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Abstract

A new technique for acquiring the temperature profile of microwave power transistors by infrared scanning
has been developed. It provides for emissivity calibration using an infrared microscope interfaced with a
computer.

Introduction

Microwave power transistors are small in size,

and operate with high power densities, in the order

of 10 RW/cm2. Although the knowledge of the operating

temperature of the device is particularly important
as many of its characteristics, such as second–break-
down safe area, reliability, saturation and efficiency
are functions of the highest temperature as well as

the uniformity of the temperature profile, accurate

temperature measurements are uncommon. The reason is
that most of the measurement techniques developed for

semiconductor devices are either complicated, unpre-

cise or not quite applicable to microwave devices.
For instance the covering of the device with tempera-

ture sensitive substances, like a thermographic

phosphorsl or liquid crystals is not acceptable, as

these coatings affect the rf performance of the device.
More sophisticated techniques, based either on the
temperature dependence of the population of electrons-

holes pairs photogenerated by a scanning laser

beam2 or on the recombination radiation of free mino-

3
rity carriers by doping atoms , can provide excellent

spatial resolution but are difficult to implement.

On the other hand, the simplest and most used tech-
nique, based on monitoring a temperature dependent

parameter in the transistor, has been known to pro-
vide results that often correlate poorly with results

5
obtained by different techniques .

The technique that is presently most convenient
and accurate is based on the detection, by means of

an infrared microscope, of the radiation thermally

generated at the surface of the device. The major

problem with such approaches is that different

materials have different emissivity, thus a simple
scan of a surface comprised of different maberials -

such as gold, silicon, oxides or aluminum - does
not yield information readily usable. To work around

this problem, researchers often coat the device sur-
face with a compount opaque to the infrared radia-

tion. This approach, however, can lead to problems,
including distorted electrical performance and the

inability to see the specific area under analysis
through the microscope.

The new technique, presented in this paper, pro–

vides for emissivity calibration and two-dimensional

scanning using an infrared microscope interfaced with,
and under the control of, a computer system. The
measurement of both surface emissivity and radiation

allows to compute the surface temperature. Tempera-

ture profiles of the device are then presented
graphically, either on a hard–copy plotter or a TV-
type display.

Measurement System

A simplified functional diagram of the infrared

microscope (Barnes Engineering model RM-24) is depic-
ted in Fig. 1. A visible and an infrared (IR) chan-

nel allow the simultaneous measurement and viewing
of the device under test. The indium-antimonide
detector is cooled at -194°C by liquid nitrogen. An
output signal, proportional to the amount of infrared
radiation impinging on the detector is derived by low-.
noise amplification of the very low output-signal

from the detector. The optical resolution of the

instrument (diameter of the measuring dot) is O. 4 to

1.4 roils depending on the objective used.

The regular manually-controlled platform of the

microscope was modified by adding a precision motor-
driven mechanism. Figure 2 shows the x-y platform

equipped with two precision stepping motors. The

motors drive the micrometers through steel reinforced

belts. The mechanism is virtually back-lash free,

has a mechanical resolution of 1/16 mil (1 step of a
motor) and a reset error lower than 2 ~m. This

resettability is excellent and is a very important
factor for proper operation of the system. A built

in heater element is used to raise the temperature

of the top surface of the platform up to 200”C,
while an invar structure maintains the surface stat-

ionary during changes in temperature.

Figure 3 is the system diagram of the computer-

controlled infrared microscope. A control unit con-

tains the electronic circuitry required to drive the
stepping motors; each monitor features 200 steps per
revolution. The step by step rotation is obtained by
sequent ially switchj.ng the currents in the four wind–

ings of the motor. The control circuits are such to

provide a one–step rotation in either direction for

any one pulse applied at an input port. These pulses

are supplied by two computer controlled burst-pulse
generators located in the multiprogrammer (HP6940).
The control unit contains also a temperature control-
ler that powers a heater imbedded in the substage

platform, the temperature being monitored by means
of a thermocouple. A D/A converter, also located in
the multiprogrammer, programs the controller to set
the wanted temperature on the platform. A scanning
DVM measures the infrared radiation signal as well as
the temperature of the platform.

The computer system, an HP-21OO minicomputer

operating as part of a Real Time Executive (RTE)
system, controls the operation of the overall system.
This multitasking computer system is shared with
other automatic measurement set-ups and other compu-
tational programs. A hard–copy plotter and a TV
monitor are used for displaying the thermal profiles
of the device under test.
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For the measurement of temperature profiles, the

device biased for normal operating conditions, is
mounted on the x-y motorized platform and is scanned

along the wanted pattern. Infrared radiation is

measured at discrete points of the surface. The high

mechanical resolution of the system allows to analyze

up to 16 points per each mil of distance. The emis-

sivity is then measured by rescanning the device turned
off and heated uniformly at a specified elevated tem-

perature. Although in principle th& would yield
sufficient information for determining the emissivity
of each point on the surface, for improved accuracy

the procedure is repeated two more times at different
temperatures. Having stored all the measured data
in a disc file, a curve is fitted through the calibra-
tion data for each measured point on the surface.

The temperature of that point is then computed from
the measured radiation. Finally temperature profiles

of the device are automatically plotted or displayed
on the TV monitor.

An algorithm based on the fitting of a 2nd order

polynomial through the calibration point is used in

this system when interpolation is required. This
results in computational simplicity and speed. When
extrapolation is required, a second algorithm is used,
based on a more accurate formulation of the radiation

output voltage as function of temperature. The compu-
tation is more lengthy but allows the calibration to

be performed at temperatures lower than the operating
temperature of the device, which is convenient when
the device, and sometimes the surrounding structure,
cannot be heated at high temperatures. The expression,
relating radiation to temperature, was derived by
integrating over a range of wavelengths the spectral

emission of a body at temperature T(Plank’s law)

H.

a=

cl’

power per unit area

wavelength (~m)

C2 = constants

(1)

times the responsivity of the detector, approximated
by an experimental function of 1:

0. 368A
R= e

(2)

The result is the following equation:

D
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E(T)=AE B+; e
T -F

where: E(T) = “radiation output voltage
T = temperature (“K)

c = emissivity

A = constant related to the gain of the
amplifier

B = 0.3, C = 533, D = 3.55 103

and F is equal to the first term of equation 3 com-

puted for E=l and T=Ta=ambient temperature:

Test Results

The temperature profile of a 3

bipolar transistor, that is capable
7.5W CW at GHz, is shown in Fig. 5.
pose of the test was to analyze the

bond between the pellet (collector)

cell high power

of providing
Since the pur–

quality of the
and the carrier,

(3)

(4)

a I.ow voltage (5v) high current (1.5A) DC SUPPIY was

used to bias the device. The profiles show excellent

temperature uniformity between the cells, with the
center cell only slightly hotter than the two side-

ones, as expected. The temperature profile of a

similar device, having a defective joint between the

pellet and the carrier, is shown in Fig. 6. Not

only is one of the side cells much hotter than the

other two, but also its operating temperature is 80”c
higher than that of the first transistor, although
dissipating the same amount of power. The problem
was later traced to a defective metallization on the

carrier.

Useful information has also been obtained from
thermal scans of high power GSAS FETs. One such

device, capable of providing lW of output power at
X-band, is shown in Fig. 7. The GaAs pellet is
flip- chip mounted with its eleven sources bonded to a

Cu heatsink. This construction provides both excel-

lent heatsinking for the pellet and the necessary
low-inductance connection of the sources to the
ground. By taking advantage of the low attenua-
tion of infrared radiation (z\=5flm) through GsAs,

it is possible to measure the temperature of the sur-
face close to the active area of the device. Good
bonding of the surface pads to the carrier results

in a low and uniform temperature profile, as shown
in Fig. 7. The temperature dips over each source

pad, as these pads are also heatsinks.

The temperature profile of a device with a defec-
tive source bonding is shown in Fig. 8. Although all
the sources are electrically connected, the thermal
contact is not uniform, which results in a degradation

of the RF performance and in low reliability.

Conclusions

By providing the means for automatic data acqui–
sition and control for an otherwise manual infrared
microscope, the task of recording accurate thermal
maps of microwave transistors has been simplified

dramatically. The primary advantage of this approach,
over noncomputerized methods, is the ability of the

computer to compensate for variations in surface
emissivity by systematically recording radiation from

the unknown structure at several preset calibration

temperatures. Radiation from a “live” device can then
be converted to actual temperature and plotted auto-
matically. A conservative estimate of the accuracy

of this method is +l”c. This technique is remarkably
effective in the s~udy and diagnosis of microwave
power transistors, because high or non-uniform tem–
peratures often can be correlated with poor transis–

tor performance.
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Figure 3. System diagram of computer-

controlled infrared microscope
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Figure I. Functional diagram of infrared

microscope (Barnes Engineering Mod. RM2a)

Figure 2. Platform with stepping motors

Figure 4. Computer-controlled infrared

microscope
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Figure 5. Temperature profile of a bipolar

transistor having a good heatsink
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Figure 6. Temperature profile of a bipolar

transistor having a defective heatsink
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Figure 7. Temperature profile of an FET

having a good heatsink
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Figure 8. Temperature profile of an FET

having a defective heatsink
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