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Principle of thermal resistance test
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The thermal resistance of a semiconductor
is determined from temperature difference
of power loss.

From structure and form of a device, it is
impossible to measure the temperatures of
collector which is power loss of a
semiconductor device, and IC chips directly.
Then,
temperature and a method obtaining the

PN junction proportional to

temperature rise using IcBo etc. that is
sensitive to temperature rise are used.
Generally, method of obtaining temperature
using forward voltage [VF] with PN junction
is used. Data obtained by measurement of
VEBE (of temperature of PN junction (base-
emitter) of NPN transistor) using
thermostatic bath is shown as fig-2. VFBE is
almost linear to temperature. At this time, it
is necessary to carry out the measurement
with small measurement condition that can
neglect self-generated heat occurred by
internal power loss of a device.
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From fig-1, temperature of the chip can be
determined by obtaining VF value.

If the measurement circuit (already
mentioned at the left column) is taken out
from thermostatic bath and grasped by a
hand, VF value of 638mV that is the
temperature of a hand is measured. From
fig-2, 638mV is 36°C, and a palm = body heat.
In other words, when data obtained by
measurement using thermostatic bath, it is
possible to determine the temperature by
measuring VF value of a diode. (fig-3)
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Thermal resistance :

The shift of the heat of 1W.

Temperature difference (C/W) caused

by the shift of the heat (1Joule/s).
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Thermal resistance test can be performed
by likening change of this VF value to
temperature. A semiconductor diffuses heat
which occurred in a chip near the heat
source, spreads out to whole area and
reduces density of heat generation preparing
a flange for the purpose of reducing internal
density of heat generation as much as
possible. Then, it makes the heat flow
easier. However, discontinuity of the
temperature occurs at the part where the
heat flows through contact surface (chip and
flange etc.). Therefore, in a chip and a

flange etc., thermal resistance is generated.
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Principle of 6t measurement using the
forward voltage of a diode
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Determine the T-VF method of a diode.
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Feed IM (measurement current) through the
diode and measure VF1 (the initial value of
VF).
Example) VF1=680mV

QIFETZHIIMU & 4 A — Fili¥iOEE % &t
A 2236 —EE ) H R REEN S
%, fil) W=20WX0.1sec

Force constant power for constant time,

forcing IF (forward current) and reading the

voltage across the diode. Example)

W=20WX0.1sec
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i) Vr2=480mV

Feed IM current through the diode, measure

Vr immediately after (within 100 x s) heating

of the diode, then measure Vr2.

Example) Vr2=480mV
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By the above-mentioned test, thermal
resistance Rth by forcing (P=20W, 0.1sec) is
shown as the following formula.

Rth= % £
_ VF1-VF2 _680-480 _ 200
T K-P T Kx20 T 20-K
_ 10mV{W —5C/MW
2mV/C
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Then, what will happen if the PT (power
time) becomes longer (P=20W, 0.2sec)?
Smaller VF2 value and an increase of the
temperature difference are considered. For
the PT (power time), the way Rth changes
depends on internal structures of the diode.
It is because of that the temperature of a
chip changes by the thermal resistance in
the time when a heat generation diffuses.
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Since the heat conduction diffuses equally

X

through metal, it spreads like a logarithm in
proportion to the time.
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Moreover, the temperature becomes
stable at the point that heat value and heat
discharge value coincided.
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Ra : Thermal resistance inside the chip
RB : Junction thermal resistance with the

chip and the metal A
Rc : The thermal resistance of the metal A
RD : Junction thermal resistance with the
metal A and the metal B
RE : The thermal resistance of the metal B
Rr : Thermal resistance with the metal B
and the outside air
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Therefore, the change of the thermal
resistance by PT (Power Time) of constant
power will draw a curve like fig-10 which
goes along with the thermal resistance.
However, a semiconductor does not draw an
ideal curve (but very close), because
semiconductors have wide variety of forms
and heat discharging time (from the chip to
outside air) varies depending on a part.
Moreover, when a heatsink etc. is mounted
to a area where thermal resistance (of the
metal B of RF and outside air) occurs, RF
declines and draws a curve as shown as fig-
11.

Rth

PT (sec)

Rth (j-
BEHIEH —‘ gﬁug@%}gﬁ

Rth (-c) , 7
7
ot e
Rth 4
R HEEE Y
RE
Re RO ™ Rth G-0)

rRa RB
1

T
F v THhSEMR & TORMIBEIFE
fig-11

fig-11& 0 F v 7' & JER £ TOEFLT)
DI EMZ Z LMW TE S,

Time of heat shifting from the chip to the
heatsink is shown as fig-11.
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Safe operating area test using a thermal
resistance test
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Latching method - pluse forcing method -
thermal resistance method etc. are methods
of determining the safe operating area of a
transistor. Depending on a method,
transistors are sometimes destroyed. For
that point, the thermal resistance method
takes a safe style: observing a change in an
occurrence of second breakdown as a
temperature rise (Thermal Runaway) of a
junction.

The safe operating area of a semiconductor
is divided into the following 4 areas.
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In using a semiconductor, you can find a
maximum current and VCE isolation voltage
in each catalogue. The specifications must
be adhered to in use of semiconductors.
But, as for the safe operating areas 1, I
and [ll, they differ according to PT (power
time) and derating. Therefore, for using
semiconductors, safe operating areas are
important.
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Current limit (an area restricted by the

maximum rated current)
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Restricted area (by a second breakdown of
S/b Limit)
If a temperature rise occurred on a part of a
transistor somehow, a current to flow will
increase. Further, power losses will also
increase and temperature rises increasingly.
Such a phenomenon is repeated partially,
and it becomes an intrinsic semiconductor.
It makes a part that current control is
impossible (HOT SPOT), eventually
destruction.
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In order to determine the safe operating
area, by plotting the points (to make the
value 350mV) of voltage and current of each
power time, safe area in Tj = 175°C can be
obtained.
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Safe operating area (SOA) test method
of thermal resistance test
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As mentioned already, to determine the
temperature of inside of a semiconductor,
temperature rise can be obtained from AVF
(a decrease in a temperature of internal PN
Therefore, the
temperature rise can be determined if

junction voltage).
voltage change of PN junction of
semiconductors (not only diodes) is
obtained.

b T v P 24 TIEB-EB XIEB-CHICPN
HAE»H 5, X, FETIZS-DENZFHED
AAF—=FRHD, ThEfFoTHBY v
Yo Y a v OREENE L., RATERHE
EWNET S, (PNYvy v Y 3 v EFEHT
B hHERRORE L HETIED 32, i
DM EZEALE 5. B A IXFET TOVesi sy
i3V — 7 BWSPHFE T E 2S5 Z &
3T 5,)

A transistor has a PN junction at B-E or B-
C. Moreover, a FET has a parasitic diode at
S-D. Using this parasitic diode, the safe
operating area can be tested by measuring
(Using PN
junction is most stable. However, it is

internal junction temperature.

possible to determine the temperature by
other temperature changes, for example, by
VGs, leakage current or HFE of a FET.)
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Since the SOA test of a transistor is
carried out with PN junction, normally, the
temperature of a transistor must be detected
with changes in a VBE voltage (B-E).
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Force VcB voltage to the transistor. Feed Im

(measurement current) and measure VBE1

(VBE voltage in ordinary temperature before

forcing the power). (Measure with small

power so that heating does not occur.)
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Next, force IE (emitter current) for constant

time (T). At this time, the transistor is

heated with the power of VcE XIE(W).
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Turn back the state into IM current bias
(same as (D's) with high speed. Measure

VBE2 immediately after power forcing.
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Calculate AVBE=VBE1-VBE2 from VBE1 in

ordinary temperature and VBE2 (immediately

after forcing the power Pw=IEX VCE).

Temperature change will occur (approximately

2mV/°C) at B-E because of PN junction.

Therefore, from & VBE+ 2mV/TC ,

temperature rise of the transistor is

determined by constant power forcing.
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By forcing 100W (1 sec), this transistor is
supposed to rise (100°C) its temperature of
AVBE=200mV, i.e. B-E junction.
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If the power is raised to 50V X4A=200W
(1sec) and AVBE=350mV, Tj the junction
temperature is supposed to become 175°C.
Conversely, with a transistor of Tj
max=175C, 200W is supposed to become a
limit at 1sec.
In order to determine SOA curve, change
and plot the voltage and the current of the Tj
Max Point in a constant period of time.
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Compared to actual breaking point of
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transistors, safe operation area (SOA) test
with AVBE method takes low area. For
people using semiconductors, it draws
reliable curve in designing.
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What does a thermal resistance tester
tell us?
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By obtaining Rth curve, the thermal
resistance balance inside a semiconductor

can be determined.

2) Ojc/0ja®MBZENTE S,
0 jc/ 0 j-a can be determined.
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Time of heat shifting from a chip (heating

element) to a case can be determined.
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A safe operating area of a device can be
determined.
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By determining the above-mentioned
item, improvement of the inside of
semiconductors and mounting of
semiconductors can be performed. Safety
measures against thermal specification (Tj)
can be taken also.

In thermal resistance test, it is requested
to turn off the power with high speed (within
0.5 #'s), and to measure VF with IM current
stabilized by 1mV resolution capability
(sometimes 0.1mV resolution capability)
within 50 ¢ s immediately after power
forcing. And, measurement circuits have
strong constraints. Therefore, it is difficult
to carry out a measurement with commercial
power supplies.

We, CATS Inc., have been supplied to
semiconductor plants and research
organizations, developing thermal resistance
tester corresponding to various devices
(from GaAs-FETs to high power IGBTS).



