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This paper describes the dynamic of the current collapse phenomenon that can occur in a multifinger power
HBT. The electrothermal model used is a self consistent model based on an electrical distributed Ebers Moll model
coupled to a thermal subcircuit derived from Ritz vector reduction technique of 3D thermal finite element
simulation. Simulation of static aswell as dynamic collector current collapse for HBT has been performed and
allows to optimize the ballast resistor.

INTRODUCTION

Many efforts have been made to push the limits of
InGaP/GaAsHBT tedchnology towards high power
densitiesin order to faceto HFET or PHEMT power
technology. Nowadays whereas only medium HPA
are availablein catalogue, due essentially to the
limiting facor of the reliability, new advancesin term
of thermal management, reliability [1], eledricd
behavior and topdogy have been pushed ahead
tending to the ultimate predicted 10N/um? as figure of
merit [2]. The thermal management of the devicesis
one of the key points of the success. In genera the
HBT technology use an integrated emitter ball ast
resistanceto prevent athermal runaway. Thus, the risk
of hot spot in the emitter isreduced or can be
mastered. Moreover, in order to improve the thermal
resistance of the devices, many techniques can be
applied such as the use of an hea spreader to conned
fingers[3], flip chip mounting technology [4], or the
use of thick copper or diamond materials on top d the
emitter finger [5]. The model we have developed

all ows getting very predse information about the
thermal behavior of the device and all ows predicting
instability phenomenon such as the lledor current
collapse phenomenon. It is very interesting in order to
optimize the ball ast resistancefor a spedfied
application.

ELECTROTHERMAL MODEL

The dedrothermal model is a self-consistent model
that is presented in figure 1. According to thisfigure,
this model is lit into two parts, an eledricd one and
athermal one. A distributed nonlinea modified Ebers
Moll circuit composesthe dedricd part of the model.
One cdl of this electricd circuit is depicted in figure
2. Each elementary eledricd model corresponding to
afinger is derived from the global model of the
transistor that is extraded from pulse measurements

[6]. Scderulesare gplied to extrad eledricd model
parameters. The dedricd non-linea model acounts
for the temperature dependence of the physicad

parameters sich as sturation currents, current gain...

The thermal behavior of the deviceis represented by a
multi portsinputs and outputs SPICE thermal circuit.
The inputs correspond to the disspated powers and
the outputs to the temperatures for ead elementary
device Temperature ads like an eledricd command
for the device

The originality of the thermal part of the model relies
on the fad that it is computed from a full 3D thermal
physica analysis[7][8][9].

As amatter of fadt, therma measurements of
temperature profile ae very difficult to oltain for
small devices. Moreover when these devices have
many fingers and when their adive aea ae under
thick gold hea spreader it isimpossble to extrad
temperature for ead finger predsely. It iswhy we
have chosen a simulation approach.

The devicetemperature is governed by the hea
equation:
T

div(k (T) CradT) + g = pC,, ~- (1)

where Kk is the thermal conductivity, T the
temperature, p the density, C, the spedfic hea and g
isthe hea generation rate by unit volume.

Assuming K constant and equal to the anductivity
a 300K, the Finite Element formulation of equation
(1) leads to the semidiscrete heat equation:

MT +KT =F 2
where the K and the M matrices are cdled

respedively the stiffness and mass matrix. These
matrices are symmetric and pasitive-definite. T is the



temperature vector at mesh nodes and F the load
vedor that takes into acwunt of the power generation
and the boundary conditions for the device This
system can be solved and the temperature profile of
the device determined by a static enalysis as well as a
dynamic analysis. The mathematicd model
represented by a large system of linea differentia
equations is not suited for circuit simulation because
on one hand of the large number of mesh nodes (more
than 20000 and on the other hand of the difficultiesto
distribute the dectricd part of the model for
connedion with the thermal part.

It iswhy atednique based on the Ritz vedors
approach [10] [11] has been used in order to extrad a
fully functional and acairate model.

The main advantages of such amodel rely on its
predsion that can be nealy the same provided by the
3D FE model, but also the low CPU simulation time
and the very simplified implementation in circuit
simulator because of the SPICE format. The
generation of the SPICE model is fully automatic
when you provide K, M, F, and the list of the fixed
nodes corresponding to the limit conditions applied on
baseplate of the device or example.

A freeversion of this oftware developed under GNU
Public License and a documentation is avail able & the
web addresshttp://www.brive.unilim.fr/~raph.

The model has been successfully experimented with
the Advanced Design System (ADS) simulator and
validated on several HBT structures[9].

RESULTS

The transient analysis of the arrent coll apse
phenomenon has been performed on an eight finger
HBT of 2*40um? the CEPD 824 d the United
Monolithic Semiconductors (UMS) foundry. The 3D
thermal model has been first redized with MODULEF
Finite Element software from INRIA and reduced to a
SPICE subcircuit with fifty time constants and eight
ports which correspond to the maximum temperature
on eat elementary finger of the device We car see a
very good agreement between simulation and its
model reduction in figure 3 for the transient behavior
of the device The dedricd part of the model is
extraded from measurements. We show in figure 4 the
IV output curves for adisspated pover of 600mwW.

In order to simulate the aurrent coll apse phenomenon,
the emitter ball ast of the transistor has been set to 2
Ohms. This small value of ball ast resistor asit can be
seeninfigure5 on IV static curves authorizesthe
current coll apse phenomenon [12] to oceur.

The simulated circuit for the aurrent collapseis
presented in figure 6. The bias Vce point corresponds

to 10V and a aurrent step of 5.5 mA isapplied to the
base of the device

The time domain resporse of global current, finger
current and finger temperature is computed during
10Qus.

Figures 7 to 10show that there ae severa stagesin
the aurrent coll apse phenomenon. This phenomenon
startsin the outer finger and progressto the center
finger. Before 4ps, all fingers have the same behavior.
After 4us, the outer finger temperature & well asits
finger current dearease, which correspond to the
beginning of the current coll apse phenomenon. Then it
isup to the second finger and so on. The whole
current in the deviceis mainly due to the center finger
after 40us. Figure 10 showsin 3D the temperature
increase versus time for ead devicefinger.

This value of 4us emsto correspond to the
necessary duration for the hed to read the hea
spreader. Before this date, the devicefingers are
thermally uncoupled. After this date, they are dl
coupled together. The more fingers are @wupled
together the more the thermal time constants of the
thermal readion will be reduced, the temperature
distribution more uniform and the arrent coll apse
phenomenon pushed badk. One objedive of the
thermal optimization of the devicewould be to reduce
the duration for the hed to read the thermal shunt.

CONCLUSION

A finger distributed eledricd model coupled to a
reduced thermal equivalent model has been used for
acarate prediction of static or dynamic colledor
current collapse instability. The reduction process
based on Ritz vedor approach leads to the generation
of a SPICE format subcircuit file that can be eaily
implemented in many circuit simulators. This model
allows optimizing emitter ballast resistance but also
by its very high predsion exhibits very good
properties to simulate the sow dynamic dfeds of
temperature in power amplifiers for radar applications.

Moreover reduced models will be avery good
way to thermally optimize device structure and circuit.
The reduction method has been illustrated with HBT
devices but model reduction can be dso performed on
any kind of devices.
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Fig. 2: One cell of the electrical model
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Fig. 4 :1V output curves for a dissipated power of 600mwW
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