Temperature distribution over a GaAs heterojunction bipolar transistor
measured by fluorescent microthermal imaging
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Fluorescent microthermal imagiigMI) is used to measure the temperature at the surface &f2a 2

um? heterojunction bipolar transistor. The presence of an artifact at the emitter post indicates that
accurate temperature measurements are limited to flat surfaces. The FMI measurements obtained for
various power dissipations are compared with electrical measurements of the junction temperature.
The good agreement between the two techniques suggests that the temperature drop along the
emitter post of the device is within a few degrees. 2000 American Vacuum Society.
[S0734-210(00)06702-9

[. INTRODUCTION techniques confirms the validity and usefulness of the FMI
technique. In this article we report on the FMI technique and
As GaAs heterojunction bipolar transist@fBT) inte-  results, discuss the relationship between surface temperature
grated circuit technologies mature into production, detailecand junction temperature, and present a comparison between
characterization of the fundamental transistor lifetime and=EM| and electrical results.
reliability is required. Conventional biased three-temperature
lifetime studie$? have found activation energies for ther- ||. EXPERIMENT
mally activated catastrophic failure of InGaP/GaAs HBTSs to . . .
. - A. Fluorescent microthermal imaging
be in the 1.5 eV range. This is a strong temperature depen-
dence, with lifetimes halving with an increase of operating?- Theory
junction temperature of only 10 °C at an ambient of 125°C. Successful fluorescent microthermal imaging was first
For accurate calculation from life-study results of projecteddemonstrated by Tyson and KolodrierFMI relies on the
field lifetime, stress ovefambienj temperatures require ad- temperature dependent fluorescent yield of a europium che-
justment for device self heating due to the applied bias to atate: EuTTA (europium thenoyltrifluoroacetonate The
accuracy of a few degrees celsius. EUTTA fluoresces at 612 nm when excited by UV light near
Conventionally, device operating temperature rises ar@60 nm. The intensity of the fluorescence diminishes rapidly
calculated from relatively simple thermal models and/or bawith increasing temperature. This technique was described in
sic electrical techniquesThese have been accepted as suf-details by Bartoret al®’
ficiently accurate for the purpose. However, recent work in- In a typical FMI experiment two fluorescence images are
vestigating the effect of elevated bias currents on devicgaptured successively: one when the device igroffm tem-
reliability have focused on the accuracy of self-heating cor{eratur¢ and the other when the device is turned on. The
rections due in part to the known high thermal activationratio of the fluorescence of these two images depends on the
energy for catastrophic current gdiBeta failure and in part  temperature variation only since geometrical factors, detector
to the higher junction temperature rises associated wittgfficiency, and incident UV flux cancel. It has been shown
higher bias currents during stress. that the log of the ratio of the hot/cold images is directly
This requirement for refined junction temperature knowl-proportional to the temperature rise for temperatures up to
edge has lead to two separate investigations in an effort tabout 60 °C>”
“calibrate” a complete thermal and emitter current flux re- The calibration of the EuTTA film was performed by
liability model for the Nortel Networks GaAs HBT process. measuring the variation in the fluorescence of a coated Si
First, a refined electrical technique for measuring junctionvafer sample placed on a calibrated hot plate. The tempera-
operating temperature has been developed. Second, physiédfe of the plate was varied across a range over which the
measurements of highly localize@ver the test transistpr response is linear.
integrated circuit surface temperatures have been undertaken
by several means. Fluorescent microthermal imagfgl) - Apparatus
offers the required spatial and temperature resolution to FMI was implemented on a Zeiss laser scanning micro-
make the measurement, and yields results in agreement witope(LSM). The setup is illustrated in Fig. 1. A mercury
more established surface temperature techniques. Furthearc lamp provides UV illumination. A liquid-cooled CCD is
more, comparison with the advanced junction temperaturesed to detect the fluorescence. A narrow band filter centered
at 612 nm is placed before the camera allowing only the
dElectronic mail: nboyer@nortelnetworks.com EUTTA fluorescence to be captured.
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Fic. 1. Optical geometry.

3. Film deposition

The EUTTA pOWd,er Was_ mixed with PMMA in chlo- Fic. 3. Top view of the HBT structure. The arrow labeled HBT shows the
robenzene in proportionsweight of 1.2:1.8:97. Boyérhas  |ocation of the emitter post under which the active region is located. The
shown that, for this concentration, aum thick film is best  junction is buried 2um deep under the gold post. Protective diodes and
suited for absolute temperature measurements since it miniesistors are located in the HBT vicinity.
mizes artefacts from bleaching without increasing heat diffu-

3'02 res'?onsﬂille for Iosstl)? gpeglaﬂ resotltgtlon. d ¢ th Measurements are affected by the accuracy of our calibra-
uhriorm Tim was oblained by puting a drop ot e ., possible heating from the UV and the accuracy of the

EUTTA soltuilgg oo(;] ftheld|he. The drop was dried and cured Mmeasured ambient temperature. These are discussed in more
anoven a orLn. details elsewher®.

B. Heterojunction bipolar transistor It is shown on Fig. 4 that the hottest region is found on the
A schematic of the cross section of a HBT device isemlttgr_ metallization adjacer)t to the Au post location. It is
- o T . surprising to see that the region above the post, shown by the
shown in Fig. 2. The active junction is buried under g . ; S .
arrow, is not the hottest point. The liquid crystal technique

hick gol t. Thetwo i tion level I . . X
E)fl(g:;ol%o d pos € two Interconnection levels are also madeemployed on the same device, suggests that this is an artifact

. . . . _and that the peak temperature is indeed above the post. It is
In this experiment the transistors were powered up in

common emitter confiquration. Thé.. was fixed at 1.5 V %empting to associate the artifact with a local variation of the
. . g ' ce ' EuTTA film's thickness. This must be ruled out however
while | . was varied.

because such geometrical factors cancel out in the ratio of

[ll. RESULTS AND DISCUSSION

The top view of the structure that was analyzed is shown
in Fig. 3. An example of a thermal mapping image obtained
by FMI is presented in Fig. 4.

The absolute temperature was determined by adding the
temperature rise measured by FMI to the ambient tempera-
ture (24 °C). The uncertainty in our measurement is of the
order of =2 °C at 50 °C and it decreases with temperafure.

/ Emitter (n-InGaP)
— Base (p-GaAs)

Collector (n-GaAs) —lum Fic. 4. Temperature mapping over the surface of the HBT. This mapping
was obtained over @22 un? structure powered up to 19.5 mW. The arrow
Fic. 2. Cross-section view of an heterojunction bipolar transistor. The junc-indicates the location of the emitter post. The temperature rise by the emitter
tion has an area of aboutx2 um?. post is 35 °C.
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100 "L face of the device. The difference in temperature between the
90 junction and the top of the Au post is expected to be small
80 - because of the high thermal conductivity of Au. The evalu-
~ 70 -t ation of the temperature gradient along the emitter connec-
'9: 60 - " tion (line S on Fig. 4 supports this hypothesis. A 1.7 9@h
o drop was measured from the digitized image in Fig. 4 at the
% %0 I emitter connection. This is expected to be higher than the
2 40 11 gradient along the post because of the difference in the ther-
0 T Y mal characteristics of the isolation layer surrounding the gold
20 ® Bectrical method | | post and the emitter connection.
10
0 T T T " IV. SUMMARY
1o 2 % 40 FMI was used to obtain absolute temperature maps over
Power dissipation (mW) the surface of a commerciabk2 um? GaAs HBT structure.

The spatial resolution of the FMI measurements was of the

Fic. 5. Absolute temperature at the surface of the HBT structure for variou%rder of 1um and the temperature could be measured with

power dissipations as measured by FMI and by the electrical method. The
data from the electrical method are a measure of the temperature at 12N

junction and become less accurate below 25 mW.

accuracy of about 20 °C. It was found that artifacts results
from irregularities in the surface topography. Specifically,

we found that the Au posts which forms tiny bumps on the
] . surface can give rise to stray reflections of the fluorescence

the hot to the cold image. Instead, the “cold” post artifact ¢reating artifacts in the temperature map. Irregular topogra-
can be explained by reflections of the fluorescence on thgphies especially those which involve reflecting metal layers

edges of the dome shaped Au pGte Fig. 2 Fluorescence may not be appropriate for accurate absolute temperature
from the EUTTA film near but not directly above the post canyeasyrements by FMI.

be deflected off the edges of the Au post towards the CCD The EM| measurements at the surface of the device

camera. This additional contribution to the fluorescence i%greed to within a few degrees with the data from an elec-
not quenched when the device heats up and the post appegfigal method which measure the temperature at the buried
colder than it really igsee Ref. 8 for more detajls active junction. Comparison of the two techniques confirms

Because of the presence of the artifact, the absolute temp 4t the temperature drop along the gold post is small. Work

perature next to the post location, on the emitter connectiofy in progress to improve and extend the data of the electrical
(second metallization levglwas used to evaluate the device yethod to lower power dissipation range.

temperature at various power dissipations. The results are
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