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An infrared laserprobe technique for the characterization of the self-heating in the 
µs range in power VDMOSFETs and IGBTs is presented. Based on the thermo-op-
tical effect in silicon, this technique detects interferometrically the temperature in-
duced changes of the silicon refractive index. The time evolution of the lattice tem-
perature in the device active region is studied for the power devices biased under 
shorted load conditions. Optical experiments are combined with electro-thermal de-
vice modeling and electrical characterization. From the calculated phase modulation 
signals fitted to the experiments a value for temperature coefficient of the refractive 
index of 1.6·10-4 K-1 is found which is in good agreement with the literature. 

1. Introduction 
The steady increase of the switching frequency of power semiconductor devices under 
high voltage and current conditions causes transient thermal effects to become a more 
severe and critical issue. Although much attention has been given to thermal effects in 
power devices, there are so far no experimental techniques available for a time-resolved 
analysis of destructive thermal effects in dynamic device operation. In this paper we 
present the application of the backside laserprobe technique [1] to analyze the transient 
heating in power Vertical Double-diffused (VD)MOSFETs and in Insulated Gate Bipo-
lar Transistors (IGBTs) biased under shorted load conditions. 

2. Optical Technique 
The principle of the laserprober set-up is demonstrated in Fig. 1. An increase in the 
refractive index of silicon due to the lattice heating (thermo-optical effect) in dynamic 
device operation modulates the phase of the laser probing beam. The probing beam re-
flected from the gate and a reference beam reflected from the drain metallization inter-
fere in a photodetector. The electrical signal at the detector corresponding to the ther-
mally induced phase change is recorded and averaged by a digital oscilloscope. Since 
the photon energy of the laser beam (λ = 1.3µm) is below the energy gap of silicon, the 
optical measurements have no impact on the device electrical characteristics. 

The laserprobe measurements were performed on commercially available VDMOSFETs 
of 150 V and 200 V breakdown voltage, and on IGBTs with 1200 V breakdown voltage. 
In VDMOSFETs, optical access through the drain contact is obtained after mechanical 
removal of the original contact metallization, polishing the substrate and evaporation of 
a thin Ti-Au film leaving a small square window opened. This preparation does not 
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change the device performance, but induces a small drain contact resistance. For meas-
urements on IGBTs, the device preparation is different as mechanical contact removal 
would also destroy the p+-anode layer of the IGBT. We have therefore developed a 
process technique which allows selective etching of the small window (100 µm x 100 
µm) into the contact metallization. The etching stops just at the silicon surface (Fig. 1) 
which ensures the proper functionality of the device. 
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Fig. 1: Laserprobe method for the detection of the transient lattice heating in power de-
vices. The probing laser beam (beam diameter of 8 µm) is focused through a 
small window in the drain contact on a single IGBT (or VDMOSFET) cell and is 
reflected from the polysilicon gate. The interferometer reference beam is placed 
at the metallization. 

3. Experiments 
In the experiments on VDMOSFETs, the amount of the transient lattice heating is con-
trolled by applying pulses with different pulse levels from VGS = 0 V to 8 V and 12 V 
and different pulse widths τH (5 µs to 60 µs) to the gate. The drain-to-source bias is held 
constant at VDS = 15V. The transient drain current is monitored by a voltage drop across 
a resistor connected in series with the drain. The power dissipation in IGBTs is con-
trolled by the drain-to-source voltage ranging from 50 V to 400 V. The device is 
switched by gate pulses of 15 V height and length of 10 µs. Here the transient current is 
measured inductively by means of a current probe. In both cases the pulse repetition 
frequency is chosen to 10 Hz, in order to enable total device cooling between subse-
quent pulses. Figure 2 shows typical results for the transient phase signal obtained from 
laserprobe experiments on VDMOSFET and IGBT. During the heating the phase signal 
increase is linear in time. After heating turn-off, the phase signal remains almost con-
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stant in the first 100 µs. In that case, the peak temperature decreases and simultane-
ously, the heat propagates into the silicon well. Therefore, the length where the 
temperature changes (the beam modulation length) increases. As the phase change is 
proportional to the integral of the temperature increase along the beam modulation 
length, the resulting phase signal is nearly constant. 

Besides the thermo-optical effect, the phase of the laser beam is also modulated due to 
the free-carrier effect [2]. We have found that this effect can be neglected both in 
VDMOSFETs and IGBTs. Performing optical measurements on VDMOSFETs with 
VDS = 0 V and applying pulses to the gate (no device heating), the resulting phase signal 
is close to the detection limit of the measurement set-up. A similar experiment has been 
carried out on IGBT with a drain-to-source voltage of VDS = 2 V. Even under this low 
power condition the thermally induced phase signal dominates and superimposes the 
free-carrier signal. 
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Fig. 2: Laser-probe measurement results for the time-resolved phase shift on a) 200V-
VDMOSFET and b) 1200V-IGBT. Pulse widths τH are indicated. The phase 
shift calculated for a value of the temperature coefficient of the refractive index 
of dn/dT = 1.6·10-4 K-1 of silicon is shown for VDMOSFET device (dotted-line). 

4. Numerical Modeling  
The study of time dependence of the temperature in power devices requires modeling of 
the total chip consisting of several hundred cells including the chip package. To reduce 
the complexity of the model, we first analyzed the temperature distribution in a single 
VDMOSFET cell. The electrical characteristics of a single cell are calculated by a 
modified version of MINIMOS 6 [3]. The transient temperature profile is then obtained 
by numerically solving the 2-D heat conduction equation. The temperature distribution 
along the wafer depth (Fig. 3) at the center of the chip area is taken as input for model-
ing of the laser beam modulation.  



146 N. Seliger et al. 

0 100 200 300 400
0

5

10

15

20

25

30 VDMOSFET 200V
VDS=15V, VGS=12V
τH=60μs

  2.5μs
  5μs
  10μs
  20μs
  40μs
  60μs
  100μs
  200μs

la
tti

ce
 te

m
pe

ra
tu

re
 in

cr
ea

se
  [

K]

depth  [μm]  

Fig. 3: Numerical modeling result of the transient temperature profile across the chip 
center (200V VDMOSFET). 

The transient phase modulation signals are calculated by the application of the trans-
mission-line model presented in [4], which has been extended including the lattice 
heating. The phase change obtained from the rigorous transmission line model is very 
close to that calculated from the temperature profile using a simple geometric optic ap-
proach. This implies that the geometric optic approach can be accurately used, which 
significantly reduces the complexity in the optical data interpretation. A direct compari-
son of the numerical modeling results and the phase shift from measurements is possible 
only if the exact value of the temperature coefficient of the refractive index of silicon 
(dn/dT) is known. On the other hand, assuming that accurate modeling results are pro-
vided, the dn/dT can be determined by the calibration of the experiments. For the pur-
pose of the verification of numerical analysis, the channel temperature at various heat-
ing pulse widths τH is extracted from pulsed I-V measurements (Fig. 4).  
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Fig. 4: Pulsed I-V measurements for the determination of the channel temperature for 
different heating pulse widths (200 V VDMOSFET). The channel heating at 
short pulses τH = 2 µs (circles) at increased ambient temperature is used as a ref-
erence. From the decreased drain current due to self-heating with longer gate 
pulses (diamonds) the corresponding channel temperature is extracted. 
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The modeling results for the temperature close to the Si/SiO2-interface correspond to 
the values obtained from the pulsed I-V measurements. As depicted in Fig. 4 for a 
heating pulse width of τH = 60 µs, the temperature increase in the channel after 20 µs is 
extracted to ΔT = 12.5 K, in agreement with the calculated value of ΔT = 12 K. Quanti-
tative matching of various modeling to measurement results of the transient phase shift 
at the end of the heating period results in a mean value across all samples of dn/dT = 
1.6·10-4 K-1, where this result is very consistent with data from the literature [5]. Figure 
2a shows a typical result for the calculated phase signal which is in good agreement 
with the experiment. 

5. Conclusion 
The backside laserprobe technique has been successfully applied to study the transient 
heating in power VDMOSFETs and IGBTs with a high temporal resolution. From the 
numerical analysis a 1-D thermal model combined with a geometric optic approach are 
found to be sufficient for the modeling of the phase modulation signals. From this study 
a value of dn/dT is obtained, which is the basis for quantitative studies of the critical 
thermal effects in such devices. 
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