to ensure measurement repeatability. The definition of measurement delay time (t\jp) are described by the waveform on figure
3104-4.

Vosr

VGSF (f) —

FIGURE 3104-4. Second VG sf.measurement waveform.
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3.6 Source-drain forward voltage. Suitable sample-and-hold voltmeter or oscilloscope to measure source-drain forward voltage at
specified times. Vgsf should be measured with 1 mV resolutions.

4. Measurement of the TSP Vgst. The required calibration of VG st versus T is accomplished by monitoring Vg s for the required
value of I without any connection to the drain as the heat sink temperature (and thus the DUT temperature) is varied by external heating.
The magnitude of Iy should be chosen so that Vg gt is a linearly decreasing function over the expected Tj range during the power pulse.
IMm must be large enough to ensure that the gate-source junction is turned on but not large enough to cause significant self-heating or
device destruction. An example calibration curve is shown on figure 3104-5.

Vgse SLOPE = 1/K

FIGURE 3104-5. Calibration curve.

A calibration factor K (which is the reciprocal of the slope of the curve on figure 3104-5) can be defined as:
T;1-T,2

K= |——F—"7"—
Vesil - Vesi2

°ClmVv

It has been found experimentally that the K factor should vary less than several percent for all devices within a given device type class.
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 (c). If ¢ is less than or equal to three percent of the average value of K, then the average value of K can be used for all
devices within the lot. If o is greater than the average value of K, then all the devices in the lot should be calibrated and the individual
values of K should be used in thermal resistance calculations.

5. Test procedure.

5.1 Calibration. K factor must be determined according to the procedure outlined in 4.

5.2 Reference point temperature. The reference point is usually chosen to be on the bottom of the transistor case directly below the
semiconductor chip. Reference temperature point location must be specified and its temperature should be monitored using the
thermocouple mentioned in 3.1 during the preliminary testing. If it is ascertained that Txs increases by more than +5°C during the power
pulse, then either the heating power pulse magnitude must be decreased, the DUT must be mounted in a temperature controlled heat
sink, or the calculated value of thermal resistance must be corrected to take into account the thermal resistance associated with the
temperature rise of the reference point.
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5.3 Thermal measurements. The following sequence of tests and measurements must be made:

Prior to the power pulse:

(1) Establish reference point temperature: Tyj.
(2)  Apply measurement current: Ip.
(3) Measure gate-source voltage drop: Vg St(i) (A measurement of the initial junction temperature).

Heating pulse parameters:

(1) Maintain measurement current: Ip.

(2)  Apply drain-source heating voltage: VH.

(3) Measure drain heating current: .

(4)  Allow heating condition to exist for the required heating pulse width: ty.

(5) Measure reference point temperature: Txf, at the end of heating pulse width.

Post power pulse measurements:

(1) Maintain measurement current: Ip.
(2) Measure gate-source voltage drop: Vgsi(f) (A measurement of the final junction temperature).

(3) Determine time delay between the end of the power pulse and the completion of the VG sf(f) measurement as defined by
the waveform of figure 3104-4.

5.4 Thermal resistance. The value of thermal resistance, 63, is calculated from the following formula:

9 - ATJ - KNGSF(f) - VGSf(*)
Py (1w) (Vi)

This value of thermal resistance will have to be corrected if Tx is greater than TXj. The correction consists of subtracting out the

component of thermal resistance due to the heat flow path from the reference point (typically the device case) to the heat sink and the
environment. This thermal resistance component has a value calculated as follows:

Then:

ATx _ (Txf - Txi)
Po  (14) (Vi)

Ox.us =
03x | =063x | - Ox-HS

Corrected Calculated
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An additional correction may be required because of the fast cooling of a typical MESFET heat source area. This requires that the
thermal resistance measurements be made for two different values of tpyp. Care must be taken to ensure that the shorter of the chosen t

MD Vvalues does not lie within the non-thermal (i.e, electrical) switching transient region. Similarly, if the longer tpp value is too large, the
resultant value of 8 3x will be too small for an accurate measurement due to device cooling. The correction for the calculated thermal
resistance is given below for test conditions in which Iy, VR, and tHq remain the same for both tests.

| 6x2 - 61 |

1/2 1/2|

eJx = eJx = eJXl =

|tMD1 tmp2

calculated value

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

6.1 K factor calibration.
a. Specify the following test conditions:

(1) I current magnitude __mA
(See detail specification for current value.)

(2) Initial junction temperature °C
J p
(Normally +25°C £5°C.)

(3) Final junction temperature °C
(Normally +100°C +10°C.)

b.  Record the following data:
(1) Initial Vg Sf(i) voltage __mVv
(2) FinalVg Sf(f) voltage __mv
c. Calculate K factor in accordance with the following equation:

TJl - TJZ

VGSfl - VGSfZ

K = °C/mVvV

d. For die attachment evaluation, this step may not be necessary (see 4.1).

6.2 Thermal impedance measurements.

6.2.1 Test conditions. Specify the following test conditions:

a. Iy measuring current __mA
(Must be same as used for K factor calibration)

b.  VH drain-source heating voltage _V
c. ty heating time __s
d. tmp measurement time delay __us
e. tgy sample window time __us

(The value of Vi is usually chosen to produce an Iy value that results in a P approximately two-thirds of the device rated power
dissipation.)
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6.2.2 Record data. Record the following data:

a. Ty;initial reference temperature
b.  Txsfinal reference temperature
c. Iy current during heating time
6.2.2.1 AVgstdata:
AVGst
6.2.2.2 Vst data:
a.  Vgsf(j) initial gate-source voltage
b.  Vgstif final gate-source voltage

6.2.2.3 03 data:

83x

°C

°C

_ mVv

__°C/wW

Tx measurements are not required if the tH value meets the requirements stated in 5.2.

6.2.3 Thermal impedance calculations. Using the data collected in 6.2.2 and the procedure and equations shown in 5.4, calculate the

thermal resistance.

6.3 AVesp.measurements for screening. These measurements are made for t values that meet the intent of 4.1 and the

requirements stated in 5.2.
6.3.1 Test conditions. Specify the following test conditions:

a. Iy measuring current

b.  VH drain-source heating voltage
c. ty heating time

d. typ measurement time delay

e. tgy sample window time

__mA

(The value of Vi is usually chosen to produce an Iy value that results in a P equal to or greater than the values used for thermal

impedance measurements.)

6.3.2 Specified limits. Data from one or more of the following is compared to the specified limits:

6.3.2.1 AVGstdata:
AVGst
6.3.2.2 Vst data:
a.  Vgsf(j) initial gate-source voltage
b.  Vgstif final gate-source voltage

Compute AVgp

mV
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6.3.2.3 ATjdata. Optionally calculate AT j if the K factor results (see 4. and 6.1) produce a c greater than three percent of the
average value of K and if the Iy variation between devices to be compared is relatively small.

AT, = K(AVgs)°C
NOTE: The test apparatus may be capable of directly providing a computed value of AT j.

6.3.2.4 CU data. Optionally calculate CU for comparison purposes if the K factor results (see 4. and 6.1) produce a ¢ less than three
percent of the average value of K and if the Iy variation between devices to be compared is relatively large.

CU = comparison unit
CU = AVgsf/lH mV/A

NOTE: The test apparatus may be capable of directly providing a computed value of CU.

METHOD 3104
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METHOD 3105.1

MEASUREMENT METHOD FOR THERMAL RESISTANCE
OF A BRIDGE RECTIFIER ASSEMBLY

1. Purpose. This method 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 determines its effective thermal resistance. The bridge is operated under
steady-state I conditions and the current in each leg is interrupted while readings are taken from which to calculate thermal resistance.

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

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

b.  VE1: The forward voltage at room temperature at lgf.
c. Vg2 The forward voltage at Iyef and +100°C above that at V1.

d. VEpA: The computed forward voltage at l..r and at maximum rated T,

e. VE3: The initial VE value at Iyef before the application of heating power, with the device at rated case
temperature.
f.  Vga: The final Vg value at Iyef after stabilization of temperatures due to the application of rated current at rated

case temperature.

g. AVE The change in the TSP VF, due to the application of heating power to the DUT in volts.

h.  VEn: The maximum forward voltage resulting from the application of Ig to the DUT.

i. lo: The rated average current applied to the DUT.
jo lref The measurement current used to forward-bias the temperature sensing diode junction for measurement
of VE.

k. TCVF: Voltage-temperature coefficient of Vg with respect to T at a fixed value of Iygf in V/°C.
L Ty The DUT junction temperature.

m. ATy The change in Tj caused by the application of Ig.

n. TSP: The temperature-sensitive parameter (VE).

0. tpg Step trace time.

p. TN: Reference case temperature for measuring Vi, when N =1, 2, 3, or 4.

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

r.  Rpgc: Thermal resistance from device junction to a defined reference point on the outside surface of the case in
units of °C/W.
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3. Test circuit. The apparatus required for this test shall include the following, configured as shown on figures 3105-1 and 3105-2.

a. A source of 60 Hz, single or three phase sine wave (AC) capable of being adjusted to the desired value of I and able to
supply the VER value required by the DUT. The current source should be able to maintain the desired current to within £2
percent during the entire time needed for temperature stabilization and measurements.

b. A constant-current source to supply IRgF with sufficient compliance voltage range to turn on fully the junction of the diode leg
being measured.

c. Anti-parallel fast recovery rectifier diodes with ratings exceeding 1o, to provide isolation of the high-current source from IRgg
during commutation of Ig between legs.

d. A voltage measurement circuit capable of accurately making the VE measurements within the available time interval (when the
anti-parallel diodes are not conducting), with millivolt resolution.

4. Procedure. Refer to figures 3105-1 and 3105-2, test circuits for single- and three-phase bridges.

a. With S1 open, and DUT at +20°C to +30°C (temperature T1), read Vg1 of each leg at current IRgg. Elevate the device
temperature to +100°C above temperature T1 (temperature To). Allow the device to stabilize until the junction temperature is
at Tp. Read Vg of each leg at IRgg current. Compute the TCVF of each leg as follows:

TCVF = (VE1 - VE2) / +100°C

Compute the expected VE2 at Ty = maximum rated as follows:

VE2A = VE1 - [(TCVF) X (Tymax - T1)]

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 equal to three percent of the average value of TCVF, TCVF may be used for all devices. If the standard
deviation is greater than three percent of the average value of TCVF, then the individual values of TCVF shall be used in

determining the performance of the bridge.

b.  With the device held at T3, at or below rated case temperature of I, close S1 and read Vg3 for each leg.

c. After closing S1, adjust the power source, the load resistor, or both to obtain the maximum rated Ig (either o1 or 102,
depending on the rated T¢ selected) and readjust the case temperature to the chosen rated value. Allow the device to achieve
stable junction temperatures (see note 1).

d. Measure VE4 (see figure 3105-2) for each leg at the same reference current (+1 percent) as in steps a. and b. (The
instrumentation used to measure Vg4 must have sufficient resolution to read it within 2 mV or 2 percent).

NOTE: If Vg3 for the leg is greater than Vg, Tj is less than T ymax.

e. Measure VEH for each leg.
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f.  Compute thermal resistance as follows:
(1) Compute AVE = VE4 - VE3 for each leg.
AV
ATy = ——
(2) Compute TCVF 1/

ATy

(3) Compute Rgyc of the full bridge: Rgc = ————
lo X 2V Ey

Where: AT j is the average of all legs. VgH is the average of all legs and Ig is the
rectified output current of the full bridge. 2/ 3/ 4/

5. Test condition to be specified.

lo

Tc

IREF

Frequency
(if other than 60 Hz)

6. Characteristics to be determined:

Steady state thermal resistance. Unless otherwise specified, junction to care: °C/W.

1/ If, under power, the case is held to Ty, slightly above T3, a corrected ATj (AT j(corr) = ATJC - (T4 - T3)) should be

used for step f(2).
2/ Step f(3) gives Ry, for the bridge. The average per-leg Ry, for a single-phase bridge is four times the value; six times

for a three-phase bridge (see 3/).
3/ If desired, Rtp of individual legs may be computed from the individual values of AT 3¢ and VEH.

4/ The power dissipated Ig x 2VEH is a reasonable approximation.
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MIL-STD-750D

ANTI-PARALLEL DIODES

S1 puUT

CURRENT

SOURCE A
Vac J 1 >
v_ DETECTOR
F
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VDET

TReF 52 LEG =

+

Rg OF Ig METER <<< Vpy/Ig

+
J>lIJUJJ>|
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NOTES:
1.

All voltage measurements shall be made using leads Kelvin-connected directly to the bridge terminals.
2.

Vac is adjusted so that the Vg4 step (tg4) shown on figure 3105-3 is 100 us +50 us and is clearly defined. A
typical Vac might be 10 volts peak. Bridges with parasitic inductive components must adjust Vac so that after
the inductive ringing settles, the V4 step on figure 3105-3 (tF4) is 100 pus £50 ps.

FIGURE 3105-1. Single phase bridge.
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ANTI-PARALLEL

DIODES
Vg DETECTOR
(0SCILLOSCOPE
OR EQUIVALENT)
Vac
REF S2  S3  LEG * REF  S2  S3  LEG *
+ A A 1 - A B 2
+ B A 3 - B B 4
+ c A 5 - c B 6
NOTES:

1. All voltage measurements shall be made using leads Kelvin-connected directly to the bridge terminals.
2. Vpc is adjusted so that the Vg4 step (tg4) shown on figure 3105-3 is 100 ps +50 us and is clearly defined. A

typical Vac might be 10 volts peak. Bridges with parasitic inductive components must adjust Vac so that after
the inductive ringing settles, the Vg4 step on figure 3105-3 (tg4) is 100 us £50 us.

FIGURE 3105-2. Three phase bridge.
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OVERALL Vg VERSUS t,
USE 2 V/div VERTICAL
2 ms/div HORIZONTAL

DO NOT
READ HERE \
% NOTE:
v
VEg TH
0 {
Lt—8.3 ms
OSCILLOSCOPE DISPLAYS NOFQ
EXPANDED AND CHOPPED
VF VERSUS t. USE 5 OR 2.

10 mV/div VERTICAL,
20 OR 50 us/div HORIZONTAL

V4 "step trace" is provided when anti-parallel

diodes in circuit briefly commutate off (the ac
current passes through zero during each cooling
cycle of individual bridge legs under ac test
conditions.)

Polarity shown applies when IRgF is positive. The
trace in inverted when IRgE is negative.
Vac is adjusted so that the Vg4 step (tg4) shown

on figure 3105-3 is 100 us 150 us and is clearly
defined. A typical Vac might be 10 volts peak.

Bridges with parasitic inductive components must
adjust Vac so that after the inductive ringing

settles, the V4 step on figure 3105-3 (tp4) is 100
us =50 us.

FIGURE 3105-3. Oscilloscope displays.
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METHOD 3126
THERMAL RESISTANCE
(COLLECTOR-CUTOFF-CURRENT METHOD)
1. Purpose. The purpose of this test is to measure the thermal resistance of the device under the specified conditions. This method

is particularly applicable to the measurement of germanium devices having relatively large thermal response times.

2. Test circuit. See figure 3126-1.

DUT m

N
Sl /
B VOLTAGE
/ SOURCE
ty
CONSTANT| o cc
CURRENT S, Rp DETECTOR
SOURCE

l 1 |

FIGURE 3126-1. Test circuit for thermal resistance (collector-cutoff-current method).

3. Procedure. Switches S1 and S2 are ganged and are operated such that the time they are closed (heat interval) is much larger than
the time they are open (measurement interval). S1 is arranged to open slightly before S2 opens, and the interval between the opening of
S1 and S2 is adjusted to be short compared to the thermal time constant of the device being measured. The length of the measurement
interval should be short compared to the thermal response time of the transistor being measured. When both switches are open, the
value of IcgQ is read as the drop across Rg. If the Icgo varies during the measurement interval, the value immediately following the
opening of S2 should be read. A calibrated oscilloscope makes a convenient detector. Care should be taken that the collector voltage
stays constant.

3.1 Measurement interval. The measurement is made in the following manner: The case, ambient, or other reference point is elevated
to a high temperature To, not exceeding the maximum junction temperature, and the cutoff current, IcgQ, read with the constant-current

source supplying no current. The reference temperature is then reduced to a lower temperature T4, and power, P1, is applied to heat the
transistor, by increasing the current from the constant current source, until the same value of IcgQ is read as was read above.

T. - T
Py
Where: P, = (N) (I¢ Vec + e Vi)

n = duty cyclegtﬁg
total

Then: 6 =

METHOD 3126
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4. Summary. The following conditions shall be specified in the detail specification:
a. Testtemperature (see 3.).

b.  Test voltages or currents (see 3.).

METHOD 3126
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METHOD 3131.4

*STEADY-STATE THERMAL IMPEDANCE AND TRANSIENT THERMAL IMPEDANCE
TESTING OF TRANSISTORS
(DELTA BASE — EMITTER VOLTAGE METHOD)

* 1. Purpose. The purpose of this test is to determine the thermal performance of transistor devices. This can be
done in two ways, steady-state thermal impedance or thermal transient testing. Steady-state thermal impedance
(referred to as thermal resistance) determines the overall thermal performance of devices. A production-oriented
screening process, referred to as transient thermal impedance testing, is a subset of steady-state thermal
impedance testing and determines the ability of the transistor chip-to-header interface to transfer heat from the chip
to the header, and is a measure of the thermal quality of the die attachment. It is relevant to designs which use
headers, or heat conducting plugs, with mass and thermal conductivity allowing effective discrimination of poor die
attachments. This is particularly true with power devices. The method can be applied to small signal, power,
switching and Darlington transistors. This method is intended for production monitoring, incoming inspection, and
pre-burn in screening applications. The measurement current (IM) must be large enough to ensure that the
Darlington output transistor is biased into the linear conduction mode of the temperature sensing measurement
periods of the thermal test.

* 1.1 Background and scope for transient thermal impedance testing. Transient thermal impedance of
semiconductor devices are sensitive to the presence of voids in the die attachment material between the
semiconductor chip and package since voids impede the flow of heat from the chip to the substrate (package). Due
to the difference in the thermal time constants of the chip and package, the measurement of transient thermal
impedance can be made more sensitive to the presence of voids than can the measurement of steady-state thermal
impedance. This is because the chip thermal time constant is generally several 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 during the pulse by using a pulse width somewhat greater than the chip
thermal time constant but less than that of the substrate. Heating power pulse widths ranging from 1 to 400 ms for
various package designs have been found to satisfy this criterion. This enables the detection of voids to be greatly
enhanced, with the added advantage of not having to heat sink the device under test (DUT). Thus, the transient
thermal impedance techniques are less time consuming than the measurement of thermal resistance for use as a
manufacturing screen, process control, or incoming inspection measure for die attachment integrity evaluation.

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

a. VBg: The forward biased base-emitter junction voltage of the DUT used for junction temperature sensing.

VBEj: The initial VBg value during application of measurement current (IM) and before application of heating
power.

VBEf: The final VR value during the sample window time (tsw) after application and subsequent removal of
heating power.

b. AVBE: The change in, VBg, (VBEI-VBEf) due to the application of heating power to the DUT.
c. In: The collector current applied to the DUT during the heating period.
d. Vcg: The voltage between the collector and emitter. Vce is constant throughout the test.

e. Py: The heating power applied the DFUT. PH = IH. X Vce.

METHOD 3131.4
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i. tMD:

- tsw:

k. VTC:

*p. Zgix:

* q. Zgyc:

*r. Reyx:

*s. Reic:

* 1. Rpga:

u. TSP:

MIL-STD-750D
NOTICE 5

The duration of the heating power pulse PH_.

The time after application of the measurement current (IM) and before application of the heating power
pulse.

The measurement current applied to forward bias the junction for measurement of VgE.

Measurement delay time is the time from the end of the heating power pulse to the beginning of the
sample window time (tsw). Delay must be sufficient in length to allow for attenuation of switching
transients to occur. The delay time will vary according to the length of the cable to test fixture and
associated fixture inductances.

Sample window time during which final VBg measurement is made. The value of tg\y should be small;
and occur at precisely the conclusion of tMD. It can approach zero if an oscilloscope is used for
manual measurements and no transient effects are present.

Voltage-temperature coefficient of VBE with respect to T at a fixed value of Ipg; in mv/°C.

Thermal calibration factor equal to the reciprocal of VTC; in °C/mV.

The comparison unit, consisting of AVgg divided by VBE, that is used to normalize the transient
thermal impedance for variations in power dissipation; in units of mV/V.

The DUT junction temperature.

The change in Tj caused by the application of PH for a time equal to tH.

Transient. Thermal impedance from device junction to a time defined reference point; in units of °C/W.
Transient. Thermal impedance from device junction to a point on the outside surface of the case
immediately adjacent to the device chip measured using time equal time constant of device; in units of
°C/W.

Steady-state. Thermal resistance from device junction to a defined reference point; in units of °C/W.

Steady-state. Thermal resistance from device junction to a point on the outside surface of the case
immediately adjacent to the device chip; in units of °C/W.

Steady-state. Thermal resistance from device junction to an ambient (world); in units of °C/W.

The temperature sensitive parameter; Vge.

3. Apparatus. The apparatus required for this test shall include the following, configured as shown on figure
3131-1, as applicable to the specified test procedure:

a. A constant current source capable of adjustment to the desired value of |4 and able to supply the VBE value

required by the DUT. The current source should be able to maintain the desired current to within +2 percent
during the entire length of heating time.

b. A constant current source to supply Ip with sufficient voltage compliance to turn the TSP junction fully on.

METHOD 3131.4
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c. An electronic switch capable of switching between the heating period conditions and measurement conditions
in a time frame short enough to avoid DUT cooling during the transition; this typically requires switching in the
microsecond or tens of microseconds range.

d. A voltage measurement circuit capable of accurately making the VBEf measurement within the time frame with
millivolt resolution.

DUT 1
SH o
20—
.
I I
Ves H l Vee l H
® P

FIGURE 3131-1. Thermal impedance testing setup for transistors.

4. Test operation.

4.1 General description. The test begins with the adjustment of Ipg and IH to the desired values. The value of Iy
is usually at least 50 times greater than the value of Ipy. Then with the electronic switch in position 1, the value of
VBE; is measured. The switch is then moved to position 2 for a length of time equal to tH4 and the value of VBE s
measured. Finally, at the conclusion of tH, the switch is again moved to position 1 and the Vggf value is measured
within a time period defined by t\p (or tvp + tsw, depending on the definitions stated previously). The two current
sources are then turned off at the completion of the test.

4.2 Notes.

a. Some test equipment may provide a AVBE directly instead of VgEj and VBEf; this is an acceptable alternative.
Record the value of AVRE.

b. Some test equipment may provide Zg;x directly instead of Vggi and Vger for thermal resistance calculations; this
is an acceptable alternative. Record the value of Zgx .

c. Alternative waveforms, as may be generated by ATE using the general principles of this method, may be used
upon approval of the qualifying activity.

METHOD 3131.4
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5. Acceptance limit.

5.1 General discussion. Variations in transistor characteristics from one manufacturer to another cause difficulty
in establishing a single acceptance limit for all transistors tested to a given specification. Ideally, a single
acceptance limit value for AVgg would be the simplest approach. However, different design, materials, and

processes can alter the resultant AV value for a given set of test conditions. Listed below are several different
approaches to defining acceptance limits. The AVRE limit is the simplest approach and is usually selected for
screening purposes. Paragraphs 5.3 through 5.6 require increasingly greater detail or effort.

5.2 AVee limit A single AVgE limit is practical if the K factor and Vg Values for all transistors tested to a given
specification are nearly identical. Since these values may be different for different manufacturers, the use of
different limits is likely to more accurately achieve the desired intent. (A lower limit does not indicate a better die
bond when comparing different product sources.) The transistor specifications would list the following test conditions
and measurement parameters:

a. Iy (inA).

b. ty (inms).
c. Ipm (inmA).
d. tvp (in ps).
e. tgw (in ps).

f.  AVBE (maximum limit value, in mV).

5.3 ATy limit. (Much more involved than AVBE , but useful for examining questionable devices.) Since ATj is the
product of K (in accordance with 6.) and AVBE, this approach is the same as defining a maximum acceptable
junction temperature rise for a given set of test conditions.

5.4 CU limit. (Slightly more involved than ATj.) The AT limit approach described above does not take into
account potential power dissipation variations between devices. The Vge value can vary, depending on chip design
and size, thus causing the power dissipation during the heating time to be different from device to device. This
variation will be small within a lot of devices produced by a single manufacturer but may be large between
manufacturers. A CU limit value takes into account variations in power dissipation due to differences in Vgg by

dividing the AVREg value by VBE.

5.5 (K«CU) limit. (Slightly more involved but provides greater detail.) This is a combinational approach that takes
into account both K factor and power dissipation variations between devices.

METHOD 3131.4
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* 5.6 Zox limit (For full characterization; not required for screening purposes, but preferred if the proper ATE is
available.) The transient thermal impedance approach uses an absolute magnitude value specification that
overcomes the problems associated with the other approaches. transient Thermal impedance is time dependent
and is calculated as follows:

5 AT _|(K)(AVes),
Po | (1)) |

5.7 Rexlimit  (For thermal resistance specification testing.) The thermal resistance to some defined point, such
as the case, is an absolute magnitude value specification used for equilibrium conditions. The tH heating time must
therefore be extended to appreciably longer times (typically 20 to 50 seconds). In the example of Rgjc

measurements, the case must be carefully stabilized and monitored in temperature which requires an infinite heat
sink for optimum results. The AT is the difference in junction temperature to the case temperature for the example

of RGJC-

C/W

K)(AVee)|
(1) (Vi) |

* 5.8 General comment for transient thermal impedance testing. One potential problem in using the transient
thermal impedance-testing approach lies in trying to make accurate enough measurements with sufficient resolution
to distinguish between acceptable and nonacceptable transistors. As the DUT current handling capability increases,
the thermal impedance under transient conditions will become a very small value. This raises the potential for
rejecting good devices and accepting bad ones. Higher I values must be used in this case.

RB: :I

6. Measurement of the TSP Vee. The calibration of Vg versus Ty is accomplished by monitoring Ve for the
required value of Iy as the environmental temperature (and thus the DUT temperature), and is varied by external
heating. It is not required if the acceptance limit is AVBE (see 5.2), but is relevant to the other acceptance criteria
(see 5.3 through 5.6). The magnitude of I, shall be chosen so that VB is a linearly decreasing function over the
normal Tj range of the device. Iy must be large enough to ensure that the base-emitter junction is turned on but not

large enough to cause significant self-heating. An example of the measurement method and resulting calibration
curve is shown on figure 3131-2.

METHOD 3131.4
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Step 1: Measure VBg1 at Tj1 using Iy
Step 2: Measure VBE? at Tj2 using Iy

Step3: K=| T2 Ta |ocmy
Vee2 - Vee1
|
VBE
Ig
Vee

IM: Must be large enough to overcome surface leakage effects but small enough not to cause significant
self-heating.

TJ: Is externally applied (e.g., via oven, liquid) environment.

FIGURE 3131-2. Example curve of Vge versus T,.
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A calibration factor K (which is the reciprocal of the slope of the curve on figure 3131-2) can be defined as:

Ti2-Tu
Vee2-Vee1

K= °C/mv

The K factor is used to calibrate the DUT such that the measured forward voltage drop corresponds to the
temperature of the junction at a given bias condition. In order to ensure accurate results, the bias conditions used to
determine the K factor must be chosen such that the application is duplicated. Therefore, the results will be unique
for each particular biasing condition and should be reestablished for different values of base and/or collector currents
(IF for diodes). This method should be used for each of the following conditions: Transient thermal impedance,
burn-in, and life tests. Verify actual TJ seen by a device in field applications.

It 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 piece to 12 piece sample from a device lot and
determine the average K and standard deviation (o). If ois less than or equal to three percent of the average value
of K, then the average value of K can be used for all devices within the lot. If g is greater than three percent of the
average value of K, then all the devices in the lot shall be calibrated and the individual values of K shall be used in
determining device acceptance. As an alternative to using individual values of K, the manufacture may establish
internal limits unique to their product that ensures atypical product removal from the population (lot-to-lot and within-
the-lot). The manufacturer shall use statistic techniques to establish the limits to the satisfaction of the government.

7. Establishment of test conditions and acceptance limits. Thermal resistance measurements require that I be
equal to the required value stated in the device specifications, typically at rated current or higher. Values for t,,,

typ, and heat sink conditions are also taken from the device specifications. The steps shown below are primarily for
transient thermal impedance testing 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 stated above.

7.1 Initial device testing procedure. The following steps describe in detail how to set up the apparatus described
previously for proper testing of various transistors. Since this procedure thermally characterizes the transistor out to
a point in heating time required to ensure heat propagation into the case (i.e., the Reix condition), an appropriate
heat sink should be used or the case temperature should be monitored.

* Step 1: From a 20 to 25 piece sample, pick any one diode to start the setup process. Set up the test apparatus

as follows:
IH=1.0A (Or some other desired value near the DUTs normal operating current, typically
higher for power transistors.
tH = 10-50 ms Unless otherwise specified, for most devices rated up to 15 W power dissipation.
50 - 100 ms Unless otherwise specified, for most devices rated up to 200 W power dissipation.
* >250 ms For steady-state thermal impedance measurement. The pulse must be shown to
correlate to steady-state conditions before it can be substituted for steady-state
condition.
METHOD 3131.4
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tmMD = 100 pus max A larger value may be required on power devices with inductive package elements

which generate nonthermal electrical transients; unless otherwise specified, this
would be observed in the t3 region of figure 3131-3.

IM =10 mA (Or some nominal value approximately two percent, or less, of IH4.)

VBEL 44— \

VBEF \‘;,

C

7
ty ty tup [+=-tgy

FIGURE 3131-3. Thermal impedance testing waveforms.
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
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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 rating or the maximum heating time is limited to less than
that required for the heat to propagate through the case.)

If AVBE is in the 15 to 80 mV range then proceed to the next step. This range approximately

corresponds to a junction temperature change of roughly +10°C to +50°C and is sulfficient for initial
comparison purposes.

If AVBE is less than 15 mV, return to 7.1, step 1 and increase heating power into device by increasing
IH-.

If AVBE is greater than 80 mV, approximately corresponding to a junction temperature change greater
than +50°C, it would be desirable to reduce the heating power by returning to 7.1, step 1 and reducing
IH-.

NOTE: The test equipment shall be capable of resolving AVRE to within five percent. If not, the higher
value of AVBE must be selected until the five percent tolerance is met. Two different devices can have
the same junction temperature rise even when Py is different, due to widely differing Vgg. Within a

given lot, however, a higher VBE is more 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 2m., CU
provides a comparison unit that takes into account different device Vg values for a given Iy test

condition.
Test each of the sample devices and record the data detailed in 8.1.

Select out the devices with the highest and lowest values of CU or Zgx and put the remaining devices
aside.

The AVBE values can be used instead of CU or Zgx if the measured values of VB are very tightly
grouped around the average value.

Using the devices from 7.1, step 5, collect and plot the heating curve data for the two devices in a
manner similar to the examples shown on figure 3131-4.

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 (tp) is less than or equal to the thermal time constant of the

chip, the two curves should start out the same for the low values of tH. Non-identical chips (thinner or
smaller in cross section) will have completely different curves, even at the smaller values of ty4. As the
value of tH is increased, thereby exceeding the chip thermal constant, heat will have propagated through
the chip into the die attachment region. Since the heating curve devices of 7.1, step 5 were specifically
chosen for their difference, the curves of figure 3131-4 diverge after ty reaches a value where the die
attachment 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 and is not well mounted to a good heat sink, the curve will not flatten very much,
but will show a definite change in slope.

METHOD 3131.4
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Step 8: Using the heating curve, select the appropriate value of tH to correspond to the inflection point in the

transition region between heat in the chip and heat in the package.

If there are several different elements in the heat flow path: Chip, die attachment, substrate, substrate
attach, and package, for example in a hybrid, there will be several plateaus and transitions in the heating
curve. Appropriate selection of ty will optimize evaluation sensitivity to other attachment areas.

Step 9: Return to the apparatus and set tH equal to the value determined from 7.1, step 8.

70

60

50

Zpgx CC/W)  4g

FOR FULL

CHARACTERIZATION

30 ATTACHMENT v EE@&AEI%QE
20 :
10 - HEAT PROPAGATION THROUGH
HEAT IN DIE v o DIE ATTACHMENT REGION

II 4 "ﬁ

0 1 1
10-4 10-3 102 101 1070 101
t, (SECONDS)

FIGURE 3131-4. Heating curves for two extreme devices.
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Step 10:

Step 11:
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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 destroying the device. The increased
power dissipation within the DUT will result in higher AVg or CU values that will make determination of
acceptable and nonacceptable devices much easier.

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

Correlation to other die attachment evaluation methods, such as die shear and x-ray, while these two
methods have little actual value from a thermal point of view, they do represent standardization methods
as described in various military standards.

Maximum allowable junction temperature variations between devices, since the relationship between
ATj and AVRE is about 0.5°C/mV for forward bias testing, or 0.25C/mV for Darlington transistors, 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 translated to a AVBg or
CU value for pass/fail criteria.

To fully utilize this approach, it will be necessary to calibrate the devices for the exact value of the T3 to
VBE characteristic. The characteristic's slope, commonly referred to as K factor, is easily measured on
a sample basis using a voltmeter, environmental chamber, temperature indicator, and a power supply

setup as described in 6. A simple set of equations yield the junction temperature once K and AVBEg are
known:

AT3 = (K) (AVBE)

Tj=Ta + ATy

Where: Ta is the ambient or reference temperature. For thermal transient test conditions, this
temperature is usually equivalent to case temperature (T.) for case mounted devices.

c. Statistically from a 20 to 25 device sample, the distribution of AVgg or CU values should be a normal

one with defective devices out of the normal range. Figure 3131-5 shows a AVgEg distribution for a
sample lot of transistors. NOTE: 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 flow that can be obtained with a given chip assembly material
and process unless a test method error is introduced. The other side has no such constraints because
there is no limit as to how poorly a chip is mounted.

METHOD 3131.4
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FIGURE 3131-5. Typical AVge distribution

The usual rule of thumb in setting the maximum limit for AVee , CU, or Zgx is to use the distribution average value
and three standard deviations (o). For example:

| (AVBE) | = AVBE + X 0

high
limit
[(CU)|=CU+Xo
high
limit

| (Zoax) | = Zgix + X @
high
limit

Where: X = 3 in most cases and AVgg, ACU, and AZg;x are the average distribution values.

The statistical data required is obtained by testing 25 or more devices under the conditions of 7.1, step
11.

The maximum limit determined from this approach should be correlated to the transistor's specified
thermal resistance. This will ensure that the AVBE or CU limits do not pass diodes that would fail the
thermal resistance or transient thermal impedance requirements.

METHOD 3131.4
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NOTICE 5

Step 12: Once the test conditions and pass/fail limit have been determined, it is necessary only to record this
information for future testing requirements of the same device in the same package. It is also
recommended that a minimum limit is established to ensure a test method error or other anomaly is
investigated.

Step 13: After the pass/fail limits are established, there shall be verification they correllate to good and bad
bonded devices or the electrical properties such as surge.

The steps listed hereto are conveniently summarized in table 3131-I.

TABLE 3131-1. Summary of test procedure steps.

General description Steps Comments
A Initial setup 1 through 4 Approximate instrument settings to find
variations among devices in 10 to 15 piece
sample.
B Heating curve 5 through 6 Using highest and lowest reading devices,
generation generate heating curves.
C Heating curve 7 through 9 Heating curve is used to find more
interpretation appropriate value for ty corresponding to
heat in the die attachment area (for some
other desired interface in the heat flow path).
D Final setup 10 Heating power applied during t4 is increased
in order to improve measurement sensitivity
to variations among devices.
E Pass-fail 11 through 12 | A variety of methods is available such as
determination JESD 34 for setting the fail limit; the
statistical approach is the fastest and easiest
to implement.
F Verification 13 Mechanical / Electrical correlation

7.2 Routine device thermal transient testing procedure. Once the proper control settings have been determined
for a particular device type from a given manufacturing process or vendor, repeated testing of that device type simply
requires that the same test conditions be used as previously determined. New device types or the same devices
manufactured with a different process will require a repeat of 7.1 for proper thermal transient test conditions.

METHOD 3131.4
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NOTICE 5

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

* 8.1 Transient thermal impedance-steady-state thermal impedance measurements.

8.1.1 Test conditions. Specify the following test conditions:

a. I measuring current __mA
b. Iy heating current __A
c. tH heating time __ms
d. tp measurement time delay __ps
e. tgy sample window time __Ms

8.1.2 Data. Record the following data:

a. VBE; initial forward voltage _V
b. VH heating voltage _V
c. VBEf final forward voltage _V

(NOTE: Some test equipment may provide a AVBg instead of Vggj and VBEf; this is an acceptable alternative.
Record the value of AVBE.

Some test equipment may provide direct display of calculated CU or Zgx; this is an acceptable alternative. Record
the value of CU or Zgx:

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

8.3 Test conditions. Specify the following test conditions:

a. Iy current magnitude __mA
b. Initial junction temperature __°C
c. Initial Vg voltage _ mv
d. Final junction temperature __°C
e. Final VB voltage __mVv

METHOD 3131.4
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NOTICE 5

8.4 K factor. Calculate K factor in accordance with the following equation:

Ti2-Tan
Vee2-Veer

K= °CImv

K factor ____°C/lmv

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

AVBE __mv
CuU _ mV\V
ATy __°C
KeCU __°CcNV
Zgix __°Clw
Roix __°CIwW

METHOD 3131.4
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METHOD 3132
THERMAL RESISTANCE

(DC FORWARD VOLTAGE DROP, EMITTER BASE, CONTINUOUS METHOD)

1. Purpose. The purpose of this test is to measure the thermal resistance of the device under the specified conditions.

2. Test circuit. See figure 3132-1.

CONSTANT
CURRENT
SOURCE

FIGURE 3132-1. Test circuit for thermal resistance (dc forward voltage drop,
emitter base, continuous method).

3. Procedure. The measurement technique assumes that the forward emitter voltage drop varies with temperature. It further assumes
that during the course of measurement, the variation in forward emitter voltage drop varies monotonically due to temperature and is much
greater than that due to the variation with collector voltage.

3.1 Measurement. The measurement is made in the following manner: The case, ambient, or other reference point is elevated to a
high temperature T», not exceeding the maximum junction temperature. Current I is set to a value and a voltage applied to the collector

base diode, V2. The value of V2 applied shall be low yet high enough so that the device is operating in a normal manner. V1gg is read
under these conditions. The reference temperature is reduced to a lower temperature T1 and V¢ varied until the same value of V1gR is
read as was read above. The thermal resistance is then

T. - T,

g —2 L
lc (Vi-V2)

Where: V1 is the collector voltage applied at temperature Tq.
4. Summary. The following conditions shall be specified in the detail specification:
a. Testtemperatures.

b. IcandVa.

METHOD 3132
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METHOD 3136
THERMAL RESISTANCE
(FORWARD VOLTAGE DROP, COLLECTOR TO BASE, DIODE METHOD)
1. Purpose. The purpose of this test is to measure the thermal resistance of the device under the specified conditions. This method
is particularly applicable to the measurement of germanium and silicon devices having relatively long thermal response times.

2. Test circuit. See figure 3136-1.

/s

(MEASUREMENT)

1 1

CONSTANT CURRENT CONSTQQEREERRENT S
SOURCE (HEAT) 2

FIGURE 3136-1. Test circuit for thermal resistance (forward voltage drop,
collector to base, diode method).

3. Procedure. Switches S1 and S2 are ganged switches and are so arranged that S2 opens very shortly after S1 opens and such that
the delay between the openings is much shorter than the thermal response time of the device being measured. S1 and S2 should be
closed (heat interval) for a much larger time than they are open (measurement interval) and the measurement interval should be short
compared to the thermal response time of the device being measured.

3.1 Measurement. The measurement is made in the following manner: The case, ambient, or other reference point is elevated to a
high temperature T», not exceeding the maximum junction temperature, and the collector-base voltage, Vcp, is read. This reading is

made at the beginning of the measurement interval. An oscilloscope makes a convenient detector. The reference temperature is then
reduced to a lower temperature, T1. The heating power, P1, is adjusted by adjusting the heating current source in the emitter circuit until
the same value of Vcp is read as was read above. The value of ® is calculated from the equation:

T,- T
9= 2 1
P:

Where: P71 =(n) (Ic Vcc + Ie VEB)

and n = duty (:yd%tﬂD
totaIH

METHOD 3136
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4. Summary. The following conditions shall be specified in the detail specification:
a. Testtemperature (see 3.1).

b. Test voltages and currents (see 3.).
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METHOD 3141
THERMAL RESPONSE TIME
1. Purpose. The purpose of this test is to measure the time required for the junction to reach 90 percent of the final value of junction
temperature change following application of a step function of power dissipation under specified conditions.

2. Apparatus. The apparatus used to determine the thermal response time shall be capable of demonstrating device conformance to
the minimum requirements of the individual specification.

3. Procedure. The thermal response time shall be determined by measuring the time required for the junction temperature (as
indicated by a precalibrated temperature sensitive electrical parameter) to reach 90 percent of the final value of junction temperature
change caused by a step function in power dissipation when the device case or ambient temperature, as specified, is held constant.

4. Summary. The device case or ambient temperature shall be specified in the detail specification.

METHOD 3141
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METHOD 3146.1
THERMAL TIME CONSTANT
1. Purpose. The purpose of this test is to measure the time required for the junction to reach 63.2 percent of the final value of junction
temperature change following application of a step function of power dissipation under specified conditions.

2. Apparatus. The apparatus used to determine the thermal time constant shall be capable of demonstrating device conformance to
the minimum requirements of the individual specification.

3. Procedure. The thermal time constant shall be determined by measuring the time required for the junction temperature (as
indicated by a precalibrated temperature sensitive electrical parameter) to reach 63.2 percent of the final value of junction temperature
change caused by a step function in power dissipation, when the device case or ambient temperature, as specified, is held constant.

4. Summary. The device case or ambient temperature shall be specified in the detail specification.

METHOD 3146.1
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METHOD 3151

THERMAL RESISTANCE, GENERAL

1. Purpose. The purpose of this test is to measure the temperature rise per unit power dissipation of the designated junction above
the case of the device or ambient temperature, under conditions of steady state operation.

2. Apparatus. The apparatus used to determine the thermal resistance shall be capable of demonstrating device conformance to the
minimum requirements of the individual specification.

3. Procedure. The thermal resistance may be determined by:

Measuring the junction power required to maintain the junction temperature constant (as indicated by a precalibrated
temperature sensitive electrical parameter) when the case of the device or ambient temperature, as specified, is changed by a

known amount.

a.

b.  Measuring the junction temperature (as indicated by a precalibrated temperature sensitive electrical parameter) when the
junction power is changed a known amount while the case of the device or ambient temperature, as specified, is held

constant.

4. Summary. The characteristic being measured, Rgjc or Rgja shall be specified in the detail specification.

METHOD 3151
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METHOD 3161

THERMAL IMPEDANCE MEASUREMENTS FOR VERTICAL POWER MOSFET's
(DELTA SOURCE-DRAIN VOLTAGE METHOD)

1. Purpose. The purpose of this test method is to measure the thermal impedance of the MOSFET under the specified
conditions of applied voltage, current, and pulse duration. The temperature sensitivity of the forward voltage of the source-drain
diode is used as the junction temperature indicator. This method is particularly suitable to enhancement mode, power
MOSFET's having relatively long thermal response times. This test method may be used to measure the thermal response of
the junction to a heating pulse, to ensure proper die mountdown to its case, or the dc thermal resistance, by the proper choice of
the pulse duration and magnitude of the heating pulse. The appropriate test conditions and limits are detailed in 5.

1.1 Definitions. The following symbols shall apply for the purpose of this test method:

IM:
IH:
VH:
PH:
tH:
VTC:

TJ:
Ti:
TIf:
Tx:
Txj:
Txf:
Vsp:
Vspi:
VsDf:

tMD:

tsw:
VGS(M):

ZyJx:

Current in the source-drain diode during measurement of the source-drain voltage.
Heating current through the drain.

Heating voltage between the drain and source.

Magnitude of the heating power pulse applied to DUT in watts; the product of |4 and VH.
Heating time during which Py is applied.

Voltage-temperature coefficient of Vgp with respect to Tj; in mV/°C.

Thermal calibration factor, equal to reciprocal of VTC; in °C/mV.

Junction temperature in degrees Celsius.

Junction temperature in degrees Celsius before start of the power pulse.
Junction temperature in degrees Celsius at the end of the power pulse.
Reference temperature in degrees Celsius.

Initial reference temperature in degrees Celsius.

Final reference temperature in degrees Celsius.

Source-drain diode voltage in millivolts.

Initial source-drain voltage in millivolts.

Final source-drain voltage in millivolts.

Measurement delay time is defined as the time from the removal of heating power PH to the start of the V
SD measurement.

Sample window time during which final Vgp measurement is made.
Gate-source voltage applied during the initial and final measurement periods.

Transient junction-to-reference point thermal impedance in degrees Celsius/watt. Zgjx for specified power
pulse duration is:

C(Ty - Ty -ATx)
Py

Where: ATx = Change in reference point temperature during the heating pulse (see 4.2 and 4.4).
For short heating pulses, e.g., die attach evaluation, this term is normally negligible.)

METHOD 3161
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2. Apparatus. The apparatus required for this test shall include the following as applicable to the specified test procedure:

a. Athermocouple for measuring the case temperature at a specified reference point. The recommended reference point
shall be located on the case under the heat source. Thermocouple material shall be copper-constantan (type T) or
equivalent. The wire size shall be no larger than AWG size 30. The junction of the thermocouple shall be welded to
form a bead rather than soldered or twisted. The accuracy of the thermocouple and its associated measuring system
shall be +0.5°C. Proper mounting of the thermocouple to ensure intimate contact to the reference point is critical for
system accuracy.

b. A controlled temperature environment capable of maintaining the case temperature during the device calibration
procedure to within £1°C over the temperature range of +23°C to +100°C, the recommended temperatures for
measuring K factor.

c. AKfactor calibration setup, as shown on figure 3161-1, that measures Vgp for a specified value of I in an

environment in which temperature is both controlled and measured. A temperature controlled, circulating fluid bath
may be used. The current source must be capable of supplying Ipg with an accuracy of £1 percent. The voltage

source must be capable of supplying a stable VGgg(v) in the range of -1 to -5 V (opposite polarity for p-channel
devices). This voltage is applied in such a way as to turn the DUT off (i.e., gate negative with respect to source for
n-channel device). The voltage measurement of Vgp shall be made using kelvin contacts and with voltmeters capable
of 1 mV resolution. The device-to-current source wire size shall be sufficient to handle the measurement current
(AWG size 22 stranded is typically used for up to 100 mA).

@
D
ZORONEE =0 ¥
Ves (M) S
I

FIGURE 3161-1. K-factor calibration setup.

d. Atest circuit used to control the device and to measure the temperature using the forward voltage of the source-drain
diode as the temperature sensing parameter as shown on figure 3161-2. Polarities shown are for n-channel devices
but the circuit may be used for p-channel types by reversing the polarities of the voltage and current sources.

e. Suitable sample-and-hold voltmeter or oscilloscope to measure source-drain forward voltage at specified times. Vgp
shall be measured to within 5 mV, or within 5 percent of (Vgpj - Vspf), whichever is less.
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DUT

S2

— V5 — Ves

NOTES:
1. The circuit consists of the DUT, three voltage sources, a current source, and two electronic switches. During the
heating phase of the measurement, switches S1 and S2 are in position 1. The values of Vg and Vp are adjusted to
achieve the desired values of Ip and Vpg for the PH "heating" condition.

2. To measure the initial and post heating pulse junction temperatures of the DUT, switches S1 and S2 are each
switched to position 2. This puts the gate at the measurement voltage level VGS(M) and connects the current

source Iy to supply forward measurement current to the source-drain diode. The polarity of the current source is

such that the voltage applied to the MOSFET source and drain are opposite to those employed during normal
MOSFET operation. Figures 3161-3 and 3161-4 show the waveforms associated with the three segments of the
test.

FIGURE 3161-2. Thermal impedance measurement circuit (source-drain diode method).
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Y
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FIGURE 3161-3. Device waveforms during the three segments of the thermal transient test.
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FIGURE 3161-4. Second Vﬂ measurement waveform.

NOTE: The value of t)p is critical to the accuracy of the measurement and must be properly specified in order to

ensure measurement repeatability. Note that some test equipment manufacturers include the sample and hold
window time tg\y within their t\jp specification.
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3. Measurement of the TSP. The required calibration of Vgp versus Tj is accomplished by monitoring Vgp for the required
value of I\ as the heat sink temperature (and thus the DUT temperature) is varied by external heating. The magnitude of Iy
shall be chosen so that Vgp is a linearly decreasing function over the expected range of Tj during the power pulse. Iy must be
large enough to ensure that the source-drain junction is turned on but not so large as to cause any significant self-heating. (This
will normally be 10 mA for small power devices and up to 100 mA for large ones.) The VGs(m) value must be large
enough to decouple the gate from controlling the DUT; typical values are in the 1 to 5 V range. An example calibration curve is
shown on figure 3161-5.

3.1 Measurement of die attachment integrity. When screening to ensure proper die attachment integrity within a given lot or in
a group of same type number devices of one manufacturer, this calibration step is not required. In such cases, the measure of
thermal response may be AVgp for a short heating pulse, and the computation of ATj or Zgjx is not necessary. (For this

purpose, tH shall be 10 ms for TO-39 size packages and 100 ms for TO-3 packages.)

Vgp (V)

PP A N I O SO R B
20 30 40 50 60 70 80 90 100

JUNCTION TEMPERATURE (°C)

FIGURE 3161-5. Example curve of Vgp_versus Tj.

3.2 K factor calibration. A K factor calibration (which is the reciprocal of VTC or the slope of the curve on figure 3161-4) can
be defined as:

L Tu-Tae

= °C/mVv
Vso - Vsp

It 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 (). If o is less than or equal to three percent of the average value of K, then the average value of K can be
used for all devices within the lot. If o is greater than three percent of the average value of K, then all the devices in the lot shall
be calibrated and the individual values of K shall be used in thermal impedance calculations or in correcting AVgp values for

comparison purposes.

4. Test procedure.

4.1 Calibration. K factor must be determined according to the procedure outlined in 3., except as noted in 3.1.
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4.2 Reference point temperature. The reference point is usually chosen to be on the bottom of the transistor case directly

below the semiconductor chip in a TO-204 metal can or in close proximity to the chip in other styles of packages. Reference
temperature point location must be specified and its temperature shall be monitored using the thermocouple mentioned in 2.a.
during the preliminary testing. If it is ascertained that Ty increases by more than +5°C of measured junction temperature rise
during the power pulse, then either the heating power pulse magnitude must be decreased, the DUT must be mounted in a
temperature controlled heat sink, or the calculated value of thermal impedance must be corrected to take into account the
thermal impedance of the reference point to the cooling medium or heat sink. Temperature measurements for monitoring,
controlling, and correcting for reference point temperature changes are not required if the tH value is low enough to ensure that
the heat generated within the DUT has not had time to propagate through the package. Typical values of ty for this case are in

the 10 ms to 500 ms range, depending on DUT package type and material.

4.3 Thermal measurements. The following sequence of tests and measurements must be made:

a. Prior to the power pulse:

@
@
3
4

Establish reference point temperature (Txj).
Apply measurement current (In).
Apply gate-source measurement voltage (VGs(m))-

Measure source-drain voltage drop (Vspj) (a measurement of the initial junction temperature).

b. Heating pulse parameters:

@
@
©)
“

Apply drain-source heating voltage (VH).
Apply drain heating current (I) as required by adjustment of gate-source voltage.
Allow heating condition to exist for the required heating pulse duration (tH).

Measure reference point temperature (Txf) at the end of heating pulse duration.

(NOTE: Tx measurements are not required if the tH value meets the requirements stated in 4.2.)

c. Post power pulse measurements:

@
@
3
4

Apply measurement current (In).
Apply gate-source measurement voltage (VGs(m))-
Measurement source-drain voltage drop (Vgpf) (a measurement of the final junction temperature).

Time delay between the end of the power pulse and the completion of the Vgpf measurement as defined by the
waveform of figure 3161-4 in terms of t\ D + tgw-

4.4 Thermal impedance. The value of thermal impedance (Z@Jx) is calculated from the following formula:

METHOD 3161
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This value of thermal impedance will have to be corrected if Txj is greater than Txj by +5°C. The correction consists of

subtracting out the component of thermal impedance due to the thermal impedance from the reference point (typically the device
case) to the cooling medium or heat sink. Ty measurements are not required if the t value meets the requirements stated in

4.2. This thermal impedance component has a value calculated as follows:

d - A TX _ (Txf - Txi)
ens Py [(Ta)(Vi)]
Where: HS = cooling medium or heat sink (if used).

Then: Zgjx | = Zojx | - ZoX-HS
Corrected Calculated
Note: This last step is not necessary for die attach evaluation (see 3.1).

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

5.1 K factor calibration.
5.1.1 Conditions data. Specify the following test conditions:

a. Measuring current (I) (see detail specification).
b. Gate-source voltage (VGS(M)) (in the range of 0 V to -6 V).
c. Initial junction temperature (Tj): +25°C £5°C.
d. Final junction temperature (T jf): +100°C £10°C.
5.1.2 Record data. Record the following data:
a. Initial Vgp voltage.
b. Final Vgp voltage.
5.1.3 Calculation data. Calculate K factor in accordance with the following equation:

T,1-T,2
Vel -V g2

°C/mVv

5.1.4 Die attach procedure. K factor calibration (see 5.1) may not be necessary for die attachment evaluation (see 3.1).

5.2 Thermal impedance measurements.

5.2.1 Conditions data. Specify the following test conditions in the detail specification.

a. Measuring current (Ipg) (must be same as used for K factor calibration).
b. Drain heating current (IH).
c. Heating time (tR).

d. Drain-source heating voltage (VH).
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e. Measurement time delay (tmD)-
f.  Sample window time (tgyy).
g. Gate-source voltage (VGs(M)) (must be same as used for K factor calibration).
(NOTE: Iy and VH are usually chosen so that PH is approximately two-thirds of device rated power dissipation).
5.2.2 Record data. Record the following data:
a. Initial reference temperature (Tx;j).
b. Final reference temperature (Txs).
c. Ty measurements are not required if the tq value meets the requirements stated in 4.2.
d. Calculate thermal impedance using the procedure and equations shown in 4.4.

5.2.2.1 AVgp data. This parameter can either be read directly from suitable test instrumentation or calculated by taking the
difference between initial and final values of Vsp (i.e., AVsp = [Vsp(ij) - VSD(f)-)

5.2.3 Thermal resistance measurements. This is a thermal impedance measurement for the condition in which the heating
time (tq) has been applied long enough to ensure that the temperature drop from the device junction to the case reference point

in accordance with 2.a. has reached equilibrium and no longer increases for greater values of t4. In practical measurements,
this condition can be assumed to exist when the rate of junction temperature change matches the rate of case temperature
change.

5.3 Thermal response AVps measurements for screening. These measurements are made for ty values that meet the intent
of 3.1 and the requirements stated in 4.2.

5.3.1 Conditions data. Specify the following test conditions in the detail specification:
a. Measuring current (Ip)-
b. Drain heating current (IH).
c. Heating time (tH).
d. Drain-source heating voltage (VH).
e. Measurement time delay (tmD)-
f.  Sample window time (tgyy).

g. Gate-source voltage (VGs(M)) (must be the same as used if and when K factor calibration is performed (see
5.3.2.1b)).

(The values of I and VH are usually chosen equal to or greater than the values used for thermal impedance measurements.)
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5.3.2 Specified limits. The following data is compared to the specified limits:
5.3.2.1 AVgp data.

a. Sameasb.2.2.1.

b.  Optionally calculate AT j for comparison or screening purposes, or both, if the K factor results (see 3. and 5.1)
produce a ¢ greater than three percent of the average value of K.

AT3 =K (AVgp) in °C
6. Summary. The following conditions shall be specified in the detail specification:

6.1 Thermal impedance.

a. Iy measuring current.

b. Iy drain heating current.

c. tH heating time.

d. VHy drain-source heating voltage.
e. typ measurement time delay.

f.  tsw sample window time.

6.2 Thermal response AV@ measurement.

a. Iy measuring current.

b. Iy drain heating current.

c. tH heating time.

d. VHy drain-source heating voltage.
e. typ measurement time delay.

f.  tsw sample window time.

METHOD 3161
9/10



MIL-STD-750D

METHOD 3181

THERMAL RESISTANCE FOR THYRISTORS

1. Purpose. The purpose of this test is to measure the thermal resistance of thyristors under specified conditions.

2. Test circuit. See figure 3181-1.
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FIGURE 3181-1. Thermal resistance test circuit.

3. Procedure. S1is closed for a much longer interval (heat) than it is opened (measurement). The measurement interval should be
short compared to the thermal response time of the device being measured. The constant measurement current is a small current (of the
order of a few milliamperes) and so selected that the magnitude of V1 changes appropriately with the device material (silicon

approximately 2 mV/°C) and junction temperature. The heating current source is adjustable.

3.1 Measurement. The measurement is made in the following manner. The case ambient or other reference point is elevated to a
high temperature, T», not exceeding the maximum junction temperature and the forward voltage drop Vg1 read with the heating source

supplying no current (i.e., the forward voltage V1 is to be read at the start of the measurement interval). An oscilloscope makes a
convenient detector. At To there will be a small power dissipated in the device due to the measurement current source. The reference is
then reduced to a lower temperature T1, and power P1 is applied to heat the device by increasing the current from the constant current
source until the same value of V1 is read as was read above. However, if P1 is calculated as the heating power contributed by the
heating current source only the equation:

T, -

T, .
6 = Tl gives@ accurately
1

Where: P1=VE1 IF1
4. Summary. The following conditions shall be specified in the detail specification:
a. Testtemperatures (see 3.1).

b. Test voltages and currents (see 3.1).

METHOD 3181
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3200 Series
Low frequency tests

Unless otherwise specified, the measurements shall be made at the electrical test frequency, 1,000 +25 Hz. At 1,000 Hz, the
reactive components may not be negligible.
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METHOD 3201.1

SMALL-SIGNAL SHORT-CIRCUIT INPUT IMPEDANCE

1. Purpose. The purpose of this test is to measure the input impedance of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common emitter configuration. For other parameters the circuit and
procedure should be changed accordingly.

VOLTAGE
Vg SOURCE
~
&) Voo
CONSTANT
CURRENT
SOURCE

. .

NOTE: The biasing circuit shown is for purposes of illustration only. Other stable
biasing circuits may be used (see 4.3.4).

FIGURE 3201-1. Test circuit for small-signal short-circuit input impedance.

3. Procedure. The capacitors Cq, Cg, and C3 shall present short-circuits at the test frequency in order to effectively couple and

bypass the test signal. The inductance L shall be resonated with a capacitor and the combination shall have a large impedance
compared with hje at the test frequency. R shall be a short circuit compared with the output impedance of the device. Vg and Vpe are

measured on high-impedance ac voltmeters after setting the specified values of Ig and VcE.

Ve \% 'Ve
Then: h, = —=, where |, = —2—=
lb RB

4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency (see 3.).
b. Test voltages and currents (see 3.).

c. Parameter to be measured.

METHOD 3201.1
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METHOD 3206.1

SMALL-SIGNAL SHORT-CIRCUIT FORWARD-CURRENT TRANSFER RATIO

1. Purpose. The purpose of this test is to measure the forward-current transfer ratio of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common emitter configuration. For other parameters the circuit and
procedure should be changed accordingly.

VOLTAGE
Vg : e SOURCE
&)

CONSTANT
CURRENT
SOURCE

. .

NOTE: The biasing circuit shown is for purposes of illustration only. Other stable
biasing circuits may be used (see 4.3.4).

FIGURE 3206-1. Test circuit for small-signal short-circuit forward-current transfer ratio.

3. Procedure. The capacitors C1, Co, and C3 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. The inductance L shall be resonated with a capacitor and the combination shall have a large impedance
compared with hje at the test frequency. R shall be a short circuit compared with the output impedance of the device. Vg Vbe and Vce
shall be measured on high-impedance ac voltmeters after setting the specified values of Ig and VcE.

Ic Vce Vg -V e
Then: hy, = T, where: |, = ? and |, = QTD
b L B

4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency (see 3.).
b. Test voltage and currents (see 3.).

c. Parameter to be measured.

METHOD 3206.1
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METHOD 3216

SMALL-SIGNAL OPEN-CIRCUIT OUTPUT ADMITTANCE

1. Purpose. The purpose of this test is to measure the output admittance of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common emitter configuration. For other parameters the circuit and
procedure should be changed accordingly.

(1)
@
DUT U
Ip———o Re
Co — //
: VOLTAGE
: SOURCE
Ly - @ + @ /+
' Cy CONSTANT
! CURRENT
------ SOURCE
: :

NOTE: The biasing circuit shown is for purposes of illustration only. Other stable
biasing circuits may be used (see 4.3.4).

FIGURE 3216-1. Test circuit for small-signal open-circuit output admittance.

3. Procedure. Inductance Lj shall be resonated with a capacitor and the combination shall have a large impedance compared with hje
at the test frequency. The capacitors C1 and C2 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. Voltmeters Vpe and Ve shall be high impedance voltmeters. Then:

e
Nee = Vo,
4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltages and currents (see 3.).
b. Test frequency (see 3.).

c. Parameter to be measured.

METHOD 3216
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METHOD 3221
SMALL-SIGNAL SHORT-CIRCUIT INPUT ADMITTANCE
1. Purpose. The purpose of this test is to measure the input admittance of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common emitter. For other parameters the circuit and procedure should be
changed accordingly.

VOLTAGE
Vg e SOURCE
©

CONSTANT
CURRENT
SOURCE

. .

NOTE: The biasing circuit shown is for purposes of illustration only. Other stable
biasing circuits may be used (see 4.3.4).

FIGURE 3221-1. Test circuit for small-signal short-circuit input admittance.

3. Procedure. The capacitors C1, Co, and C3 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. The inductance L shall be resonated with a capacitor and the combination shall have a large impedance
compared with hije at the test frequency. R| is optional and shall be a short circuit compared with the output impedance of the device. V
g and Vpe are measured on high-impedance ac voltmeters.

\/
Then: he = e
Ib

1

Thus: Y, = —
e h‘e

4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency (see 3.).
b. Test voltages and currents (see 3.).

c. Parameter to be measured.

METHOD 3221
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METHOD 3231

SMALL-SIGNAL SHORT-CIRCUIT OUTPUT ADMITTANCE

1. Purpose. The purpose of this test is to measure the output admittance of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common emitter configuration. For other parameters the circuit and
procedure should be changed accordingly.

(10)
a;
DUT \Cj
- Re
Co — //
VOLTAGE
SOURCE
+ +
c CONSTANT @ /
1 CURRENT
SOURCE
l ,,

FIGURE 3231-1. Test circuit for small-signal short-circuit output admittance.

3. Procedure. The capacitors Cq and Co shall present short circuits at the test frequency in order to effectively couple and bypass the
test signal. Resistor R¢ is not zero but chosen for any convenient value.

Theny, =
oe Vce
4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency (see 3.).
b. Test voltages or currents.

c. Parameter to be measured.

METHOD 3231
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METHOD 3236

OPEN CIRCUIT OUTPUT CAPACITANCE

1. Purpose. This test is designed to measure the open circuit output capacitance of the device under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common base configuration. For other parameters the circuit and procedure
should be changed accordingly.

DUT

BRIDGE

[ || o

*| VOLTAGE | —
SOURCE

/

FIGURE 3236-1. Test circuit for open circuit output capacitance.

3. Procedure. The bridge should have low dc resistance between its output terminals and should be capable of carrying the specified
collector current without affecting the desired accuracy of measurement. The emitter should be open-circuited to ac and the frequency of
measurement shall be as specified. Capacitor C should be sufficiently large to provide a short circuit at the test frequency.

3.1 Measurement. The capacitance reading instrument is nulled with the circuitry connected, thereby eliminating errors due to the
stray capacitances of the circuit wiring. The device to be measured is inserted into the test socket, is properly biased, and the output
capacitance is measured.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testvoltages or currents (see 3.).

b. Measurement frequency (see 3.).

c. Parameter to be measured.

METHOD 3236
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METHOD 3240.1
INPUT CAPACITANCE
(OUTPUT OPEN-CIRCUITED OR SHORT-CIRCUITED)

1. Purpose. The purpose of this test is to measure the shunt capacitance of the input terminals of the device under the specified
conditions.

2. Test circuit. See figure 3240-1.

DuT
| ‘

BRIDGE I

$ | * 1

SKW VOLTAGE
/ SOURCE

VOLTAGE
SOURCE ® ®

/

NOTE: For other configurations, the circuit may be modified in such a manner that it
is capable of demonstrating device conformance to the minimum requirements
of the individual specification.

FIGURE 3240-1. Test circuit for input capacitance (output
open-circuited or short-circuited).

3. Procedure. The bridge should have a low dc resistance between the input terminals and should be capable of carrying the required
emitter current without effecting the desired accuracy of measurement. The specified voltages or voltage and current shall be applied to
the terminals; an ac small signal shall be applied to the input terminals. Switch SW shall be opened or closed depending upon whether
the output is intended to be ac open-circuited or ac short-circuited. The input capacitance shall then be measured. The capacitance
reading instrument is nulled with the circuitry connected, thereby eliminating errors due to stray capacitances and circuit wiring.

4. Summary. The following conditions shall be specified in the detail specification:

a. Test voltages or currents (see 3.).
b. Test frequency (see 3.).

c. Whether output is to be open-circuited or short-circuited.

METHOD 3240.1
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METHOD 3241
DIRECT INTERTERMINAL CAPACITANCE
1. Purpose. The purpose of this test is to measure the direct interterminal capacitance between specified terminals using specified
electrical biases.

2. Apparatus. A direct capacitance bridge or resonance method may be used to determine the value of the direct interterminal
capacitance.

3. Procedure. The direct interterminal capacitance can be determined by using method A or method B.
3.1 Method A. The specified voltage shall be applied between specified terminals: an ac small signal shall be applied to the terminals
and the direct interterminal capacitance shall be measured. The lead capacitance beyond .5 inch (12.70 mm) from the body seat shall be

effectively eliminated by suitable means such as test socket shielding. The abbreviations and symbols used are defined as follows:

Ccp(dir): Collector to base interterminal direct capacitance.
Cep(dir): Emitter to base interterminal direct capacitance.
Cce(dir): Collector to emitter interterminal direct capacitance.

3.2 Method B. A suitable resonance method can be utilized to measure the following two-terminal capacitances:

Cq: Capacitance between collector terminal and ground, with base and emitter terminals grounded.
Co: Capacitance between the base terminal and ground, with collector and emitter terminals grounded.

C3: Capacitance between the collector and base terminals strapped together and ground, with the
emitter terminal grounded.

The direct interterminal capacitance can then be calculated from the following relationship:

C,+C,-C;

Ce(dir) = >

The direct interterminal capacitance for other configurations can be determined by suitable modifications of the above procedure. Such
modifications shall be capable of demonstrating device conformance to the minimum requirements of the individual specification.
4. Summary. The following conditions shall be specified in the detail specification:
a. Terminal arrangement.
b.  DC biasing conditions.
c. Testvoltage or current.

d. Measurement frequency.

METHOD 3241
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METHOD 3246.1

NOISE FIGURE

1. Purpose. The purpose of this test is to measure the noise figure of the device under the specified conditions.

2. Apparatus. An average responding rms calibrated indicator shall be used in addition to other suitable apparatus to measure the
noise figure of the diode.

3. Procedure. The voltage and current specified in the individual specification shall be applied to the terminals, and the noise figure
shall then be measured at the frequency specified in the individual specification (normally 1,000 Hz) with an input resistance of 1,000 A
and as referred to a 1 Hz bandwidth.

4. Summary. The following conditions shall be specified in the detail specification:

a. Test voltage or current.

b. Testfrequency.

c. Load resistance.

METHOD 3246.1
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METHOD 3251.1

PULSE RESPONSE

1. Purpose. The purpose of this test is to measure the pulse response (tq, t, ts, and tf) of the device under the specified conditions.

2. Test circuit. See figures 3251-1 and 3251-2.

Vee

Re

B DUT V%

G}J V. (%)
L

TO SCOPE
DUT

v

CC

FIGURE 3251-1. Test circuit
for pulse response, test
condition A.

FIGURE 3251-2. Test circuit for pulse

INPUT VOLTAGE

response, test condition B

3. Procedure. The pulse response of the device shall be measured using test condition A or B.

3.1 Test condition A. The device shall be operated in the common emitter configuration as shown on figure 3251-1 with the collector
load resistance (Rc) and collector supply voltage (Vcc) specified. When measuring delay or rise time, Ig(g) and Ig(1) or VBg(1) shall
be specified. When measuring storage or fall time, Ig(1) or VBg(1) and Ig(2) or VBEg(2) shall be specified. The input transition and the
collector voltage response detector shall have rise and response fall times such that doubling these responses will not affect the results
greater than the precision of measurement. The current and voltages specified shall be constant. Stray capacitance of the circuit shall
be sufficiently small so that doubling it does not affect the test results greater than the precision of measurement.

IB(0) = prior off state base current.

VBE(0) = prior off state base to emitter voltage.
IB(1) = on state base current.

VBE(1) = on state base to emitter voltage.
IB(2) = post off state base current.

VBE(2) = post off state base to emitter voltage.

l1of2
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3.2 Test condition B. The device shall be operated in the test circuit shown on figure 3251-2 (constant current drive) with the voltages
and component values as specified. The pulse or square-wave generator and scope shall have rise and fall response times such that
doubling these responses will not affect the results greater than the precision of measurement.

4. Summary. The following conditions shall be specified in the detail specification:

a. Test condition (A or B).
b.  Collector load resistance (Rc) and collector supply voltage (Vcc) for A.

c. Base resistance (Rp) collector load resistance (Rc), and collector supply voltage (Vcc) for B.

d. Test voltages or currents (see 3.).

METHOD 3251.1



MIL-STD-750D

METHOD 3255

LARGE SIGNAL POWER GAIN

1. Purpose. The purpose of this test is to measure the ratio of ac output power to the ac input power (usually specified in dB) under
specified large signal conditions.

2. Test circuit. The test circuit shall be as specified in the detail specification.

3. Procedure. The procedure shall be as specified in the detail specification.

4. Summary. The following conditions shall be specified in the detail specification.
a. Test voltages and currents.
b. Test frequency (if other than 1,000 Hz).

c. Testcircuit.

METHOD 3255
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METHOD 3256
SMALL SIGNAL POWER GAIN
1. Purpose. The purpose of this test is to measure the ratio of the ac output power to the ac input power under the specified
conditions (usually specified in dB) for small signal power gain.

2. Test circuit. See figure 3256-1.

POWER
SUPPLY

(o

AC

CURRENT
METER ®

HIGH Z
RL§ QD ac VM

’—

NOTE: For other configurations, the circuit should be modified in such a manner that
the circuit is capable of demonstrating device conformance to the individual
specification.

FIGURE 3256-1. Test circuit for small-signal power gain.

3. Procedure. The specified voltage(s) and current(s) should be applied to the terminals; an ac small signal should be applied to the
input terminals of the specified circuit. The resistors R1 and R2 should have values larger than the hje of the device. The phase angle 1

between the input current and Vpe shall be considered to be 0, if the specified test frequency is less than the extrapolated unity gain
frequency (ft) of the device.

Then, for common emitter:

Poy
Py = 10 log P—?‘

Where, P, = (V) (i,) cos 8

Vg = Vie

i, =
b Rg

METHOD 3256
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Pou = (ic)z(RL)Or %

L

i) (R
Thus, Py = 10 log _ G (R) IZ)V( Li/ oo
(Vie) B[
d R, O

Ve
R,
OV, - Vol

Ve O-%——20)
*0 R, O

10 log

For other configurations, modifications to the procedure should be made in such a manner that it is capable of demonstrating device
conformance to the individual specification.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testcircuit.
b. Test voltage(s) and current(s).

c. Test frequency (if other than 1,000 Hz).

METHOD 3256
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METHOD 3261.1
EXTRAPOLATED UNITY GAIN FREQUENCY
1. Purpose. The purpose of this test is to determine the extrapolated unity gain frequency (gain band width product) of the device
under the specified conditions.

2. Test circuit. The test circuit employed in determining the extrapolated unity gain frequency shall be that which is used for
measuring the magnitude of the common emitter small-signal short-circuit current transfer ratio. (See method 3306.)

3. Procedure. The magnitude of the common emitter short-circuit current transfer ratio shall be determined at the specified frequency

with the specified bias voltages and currents applied. The product of the specified signal frequency (f) and the measured common
emitter small-signal short-circuit current transfer ratio (hfe) is the extrapolated unity gain frequency (f).

4. Summary. The following conditions shall be specified in the detail specification:
a. Test current and voltage.

b. Testfrequency.

METHOD 3261.1
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METHOD 3266
REAL PART OF SMALL-SIGNAL SHORT-CIRCUIT INPUT IMPEDANCE
1. Purpose. The purpose of this test is to measure the resistive component of the small signal short-circuit input impedance of the
device under the specified conditions.

2. Test circuit. See figure 3266-1.

DUT

BRIDGE /;—\\ @

Lee)
L2 | & | ]
! ITe
(o / /
AAA__| VOLTAGE & VOLTAGE
_| source |, .| SOURCE | _

/ /

NOTE: The circuit shown is used for measuring the common emitter real part of
the small-signal short-circuit input impedance. For other device
configurations, the above circuitry should be modified in such a manner
that it is capable of demonstrating device conformance to the minimum
requirements of the individual specification.

FIGURE 3166-1. Test circuit for real part of small-signal short-circuit input impedance.

3. Procedure. The voltage and current specified shall be applied to the terminals. An ac small signal of the frequency specified shall

be applied to the input terminals and the output terminals shall be ac short-circuited. The real part of the input impedance shall then be
measured.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage and current.

b. Testfrequency.

METHOD 3266
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3300 Series
High frequency tests

Care shall be taken that, in designing the circuit and transistor mounting, adequate shielding and decoupling are provided and
that series inductances in circuits are negligible.
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METHOD 3301
SMALL-SIGNAL SHORT-CIRCUIT FORWARD-CURRENT TRANSFER-RATIO
CUTOFF FREQUENCY
1. Purpose. The purpose of this test is to measure the forward-current transfer-ratio cutoff frequency under the specified conditions.

2. Test circuit. The circuit and procedure shown are for common base configuration. For other parameters the circuit and procedure
should be changed accordingly.

@ O
VCE
CONSTANT VOLTAGE
CURRENT SOURCE
SOURCE
- £+
@ @ O

NOTE: Normal VHF circuit precautions should be taken. At frequencies higher than
10 MHz, the use of this circuit may lead to excessive errors. The biasing
circuit shown is for the purposes of illustration only and any stable biasing
circuit may be used.

FIGURE 3301-1. Test circuit for small-signal short-circuit forward-current
transfer-ratio cutoff frequency.

3. Procedure. The voltages and currents shall be as specified. Resistors Rg and Rg shall be large to present open circuits to hjp.
Resistor R¢ shall be small to present a short circuit to hgp. Capacitors C1, Co, C3, and Cy4 shall present short circuits at the test
frequency to effectively couple and bypass the test signal.

a. The circuitry shall be frequency independent. This can be checked by removing the device from the circuit and shorting
between emitter and collector with no bias voltages applied. Care should be taken to ensure that the generator has a
sufficiently pure waveform and that the high-impedance voltmeter is adequately sensitive to enable the measurement to be
made at a low enough signal level to avoid the introduction of harmonics by the device.

b.  The generator is set to a frequency at least 30 times lower than the lowest cutoff frequency limit and the_low frequency hgy is

measured. The frequency is then increased until the magnitude of hfy has fallen to 112 of its low frequency value. This is
the cutoff frequency.

METHOD 3301
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4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltages and currents (see 3.).

b. Parameter to be measured.

METHOD 3301
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NOTICE 5
METHOD 3306.4

SMALL-SIGNAL SHORT-CIRCUIT FORWARD-CURRENT TRANSFER RATIO

1. Purpose. The purpose of this test is to measure the forward-current transfer ratio under the specified
conditions.

2. Test circuit. The circuit (see figure 3306-1) and procedure shown are for common emitter configuration. For
other parameters the circuit and procedure should be changed accordingly.

VOLTAGE
SOURCE
CONSTANT 1 n
C2 X | CURRENT C3 < ;\
SOURCE cc

@ é_ @

* NOTE: The biasing circuit shown is for purpose of illustration only. Other stable biasing circuits may be used.

FIGURE 3306-1. Test circuit for small-signal short-circuit forward-current transfer ratio.

* 3. Procedure. Capacitors C1, Co, and C3 shall present short circuits in order to effectively couple and bypass the
test signal at the frequency of measurement. The value of Rg shall be sufficiently large to provide a constant current
source. Resistor R¢ shall be a short circuit compared to the output impedance of the device. With the device

removed from the circuit, a shorting link is placed between the base and collector and the output voltage of the
signal generator is adjusted until a reading of one (in arbitrary units) is obtained on the high-impedance ac voltmeter,
vce. With the device in the circuit and biased as specified, the reading on voltmeter Vcg is now equal to the

magnitude of (hfg). (NOTE: Care must be taken to assure that the output signal is not clipped.)
* 4. Summary. The following conditions shall be specified in the performance specification:

a. Measurement frequency.

b. Test voltages and currents.

c. Parameter to be measured.

lofl METHOD 3306.4
12 November 2002



MIL-STD-750D

METHOD 3311

MAXIMUM FREQUENCY OF OSCILLATION

1. Purpose. The purpose of this test is to measure the maximum frequency of oscillation for the device under the specified conditions.
2. Test circuit. The circuit utilized for the maximum frequency of oscillation test shall be as specified in the detail specification.

3. Procedure. The voltage(s) and current(s) specified shall be applied to the device in the circuit specified, and the circuit resonant
frequency shall be increased until oscillation ceases. The frequency at which oscillation ceases is the maximum frequency of oscillation.

4.  Summary. The following conditions shall be specified in the detail specification:
a. Testcircuit.

b.  Test voltage(s) and current(s).

METHOD 3311
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METHOD 3320

RF POWER OUTPUT, RF POWER GAIN, AND COLLECTOR EFFICIENCY

TEST CONDITION A

1. Purpose. The purpose of this test is to measure the RF power output, RF power gain, and collector efficiency of a transistor under
actual operating conditions in a specific RF amplifier test circuit. Test condition A shall be valid for devices operating at RF power levels
greater than 10 dBm when tested in the frequency range between 10 MHz and 2 GHz.

2 Apparatus. All referenced equipment may be replaced by equivalents suitable for the frequency of test. The equipment set up shall
be as shown on figures 3320-1 and 3320-2.

3. Procedure. The test fixture shall be disconnected and directional couplers number 1 and number 2 shall be directly connected
using a minimum number of connectors. The RF switch shall be set to the output position 'C' and the frequency and RF power source
adjusted to the specific conditions by monitoring the frequency counter and RF power meter respectively. The RF switch shall be set to
position ‘A" and the variable attenuator adjusted to obtain the identical reading as power out in position 'C'. The test fixture shall be
reconnected with the DUT inserted and the dc power supply adjusted to the specified voltage. The circuit output tuning shall be adjusted
for maximum power gain and circuit input tuning for minimum reflected power. (The RF switch shall be alternated between power in,
reflected power, and power out while tuning and this procedure shall be repeated as many times as necessary to obtain minimum
reflected power and maximum power out.) The power in level shall be checked before taking the final measurement. If input reflected
power calibration is required, the above procedure shall be repeated with directional coupler number 1 reversed and switch position 'A'
changed to switch position 'B".

NOTE: Minimum reflected power is defined as minimum reading obtained with switch in position 'B' and maintaining power in.
3.1 Measurements.

3.1.1 Power output. Power output (Pgyt) is measured by adjusting the RF power source to obtain the specified forward input power
and reading the output power in watts.

3.1.2 Power input. Power input (Pjn) is measured by adjusting the RF power source to obtain the specified forward output power and
reading the input power in watts.

3.1.3 Power gain. Power gain (Gp) is measured by adjusting the RF power source to the value of Pjn which produces the specified P
out- Pin and Pgyt shall be observed and the gain (in dB) determined as follows:

Gy, = 10 log %

in

3.1.4 Collector efficiency. Collector efficiency (O) is measured by adjusting the RF source to the specified Pjp, (or Poyt) and reading P
out- The collector efficiency shall be computed as follows:

Po W) 100 Pou (W)

X 100
Pm (W) IC X VCC

n () =

Where: I = collector current

Vcc = collector supply voltage

METHOD 3320
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THERMISTOR MOUNT
HP478A

RF HP
NOTE 5) | POWER
METER (5| 432A
AILTECH M446 N
-
FREQUENCY FRLSgs ®4e  BIRD 500,
COUNTER [] \?//?&g\,/ ¢ "S%y;,8135 LEAD
A (SEE B (SEE C (SEE
NOTE 4) NOTE 4) NOTE 4)
MICROLAB
AILTECH NARDA FILTER| | (L A-15N)
195 OR 196 765-6 (SEE NOTE 11)
RF RF TEST
ggﬂggE ISOLATOR _D(IJRECTIO:SL | EIXTURE _D(IJRECTIO“SL
COUPLER 1 COUPLER 2
(SEE NOTE 2)] Zp = 500 |(SEE NOTE 3) NOTE 1)
NARDA 3020A Zp = 500
Zg = 500 (SEE NOTES 7 AND 10)

(SEE NOTES 6 AND 7) LAMBDA LK352
DC

POWER
SUPPLY

(SEE NOTE 9) WESTON 911 (SEE NOTE 8)

FIGURE 3320-1. Test equipment set-up.

COAXTAL (500) FILTER THERMISTOR| | POWER
F}%RE— FIXED ATTENUATOR|— {MICROLAB—[QZ\;ERU%QEJ— MOUNT  |—| METER
(NARDA 765-20) | | LA-15N) (HP4788) | | (HP432A)

FIGURE 3320-2. Alternate test equipment set-up.

NOTES:
1.  Testfixture is the circuit as described in the applicable detail specification (circuit layout and components quality are critical).

2. RF power source shall be a unit capable of generating desired power level at desired frequency with a harmonic and spurious
content > 20 dB below operating frequency level of 100 MHz to 1 GHz.

3.  The RF isolator shall be a device (e.g., pad, circulator) capable of establishing > 20 dB of isolation between RF power source and
test fixture. (A resistive attenuator shall be used for out-of-band isolation.)

METHOD 3320
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FIGURE 3320-2. Alternate test equipment set-up - Continued.

4.  Variable attenuators (or fixed, if calibrated): Attenuators are set so that the actual power into and out of test fixture are known.
Attenuation on directional coupler number 2 shall be calibrated against a known working standard either by means of a calibration
chart or suitable adjustment if variable. Attenuation at position ‘A" of directional coupler number 1 shall be calibrated or adjusted
so that actual power at test fixture is known. Attenuation at position 'B' shall be adjusted to establish sensitivity needed to
measure Reflected power (normally 10 dB less than the attenuation at position 'A").

5. RF switch may be eliminated if additional power meters are used.

6.  More than one directional coupler may be used in place of coupler number 1. If more than one coupler is used, the Power In and
Reflected power position may be interchanged.

7.  The directional couplers shall have a minimum directivity of 30 dB and a nominal 20 dB coupling attenuation except where test
level sensitivities require 10 dB or less attenuation.

8.  The dc power supply shall be RF decoupled at the test fixture.
9.  Voltmeter readings shall be sensed at test fixture, not at power supply.

10.  Coupler number 2 and 50 Q load may be replaced by coaxial fixed attenuators (Narda) and a power meter (HP 432A). Power
meter may be separate or connected to the one shown on the other side through port C of the RF switch (see figure 3320-2).

11.  If harmonic or subharmonic contents less than 20 dB down from the desired signal are present and could influence the measured
output power, a suitable filter (low pass, band pass, or high pass) shall be employed between the attenuator(s) and power meter
used for output power measurement.

4. Summary. The following conditions shall be specified in the detail specification:
a. Test voltage (and current, if applicable).
b. Test frequency.
c.  Power input (or output).
d. Test circuit with critical parts and layout specified.
e. Parameter to be measured.

TEST CONDITION B

1. Purpose. The purpose of this test is to measure the RF power output, RF power gain, and collector efficiency of a transistor under
actual operating conditions in a specific RF amplifier test circuit. Test condition B shall be valid for devices operating at RF power levels
greater than 0 dBm when tested in the frequency range between 100 MHz and 10 GHz.

2. Apparatus. All referenced equipment may be replaced by equipment of equal or superior capability. A typical equipment setup is as
follows (see figure 3320-3). All components shall be suitable for the frequency range of measurement.

METHOD 3320
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RF TEST COAXIAL, FIXED THERMISTOR POWER
CIRCUIT ATTENUATOR MOUNT METER
— V DC

POWER
SUPPLY

FIGURE 3320-4. Alternate output set-up.
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NOTE: The unswitched port automatically terminates the alternate
coupler port in 50 €2 when using the coax switch specified
in the equipment list.

FIGURE 3320-5. Alternate input set-up.
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NOTES:

1.

The test fixture referred to in this document is the circuit which is described in the applicable detailed specification (circuit layout
and component quality are critical).

The RF power source shall be a unit capable of generating desired power levels at the frequency of interest. All harmonics and
spurious content shall be at least 26 dB below the output level. When necessary, a suitable filter (low pass or band pass) should
be used between the RF source and the isolator to reduce the second harmonic. A similar filter should be used in the output
circuit between the coupler and the power meter unless the harmonic levels of the DUT are less than 26 dB below the
measurement level. If the filter is to be used, its insertion loss should be calibrated and accounted for at the measurement
frequency.

Coupler number 2 and the 50 Q2 load may be replaced by a coaxial fixed attenuator and a power meter (see figure 3320-4). If
employed, the output low pass filter should be placed between the attenuator and power meter.

The two power meters connected to coupler number 1 may be replaced by one power meter and a good quality coaxial transfer
switch. (The use of such switches is discouraged at frequencies above 4 GHz unless precautions are taken to account for RF
losses (see figure 3320-5).) These switches are designed for use in 50 systems. The unswitched port is automatically
terminated internally with 50 Q2 and loads the alternate coupler port.

The RF isolator shall be a device (e.g., pad, circulator) capable of establishing > 20 dB of isolation between RF power source and
test fixture.

The directional couplers shall have a minimum directivity of 30 dB and a nominal 20 dB coupling attenuation except where test
level sensitivities require 10 dB or less attenuation. (Greater accuracy results from using the highest coupling possible,
consistent with the measurement.)

The dc power supply shall be RF decoupled at the test fixture.

Voltmeter readings shall be sensed at the test fixture, not at power supply.

A calibrated wavemeter may be used in lieu of the frequency counter specified on figure 3320-3.

METHOD 3320
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1.2 Equipment list. (All referenced equipment may be replaced by equipment of equal or superior quality.)

Equipment Manufacturer Model
CW source As desired y
Isolator Addington Labs 1/

Dual directional coupler NARDA 3022*
Variable attenuator Merrimac Au-25A5
Average power meter Hewlett-Packard 432 A
Coax switch Hewlett-Packard 33311 B/C
Fixed attenuator NARDA 766-20
L.P. filter Microlab FXR 1/
Power supply Hewlett-Packard 6296 A
RF test fixture (See individual specification)

Voltmeter Meter-mod Instruments 420 R
Ammeter Meter-mod Instruments 420 R

2. Test procedure.

2.1 REF setup calibration procedure.

a. With the RF test setup as on figure 3320-3 and with the test fixture removed, hook up the output of coupler number 1 to the
input of coupler number 2 (attenuation of directional coupler number 2 shall be calibrated against a known working standard
either by means of calibration chart or suitable adjustment if variable).

b. Set the frequency of the source as indicated by the readout of the frequency counter or a dip in the power level when using an
in-line wavemeter.

c. Adjust the variable attenuator on the source by decreasing the attenuator until the desired power level is observed on the output
power meter (apply correction factor if necessary to correct for coupler number 2 or output attenuator error).

d. Observe the input power meter, and adjust the attenuator associated with this meter until it reads the same power output as the
output power meter in 6.1c. (If using the alternate input setup on figure 3320-5, calibrate with coaxial switch in the forward
position.)

e. Disconnect the output coupler and power meter from the circuit so that the output of coupler number 1 is open circuited.
Adjust the attenuator associated with the reflected power meter until it reads the same as the forward meter. With a calibrated
short on the input of the coupler observe the difference in reflected power between an open circuit condition and a short.
Adjust the reflected power variable attenuator for an average between the open and short circuit readings. (If using the
alternate input setup on figure 3320-5, the reflected power port is automatically calibrated when the forward power is calibrated
if both ports of the coupler are balanced.)

1/ Model depends on frequency of test: See manufacturer's catalog for correct model number.

METHOD 3320
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Increase the input attenuator until power output is zero (calibration completed).

If multiple frequency testing is required repeat 6.1a through 6.1f for each frequency, noting the variable attenuator and power
source settings for each specified frequency. All equipment must be returned to the noted settings during test at each
specified frequency point.

2.2 REF testing.

3.

Make certain the dc power supply is off.

With the RF test setup on figure 3320-3 or with alternate circuits of figures 3320-4 and 3320-5, and with the test fixture in
place, clamp a device in the test fixture.

Switch on the dc power supply. Precautions should be observed to prevent voltages exceeding the specified test level.
Adjust the attenuator at the source until the input power reads the appropriate power.

Observe the output power, reflected power, and collector current (record, if necessary).

Increase the attenuator at the source until the input power reads zero.

Repeat 6.2a through 6.2f as required with the previously noted power source and attenuator settings if other test frequencies
are required.

Switch off the dc power supply.

Remove the device from the test fixture.

Data required (measurements).

a.

Power output (Pgyt) is measured by adjusting the RF power source as outlined in 6.2 to obtain the specified forward input
power and reading the output power in watts.

Power input (Pjp) is measured by adjusting the RF power source to obtain the specified forward output power and reading the
input power in watts.

Power gain (Gp) is calculated from the measured RF data. Pjn and Pgyt shall be observed and the gain (in dB) determined as
follows:

POUI
G, = 101lo
P g P
Collector efficiency (n) is calculated from the measured RF and dc data. The collector efficiency shall be computed as follows:
Pou (W) Pou (W)
%) = ————— X100 = —————= X 100
N = " dc-w) e XVec

Where: Ic = Collector current
Vc = Collector supply voltage

Reflected power may be observed directly from the power meter if the setup is calibrated as specified in 6.1e. Even though
reflected power may not be part of the RF specifications, it is included here because it is an indication as to how much of the
input is actually reaching the device. Good practice dictates that, where possible, the external circuit should be adjusted from
minimum reflected power.

METHOD 3320
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4. Summary. The following conditions shall be specified in the detail specification:

a.

b.

Test voltage (and current if applicable).

Test frequency.

Power input or power output.

Test circuit with critical parts and layout specified.
Parameter(s) to be measured.

Parameter(s) to be calculated.

RF test fixture.

METHOD 3320
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3400 Series
Electrical characteristics tests for MOS field-effect transistors

Circuits are shown for n-channel field-effect transistors in one circuit configuration only. They may readily be adapted for
p-channel devices and for other circuit configurations.
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METHOD 3401.1
BREAKDOWN VOLTAGE, GATE TO SOURCE

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the field-effect transistor or IGBT under the specified

conditions is greater than the specified minimum limit. For the IGBT, replace the drain and source MOSFET designations with collector
and emitter IGBT designations, D=Cand S = E.

2. Test circuit. See figure 3401-1.

5 DUT
G R1
) // S 3 //
BIAS R, VOLTAGE
SOURCE SOURCE
7 (o) 7
— — — & L3

NOTE: The ammeter shall present essentially a short circuit to the terminals between
which the current is being measured or the voltmeter readings shall be corrected
for the drop across the ammeter.

FIGURE 3401-1. Test circuit for breakdown voltage, gate to source.

3. Procedure. The resistor Rq is a current-limiting resistor and should be of sufficiently high resistance to avoid excessive current

flowing through the device and current meter. The voltage shall be gradually increased, with the specified bias condition (condition A, B,
C, or D) applied, from zero until either the minimum limit for V(gr)Gsx 1/ or the specified test current is reached. The device is

acceptable if the minimum limit for V(BryGSX is reached before the test current reaches the specified value. If the specified test current
is reached first, the device shall be considered a failure.
4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrent (see 3.).
b.  Bias condition:
A: Drain to source: Reverse bias (specify bias voltage).
B: Drain to source: Resistance return (specify resistance of Rp).

C: Drain to source: Short circuit.

D: Drain to source: Open circuit.

1/ V(BR)GSXx: Breakdown voltage, gate to source, with the specified bias condition applied from drain to source.

METHOD 3401.1
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METHOD 3403.1

GATE TO SOURCE VOLTAGE OR CURRENT

1. Purpose. The purpose of this test is to measure the gate to source voltage or current of the field-effect transistor or IGBT under the
specified conditions. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D

=CandS=E.

2. Test circuit. See figure 3403-1.

BIAS v
SOURCE DS
Ves

VOLTAGE
SOURCE

NOTE: The ammeter shall present essentially a short circuit to the terminals between
which the current is being measured or the voltmeter readings shall be corrected
for the drop across the ammeter.

FIGURE 3403-1. Test circuit for breakdown voltage, gate to source.

3. Procedure. The voltage source and bias source shall be adjusted to bring Vpg and Ip to their specified values. The voltage V

GS or current I may then be read.

4. Summary. The following conditions shall be specified in the detail specification:
a. Test voltages and currents (see 3.).

b. Parameter to be measured.

1/2
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METHOD 3404

MOSFET THRESHOLD VOLTAGE

1. Purpose. This method establishes the means for measuring MOSFET threshold voltage. This method applies to both
enhancement-mode and depletion-mode MOSFETSs, and for both silicon on sapphire and bulk-silicon MOSFETSs. It is for use primarily in
evaluating the response of MOSFETS to ionizing radiation, and for this reason the test differs from conventional methods for measuring
threshold voltage.

1.1 Definition.

MOSFET threshold voltage, Vg S(TH): The gate-to-source voltage at which the drain current is reduced to the leakage current, as
determined by this method.

2. Apparatus. The apparatus shall consist of a suitable ammeter, voltmeters, and voltage sources. The apparatus may be manually
adjusted or, alternatively, may be digitally programmed or controlled by a computer. Such alternative arrangements shall be capable of
the same accuracy as specified below for manually adjusted apparatus.

2.1 Ammeter (Aq). The ammeter shall be capable of measuring current in the range specified with a full scale accuracy
of £0.5 percent or better.

2.2 Voltmeters (V4 and \, . The voltmeters shall have an input impedance of 10 mQ or greater and have a capability of
measuring 0 to 20 V with a full scale accuracy of +0.5 percent or better.

2.3 Voltage sources (Vggand Vpg). The voltage sources shall be adjustable over a nominal range of 0 V to 20 V, have

a capability of supplying output currents at least equal to the maximum rated drain current of the device to be tested, and have noise and
ripple outputs less than 0.5 percent of the output voltage.

3. Procedure.
WARNING: The absolute maximum values of power dissipation, drain-to-source voltage, drain current, or gate-to-source voltage
specified is either the applicable acquisition document or the manufacturer's specifications shall not be exceeded
under any circumstances.

3.1 N-channel devices.

3.1.1 Test circuit for n-channel devices. The test circuit shown on figure 3404-1 shall be assembled and the apparatus turned on.
With the voltage sources Vpg and Vgg set to 0 volts, the MOSFET to be tested shall be inserted into the test circuit. The
gate-to-source polarity switch shall be set to the appropriate position, and voltage source Vg shall be set 1.0 V negative with respect to
the anticipated value of threshold voltage VG s(TH). Voltage source Vpg shall be adjusted until voltmeter Vy indicates the specified
drain-to-source voltage Vps. The current Ip, indicated by ammeter A1, and the gate-to-source voltage Vgs, indicated by voltmeter V1,
shall be measured and recorded.

3.1.2 Measurement for n-channel devices. The measurement shall be repeated at gate-to-source voltages which are successively
0.25 volts more positive until either the maximum gate-to-source voltage or maximum drain current is reached. If the gate-to-source
voltage reaches 0 volts before either of these limits has been reached, the gate-to source polarity switch shall be changed as necessary
and measurements shall continue to be made at gate-to-source voltages which are successively 0.25 volts more positive until one of
these limits has been reached.

3.2 P-channel devices.

3.2.1 Test circuit for p-channel devices. The test circuit shown on figure 3404-2 shall be assembled and the apparatus turned on.
With the voltage sources Vgs and Vpg set to 0 volts, the MOSFET to be tested shall be inserted into the test circuit. The

gate-to-source polarity switch shall be set to the appropriate position, and voltage source Vg shall be set 1.0 V positive with respect to
the anticipated value of threshold voltage VG s(TH). Voltage source Vpg shall be adjusted until voltmeter V3 indicates the specified
drain-to-source voltage Vps. The current Ip, indicated by ammeter A7, and the

gate-to-source voltage Vgs, indicated by voltmeter V1, shall be measured and recorded.

METHOD 3404
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3.2.2 Measurement for p-channel devices. The measurement shall be repeated at gate-to-source voltages are successively 0.25 volts
more negative until either the maximum gate-to-source voltage or maximum drain current is reached. If the gate-to-source voltage
reaches 0 volts before either of these limits has been reached, the gate-to-source polarity switch shall be changed as necessary and

measurements shall continue to be made at gate-to-source voltages which are successfully 0.25 volts more negative until one of these
limits has been reached.

3.3 Leakage current measurement. Using method 3415, the leakage current shall be measured.

3.3.1 Drain-to-source voltage. The drain-to-source voltage shall be as specified in 4.b.

3.3.2 Gate-to-source voltage. The gate-to-source voltage shall be five volts different from the anticipated threshold voltage in the
direction of reduced drain current.

3.4 Gate-to-source voltage graph. The gate-to-source voltage, Vgg shall be plotted versus the square-root of the
drain current minus the leakage current, v Ipy - I . At the point of maximum slope, a straight line shall be extrapolated downward. The
threshold voltage VG s(TH) is the intersection of this line with the gate-to-source voltage axis. Examples are shown on figure 3404-3.

3.5 Report. As a minimum, the report shall include the device identification, the test date, the test operator, the test temperature, the
drain-to-source voltage, the range of gate-to-source voltage, the leakage current, and the threshold voltage.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testtemperature. Unless otherwise specified, the test shall be performed at ambient.
b. Drain-to-source voltage.

c.  Maximum drain current.

o

Range of gate-to-source voltage.

METHOD 3404
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NOTE: Gate-to-source polarity switch set at:
A for enhancement mode
B for depletion mode

FIGURE 3404-1. Test circuit for n-channel MOSFETSs.
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NOTE: Gate-to-source polarity switch set at:
A for enhancement mode
B for depletion mode

FIGURE 3404-2. Test circuit for p-channel MOSFETSs.
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METHOD 3405.1
DRAIN TO SOURCE ON-STATE VOLTAGE
1. Purpose. The purpose of this test is to measure the drain to source voltage of the field-effect transistor or IGBT at the specified
value of drain current. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations,
D=CandS=E.

2. Test circuit. See figure 3405-1.

BIAS vV VOLTAGE
SOURCE DS SOURCE

FIGURE 3405-1. Test circuit for drain to source on-state voltage.

3. Procedure. The specified bias condition shall be applied between the gate and source and the voltage source shall be adjusted to
bring Ip to the specified value. The voltage Vpg may then be read.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrent (see 3.).
b. Gate to source bias condition:
A: Voltage-biased (specify bias voltage and polarity).

B: Short-circuited.

METHOD 3405.1
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METHOD 3407.1
BREAKDOWN VOLTAGE, DRAIN TO SOURCE

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the field-effect transistor or IGBT under the specified

conditions is greater than the specified minimum limit. For the IGBT, replace the drain and source MOSFET designations with collector
and emitter IGBT designations, D=Cand S = E.

2. Test circuit. See figure 3407-1.

BIAS Ra v VOLTAGE
SOURCE DS SOURCE

NOTE: The ammeter shall present essentially a short circuit to the terminals between

which the current is being measured or the voltmeter readings shall be corrected
for the drop across the ammeter.

FIGURE 3407-1. Test circuit for breakdown voltage, drain to source.

3. Procedure. The resistor Rq is a current-limiting resistor and should be of sufficiently high resistance to avoid excessive current
flowing through the device and current meter. The voltage shall be gradually increased from zero, with the specified bias condition
(condition A, B, C, or D) applied, until either the minimum limit for V(BR)DSX 1/ or the specified test current is reached. The device is
acceptable if the minimum limit for V(BryDSX is reached before the test current reaches the specified value. If the specified test current
is reached first, the device shall be considered a failure.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testcurrent (see 3.).
b. Bias condition:
A: Gate to source: Reverse bias. (Specify bias voltage.)
B: Gate to source: Resistance return. (Specify resistance of R».)

C: Gate to source: Short circuit.

D: Gate to source: Open circuit.

1/ V(BR)DSX: Breakdown voltage, drain to source, with the specified bias condition applied from gate to source.

METHOD 3407.1
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METHOD 3411.1
GATE REVERSE CURRENT

1. Purpose. The purpose of this test is to measure the gate reverse current of the field-effect transistor or IGBT under the specified

conditions. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D = C and
S=E.

2. Test circuit. See figure 3411-1.

D DUT
G R1

|/ S 74

BIAS Ra VOLTAGE
SOURCE SOURCE
7 (o) 7

= L= L =0 o ®
A B C D

NOTE: The ammeter shall present essentially a short-circuit to the terminals between

which the current is being measured or the volt meter readings shall be corrected
for the drop across the ammeter.

FIGURE 3411-1. Test circuit for gate reverse current.

3. Procedure. The specified dc voltage shall be applied between the gate and the source with the specified bias condition (condition A,
B, C, or D) applied to the drain. The measurement of current shall be made at the specified ambient or case temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).
b. Test temperature if other than +25°C +3°C ambient (see 3.).
c. Bias condition:
A: Drain to source: Reverse bias. (Specify bias voltage.)
B: Drain to source: Resistance return. (Specify resistance of R2.)
C: Drain to source: Short circuit.

D: Drain to source: Open circuit.

METHOD 3411.1
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METHOD 3413.1

DRAIN CURRENT

1. Purpose. The purpose of this test is to measure the drain current of the field-effect transistor or IGBT under the specified

conditions. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D = C and
S=E.

2. Test circuit. See figure 3413-1.

BIAS BIAS v VOLTAGE
SOURCE SOURCE DS SOURCE

NOTE: The ammeter shall present essentially a short-circuit to the terminals between
which the current is being measured or the volt meter readings shall be corrected
for the drop across the ammeter.

FIGURE 3413-1. Test circuit for drain current.

3. Procedure. The specified voltage shall be applied between the drain and source with the specified bias condition (condition A, B, C,
or D) applied to the gate. The measurement of current shall be made at the specified ambient or case temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).
b. Test temperature if other than +25°C +3°C ambient (see 3.).
c. Parameter to be measured.
d. Bias condition:
A: Gate to source: Reverse bias. (Specify bias voltage.)
B: Gate to source: Forward bias. (Specify bias voltage.)
C: Gate to source: Short circuit.

D: Gate to source: Open circuit.

METHOD 3413.1
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METHOD 3415.1
DRAIN REVERSE CURRENT
1. Purpose. The purpose of this test is to measure the drain reverse current of the field-effect transistor or IGBT under the specified
conditions. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D = C and
S=E.

2. Test circuit. See figure 3415-1.

DUT

VOLTAGE
SOURCE

/+

NOTE: The ammeter shall present essentially a short-circuit to the terminals between
which the current is being measured or the volt meter readings shall be corrected
for the drop across the ammeter.

FIGURE 3415-1. Test circuit for drain reverse current.

3. Procedure. The specified dc voltage shall be applied between the drain and the gate. The measurement of current shall be made at
the specified ambient or case temperature.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltage (see 3.).

b. Test temperature if other than +25°C +3°C ambient (see 3.).

METHOD 3415.1
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METHOD 3421.1
STATIC DRAIN TO SOURCE ON-STATE RESISTANCE

1. Purpose. The purpose of this test is to measure the resistance between the drain and source of the field-effect transistor or IGBT

under the specified static condition. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT
designations, D=C and S=E.

2. Test circuit. See figure 3421-1.

BIAS v VOLTAGE
SOURCE DS SOURCE

FIGURE 3421-1. Test circuit for static drain to source on-state resistance.

3. Procedure. The specified bias condition shall be applied between the gate and source and the voltage source shall be adjusted so
that the specified current is achieved. The drain to source voltage shall then be measured.

Then: rpseny = b
I'o
4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrents.
b. Gate to source bias condition:

A: Voltage-biased (specify bias voltage and polarity).

B: Short circuited.

METHOD 3421.1
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METHOD 3423

SMALL-SIGNAL, DRAIN TO SOURCE ON-STATE RESISTANCE

1. Purpose. The purpose of this test is to measure the resistance between the drain and source of the field-effect transistor under the
specified small-signal conditions.

2. Test circuit. See figure 3423-1.

Q@
BIAS

SOURCE

NOTE: The ac voltmeter shall have an input impedance high enough that halving it does
not change the measured value within the required accuracy of the measurement.

FIGURE 3423-1. Test circuit for small-signal, drain to source on-state resistance.

3. Procedure. The specified bias condition shall be applied between the gate and the source and an ac sinusoidal signal current, lq, of
the specified rms value shall be applied.

Vds
Then: rgseny = —

I
4. Summary. The following conditions shall be specified in the detail specification:
a. Testcurrent (see 3.).
b. Test frequency.
c. Gate to source bias condition:
A: Voltage-biased (specify bias voltage and polarity).

B: Short-circuited.

METHOD 3423
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METHOD 3431

SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT, INPUT CAPACITANCE

1. Purpose. The purpose of this test is to measure the input capacitance of the field-effect transistor under the specified small-signal
conditions.

2. Test circuit. The circuit and procedure shown are for common-source configuration. For other configurations the circuit and
procedure should be changed accordingly.

DUT D ® ®
G
@
I "
S
CAPACITANCE
L BRIDGE —C
1 (o) T A
\
// i GS VOLTAGE
cy SQURCE
VOLTAGE -
SOURCE /
/l @ . 2 @ &

FIGURE 3431-1. Test circuit for small-signal, common-source,
short-circuit, input capacitance.

3. Procedure. The capacitors Cq and Co shall present short circuits at the test frequency. L1 and Lo shall present a high ac
impedance at the test frequency for isolation. The bridge shall have low dc resistance between its output terminals and should be
capable of carrying the test current without affecting the desired accuracy of measurement.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testvoltages and currents.

b. Measurement frequency.

c. Parameter to be measured.

METHOD 3431
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METHOD 3433
SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT, REVERSE-TRANSFER CAPACITANCE
1. Purpose. The purpose of this test is to measure the reverse-transfer capacitance of the field-effect transistor under the specified
conditions.
2. Test circuit. The circuit and procedure shown are for common-source configuration. For other configurations the circuit and

procedure should be changed accordingly. Terminal 2 of bridge shall be the terminal with an ac potential closest to the ac potential of the
guard terminal so as to provide an effective short circuit of the input.

3-TERMINAL
CAPACITANCE
—g BRIDGE <13 A
1
GUARDO DUT | T
G
@ N
) L2
S
1
1
L 1
1 R
V |
\\ GS : VOLTAGE
! SOURCE
VOLTAGE \
SOURCE ! /|-
1\ :
&

L ; @ ©

NOTE: The dotted connection between the case and ground shall be used for devices in
which the case is not internally electrically connected to any element. If the
case is internally electrically connected to any element, the dotted connection
shall not be used.

FIGURE 3433-1. Test circuit for small signal, common-source,
short-circuit, reverse-transfer capacitance.

3. Procedure. The capacitor Cq shall present a short circuit at the test frequency. L1 and Lo shall present a high ac impedance at

the test frequency for isolation. The bridge shall have low dc resistance between its output terminals and should be capable of
carrying the test current without affecting the desired accuracy of measurement.

4. Summary. The following conditions shall be specified in the detail specification:
a. Testvoltages and currents.
b. Measurement frequency.

c. Parameter to be measured.

METHOD 3433
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METHOD 3453

SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT, OUTPUT ADMITTANCE
conditions.

1. Purpose. The purpose of this test is to measure the output admittance of the field-effect transistor under the specified small-signal

2. Test circuit. The circuit and procedure are shown for common-source configuration. For other configurations the circuit and
procedure should be changed accordingly.

Cz
DUT | (
(1p)—e
6
Sy
4 ° @9
VOLTAGE | T 1
SOURCE /
/1 ® * 1
+ VOLTAGE | U3
R| e, j]URCE
' .

FIGURE 3453-1. Test circuit for small-signal, common-source,
short-circuit, output admittance.

3. Procedure. The capacitors C1, C, and C3 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. R1 and R|_ shall be short circuits compared with the output impedance of the device. After setting the specified

dc conditions, the Vpg meter shall be disconnected from the circuit while measuring e1 and e2. The voltages e and e shall be
measured with high-impedance ac voltmeters.

4 > R
Then: y,, = —— Where: |4 = — Thus: y, = ——
6 - & R 6 - &
4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency.

b. Test voltages and currents.

c. Parameter to be measured.

METHOD 3453
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METHOD 3455

SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT, FORWARD TRANSADMITTANCE

1. Purpose. The purpose of the test is to measure the forward transadmittance of the field-effect transistor under the specified
small-signal conditions.

2. Test circuit. The circuit and procedure shown are for common-source configuration. For other configurations the circuit and
procedure should be changed accordingly.

DUT
Cq
| [ G
[\
s
Rq e,
S A =
c, VOLTAGE VOLTAGE | ~~C3
SOURCE SOURCE
/L ® l ®

="

FIGURE 3455-1. Test circuit for small-signal, common-source,
short-circuit, forward transadmittance.

3. Procedure. The capacitors C1, C2, C3, and Cy4 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. Rq shall be a short circuit compared with the input impedance of the device. R|_ shall be a short circuit compared
with the output impedance of the device. The voltages e and e shall be measured with high-impedance ac voltmeters.

€
I
Then: y, = — Where: |4 = 2 Thus: Y = R__&
e RL (S e ° FQL

4. Summary. The following conditions shall be specified in the detail specification:
a. Testfrequency.
b. Test voltages and currents.

c. Parameter to be measured.

METHOD 3455
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METHOD 3457
SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT,
REVERSE TRANSFER ADMITTANCE
1. Purpose. The purpose of the test is to measure the reverse transfer admittance under the specified small-signal conditions.

2. Test circuit. The circuit and procedure shown are for common-source configuration. For other configurations, the circuit and
procedure should be changed accordingly.

DuT

VOLTAGE VOLTAGE ~~C3

T SOURCE SOURCE
/_l @ © / l

FIGURE 3457-1. Test circuit for small-signal, common-source,
short-circuit, reverse transfer admittance.

|-

3. Procedure. The capacitors C1, C2, C3, and Cy4 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. Rq shall be impedance matched to the generator. R|_ shall be a short-circuit compared with the input impedance
of the device. The rms voltages e1 and e shall be measured with high-impedance ac voltmeters.

Vps shall be adjusted to the specified value, then the gate voltage supply shall be adjusted so that Vgg or Ip equals the specified value,
and the voltages e1 and e shall be measured.

I
Then: y, = —  Where: |, = &

€ R

&
Thus: y, = R o Y, = elezR
L

4. Summary. The following conditions should be specified in the detail specification:
a. Testfrequency.
b. Test voltages and currents.
c. Parameter to be measured.

METHOD 3457
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METHOD 3459

PULSE RESPONSE (FET)

1. Purpose. The purpose of this test is to measure the pulse response (td(on). tr. td(off). @nd tf) of the field-effect transistor under the
specified conditions.

2. Test circuit. The test circuit shall be as shown in the individual specification.

3. Procedure. The FET shall be tested in the specified circuit. Vin(on). Vin(off), Pulse generator impedance, all circuit components,
and supply voltages shall be as specified.

{-— PULSE WIDTH ——}
| [

30% T - B VIN (ON)
INPUT 50% I | 507
1102 10%| v
INPUT PULSE | NPUT PULSE IN(OFF)
RISE TIME _»I T EALL TIME
t |
Dlon) .“tr tD (of f) fa—ny te
| |
QUTPUT 10% | | 10%
90% 90%

FIGURE 3459-1. Pulse characteristics.

Pulse characteristics are defined on figure 3459-1. The rise time, fall time, duty cycle or pulse repetition rate, and pulse width of the
input waveform together with the input resistance, capacitance, and response time of the response detector shall all be such that
halving or doubling these parameters will not affect the results of the measurement greater than the precision of measurement.
4. Summary. The following conditions shall be specified in the detail specification:

a.  Input pulse levels Vin(on) and Vin(off).

b. Output impedance of pulse generator.

c. Circuit with all components.

d. All supply voltages.

e. Parameters to be measured.

METHOD 3459
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METHOD 3461

SMALL-SIGNAL, COMMON-SOURCE, SHORT-CIRCUIT, INPUT ADMITTANCE
1. Purpose. The purpose of this test is to measure the input admittance of the field-effect transistor under the specified small-signal
conditions.

2. Test circuit. The circuit and procedure shown are for common-source configuration. For other configurations the circuit and
procedure should be changed accordingly.

(10)
&

Y

p DUT
~C2 Cy
G

Lq @ I(

S

RL
g
// 1 // “2
+
VOLTAGE c § R VOLTAGE | ~~C3
SOURCE /I\ 1 Gi)

SOURCE
/|

"

FIGURE 3461-1. Test circuit for small-signal, common-source,
short-circuit, input admittance.

3. Procedure. The capacitors C1, C2, C3, and Cy4 shall present short circuits at the test frequency in order to effectively couple and
bypass the test signal. R facilitates the adjustment of e1. Its use is optional. R2 shall be such that dc biasing is possible. R shall be
a short circuit compared with the input impedance of the device. Vpg shall be adjusted to the specified value, then the gate voltage
supply shall be adjusted so that Vgg or Ip equals the specified value, and the voltages e1 and e shall be measured.

R o= &
Then.. Yis = o R Where._lg =
Thus: y, = &—%€ or y = — R
e - e R (& - &)
. €
e, must be greater thas,; therefore, y, =
R. &

4. Summary. The following conditions shall be specified in the detail specification:

a. Testfrequency.
b. Test voltages and currents.

c. Parameter to be measured.

METHOD 3461
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METHOD 3469
REPETITIVE UNCLAMPED INDUCTIVE SWITCHING

1. Purpose. This purpose of this test method is to determine the repetitive inductive avalanche switching capability of power devices.

2. Scope. This method is intended as an endurance test for any power switching device designed and specified with repetitive
avalanche capability.

3. Circuitry. The basic circuit is shown on figure 3469-1. The circuit shall be designed so that all stray reactances are held to a
minimum. The inductor L shall be of a fast response type.

4. Definitions. The following terms and symbols apply to this test method:

Ty

TI(max):

ReJ

C:

V(BR)3

VDD:

Rs:

tav:

5. Procedure.

5.1 Screening. The DUT must be screened prior to avalanche and meet all specified parameters.

5.2 Calculations. The energy delivered to the DUT can be calculated as follows:

a.

Eanr =

Junction temperature.

The maximum specified junction temperature.

Thermal resistance from the junction to the case.

Load inductance in accordance with DUT.

Repetitive avalanche energy, minimum.
Repetitive avalanche current, maximum.
On state energy.

Frequency.

Case temperature.

Power dissipation of device.

Breakdown or avalanche voltage of device.
Power supply voltage.

Stray circuit resistance.

time in avalanche.

L* Iare™ V(BR)
V(BR) - Voo
2

NOTE:Rs = 0, where,V ggr =

Ll ar

tav

l1of2
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b i 0 1mRs O
Eawr = Ve | AR( WH
NOTE: Rg# 0

5.2.1 Energy delivered. The actual energy delivered to the DUT can vary depending on the real value of Rs. Since this is test circuit

dependent, the actual energy delivered must be verified by observing the voltage across the DUT and current through the DUT
waveforms (see figure 3469-1). Empirically record the V(BR), IAR, and tay. Then calculate:

EAR = 1/2 V(BR)IAR tav (in accordance with figure 3469-1).

If this empirically derived value is not greater than or equal to the specified minimum EaR value, the circuit must be compensated until it
is.
5.3 Junction temperature. T j during the test must be held constant to Ty (max) +0°C -10°C, based on the case temperature of the

DUT and the Rggc or the junction temperature as determined using a TSP. The power dissipated in the DUT is equal to the sum of the
on energy and the avalanche energy multiplied by the frequency. The Egp, in most cases can be neglected.

So: Pp=f*(EaR + Eon)
Tj=Pp*Rpyc+TC
The case temperature of the DUT will be measured at a specified reference point under the heat source. It is also possible to measure
the temperature of the heat sink at a specified reference point provided that an accurate value of the thermal resistance
case-to-heat-sink-reference-point is known. The measured junction temperature based on measurements of a TSP may also be

substituted for the junction temperature calculated from case temperature.

5.4 Number of pulses. The DUT will be avalanched for a specified minimum number of pulses at specified conditions. Upon
completion the specified device parameters will be tested.

6. Summary. Unless otherwise specified in the detail specifications, the following parameters shall be as follows:
EaR: (Repetitive avalanche energy (joules)).
IAR:  (Repetitive avalanche current (amperes)).

Ty +150°C +0°C, -10°C.

tav: 2 ps minimum, 2 pus maximum.
f: 500 Hz, minimum.
N: 3.6 x 108 minimum number of pulses.
-2 EARDWBR Vool nH minimum
] Ioi )ZDH H
Supply voltage +50 V.

7. Failure criteria. The DUT must be within all specified parameter limits at the completion of the test. As a minimum, VgR shall be
greater than or equal to rated breakdown voltage and applicable leakage currents.

METHOD 3469
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METHOD 3470.2

SINGLE PULSE UNCLAMPED INDUCTIVE SWITCHING

1. Purpose. This method is applicable to power MOSFET's and IGBT. For the IGBT, replace the drain and source MOSFET
designations with collector and emitter IGBT designations, D = C and S = E. The purpose of this test method is to screen out weak
devices which otherwise may result in costly equipment failures. This is accomplished by providing a controlled means of testing the
capability of a power MOSFET or IGBT to withstand avalanche breakdown while turning off with an unclamped inductive load under
specified conditions. The device capability is a strong function of the peak drain current at turn-off and the circuit inductance. Since no
voltage clamping circuits or devices are employed, essentially, all of the energy stored in the inductor must be dissipated in the DUT at
turn-off. It is not the intent of this test method to closely duplicate actual application conditions where device temperatures may approach
maximum rated value, repetition rates may be 10 to 100 kHz, and voltage transients are usually only a few microseconds in duration.
However, experience has shown that failures in actual applications can be greatly reduced or eliminated if devices are tested for
avalanche operation under defined circuit conditions at very low repetition rates and at room ambient temperature.

2. Test procedures. The specified value of inductance L shall be connected into the circuit (see figures 3470-1 and 3470-2). The
gate pulse shall be applied to the device at the specified repetition rate. The Vpp supply voltage shall be applied. The gate pulse width

shall be adjusted as necessary until the specified drain current Ip is reached. Test failures are defined as those devices which fall
catastrophically.

R

Vv
@ o DS
VGS

|_

[

|_
PULSED R
GATE
SOURCE GS

1

FIGURE 3470-1. Unclamped inductive switching circuit.

NOTE: The test circuit, shown for n-channel devices, is also
applicable for p-channel devices with appropriate changes
in polarities and symbols.

METHOD 3470.2
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Vgs OR Vgg (AS APPLICABLE)

0

I I

tp—|<—>|

| In OR I~ (AS APPLICABLE)

| | D C
0 I

[
—-—{tfl<-—
VDS OR VCE (AS APPLICABLE)

. VDD OR VCC (AS APPLICABLE)

NOTES: The following notes are provided in the interest of achieving comparable results from various test circuits employed to perform
this test.

a. Air core inductors are recommended for this test to avoid the possibility of core problems. If iron core
inductors are used, care must be taken such that core saturation is not changing the effective value to
the inductance L which will lead to non-repeatable test results.

b. The resistance of the inductor must be controlled since 12R losses in the inductor will decrease the
percentage of LI2/2 stored energy transferred to the DUT. The relationship R = 0.015 (Vps/Ip) applies

for one percent of the stored energy being dissipated in the resistance. For two percent loss, R =2
(.015) (Vpsl/Ip) or (VcE/lc). The resistance loss shall be limited to two percent maximum, if not

compensated by the equipment.

c. The gate to source resistor shall be closely connected to the test device. The gate to source resistor
shall be a low enough value that the switching performance of the device does not affect the test and the
inductor in the drain circuit determines the current waveform. The design of the pulsed gate source
must be such that Rgs or RGEg is the effective gate to source resistance during the t; portion of the test.

d. The repetition rate and duty cycle of the test shall be chosen so that device average junction temperature
rise is minimal. Limits of one pulse per second or 0.5 percent duty cycle are recommended. The device
peak junction temperature shall not exceed maximum rated value.

e. Ifthe Vpp or Vcg power supply remains in series with the inductor during the tg interval then the energy

transferred to the DUT may be considerably higher than LI2/2. If the gate pulse width is adjusted so that
Ve or Vpp < 0.1 Vpg or V¢ then the contribution of the power supply will be less than 10 percent of

the stored LI2/2 energy.

FIGURE 3470-2. Unclamped inductive switching power pulse.
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3. Summary. The following conditions shall be specified in the detail specification:

a.

MIL-STD-750D

Minimum peak current (Ip).

Peak gate voltage (VGS).

Unless otherwise specified, gate to source resistor (Rgs) = 25 Q to 50 Q.

Initial case temperature (T¢).
Inductance (L).

VDD.-

3/4
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NOTICE 4

METHOD 3471.2
GATE CHARGE
1. Purpose. The purpose of this test is to measure the gate charge (Qg) of power MOSFET's and IGBT. For the
IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D = C and
S=E.
1.1 Definitions.

a. Test1: Qg(th) is the gate charge that must be supplied to reach the minimum specified gate-source threshold
voltage. It establishes line loci through the origin ofa Q = f(VgS) graph that is invariant with Ip, Vpp, and T.
It establishes a relationship with capacitance (i.e.,

Cos = 20 = 3o
V g(thy Vep

b. Test2: Qg(on) is the gate charge that must be supplied to reach the gate-source voltage specified for the
device rps(on) measurement.

c. Test3: Qgm(on) is the gate charge that must be supplied to the device to reach the maximum rated gate-
source voltage. Qgm(on) and Qg(on) establish line loci on a Q = f(Vgs) graph that may be considered invariant
with Ip and Tj. The slope of the loci is invariant with Vpp, while the intercept with the Q axis is variant with V
DD-

d. Test4: Vgp is the gate voltage necessary to support a specified drain current. Vgp, Ip is a point on the
device gate voltage, drain current transfer characteristic. Vgp is variant with Ipand Tj3. It may be measured
one of two ways:

(1) Using a dc parameter test set employing a circuit similar to that described in method 3474 for SOA setting
VpD > VGs.

(2) Using a gate charge test circuit employing a constant Ip drain load.

e. Test5: Qgs is the charge required by Cgs to reach a specified Ip. It is variant with Ip and Tj. Itis measured
in a gate charge test circuit employing a constant drain current load.

f. Test6: Qgd is the charge supplied to the drain from the gate to change the drain voltage under constant drain
current conditions. It is variant with Vpp and may be considered invariant with Ip and Tj. It can be related to
an effective gate-drain capacitance (i.e., Crss = Qgd/VDD)- The effective input capacitance is: Cijss = Cgs +
Crss-

METHOD 3471.2
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NOTICE 4

2. Test procedure.

a. The gate charge test is performed by driving the device gate with a constant current and measuring the
resulting gate source voltage response. Constant gate current scales the gate source voltage, a function of
time, to a function of coulombs. The value of gate current is chosen so that the device on-state is of the order
of 100 ps.

The resulting gate-source voltage waveform is nonlinear and is representative of device behavior in the low to
mid-frequency ranges. The slope of the generated response reflects the active device capacitance (Cg = ng

/dV@gg) as it varies during the switching transition. The input characteristic obtained from this test reflects the
chip design while avoiding high frequency effects.

b. Figure 3471-1 is the test circuit schematic for testing an n-channel device. Polarities are simply reversed for a
p-channel device.

c. Figure 3471-2 is an example of a practical embodiment of figure 3471-1. Itillustrates a gate drive and
instrument circuit that will test n-channel and p-channel devices.

d. The circuit has Ig programmability ranging from microamperes to milliamperes. For very large power MOSFET
devices, the output Ig can be extended to tens of milliamperes by paralleling additional CA3280 devices.

e. The circuit provides an independent gate voltage clamp control to prevent voltage excursions from exceeding
test device gate voltage ratings.

f. The CA3240E follower ensures that the smallest power devices will not be loaded by the oscilloscope. (Rijn =
15TQ, I|N=10pA, CIN =4 pF).

g. Gate charge is to be measured starting at zero gate voltage to a specified gate voltage value.

h. The magnitude of input step constant gate current Iy should be such that gate propagation and inductive
effects are not evident. Typically this means the device on-state should be of the order of 100 ps.

i. The dynamic response, source impedance, and duty factor of the pulsed gate current generator are to be such
that they do not materially affect the measurement.

j. Typically, the instrument used for a gate charge measurement is an oscilloscope with an input amplifier and
probe. The switching response and probe impedance are to be such that they do not materially affect the
measurement. Too low a probe resistance relative to the magnitude of lg can significantly increase the

apparent Qg for a given Vgs. Too high a value of probe capacitance relative to the device Cigg will also
increase the apparent Qg for a given Vgs.

_ Cqy dVes

|g = dt Qg = Cg VGs.

METHOD 3471.2
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NOTICE 4

3. Summary. Figure 3471-3 illustrates the waveform and tests 1 through 4, condition A. Figure 3471-4 illustrates
the waveform for tests 2, 4, 5, and 6, condition B. Only four of the six tests need be performed since the results of
the remaining two are uniquely determined and may be calculated. Either condition A or condition B may be used.

3.1 Condition A.

3.1.1 Test1, Qq(th).

a. Case temperature (Tg): +25°C.

b.

f.

g.

Drain current: Ip =100 mA.

Off-state drain voltage (Vpp): Between 50 percent and 80 percent of the device's rated drain-source
breakdown voltage.

. Load resistor (R): Equal to Vpp/Ip.

Gate current (Ig): Constant gate current such that the transition from off-state to on-state or on-state to off-
state is of the order of 50 pus. The value of Ig varies with die size and ranges from 0.1 mA to 5 mA.

Gate to source voltage (Vg(th) min): The minimum rated gate-source threshold voltage.

Minimum off-state gate charge (Qg(th))i A minimum and maximum limit shall be specified.

3.1.2 Test 2, Qg(onl

a. Tc, Ip, VDD, RL, Ig: Same as test 1in 3.1.1.

b.

C.

VGs: The gate-source voltage specified for the rpg(on) test, V(on).

On-state gate charge (Qg(on))i A minimum and maximum limit shall be specified.

3.1.3 Test 3, ng(onl

a. Tc, Ip, VDD, RL, Ig: Same as test 1in 3.1.1.

b.

C.

VGs: The maximum rated gate-source voltage, V(max)-

Maximum on-state gate charge (Qgm(on)): A minimum and maximum limit shall be specified.

METHOD 3471.2
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NOTICE 4

3.1.4 Test4, Vgp. This testis to be performed on a dc parameter test set.

a. Ip = The continuous rated drain current at T¢ = +25°C.

b. Vps >Vgs. Normally Vpp =3 Vgg is satisfactory.

c. The pulse width and duty factor are such that they do not materially affect the measurement.
d. Vgp shall be specified as a maximum and minimum.

e. Tc=+25°C.

3.1.5 Test5, Qqgs: test 6, Qgd. No tests are required. The calculations in terms of the results of tests 1 through 4
are as follows:

a. Ov 0
- Qgs= Quany G——0
LV gthymin (]

b. Determine the fully on-state charge slope:

_ WNimay - Ven B
m = 0
gm(on) ~ Qg(onﬂ

c. Determine the Vgs axis intercept:
b =V(on) - M Qqg(on)-

d. CalculateQ,: Q= éw%_b)%(?gs-

3.2 Condition B.

3.2.1 Test 2, Qg{onl
a. Case temperature (Tc): +25°C.
b. On-state drain current (Ip): The continuous rated drain current at Tc = +25°C.

c. Off-state drain voltage (Vpp): Between 50 percent and 80 percent of the device's rated drain-source
breakdown voltage.

d. The drain load shall be such that the drain current will remain essentially constant.

e. Gate current (Ig): Same as test 1 in 3.1.1, condition A.
f. Gate to source voltage V(on): Same as test 1 in 3.1.1, condition A.

g. On-state gate charge (Qg(on))i A minimum and maximum limit shall be specified.

METHOD 3471.2
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3.2.2 Test4 V@.

a. Tc, Ip, VDD, Load, Ig: Same as test 2 in 3.2.1, condition B.
b. Vgp: This is the gate plateau voltage where Qgs and Qg are measured. This voltage is essentially constant

during the drain voltage transition when Qg is supplied from the gate to the drain under constant Ig, Ip
conditions.

3.2.3 Test5, Qgs.
a. Tc, Ip, VDD, Load, Ig: Same as test 2 in 3.2.1, condition B.
b. Vgs: Equal to Vgp at the specified Ip.

€. Qgs: A minimum and maximum limit shall be specified.

3.2.4 Test6, Qgg.

a. Tc, Ip, VDD, Load, Ig: Same as test 2 in 3.2.1, condition B.
b. Vgs: Equal to Vgp at the specified Ip.

C. Qgs: A minimum and maximum limit shall be specified.

3.2.5 Test 1, Qq(th). test 3, Qgm(on)- No tests are required. The calculations in terms of the results of test 2, 4,
5, and 6 are as follows:

B V gamyminO
: Qg(th)_ Qgs gVGp
b. Determine the fully on-state charge slope:
D V(on) - VGP D

m = %D—D
glon) ~ Qgs - di@

c. Determine the Vgs axis intercept:
b = V(on) -m Qg(on)'

d. Calculate ng(on):

_ [V(max) - b]
ng(on) - m

METHOD 3471.2
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NOTICE 4
+V
+1g DD
RL
-1g (SEE NOTE 1)
PULSED -
CONSTANT | = ) buT
CURRENT \/
GENERATOR *
. MONITOR |
:_V_G_S_ v_ e r_s_u_s_ t_ !
NOTES:
1. Condition B requires a constant drain current regulator.
2. |gXt:Qg

FIGURE 3471-1. Pulsed constant current generator.
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MIL-STD-750D
NOTICE 4

+VeL

+GATE VOLTAGE

CLAMP ADJ SEE R
NOTE 23 "L
0
-2 V_I_I_ 1 DUT —
P-CHANNEL 0TA
2 K
CESSENT -1 mF N-CHANNEL W
PULSE 9,16 I
GENERATOR 1 +Ig . ) =
_ 11,14 - .
15 v P-CHANNEL 2 13 19 05 mf
—0 TRIP CA3280 u
1,4,8 P-CHANNEL
L|19_|J_I,
Trarg !
N-CHANNEL Ia = =z
PROGRAM 9 | Ve
E 0SCILLOSCOPE

2N4036
500

NOTES:

— GATE VOLTAGE

N\ CLAMP ADJ

I.1,uF

HIGH Z
VOLTAGE FOLLOWER

1. This test method provides gate voltage as a monotonic function of gate charge. Charge or capacitance may be
unambiguously specified at any gate voltage. Gate voltage assuring that the device is well into the on-state will
result in very reproducible measurements. For a given device, the gate charges at these voltages are

independent of drain current and a weak function of the off-state voltage.
2. Condition B requires a constant current drain regulator.

FIGURE 3471-2. Practical gate charge test circuit.
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NOTICE 4

MAX
RATED t————————————————————————

V(IMAX)

Vion) T—————————————5

MAX /
Vep

MIN
Vep

VGS(th)
MIN

\izj Qg (th) MAX
Qq (th) MIN

NOTES:

1.

2.
3.
4

VGp is measured by a dc test, same Ip, Vpg >> Vgp (see 3.14).
V(max) and V(on) are specified voltages for charge measurements Qgm(on) and Qg(on)-
VGs(th) min is a specified voltage for measuring Qg(th)-

FIGURE 3471-3. Gate charge characterization showing measured characteristics.
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Vgs GATE-TO-SOURCE VOLTAGE (VOLTS)
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NOTICE 4

20 T T T T

Ip = RATED ID AT (To = +25°C)
16
12 Qg (on) /

vion) p———fp——4———f——
/——VDS - 50% OF RATED
V.

Vbs
8
Q[gs] /
VGP R E—— J
H_/
4 / U(gd)
0 /
0 4 8 12 16 20
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METHOD 3472.1

SWITCHING TIME TEST

1. Purpose. The purpose of this test is to measure the pulse response (td(on)v tr, td(off). tf) of power MOSFET or IGBT devices under

specified conditions. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT designations, D
=CandS=E.

2. Test procedure. Monitor Vgs and Vps versus time using the following notes and precautions. Refer to figures 3472-1 through
3472-4 for clarification.

2.1 Notes and precautions.

a.

This method presumes that good engineering practice will be employed in the physical construction of the test circuit, i.e., short
leads, good ground plane, minimum gate to drain mutual inductance, and appropriate high speed generators and instruments.

The value of Rgg or RgE includes instrumentation resistive loading. RgeN and Rgs RgE should be low enough in value
that gate propagation effects are evident.

The value of LpgT or LceT, CasT or CGET, and CpsT or CceT are understood to include those of the test fixture, circuit
elements, instrumentation; and any added values, exclusive of the DUT. LpsT or LcgT shall not exceed 100 nH nor shall (C
DST or CceT) or (CgsT or CGEeT) exceed 100 pF. Devices with small die may need smaller values of LpsT or LcgT, C
DST or CceT, and CgsT or CGET. LDST, CpsT, and CasT need not be measured when using figure 3472-3 and figure
3472-4. When rcs(on) Of 'DS(on) is measured at a Vgs or VGE of less than 10 V, then figure 3472-3 and figure 3472-4 do
not apply.

Gate circuit inductance need not be specified. With the DUT removed, the gate-source voltage waveform should be free of
anomalies that could materially affect the measurement. Inductance is difficult to measure accurately in a well designed test
fixture. The gate drive common should be Kelvin connected to the device source lead.

Passive circuit elements referred to in this method are lumped parameter representations whose values would be those
obtained through the use of an RLC bridge using a 1 MHz test frequency.

Voltage and current sources are to be interpreted as effective idealizations of active elements.

The phrase "affect the measurement” is intended to mean that doubling a value will not affect results greater than the precision
of measurement.

The turn-off drain voltage overshoot should not be allowed to exceed the device rated drain-source breakdown voltage. Drain
circuit ringing begins when the inductive time constant is 25 percent of the capacitive time constant. Ringing is particularly

serious when testing low voltage high current devices at high speeds. When the ratio LDST/R2 L(CpsT +Coss)
exceeds 10, test conditions may have to be adjusted to ensure that device breakdown is not reached.

i.The instrument used for switching parameter measurement is an oscilloscope with input amplifiers and probes. The affect on rise

and fall times can be estimated by the following relationship:

(measurement rise time)2 = (actual rise time)2
+ (amplifier rise time)2
+ (probe rise time)2

METHOD 3472.1
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j- When two channels with probes are involved in a measurement (turn-on and turn-off delays), the relative channel probe delays
should not materially affect the measurement. Simultaneous viewing the same waveform using the two channel/probes is an
effective means of estimating errors.

k. Unless otherwise specified, half rated drain voltage and rated drain current are mandatory conditions for measuring switching
parameters.

I When measuring rise time, VGs(on) shall be as specified on the input waveform. When measuring fall time VG s(off) shall be

specified on the input waveform. The input transition and drain voltage response detector shall have rise and fall response
times such that doubling these responses will not affect the results greater than the precision of measurement. The current
shall be sufficiently small so that doubling it does not affect test results greater than the precision of measurement.

3. Test circuit and waveform: See figures 3472-1, 3472-2, 3472-3, and tables 3472-1 and 3472-Il.

TABLE 3472-1. Switching time circuit parts list.

I I I I I
|  Part | No. | Value or size | Manufacturer | PIN |
| | | | | I
I I I I I I
| On-board supply | 1 | 15 volts | Datel | UPM 15/100-A |
| Voltage regulator | 1 | TO-220 package | National | LM317 |
| Timer | 1 | 8-pin DIP package | National | LM555 |
| Drivers | 1 | 50 V, Hex1, p-channel | .LR.C. | IRFD9010 |
| | 1 | 100 V, Hexz, n-channel | .R.C. | IRFD1ZO |
| | 2 | 50 V, Hex2, p-channel | LR.C. | IRFD9020 |
| | 2 | 50 V, Hex2, n-channel | LR.C. | IRFD020 |
| Resistors 1/ | 2 | 4.95 K, .25 W, £1 percent | Dale | CMF604951FTO |
| | 1 | 220 @, 0.5 W, 1 percent | Dale | CMF602200FTO |
| | 1 | 5 KQ variable | Dale | 724, 5 K, 10 percent |
| | 1 | 2.2 MQ, .25 W, £1 percent | Dale | CMF602204FTO |
| | 1 | 360 ©, .25 W, £1 percent | Dale | CMF603600FTO |
| | 1 | 100 Q, .25 W, 1 percent | Dale | CMF601000FTO |
| Capacitors |14 | 1 uF, 50 V, £10 percent | Mallory | M30R105K5 |
| | 10 | .82 uF, 600 V, £10 percent | CRC | B5S5F824KXC |
| | 7 | .15 uF, 50 V, £10 percent | Mallory | M30R154K5 |
| | 4 | .01 pnF, 50 V, £10 percent | Mallory | M1OR103K5 |
| | 2 | 22 pF, 600 V, £5 percent | AVX | AQ14BG220JU |
| | 1 | 100 pF, 100 V, £10 percent | Sprague | TST10 |
| | 1 | 100 uF, 450 V, -10 percent, | | |
| | | +5 percent | Sprague | 53D101F450JS6 |
| | 1 | .01 uF, 600 V, £5 percent | Sprague | 715P10356KD3 |
| DUT socket | 1 | TO-3 | Loranger | 3128-032-4225 |
| BNC | 3 | PC board mount | Pomona Elect. | 4578 |
| Transformer | 1 | Torroidal core | Micrometals | T5-12 |
| Banana plugs | 2 | Standard uninsulated | Pomona | 3267 |
| Circuit board 2/ | 1 | 10.5" x 7.50" | | |

| I

1/ All resistors are metal-film.

2/ .062 inch (1.57 mm) double-sided board with 3 ounces copper and 60/40 tin-lead of .0003 inch
(0.008 mm) thickness.
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TABLE 3472-2. Switching time circuit, component layout list. 1/ 2/

I I I
| Label | Component | Value |
| | | |
I I I I
| R1 | Resistor | 220 Q |
| R2 | Variable resistor | 5 KQ |
| R3 | Resistor | 2.2 MQ |
| R4 | Resistor | 360 Q |
| R5 | Resistor | 100 Q |
| R6 | Gate resistor | Varies |
| R7 | Drain resistor | Varies |
| C1, C2,C4,C26 | Capacitor 50 V | .01 pF |
| C3-C10,C12,C14 | Capacitor | 1pF |
| C16,C18, C20, C22 | Capacitor | 1uF |
| C11,C13, C15,C17 | Capacitor | .15 puF |
| C19, C21,C23 | Capacitor | .15 uF |
| C25 | Capacitor | 100 pF |
| C27,C29 | Capacitor | 22 pF |
| C28 | Capacitor 600 V | .01 uF |
| C30 | Capacitor | 100 nuF |
| C31-C40 | Capacitor | .82 uF |
I Q1 | MOSFET (4 pin DIP) | IRFD9010 |
| Q2,Q3 | MOSFET (4 pin DIP) | IRFD9020 |
| Q4 | MOSFET (4 pin DIP) | IRFD1ZO |
| Q5, Q6 | MOSFET (4 pin DIP) | IRFD020 |
| Q7 | Regulator (TO220) | LM317 |
| Q8 | Timer (8-pin DIP) | LM555 |
| T1 | Iso. transformer | T5-12 |
| |

1/ Figure 3472-3 board layout is an artist's view for an n-channel

TO-3 package. The following companies will provide the circuit
boards or a drawing of the exact board layout for a TO-3 as well

as other packages such as the TO-39, TO-61, and TO-66:

a. Integrated Technology Corporation

1228 N. Stadem Drive
Tempe, AZ 85281

b. TEC

9800 Vesper Avenue

Unit 28

Panorama City, CA 91402

2/ LpsT. CpsT, and CgsT need not be measured when using these circuit
boards derived from figures 3472-3 and 3472-4.
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FIGURE 3472-2. Switching time waveforms.
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FIGURE 3472-4. Stand alone switching circuit.
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4. Summary. The following conditions shall be specified in the detail specification:

a. Tc: Unless otherwise specified, case temperature = +25°C.
b. Ip: On-state drain current (see 4.1.a.).

c. Vpp: Off-state drain voltage (see 4.1.a. and 4.1.b.).

d. Rp: Nominally equal to Vpp/Ip (see 4.1.b.).

e. Vgs: On-state gate voltage (see 4.1.c.).

f.  Rgs: Gate to source resistance.

g. RGEN: Resistance looking back into the generator.

METHOD 3472.1
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METHOD 3473.1

REVERSE RECOVERY TIME (t;) AND RECOVERED CHARGE (Qy)
FOR POWER MOSFET (DRAIN-TO-SOURCE) AND POWER RECTIFIERS WITH ty, < 100 ns

1. Purpose. The purpose of this test is to determine the time required for the DUT to switch off when a reverse bias is applied after
the DUT has been forward biased and to determine the charge recovered under the same conditions.

2. Test conditions.

2.1 Test condition A, reverse recovery time (t”). Monitor diode current versus time. If the DUT is a power MOSFET, the

gate lead must be shorted to the source lead. Use the following notes and precautions as a guide. Refer to figures 3473-1 through
3473-3 for clarification.

2.1.1 Notes and precautions.

a.

This method presumes that good engineering practice will be employed in the construction of the test circuit, i.e., short leads,
good ground plane, minimum inductance of the measuring loop, and minimum self-inductance (L) of the current sampling

resistor (R4). Also, appropriate high speed generators and instruments.

The measuring-loop inductance (L oop, see figure 3473-1) represents the net effect of all inductive elements, whether

lumped or distributed, i.e., bonding wires, test fixture, circuit board foil, inductance of energy storage capacitors. The value of
LLoop should be 100 nH or less. The reason for controlling this circuit parameter is that it, combined with diode

characteristics, determines the value of tp.

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 R gop < 2(L/C)1/2; where L = L oop. That is another reason for minimizing L

LOOP-

Regarding breakdown voltage, -V4 should be kept as specified.

The self-inductance of the current-sample resistor R4 (see figure 3473-1) must be kept low relative to t3 because the
observed values of ty and IRy increase with increasing self-inductance. Since the value of Ry is not specified, the
recommended maximum inductance is expressed as a time constant (L1/R4) with a maximum value of tg(minimum)/10, where
ta(minimum) is the lowest ty value to be measured. This ratio was chosen as a practical compromise and would yield an
observed t; which is 10 percent high (Atg = L1/R4). The IR\ error is a function of the L1/R4 time constant and di/dt. For a
di/dt of 100A/us the observed IRy would also be 10 percent high. Algp = L1/R4 di/dt.

The di/dt of 100A/us was chosen so as to provide reasonably high signal levels and still not introduce the large IR\ errors
caused by higher di/dt.

The forward current (Ig) used for this test shall be as specified at T = +25°C.
The values of ty, tjy, and IR\ are to be measured and recorded separately. tyy = tg + tp.
The forward current value must be specified, otherwise the t3 and I\ values have little useful meaning.

The forward current generator consisting of Q1, Q2, R1, and R2 may be replaced with any functionally equivalent circuit.
Likewise the current-ramp generator consisting of Q3, Q4, R3, and Cj.

METHOD 3473.1
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2.2 Condition B, reverse recovered charge (Q,). This method is direct reading and therefore does not require an

oscilloscope. Use the following notes and precautions as a guide. Refer to figures 3473-4 and 3473-5 for clarification.

2.2.1 Notes and precautions.

a.

This method presumes that good engineering practice will be employed in the construction of the test circuit, i.e., short leads,
good ground plane, minimum inductance of the measuring loop. Also, appropriate high speed generators and instruments.

The measuring-loop inductance (L oop. see figure 3473-4) represents the net affect of all inductive elements in the loop,

whether lumped or distributed, i.e., DUT bonding wires, test fixture, circuit board foil, inductive component of energy storage
capacitors. The value of L oop should be 100 nH or less.

The turn-off reverse-voltage overshoot shall not be allowed to exceed the device rated breakdown voltage. Ringing and
overshoot may become a problem when R| gop < 2(L/C)1/2; where L = L oop-

Regarding breakdown voltage, -V4 should be kept as specified.

The di/dt of 100A/us was chosen as a compromise between having reasonably high signal levels for the faster devices and
the need to keep the reverse voltage as low as possible. Higher di/dt requires a higher reverse voltage to overcome the drop
across L oop-

The forward current (Ig) used for this test shall be as specified at +25°C.

The capacitor Co (see figure 3473-4) shall be large enough so that there is no appreciable voltage drop across it. Reducing
its value by 50 percent shall not change the reading by more than the required measurement accuracy.

The current meter across Co should have as low a resistance as possible. Doubling the resistance shall not change the

reading by more than the required measurement accuracy. A good compromise would be a digital ammeter with a full scale
drop of 0.2 volt. If the reverse bias supply is 30 volts, the maximum meter potential differences is then less than one percent
of supply voltage.

The recommended pulse repetition rate is 1 kHz £5 percent.

The forward current generator consisting of Q1, Q2, R1, and Ry may be replaced by any functionally equivalent circuit.
Likewise the reverse current-ramp generator consisting of Q3, Q4, R3, and Cq.
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NOTES:

1. V1 amplitude controls forward current (lf).

V2 amplitude controls di/dt.
L1 is self inductance of Ry.

ta (Max) is longest t5 to be measured.
ta (min) is shortest t5 to be measured.
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FIGURE 3473-1. t  test circuit.
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FIGURE 3473-2. Generalized reverse recovery waveforms.
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(10) 10, .250 W
METAL FILM.

(5) ON TOP AND R4 =.10
(5) ON BOTTOM.

CONNECTS BOTTOM
AND TOP FOILS

xx;%;g% B ;88%

/I’IIZIB{/ TOP FOIL

GND BOTTOM FOIL
B y
O S~ TO CENTER CONDUCTOR
OF MINIATURE PROBE
JACK
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OF DUT

\\ CONNECTS BOTTOM

AND TOP FOILS

FIGURE 3473-3. Suggested board layout for low Ly /R4.

Bottom resistor current flow is in opposite direction of top resistor current flow, providing magnetic field cancellation. Sense lead to center
conductor of probe jack exits at right angle to resistor axes and is located between the resistor layers; five on top layer and five on bottom
layer.
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DuUT

NOTES:

D1 provides forward current path to ground.

Dy steers reverse signal current into integrating capacitor (C2).
V1 amplitude controls forward current (lf).

V2 amplitude controls di/dt.

t1 > = 5 tg (max); tg (Max) is the highest t5 to be measured.

t2 > tyr.

t3>0.

D1 is a low voltage Schottky rectifier.

D2 must have a much lower recovered charge than the value being measured.
Qrr = Is PRR; where PRR is pulse repetition rate.

di/dt = 100 Aps.

H
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=
=

FIGURE 3473-4. Q tes_trpircuit.
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FIGURE 3473-5. Typical t, waveform (for mnemonic reference only).
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3. Summary. Unless otherwise specified in the detail specification, the following conditions shall be:

a. Tc: Case temperature = +25°C.

b. Ig: As specified at +25°C.

c. di/dt: 100A/us.

d. -V4: Reverse-ramp power supply voltage.

e. Vpp: As specified.

METHOD 3473.1
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METHOD 3474.1

SAFE OPERATING AREA FOR POWER MOSFET's
OR INSULATED GATE BIPOLAR TRANSISTORS

1. Purpose. The purpose of this test is to verify the boundary of the SOA as constituted by the interdependency of the specified
voltage, current, power, and temperature in a temperature stable circuit. Deliberate consideration is given to the problem of unavoidable
case temperature rise during the test. For the IGBT, replace the drain and source MOSFET designations with collector and emitter IGBT
designations, D=C and S=E.

1.1 Definitions:

a. Pp: Test power dissipation (watts).
b. DE: Linear derating factor (W/°C).
C. ID: Test current (amperes).

d. VpD: Test power supply voltage (volts).

e. Vps: Drain to source voltage (volts).

f. T3:  Junction temperature (°C).

g. Tiwv: Maximum rated junction temperature (°C).
h. Tc: Case temperature (°C).

i tp: Test pulse duration (seconds).

j- Ppm: Maximum rated power dissipation (watts).

k. TCR: Rated SOA case temperature (°C).

. TA: Ambient temperature (°C).

m.  Tg: Heat sink temperature (°C).

n. Rejc:  Junction to case thermal resistance (K/watt).

0. Rpcs:  Case to heat sink thermal resistance (K/watt).

p. Rgsa:  Heat sink to ambient thermal resistance (K/watt).

2. Test circuit. See figure 3474-1. Circuit polarities shall be reversed for p-channel devices.

a. Rg shall be a Kelvin contact resistor of five percent tolerance.

b. Operational amplifier shall have a speed and accuracy such that the errors it produces will contribute less than a five percent
error to the measurement.

C. Precision voltage source shall have an accuracy of five percent.

d. S1 shall have adequate speed and characteristics such that the accuracy of the measurement will not be affected by more
than five percent.

e. Vpp shall be maintained to within five percent.

f. tp shall be maintained to within five percent.

METHOD 3474.1
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FIGURE 3474-1. SOA test circuit.
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g. Total test accuracy shall be maintained to within 10 percent.

h.  Rg shall be selected to eliminate parasitic oscillations.
3. Procedure. Set the precision voltage source to Ip x Rg. Applied Vpp to the circuit. Close S1 for tp seconds.

4. Summary. Just like in any practical application, the junction temperature during an SOA test can be calculated by adding all of the
temperature drops in the system to the ambient temperature:

Rg < (Maximum rated gate voltage) Ip not to exceed (.2 x maximum rated Vps)/Ip
Tj=Ta + Asink to ambient + Acase to sink + Ajunction to case

_ (Pow - (Tc - Ter) X D)

B Vs

lo

Under a controlled set of conditions, such as those that are encountered in an SOA test, the case temperature can be measured and
therefore known as a constant. This simplifies the expression substantially:

T3 = T¢ + Ajunction to case
Tyj=Tc+PpxRejc

By substituting in the maximum rated junction temperature and rearranging the terms, the maximum power dissipation for this condition
can be calculated:

(TJM B Tc)
Rasc

If a case temperature of TcR°C was chosen for the purpose of specifying the device SOA, then a derating factor "Dg" can be
determined:

D

Po

- I:)DM
(TJM - TCR)

Ppm can be any Ppp from the SOA curves for that particular device type, either dc or pulsed. The maximum power dissipation for any
case temperature can now be readily calculated and used in an SOA test

Pp=Ppm-(Tc-Tcr) xDF
Unless otherwise specified in the detail specification, the following conditions shall apply:
a. Vpg = as specified.
b. Ip =as calculated above.
C. +20°C<Tgc <+45°C.

d. tp shall be that which corresponds with the SOA curve being used.
PDM

e. Dp = —mMm—.
P (T - Ter)

f.  Rg=as calculated above.

Ppwm shall be a value chosen from one of the SOA curves for that particular device either dc or pulsed.

Q@

h. Vpp=Vps+IpxRs.

METHOD 3474.1
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METHOD 3475.1
FORWARD TRANSCONDUCTANCE (PULSED DC METHOD) OF POWER MOSFET's
OR INSULATED GATE BIPOLAR TRANSISTORS

1. Purpose. This method establishes a basic test circuit for the purpose of establishing forward transconductance (ggs) using pulsed
dc for the test conditions to enable measurements above the small signal (ggs) output current levels. The described method is adaptable

to ATE where large ac test currents are often impractical. For the IGBT, replace the drain and source MOSFET designations with
collector and emitter IGBT designations, D=C and S =E.

2. Procedure. The gate-source voltage (Vgs1) is applied as necessary to achieve a specified drain-source current. 1p1 shall be five
percent minimum less than the value of Ip used in specifying 'DS(on) (normally 50 percent of rated dc current). The gate-source voltage
(VGsy) is then decreased to achieve a second drain-source current (Ip2). Ip2 shall be five percent minimum below the Ip1 used in
specifying rps(on) - The drain-source voltage (VG s2)shall remain equal to the value specified for establishing Ip?.

Calculation:

|D1 - lDZ

9es = AVes

Where: AVgs =VGs1 - VGs2

NOTE: AVgs should not be set lower than 0.05 volt or test equipment accuracy can adversely effect measurement. Ip1 and Ip2 can
be adjusted such that AVgs is = 0.1 volt. In all cases Ip1 and Ip2 should be adjusted so they are equally above and below
specified current. The formula below can be used as initial reference point:

lpy - |
AV = Dle D2
Fs

then:

IDl'I

> B2 = A | , desired

The previous calculations can be used in establishing minimum AV g desired to achieve highest accuracy.

3. Test circuit. See figure 3475-1.
4. Summary. Unless otherwise specified in the detail specification, the following conditions shall apply:

a. Ip1=0.5Ip continuous at Tc = +25°C x 1.05 minimum.

b. Ip2=0.5Ip continuous at T¢ = +25°C x 0.95 minimum.

c.  Vps=4rps(on) X 0.5 Ip continuous or as necessary to be in the active region.
d. AVgs20.1volts.

e.  IpS(on) as specified.

f.  Pulse width < 300 us.

g. Unless otherwise specified, (Tc) = (Temperature of case) = +25°C.

METHOD 3475.1
lof2



MIL-STD-750D

DUT
D ¢ /{
Rl | *
MA ® J — Vo
\/ S

e |/
> 0

/ SCOPE

NOTES:
1. Pulse the device according to MIL-STD-750. Resistor R1 shall be used to damp spurious oscillations that can occur

(approximately 100 Q).

2. The device used for circuit illustration is an n-channel, enhancement-mode FET. The methodology described is not limited solely
to this type of device. For all other field effect devices where the power ratings are such that the dc method is the preferred
method, the parameter symbols need only indicate the appropriate voltage or current polarity.

3. When performing this test on a nonheat-sinked part, the following caution is applicable. The implementation of this test requires
the use of repeated incremental steps of gate voltage, while measuring drain current. The number of steps and the duration of
each step result is cumulative energy which may thermally overstress the part if it is not heat-sinked. A stepped program to
perform this test will result in higher power dissipation during test of a unit requiring a high gate drive voltage than during test of a
unit requiring a lesser gate drive voltage.

4. Rgis a noninductive, current sensing resistor and is normally < 0.1 Q.

FIGURE 3475-1. Forward transconductance circuit.
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METHOD 3476

COMMUTATING DIODE FOR SAFE OPERATING AREA TEST PROCEDURE FOR
MEASURING DV/DT DURING REVERSE RECOVERY OF POWER MOSFET

TRANSISTORS OR INSULATED GATE BIPOLAR TRANSISTORS

1. Purpose. The purpose of this test method is to define a way for verifying the diode recovery stress capability of power MOSFET
transistors. For the IGBT, replace the MOSFET designators for drain and source with the IGBT designators for collector and emitter, D
=Cand S = E. The focus is on simplicity and practicality.

2. Scope. This method covers all power transistors which have an internal diode capable of commutating current generated during
reverse recovery.

3. Definitions.

a.

b.

0.

RaG:

RpuT:

VGEN:
VDD:

IEM:

. Driver:

-L(LOAD):

ity

trr:

Vps:
V(BR)DSS:
Igss:
IDsSs:

RDS(ON):

Gate drive impedance.

Gate to source circuit resistance at DUT.
Semiconductor junction temperature.

Gate generator voltage (volts) for drive transistors.
Supply voltage.

Maximum body diode forward current.

A device is used in the lower portion of an "H" bridge (see figure 3476-1) and is an equivalent to the DUT.

Load inductor. Shall be of a large enough value such that the decay of current during the forward
conduction of the DUT is less than five percent of Igp.

Drain voltage rise time. Measured between 10 percent of Vpp and 90 percent of Vpp of the voltage
waveform. Limits shall be recorded during the test and a typical value shall be contained in the detail
specification.

Reverse recovery time.

Drain-source voltage.

Breakdown voltage drain-source.

Reverse gate current, drain shorted to source.

Zero gate voltage drain current.

Static drain-source on state resistance.

4. Circuit. Basic circuitry for testing this parameter is shown on figure 3476-1. Idealized waveforms are shown on figure 3476-2.
Snubbers may not be used. Stray capacitance and inductance, especially in the source of the drive transistor, must be minimized.

The basic principle of the circuit may not be altered, that is, the lower "H" bridge device must be equivalent to the DUT. The circuit may
operate continuously, or, single shot, as long as the required test conditions are achieved. Gate drive to the driver may be any Thevenin

equivalent of that specified.

METHOD 3476
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To test continuously or single shot, the electrical sequence is almost the same.

a. Drive is turned on until current in L oAD) is higher than Ipp.

b.  Driver is turned off until current in DUT reaches Igp. The minimum time for DUT forward conduction is 5 us, or,
10 times the rated maximum tyy, whichever is greater.

c. Iftesting "repetitively” then go back to step 1. Else, driver is turned on for the reverse recovery period of the device
plus a minimum additional one microsecond. The DUT shall be monitored for Vpg collapse during this additional

time period, and gate drive to the driver transistor may be removed at any time a failure is encountered.

If the device operates with a low repetition rate, the device may not be exposed to sufficient energy to cause a catastrophic failure. The
circuit must be equipped to either cause catastrophic failure or generate a failure signal in the event of a collapse of Vpg during voltage

recovery.

5. Specification details. The specification may take the form of a single point tabular specification, a graphical representation, or both.
Ideally, a device will have both. This will allow for easy comparison of devices with the tabular specification, but still have the detail of the
graph available to the designer.

a. Atabular specification will define a single point of operation. The following must be specified in the detail

specification:

1. Rg Gate drive impedance _Q

2. VGEN Gate generated voltage Vv

3. IFM Maximum forward current A

4, Vpp Supply voltage Vv

5. Tj Junction temperature I

6. dv/dt V/ns minimum

b. A graphical representation could take several different forms; for example, Rg versus g, di/dt versus dv/dt, or |
EM Versus Vps. An example of Rg versus Iy is shown on figure 3476-3.

6. Acceptance criteria. If a specification requires that this test be performed for verification of a maximum limit, then the device Vpg
must not collapse during or after reverse recovery and (in addition) must pass any specified parametric limits, as a minimum V(BR)DSS:

Igss. IDss, and Rps(ON)-
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FIGURE 3476-1. Body diode test circuit.
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FIGURE 3476-2. Body diode waveforms.
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FIGURE 3476-3. Example of graphic representation.
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METHOD 3477.1

MEASUREMENT OF INSULATED GATE BIPOLAR TRANSISTOR
TOTAL SWITCHING LOSSES AND SWITCHING TIMES

1. Purpose. This method defines the basic test circuitry and waveform definitions by which to measure the total switching losses of an

IGBT.

2. Scope. This method applies only to measurements of IGBT devices without an integral diode.

3. Definitions.

a. V(BR)CES:
b. Icg:

c. VGE:
d Rg:

e. VgL

f. to:

g tL

h.  t2:

i 3
.t

k- td(on):
Lty

m.  td(off):
n.

0. WoN:
p. WoFF:
. WTQOT:
r Tj:

s. VG

Collector/emitter breakdown voltage.

Test current.

Gate to emitter voltage.

Gate drive series resistance.

Clamp voltage (80 percent rated V(BR)CES)-

Time point where VcE is at 10 percent of the specified gate drive.
Time point where icg = 5 percent Icg (maximum).

Time point where Vcg = 5 percent V¢ when VcE is decreasing.
Time point where Vcg = 5 percent V| when VcE is increasing.
t3+5 pus.

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.

METHOD 3477.1
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4. Circuitry. Figure 3477-1 shows the basic test circuit. The circuit has to satisfy two fundamental requirements.

a. The circuit reflects the losses that are attributed to the IGBT only and is independent from those due to other
circuit components, like the freewheeling diode.

b.  The operation of the circuit shown on figure 3477-1 is as follows:
The driver IGBT builds the test current in the inductor. When it is turned off, current flows in the zener. At this
point, the switching time and switching energy test begins, by turning on and off the DUT. In its switching, the
DUT will see the test current that is flowing into the inductor and the voltage across the zener, without any reverse
recovery component from a freewheeling diode. This test can exercise the IGBT to its full voltage and current
without any spurious effect due to diode reverse recovery.

Input drive duty cycle should be chosen such that Tj is not affected. Control of Tj is best done using external
methods.

5. Method. Figure 3477-2 shows the DUT current and voltage waveforms and test points.

5.1 Energy loss during turn on. During turn on, the energy loss is defined as follows:

t2
@ Woy = I ice » Ve dtjoules/ pulse

t1
Refer to figure 3477-2 for t1 and t2

5.2 Energy loss during turn off. During turn off, the energy loss is defined as follows:

t3
@ Wy = I ice * Ve dtjoules/ pulse
14
Refer to figure 3477-2 for t3 and t4
5.3 Total switching loss. The total switching loss is the sum of equations (1) and (2).
(3) WtoT = WoN *+ WOEE joules/pulse

5.4 Switching time measurements. Switching time measurements, while not the preferred method of delineating between devices,
may be determined using the rules below and as seen on figure 3477-2.

a. td(on): The interval measured from the 10 percent point of the rising input pulse Vg and the 10
percent rise of the output current Ic.

b. t The interval measured from the 10 percent to the 90 percent point of the rising output
current Ic.

c. td(off): The interval measured from the 90 percent point of the falling input pulse Vg to the 90
percent point of the falling output current Ic.

d. tf: The interval measured from the 90 percent to the 10 percent point of the falling output
current Ic.

METHOD 3477.1
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6. Equipment. A modern high speed digitizing system is recommended. The measurement of WoN or WoEE is accomplished by
accessing the output V(t) and I(t) waveforms, digitizing them, and transmitting the data to a computer where WoN or WoEE is calculated
and the results displayed. Two factors of importance must be considered.

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

b.  The relative V(t), I(t) channel delay must be known and accounted for in the computer program that does the point
by point multiplication and summation that determines either WoN or WoEE (see figure 3477-2).

7. Specifications.

a. VcL: Clamp voltage Vv
b. Icg: Maximum test current A ___A
c. VgE: Gate to emitter voltage .V
d. Rg: Gate resistance _Q
e. Tj: Junction temperature __°C

METHOD 3477.1
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METHOD 3478
POWER TRANSISTOR ELECTRICAL DOSE RATE TEST METHOD

1. Purpose. This test method establishes a baseline methodology for characterizing high-voltage transistors to high gamma dose rate
radiation and for establishing electrical criteria to evaluate key test fixture parameters. From this data, a valid comparison can then be
made between the device's response and its radiation data. Since power transistors are susceptible to radiation-induced
burnout/damage, this test method should be considered a destructive test. For the IGBT, replace the drain and source MOSFET
designations with collector and emitter IGBT designations, D=C and S = E.

2. Definitions. Definitions, symbols, and terms used in this method are provided below:

a. Power transistor burnout: Burnout is defined as a condition that renders the power transistor nonfunctional, usually a result of
current-induced avalanche and second breakdown. Identification is accomplished by observing the drain current during
irradiation and by verifying the device's performance after irradiation.

b.  Symbols and terms:
di/dt:  Change in current with respect to time (amperes per second).

dv/dt: Change in voltage with respect to time (volts per second).
lds: Measured current flowing into drain (amperes).
Ls: Calculated stray inductance observed by the DUT's response (henrys).
PW:  Radiation pulse width defined by the full-width half-max (FWHM) measurement (seconds).
RC: Time constant equal to the resistance times capacitance
Rs: Calculated stray resistance observed by the DUT's response (ohms).
Vds:  Applied measured drain-to-source voltage (volts).
Vgs! Applied measured gate-to-source voltage (volts).
3. Test plan. A detailed test plan shall be prepared specifying, as a minimum, the following information:
a. Identify device types to be tested.
b.  Identify number of samples.
c. Test fixture characteristics of stray Rg and Lg: based upon previous data or calculations (see 5.8).
d. Electrical characterization required in accordance with detailed specifications before and after the radiation event.
e. Electrical parameters to be monitored.

f.  Complete description of test system (e.g., schematics, flow charts).

METHOD 3478
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4. Apparatus.

4.1 Instrumentation. Instrumentation required to monitor and test the device to high gamma dose rate radiation will generally consist of
the following type of equipment.

a.

b.

e.

f.

Curve tracer.

Digital or analog voltmeter.

DC current probe.

Digital or analog current meter.
Digitizer or storage scope.

High-voltage power supply.

4.2 Holding fixture. The holding fixture may be mandated by the test facility. Coordination between users and facility is an absolute
necessity. The fixture shall be capable of interfacing the power and signal lines between the test board and DUT, as well as, collimating
the radiation beam to expose only the DUT.

4.3 Test fixture. The test board shall be constructed to meet the following requirements:

a.

Construction: Circuit layout and construction are critical. Circuit layout and construction shall be optimized to minimize stray
Ls and Rg effects presented to the DUT. Applicable gauge wires, ground planes, and materials shall be used to minimize

these effects of stray inductance and resistance. Wire lengths shall be kept to an absolute minimum.

CAUTION: Wires lengths connecting the DUT in excess of four inches (101.60 mm) should be
re-evaluated to determine shortest possible wire length.

Components: Circuit components shall be chosen to optimize performance. Capacitors shall have high "Q" ratings reflecting
high di/dt. The test circuit shall have multiple capacitors in parallel, minimizing the parasitic resistance presented by each
capacitor while obtaining the required dv/dt response. DC current probes shall be passive having minimal "ac" insertion
resistance. The current probe shall also be capable of measuring a large current without saturating its magnetic core.

DUT package: Circuit and device parameters will dictate the power transistor response to high gamma dose rate radiation.
The DUT shall be tested in the same package type that will be used in the system. If a different package type is used, then
electrical, mechanical, and thermal properties of that package need to be considered and their effects accounted for in the test
results.

Test circuit: Schematically, test circuits are shown on figure 3478-1 and representative waveforms are depicted on figure
3478-2. Components and wiring shall not be placed directly in the radiation beam. An isolation resistor shall be placed
between the "stiffening" capacitors and high-voltage power supply, minimizing its interaction with the DUT response. The
resistor value will depend on the RC time constant required to isolate interaction. Biasing of the gate shall be accomplished
using an RC filtering or ballasting resistor network (see figure 3478-1a or 3478-1b), unless it is connected directly to the
common source (see figure 3478-1c).

CAUTION: Peak currents in excess of 1,000 amperes with di/dt in excess of 1,000 amperes per
microsecond are possible.
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FIGURE 3478-1c. No gate bias configuration 3.

CS

GND —

: Consists of several small capacitors (typically .1 uF).
C2:
R1:
R2:
C3:
: Current probe (Pearson Model +11 or similar).

Consists of several large capacitors (typically 200 uF).
Drain isolation resistor (typically > 1 k<2).

Gate filter resistor (typically 1 kQ).

Gate filter capacitance (typically 0.1 uF).
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5. Procedure. Two essential requirements are outlined in this procedure that allow a meaningful analysis of a device's radiation
response as compared to data obtained on a different test fixture.

a. In 5.1 through 5.7 below, the procedure to characterize power transistor to high gamma dose rate radiation and what data to
collect and record are described.

b. In5.8 below, there is a description for a technique to extract key electrical parameters, Lg and Rg, allowing the test fixture to
be characterized using the above radiation data.

5.1 Sample size. A minimum of five samples per device type shall be tested to determine the dose rate response of each power
transistor type. All devices shall meet the electrical specifications required for that particular device type before initial exposure.

5.2 |dentification. In all cases, each test sample shall be individually marked to ensure that the test data can be traced to its
corresponding test sample.

5.3 Radiation source.
a. The radiation source shall be either a flash x-ray or a LINAC.
b.  The facility/source shall be capable of varying the dose rate levels to characterize the device's response to various dose rates.
c.  The minimum pulse width shall be performed using a 20 to 50 ns pulse width (FWHM).

5.4 Dosimetry. Dosimetry shall be used to measure the actual dose in rad(Si) of the radiation pulse. Any dosimetry technique that
meets ASTM standards (ASTM F526-77) may be used.

5.5 Waveform recording. The voltage, Vs, and test current, lgs, shall be monitored before, during, and after each irradiation. Voltage
in excess of the maximum input voltage of the recording device shall be attenuated.

5.6 Test conditions. The DUT shall be biased with the specified test conditions and verified for each irradiation. Drain and gate

current shall be monitored before, during, and after each exposure. The capacitive load across the drain/source shall maintain the drain
bias voltage, Vs, during the exposure within £10 percent of that specified. The test shall not be repeated until the "stiffening" capacitors

have sufficiently recharged. All tests shall be performed at the required ambient temperature.
CAUTION: Some transistors may require a gate bias to turn the DUT "off" after the radiation event.

5.7 Test setup/seguence.

a. Tune LINACI/flash x-ray to desired pulse width and dose rates and perform initial beam dosimetry.
b. Install holding fixture and test system circuitry.

c. Insert DUT (precharacterized in accordance with detailed specification).

d. Apply and verify test voltage to gate (Vgs).

e. Apply and verify test voltage to drain (Vds).

f.  Connect monitors to appropriate recorders.

g. Expose DUT to desired dose rate.

h.  Record photocurrent (I4s) and Vs response.
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Record test information: Test conditions Vgs and Vgs; actual dose rate, accumulated total dose, date, and other information

pertinent to test.

Verify survivability of test device: Check electrical parameters to determine any damage.

Repeat with new test conditions: Different Vs, dose rate, or Vgs.

5.8 Determination of stray inductance/resistance. Knowing the stray components, Lg and Rg, will provide a technique to compare test
data from different test fixtures and packages. Lg and Rg will limit the amount of current flow and the peak current observed by the DUT.

a.

and

Using the recorded photocurrent waveforms, the quantitative values of the stray resistance, Rg, and inductance, Lg, can be

extracted for that test fixture and package.

CAUTION. The stray fixture components may change with exposure to radiation, testing, or time.

Determine the inductance, Ls, from the relationship:

e

S

_ Vds

Ls = %@

The calculated inductance will be influenced by the series resistance; and, therefore, the value of the di/dt response shall be based
upon the change in primary photocurrent between its O percent to 10 percent response. The Lg value shall be determined from this

experimental data.

C.

Determine the resistance, Rs, from the relationship:

D\/ds

- 0, S, 0 o - Ht + R

¢ HRsH 0 EE P E( Ls%
The calculated resistance should be determined from the peak primary photocurrent response and its corresponding time. Using
iterative calculations, Rg shall be determined within £5 percent based upon this experimental data.

6. Documentation. Test records shall be maintained by the experimenter. Test records shall include the following:

a.

b.

Part type, item, and lot identification.

Date of test and operator's name.

Identification of radiation source and pulse width.

Description of test system and circuit.

Description of dosimetry techniques and circuits.

Test bias conditions.

Recorded voltage current waveforms.
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h.  Minimum dose rate V(g to induce burnout.
i.  Maximum dose rate Vg not to induce burnout.

j.  Device leakage currents before and after irradiation.
k. Recorded waveforms of pulse shape intensity.
I. Accumulated total dose.
m. Ambient test temperature.
n. Calibration records and serial numbers, if required.
0. DC electrical measurements after radiation event.
6.1 Reporting. This documentation shall be used to prepare a summary describing the test system, data, results, and analysis. The

summary shall include a description of the device, dc electrical parameters before and after testing, a statistic summary indicating the
sample mean and standard deviation of each device type, plots of photocurrent versus dose rate at a specified Vg and Vgs. calculations

for stray Lg and Rg for the test fixture for each device type or package type, and a general synopsis of the test results.

METHOD 3478
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METHOD 3479

SHORT CIRCUIT WITHSTAND TIME

1. Purpose. In some circuits, such as motor drives, it is necessary for a semiconductor device to withstand a short circuit condition for
short periods of time. During such a condition, the current in the device is dependent on the gain of the device and the level of the drive
supplied. It is important for the designer to know how long a device can survive a short circuit condition with a given drive level. Fault
detect circuits can be designed to react within this time period. In some cases the junction temperature may exceed the maximum rating.
If it does, the rating shall be nonrepetitive with a limit on the maximum number of events over the lifetime of the device. Otherwise, it will
be a repetitive rating. In the case of a nonrepetitive rating, the manufacturer shall perform adequate reliability testing so as to ensure the
validity of this rating. For military specifications, the controlling document shall mandate such tests.

2. Scope. This method covers all power semiconductors or hybrids that can be turned off with a control terminal and which are
intended for use as switching devices. Power MOSFET's, IGBT's, and bipolar transistors are examples of these devices.

3. Definitions.

a. Tj Junction temperature (°C). lts starting value shall be specified, and controlled to five
percent at the beginning of the test.

b. tsc: Short circuit withstand time (seconds). Measured between the time the device drive rises
above 50 percent of its peak value, and when it falls below 50 percent of its peak value.

c. Vsc: Nominal short circuit voltage (volts). Must be maintained between +5 percent and -10
percent of the specified value during the test.

d. Ls: Stray inductance of the output circuit shall be kept as low as is practical, in order to verify
this the maximum value of Lg shall be a condition of the test called out on the detailed
specification of the device (see figure 3479-2). Lg =V dt/di during the first 10 percent of
the output current waveform.

e. Drive: One of the following:
VpRIVE = Nominal drive voltage (volts).
IDRIVE = Nominal drive current (amperes).

This value must be maintained to within £5 percent of the specified value. In a graphical
representation, various levels of "drive” may be specified, as shown on figure 3479-3. The
speed of turn-off shall be such that avalanching the DUT is prevented.

f.  RpRIVE: The outputimpedance of the drive circuitry.
4. Circuitry. Electrical test circuitry is as shown on figure 3479-1. Drive circuitry must be appropriate for the device being tested,

whether voltage or current driven. Care must be taken to minimize stray inductance in the output circuit in order to avoid limiting the
current during the test, or avalanching the device during turn off at the end of the test.

METHOD 3479
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4.1 Procedure for measurement of short circuit withstand time (see figure 3479-2).

a. t0: Apply test voltage.

b. tl1: Apply drive signal.

c. t2: Device drive reaches 50 percent of maximum value.
d. t3: Remove drive signal.

e. t4: Device drive falls to 50 percent of maximum value.
f.  t5: Remove test voltage.

5. Acceptance criteria. DC electrical test shall be conducted before and after the test. Exactly which parameters are to be measured
will be device dependent, and shall be called out on the detail specification.

6. Specification. Tabular specification shall be as follows:

tsc short circuit withstand time _____usat
1. Vg short circuit voltage __ Vv
2. Drive voltage (or current) _ V(orA)
3. Tj junction temperature ____°C
4, RDRIVE output impedance __Q
5. Lg stray inductance ____nH
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METHOD 3490

CLAMPED INDUCTIVE SWITCHING SAFE OPERATING AREA FOR
MOS GATED POWER TRANSISTORS

1. Purpose. To define a method for verifying the inductive switching SOA for MOS gated power transistors, to assure devices are free

from latch up.

2. Scope. This method includes all power MOSFETs and IGBTs used in switching applications for power supplies and motor

controls.

3. Circuitry. As shown on figure 3490-1, a simple inductive load circuit is employed. Drive circuitry applies a voltage to the DUT to
achieve a specified current. The turn-off dv/dt is controlled by a gate resistor. A clamping diode or suppression device is used to limit the
maximum voltage which occurs during turn-off. The clamping device must be located as close as possible to the DUT to minimize
voltage spikes due to stray inductance Lg.

4. Definitions:
Ty
TaA:

Tc:

Vet
VCE:
VCESs:
VDss:

VDM:

Junction temperature (°C): Shall not exceed maximum rating of the DUT.
Ambient temperature (°C): Temperature used to heat the DUT.

Case temperature (°C): Temperature of the DUT as measured on the exterior of the package as
close as possible to the die location.

Collector supply voltage, dc.

Clamping voltage.

Collector to emitter voltage gate shorted to emitter.
Source to drain voltage gate shorted to source.

Maximum off-state voltage measure at the DUT which is caused by stray inductance between the
DUT and the voltage suppressor. Vpyy is due to L di/dt generated during turn-off.

Load current through inductor and DUT.

Drive voltage from a voltage source used to turn-on and turn-off the MOS DUT to achieve a specified
current.

Resistor in series with the gate which is used to limit turn-off dv/dt during switching.

Change in voltage during turn-on and turn-off measured between 75 percent and 25 percent of total
clamp voltage during turn-off.

Pulse width between turn-on and turn-off of DUT.
Stray series inductance due to layout of circuit.

Series inductance.

METHOD 3490
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5. Specification conditions. The following conditions shall be specified in the detail specification:

Vet V.

VCE: V.

IL A

Tc=Ta: °C.

L: mH.

tp: us.

dv/dt: V/us minimum.

N: Number of pulses.

6. Acceptance criteria.
a. No degradation of blocking voltage at the end of test shall be permitted.
b.  Latch-up or reduction of I_ shall not be observed.
c.  DUT must meet group A, subgroup 2 limits.

7. Comments and recommendations.

a. Gate resistor or gate drive source must be as close as possible to the DUT to minimize oscillations during turn-off.
b.  Gate resistor valve or gate drive is selected to assure minimum peak dv/dt is achieved.

c. V¢ clamping device should be as close as possible to the DUT to minimize voltage over shoot. A general
guideline is V¢ should not exceed 110 percent of Vppy and must be less than avalanche breakdown of DUT.

d. L should be selected to assure peak current is reached. The Ic will not be reached if too large of an inductor is
used.

e. Safety precautions should be taken when testing high voltage devices and rules and regulations for handling high
voltage devices should be followed.

METHOD 3490
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FIGURE 3490-1. Inductive load circuit.

— 100%
—90%

INPUT VOLTAGE

------------ - 0z
Tom
DRAIN CURRENT
Ipioff)
—ato (or £y o) |
——
Vpsm
100z “Velamp®" ViBRIDSX
SEE NOTE

DRAIN VOLTAGE

tdtoffiv

Vﬂ;:;;:::\————sr—— ~0g

= torf (v)

-Vop

NOTES:

1. Velamp (in a clamped inductive-load switching circuit) or V(BRr)DSX (in an unclamped circuit) is the peak off-state.

2. Drain and source references for MOSFETS are equivalent to collector and emitter references for IGBTs.

FIGURE 3490-2. Inductive load waveform.
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METHOD 3501
BREAKDOWN VOLTAGE, DRAIN TO SOURCE

1. Purpose. The purpose of this test is to determine if the breakdown voltage of the gallium arsenide field-effect transistor under the
specified conditions is greater than the specified minimum limit.

2. Test circuit. See figure 3501-1.

_ / vV VOLTAGE
DS SOURCE

BIAS -
SOURCE § /

NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured or
the voltmeter readings shall be corrected for the drop across the ammeter.

FIGURE 3501-1. Test circuit.

3. Procedure. A negative (reverse) voltage shall be applied to the gate, with the specified bias condition (condition A) applied, then a
positive voltage applied to the drain. The device is acceptable if the gate current 1/ is less than the maximum specified with the voltage
bias conditions on the gate and drain as specified in the detail specification. With the specified gate and drain voltages, if the specified
maximum gate current is exceeded, the device shall be considered a failure.

4. Summary. The following conditions shall be specified in the detail specification:

a. Testcurrent (see 3).

b.  The bias condition is gate to source and drain to source - reverse bias (specify bias voltages).

1/ lg----- Breakdown voltage as determined by maximum. Allowed gate current, with the specified bias
condition applied from gate to source and drain to source.

METHOD 3501
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METHOD 3505
MAXIMUM AVAILABLE GAIN OF A GaAs FET

1. Purpose. This method establishes a basic test circuit for the purpose of determining the associated gain of a gallium arsenide
field-effect transistor (FET).

2. Procedure. Configure the test setup as shown on figure 3505-1. First apply the gate voltage (Vgs) then apply the drain voltage (V
DS)- Adjust the gate voltage so that the FET is biased at the specified operating point as noted in the detail specification, such as Ipg =
50 percent of Ipss. Adjust the input and output tuners so that the transistor exhibits maximum output power and near maximum gain,
that is, the transistor's gain must not be compressed more than 2 dB. The input power level is then reduced by at least 10 dB. At this

reduced input signal level, the small signal gain is defined as GO.

Calculation:

G1dB = GO - 1.0 dB (Associated gain at the 1 dB compression point).

The gain of the FET (output power/input power in dB) is recorded as the input power is increased in 1 dB increments. When the
measured gain of the FET is less than or equal to G1¢B, as calculated above, the output power is recorded and this value represents the

1 dB compression point (P14B) power level and is used in determining the pass/fail status of the DUT in accordance with the value
specified in the detail specification.

3. Test circuit. See figure 3505-1.

4. Summary. Unless otherwise specified in the detail specification, the following condition shall apply: Tc = (Temperature of case) =
+25°C.

P1bB TEST SYSTEM

POWER AMP SWEEPER LOAD

= POWER METER |==

(COUPLER |om] 522 | omTUNER Jom{ 00T o[ TUNER Jom 522° | m{COUPLER}—

POWER SUPPLY

FIGURE 3505-1. Test circuit.
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METHOD 3510

1 dB COMPRESSION POINT OF A GaAs FET

1. Purpose. This method establishes a basic test circuit for the purpose of determining the 1 dB compression point of a gallium
arsenide FET.

2. Procedure. Configure the test setup as shown on figure 3510-1. To prevent damage to the DUT, first apply the gate voltage (Vgs)
then apply the drain voltage (Vps). Adjust the gate voltage so the FET is biased at the specified operating point as noted in the detail
specification, such as Ipg = 50 percent of Ipgs. Adjust the input power to the level and frequency given in the detail specification; adjust

the input and output tuners so the transistor exhibits maximum output power while its gain remains within 2 dB of the manufacturer's
specified minimum gain for the part and while the gate current remains within the range specified in the detail specification. The gate
current must also remain within the range specified in the detail specification. The input power level is then reduced by 10 dB or some
greater amount specified in the detail specification. At this reduced input signal level the small signal gain is defined as GO.

Calculation: G1gg =G0 =1.0dB.

The gain of the FET (output power/input power in dB) is recorded as the input power is increased in increments of 1 dB decreasing to
0.25 dB, or smaller, as G14p is approached. When the gain of the FET is less than or equal to G1(p, as calculated above, the output is

recorded and this value represents the 1 dB compression point (P1gg) and is used in determining the pass/fail status of the DUT in
accordance with the value specified in the detail specification.

3. Test circuit. See figure 3510-1.

4. Summary. Unless otherwise specified in the detail specification, the following condition shall apply: (Tc) = (Temperature of case)
=+25°C.

G1dB TEST SYSTEM

POWER AMP |- SWEEPER

2~ POWER METER |~

SEAS | { TONER {007 _Fom{ TONER ] 8125 | —{caPLER

POWER SUPPLY

FIGURE 3510-1. Test system.
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METHOD 3570

GaAs FET FORWARD GAIN (Mag S21)

1. Purpose. This method establishes a basic test method, test setup, and procedure for measuring the forward gain (Magnitude of

S21) of GaAs FETSs.

2. Procedure. Configure and calibrate the test setup as shown on figure 3570-1. To prevent damage to the DUT, first apply the gate
voltage (Vgs) and then apply the drain voltage (Vps) to the bias levels specified in the detail specification. Adjust the gate voltage so

that the DUT is biased at the specified operating point, such as Ipg = 50 percent of Ipgg. Record the DUT's magnitude of S21 (in dB)

using the network analyzer as shown on figure 3570-1.

3. Test circuit. See figure 3570-1.

4. Summary. Unless otherwise specified in the detail specification, the following condition shall apply: (Tc) = (Temperature of case)

=+25°C.

S PARAMETER TEST SYSTEM

SWEEPER
[
| NETWORK ANAL |

| NA TEST SET | | PONER SUPPLY |

Vp.Ip

—m=— BIAS TEE| |BIAS TEE fwa—0

DUT

FIGURE 3570-1. Parameter test system.
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METHOD 3575

FORWARD TRANSCONDUCTANCE

1. Purpose. This method establishes a basic test circuit for the purpose of establishing forward transconductance gm for gallium
arsenide field-effect transistors.

2. Procedure. The gate to source voltage (Vgl) is applied as necessary to achieve the specified drain to source current (Ips1). The
gate to source voltage is reduced gradually or increased gradually by 0.050 volts (ng) and the drain to source current is measured (Ips2
). The transconductance (gm) is calculated using the following formula:

Calculation:

Idl B |d2

gm = ‘ 0.050

3. Test circuit. See figure 3575-1.

4. Summary. Unless otherwise specified in the detail specification, the following conditions shall apply:
a. Ip1=0.5Ipss 10 percent Ipss.

b.  Unless otherwise specified, T¢c = (Temperature of case) = +25°C.

_ / v VOLTAGE
DS SOURCE
BIAS § 7-

SOURCE

NOTE: The ammeter shall present essentially a short circuit to the terminals between which the current is being measured or the
voltmeter readings shall be corrected for the drop across the ammeter.

FIGURE 3575-1. Forward transconductance circuit.
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