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Abstract 
 This paper presents a new methodology to 
characterize and simulate the electro-thermal aspects of 
packaged power drivers using lateral bipolars. Maximum 
elevation of junction temperature due to the electrical 
power stress is sensed in the field of the drivers. Those 
measurements are further complemented by the transient 
interferometric mapping (TIM) inspection. For the first 
time a data driven segmented electro-thermal model is 
proposed to describe accurately the non-uniform current 
density and the thermal profile behavior of a large power 
driver.  

1. Introduction  
The continuous improvement and the higher 

complexity  of the smart-power IC technology result in 
steady increase of the power density and consequently the 
temperature gradient over the chip is higher. Many 
reliability failure mechanisms strongly accelerate at high 
temperature [1] and the need for an accurate electro-
thermal simulation becomes critical. This electro-thermal 
simulation flow needs some special consideration for 
large power drivers, where the non uniformity of current 
distribution can lead to a non-homogeneous power 
resulting in local heat dissipation. 

Computing the temperature distribution in space and 
time has been reported [2] but limited efforts have been 
perfomed on segmenting the large power driver into sub-
elements that are electro-thermal aware.  

This paper focuses on the electro-thermal 
measurements of the power BJTs drivers. The TIM 
measurement technique, which is a powerfull tool to 
detect eventual hotspots is used to investigate deeply the 
local heat spread in the driver. The analysis of the 
collected data was used to extract a segmented model 
consisting  of a gallery of unit-cells that desctribe the 
location and the position of the heat sources. The 
resulting electro-thermal model was validated using 
transient electro-thermal simulation and the simulation 
results are compared to the measurements data. 

2. Experimental  
The devices under study are lateral  PNP processed in 

an advanced bipolar technology. They are used as main 
power devices in a low dropout voltage regulator 
designed for use in harsh automotive environment. Fig. 1 

shows the cross section and the layout of a unit cell. A 
typical power driver, consists of an array of emitter unit 
cells that are separated by base trenches, see Fig. 2. In this 
figure all the collectors are connected through a metal 
plate to the left side while the emitters are connected  
through a metal plate to the right side. Temperature 
sensors ( Ts1 and Ts2 )  are implemented in the field of 
the driver in order to get an accurate sensing of the 
temperature at two different locations. Similarly, voltage 
sensors ( Vsx ) are also designed to measure the voltage 
drop over the metal lines.  

The area of the measured drivers ranges from a 
fraction of mm^2 up to a few mm^2. They were 
assembled in power packages and mounted on PCB.  

 
 

 
Fig. 1 : Cylindrical symmetrical structure layout of a 

unit cell of a lateral PNP BJT and the corresponding cross 
section. 

 
Fig. 2 : A layout view of the large driver. Ts1 and Ts2 

(circle) indicate the location of the temperature sensors,  
Vs 1 to 5  (cross)  indicate the positions of the voltage 
sensors. 

collector 

base 

Nepi base emitter 

Nepi-BLN 

collector 

base 

Ts1 Ts2 

Vs1 

Vs2 

Vs3 Vs4 Vs5 



 

 

3. Measurement Results  

3.1 Electro-Thermal Characterization 
The schematic diagram of the electro-thermal 

measurements setup is shown in Fig. 3a. The emitter is 
grounded, and the driver is powered by a curent pulse 
generator at the base, while the collector and the substrate 
are maintained at a constant negative bias. The sensed 
temperature at the position Ts2, of the device in its 
package on its PCB, as a response of a pulsed electrical 
power of 2.8W is plotted in Fig. 3b. During these 
measurements the currents on all terminals are controlled 
and checked to ensure retrieving the accurate Gummel-
Poon characteristics of the PNPs.  

 
 
Fig. 3a. : Schematic diagram of the electro-thermal 

measurements. 
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Fig. 3b. : The elevation of the junction temperature 

relevant to the ambient measured at Ts2.  
 
While this experiment offers a high accuracy of 

sensing the temperature, it lacks to detect all the local 
hotspots, simply due to the fact that the  maximum local 
heat can take place far from the positon of the thermal 
sensors. In order to gather accurate local temperatures 
over the full driver area, a TIM surface scan was used.  

3.2 Optical inspection using the TIM 
In order to obtain a more detailed picture of the heat 

distribution in the driver, further investigations of the 
drivers under the TIM inspection have been performed. 
The non-destructive optical TIM method is based on 
monitoring refractive index changes due to temperature 
and/or free carrier concentration changes caused by 
electrical stress [3]. The sample is illuminated from the 
chip backside by an infrared (IR) laser probe beam. The 
laser beam passes through the substrate and the device 

 
active area, reflects from the top device side on contact 
metallization or Si/SiO2 interface, and passes the same 
way back through the substrate. The resulting temperature 
- induced phase shift of the probe beam ( in the present 
case the dominant contribution to phase shift comes from 
heat and has a positive value ) is detected 
interferometrically using a Michelson interferometer.  

The backside infrared image of the driver, taken with 
a spatial resolution of 10um/pixel, is showed in Fig. 4a. 
The corresponding measured phase shift map at 1ms 
instance is presented in Fig 4b. From these figures, one 
can see clearly that the device exhibits inhomogeneous 
phase and power distribution with a peak at the right side 
near the emitter contact. This hotspot is induced by the 
voltage drop across the driver due to the unbalanced 
series resistance of the metal routing. The aim of this 
contribution is not to correct this effect, however the 
purpose is to offer an electro-thermal suite that is capable 
of predicting these hotspots.  

 

 
Fig. 4a : Backside infrared image of the driver.  
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Fig. 4b : Phase shift map of the PNP obtained during 

the TIM measurements. 
 
The corresponding temperature distribution which is 
derived from the measured refracted index changes is 
shown in Fig. 5. In this figure, the obtained surface 
temperature distribution along the Y axis at different time 
instance and corresponding to a power of 3.5W is plotted. 
At 1ms the maximum elevated junction temperature is 
10C and is observed at the side of the emitter contacts. 
One should not compare the absolute values of the 
temperature elevation obtained in Fig. 3b to the one 
presented in Fig. 5. The boundary conditions as well as 
the dissipated powers used in the two experiments are 
different. The TIM inspection is performed on a chip  



 

 
level glued on a PCB in a free air, with the absence of a 
heat sink, while the experiment of Fig .3b is performed on 
the device which is packaged and mounted on a PCB with 
the presence of a heat sink.  

The data collected in the sections 3.2 and 3.3 are 
important to define the locations, the shapes and the 
magnitude of the heat sources that will be modeled in 
section 4. 
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Fig. 5 : Temperature distribution deduced from the 

measured phase shift corresponding to a power of 3.5W. 

4. Segmentation and modeling  
The aim of the present contribution is to offer the 

power engineering design an electro-thermal suite (model 
and simulation tools) that is capable of predicting the 
obtained hotspots. The model is detailed in this section.  

The driver is segmented into sub cells, as shown in 
Fig. 6b. These sub-cells are electro-thermal aware, which 
implies that they represent the correct level of the current 
density distribution, the location, the shape and the 
magnitude of the heat sources, 

In this figure one can recognize the PNP unitary cells, 
the metal interconnect at the emitter side, at the collector 
side and at the base side. Fig. 6a helps to understand the 
methodology followed in the present contribution in order 
to segment the power driver. The effect of the base 
resistance on the unbalanced current density is also taken 
into account (see the left part in Fig. 6b).  

When splitting the large drivers into sub-cells, a trade 
off has been considered between the numbers of regions 
in which the temperature does not vary more than an 
allowed threshold value and the speed simulation time. 
Obviously, the more sub-cells (regions) the user defines, 
the more accuracy on temperature gradient is obtained, 
however the simulation time explodes. In the present 
work, the methodology of segmentation scheme is 
flexible (but still can be further refined) in the sense that 
the size of the regions can be adjusted based on 
constrains.  

The model validation goes into several steps. At a first 
stage, the electrical property of the proposed model is 
being verified. Fig. 7 compares the simulated IC(A) and  

 
 
VBE(V) versus IB(A), obtained from the proposed model 
to the measured ones. A good agreement is obtained. 

   

   
Fig. 6a : Representative drawing of the metal 

interconnects at the collector side and at the emitter side. 

 
Fig. 6b : Schematic respresentation of the segmented 

model of the full PNP power driver. 
 
A different way to validate the electrical property of 

the model is to compare the measurements of the volatge 
drop across the metal lines to the simulated ones. This can 
be seen in Fig. 8 in which the measurements and the 
simulated values of the voltage drop on 5 different 
locations ( see the postions of Vs1 to Vs5 in Fig. 2) are 
presented. The farest is the position of  the volatge sensor 
from the emitter, the highest is the absolute value of the 
drop voltage. The good accuracy obtained in Fig. 8 
suggests that the model represents accurately the parasitic 
resistive network.  
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Fig. 7 : Measured and simulated IC and VBE 

characteristics at VCE=-5V.  
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Fig. 8 : Measured and simulated drop voltage sensed 

on Vs1 to 5. 

5.  Electro-thermal simulations   
In this section, the validation of the electro-thermal 

property of the model is presented. The gallery of sub- 
cells presented in section 4, is injected into a commercial 
transient dynamic electro-thermal simulator  [4]. The tool 
uses the principle of the loosely coupled electrical and 
thermal simulations. A separate thermal network is build 
based on the layout and power source information 
(location, power value) and solved separately from the 
electrical network. The power transient for each power 
source is fed to the thermal simulator, which converts 
them into thermal transient. At certain point of time 
information of power and temperature are exchanged 
between both networks.  

 

 

 
Fig. 9: (a) Top view layout of the driver, (b) and (c) 

show simulated maximal temperature distrubtions in 2D 
and along a central axis respectively. The model using 
segmentation is used.  

 
 
The 3D model required by the thermal solver is built 

automatically from the layout data-base of the complete 
chip using the description of the vertical stack layers, 
from the substrate up to the top level metals ( thicknesses, 
electrical and thermal properties )  and the boundary 
conditions ( electrical, geometrical and  thermal properties 
of the package and  the thermal impedance of the PCB ). 

Fig. 9 shows the simulated temperature distribution 
using the proposed segmented model presented in Fig. 6b. 
This temperature is simulated for a power level of 3.5W. 
The snapshot is taken at 1ms. The absolute Tjunction-
Tamb is about 11C and is obtained near the emitter side. 
The simulated model matches the measured data seen in 
Fig 5. Similar to what has been detected  while 
performing the TIM scan ( see Fig. 4b ), the simulation of 
the model shows a temperature that increases till it 
reaches a maximum ( a hotspot )  near the emitter side. 

The good agreement obatined in term of temperature 
elevation distribution and the accurate prediction of the 
local hotspot simulated at the emitter contact side, 
confirm the efficiency of the electro-thermal segmentation 
proposed in this work.  

5. Conclusions 
A new methodology of electro-thermal 

characterisation and simulation has been presented and 
demonstrated using a lateral PNP. The large power driver 
shows inhomogeneous power and heat distribution. 
Information on the heat source locations, shapes and 
magnitudes have been extracted from the measurements 
data and TIM inspection. Those data have been used to 
segment the power drivers into a gallery of sub elements 
that are electro-thermal aware. The proposed model has 
been validated electrically and thermally and a good 
agreement with the measured data has been obtained. The 
gallery of power cells are offered as a part of an internal 
design kit.  
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