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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR THE MEASUREMENT
OF THERMAL RESISTANCE OF GaAs FETs

FOREWORD (\

A PAS i§ a technical specification not fulfilling the requirements for a stapdard,

public a

IEC-PAS
devices.

The text of this PAS is based on the
following document:

A\
Draft PAS /\\

\ 47/1}198/RVD

ble to the

Followin ubcommittee concerned will invegtigate the

possibilit d.

An IEC-PAS licence of copyrig \ t of copywight has been signed by the IEC and JEQEC and is

recorded at the Central Qffice.

1) The | mprising all
nation hational co-
opera in addition
to oth ommittees;
any IH ternational,
gover n. The IEC
collab| conditions
deterrn

2) The f hternational
conse) \ | interested
Natioal Committéess

3) The documents\produced have the form of recommendations for international use and are published in [the form of
standards, technical specifications, technical reports or guides and they are accepted by the National Committees in
that sense,

4) In orderto promote international unification, IEC National Committees undertake to apply IEC International Standards

transparently to the maximum extent possible in their national and regional standards. Any divergence between the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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GUIDELINES FOR MEASUREMENT OF

THERMAL RESISTANCE OF GaAs FETs

(From JEDEC Council Ballot JCB-86-27A, formulated under the
cognizance of JC-50 Committee on Gallium Arsenide Compound
Semiconductors.)

1.

N

GENERAL

1.1 Background

gliabil
tremely

For power GaAs FET applications reg
acdurate measurement of thermal

imgortant to provide the user wifth L the FET's

opgrating temperature so that mx ife estima
carl be made. FET failyfe _mechani ailure rates
in|general, an exponeniN
is|why temperature-accelze gifs successful).
Bec¢ause of the exponentfdal tionship of failure rate
temperature, the therma istamde should be reference
the hottest pap Cointributions to the ther
registance i gveral sources includin
Figure 1 for guidelines primarily ad
chgnnel-t thermal resistance, Rgoym fo
ME{ :

(1 onddctance of the GaAs

(2 mal. Ponductance of the heat sink

(3 w1 conductance of the die attach

(4 kage (including flange and heat sink bond,

any) thermal conductance

(5 the topology of the heat generation, i.e., where
heat is generated within the FET channel.

itly an

halve,

dependenice on) temperature (whijeh

with
d|to

g |(see
drless
r |GaAs

if

the

Consequently, the thermal resistance is dependent on:

(1) the FET channel temperature

(2) the FET flange temperature (and where it is measured)

(3) the de bias

(4) the RF operating point.
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1.1 Background (continued)

Generally the largest contribution to the thermal resistance
comes from the GaAs. Therefore, the magnitude of the channel
temperature is of prime importance in the measurement of the
thermal resistance, the other effects being seco?da{z:

1.2 Applications

Thermal resistance measurements are made for
purposes. These include:

N

(1) die-attach screening
(2) whole-FET screening (includip

(3) steady-state thermal resig

Die-attach screening is re

repeatable. It is unaffe od used to clamp the

FET's flange and O ed by the electrical
techpique although it i imit o that method. The
other two purposgs \g equivalent. Since for

those¢ measurements % is self-heated until the channg)
temperature is dl1ly require heating times |>1
second and dems ar attention to mounting of the FET|in
order to a in mexslired thermal resistance due tg
improper flafge~te-test\fixture mounting. This thermal

resistance } 3 to estimate channel temperaturesg.

1.3 1

SeverA 3 ent techniques for thermal resistance are in
¢ ommg They are
(1) 2 al, or forward Vgg, technique

(2) IR (Infrared) technique

(3) Liquid cerystal techniques

Only the first two are suitable for 100% screening and only
the electrical technique is suitable for hermetically sealed
packages. All techniques have the following steps in common:
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1.3 Measurement Techniques (continued)
(1) A known power is input for a known period of time (or

until a steady-state condition is reached)
(2) A change in channel temperature is measured
(3 The thermal resistance calculation 13 mﬁa
Differences in results among the techniqu ise beeausle of
differences in:

TH

me¢asure the temperature

o[
16
og
1

sealed FETs

N
Bi

) Heating time

) Temperature measurement agcura
) Temperature distributi AT ¢ e )FET.

e ideal thermal resi

d not affect
and should be

eration with the FET/ flange
mperature. ‘ t
eration nor<a in any

0% of the 1d b

negative during the heating pulse.

ould accurately
spot in the FET in RF
held at a constant

useable on hermetically
ddy-state thermal resistande.

the devilce's
useable (on

the change in forward-biased gate vol fage

e current) with a change in temperature is
Then the change in forward-biased gate
in response to a heating pulse is measurgd

The heafing
Vps, dyring

e heatiing period. The gate may be biased either positive
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1.3.1 Electrical Technique (continued)

If it is positive then the drain current will be greater than
Ingg. If the FET has a simple gate with a uniform
temperature distribution and uniform electrical
characteristies along its length this technique uld give
accurate results. However, power FETs have maufgtifgs in
parafllel and the channel temperatures and ele tri

charpecteristies are typically nonuniform. this
techpique provides an "average" channel tempers i [ S
an ayerage over the individual gate respaohse b f
the [technique is that it can be applied S, metig

packpges. This technique does not dir
thermal resistance.

1.3.2 IR Technique

In this technique the ci
tempprature, a known bias
resuflting temperature at
determined by measuring
Conspquently, thigs

sMeld at a known
he FET and the
in<{thte FET can be
jon from the site,.
seNused to determine the
fottest spot on the FET.
on the order of the
one micrometer for X-band
the IR microscopes is only 15
expected to improve. Therefore,
b is an average temperature over |a
ifal area that includes the channel.
technique can also be used to

technique are that the FET chip must |be
Reasurement and regions of varying emissivity
mounted FETs) can cause additional

is(_ technique a liquid crystal is chosen which has a
sition in the desired temperature range. The FET is then
coated with the material and, with the circuit heat sink
temperature held constant, bias power is increased until a
change in polarization (seen as a dark spot) is observed on
some area of the FET,.
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1.3.3 Liquid Crystal Technique (continued)

Since the temperature at which this change ocecurs is
accurately known a thermal resistance can be calculated. By
observing the FET under a mircoscope (using visible light)
one-micrometer size features can be resolved. This technique
can be used to determine hot spots and can be accurate.
It is not normally used on deliverable FETs sigigxt@e FET is
coptaminated with the ITiquid crystal. Also, the~FEL.nust be
vigible to make the measurement so hermetix arts be
expmined. Other disadvantages are:

3 is

Only a limited temperature range
available.

of

erefore careful
Table 1 provides 4

1s a necessary, but not
die bonds (or source bonds fqr
eeon based on limiting the temperatfure
ottest and coldest channels on tHe

o ensure a good bond.

proposed for thermal resistance measuremdnt.



https://iecnorm.com/api/?name=c18d165ffdeff40cffb73baf27c2ca25

Copyright © 1988, JEDEC; 2000, IEC

JEDEC Publication No. 110

Page 6

2. GUIDELINES

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

The thermal resistance measurement technique should be
applicable to deliverable parts.

Steady-state, as opposed to transient, Rgcym_should be
measured and provided for FETs intended fgr e in cw

anaragatian
op-ea+1oh=

which the transistor flange is attat
constant during the Rpoy measureme

The Rgoy should be measured at a~ch perature
appropriate to the manufact 5. S\ 1 applicat|ion
temperature. The manufactufern ! 2llso provide data
indicating the expected o ariation of the

thermal resistance
of FET.

temperature range

If a technique is

asures Rpocom prior to the
completion of proe g

provide or possess calibratifon
chosen Rgocme technique) allowing
techniques.

including screw size (if any)
amping pressure used to attach the
ge to the circuit heat sink during thle

, should be specified.

ions (flange and channel temperatures and

The temperature difference between the hottest and
coldest channel should be measured at the channel

tomnanat

pa 1o ad in +1 R ra QR +
rompreTarrat o L* v wne ) TIT CiTC 1\.(_)(./1\11 Mmoedoul THITIT L .
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3. RECOMMENDATIONS

(1)

(2)
(3)

Use IR technique to determine AT across the FET (before
capping).

Use electrical or IR technique to measure Rgom-

Use the liquid crystal technique to ca¥f€?&{e the IR

(1)

3 3 e : 1 4 h 3
difu ©c1edirrrIoal e Tquess

Use pulsed electrical technique fo
sereening.

A1

The Rgeoy should be measured
parts intended for applicatio
reliability.

GaAs
& DIE ATTACH

ET HEAT SINK

HEAT SINK BOND
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MOUNTING SURFACE

FIGURE 1

Typical Construction of Upright FET Mounted
On a Test Or Application Circuit
(D = drain, G = gate, S = source)
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4. DESIRED GOALS FOR FUTURE GUIDELINES

(1)

(2)

(3)

The Rgopm Obtained from the hottest spot on each FET
should be measured and recorded.

Since the various measurement techniques f thermal
resistance use approximations to the true{%ﬁ?\gpot

Temperature, the manufacturer snould reyate the<resdy
of his Rgroy measurement to the true hg
temperature.

The variation of Rpyy with the R ' inyg amete
should be determined.

>

l1ts

r S
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