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Abstract— Irradiation techniques are widely used for carrier lifetime TABLE
control especially in power devices because of their good reproducibility. SAMPLE OVERVIEW
Simulation lacks of missing or incomplete recombination center data despi-
te the fact of suitable recombination models. In these work we used center Sample| Type  Energy Dose
data estimated by DLTS and lifetime measurements for the simulation of [MeV] [cm 72]
electron radiated devices and compare the results with the measured device -
characteristics. N n'S! N N
11E1 n-Si 1.1 110
-Si 4
I. INTRODUCTION 112 n S! 11 > 1015
o o . o 11E3 | n-Si 1.1 110"
Lifetime control by use of irradiation techniques is widely 100E1 | n-Si 10 32.108
used for the optimization of power device characteristics. Radia- 100E2 | n-Si 10 64.1013
tion induced centers are about to replace the conventional impu- 100E3 | n-Si 10 11.10%

rities gold and platinum because of the possibility of more exact
process control. While electron irradiation results in a homoge-
nous lifetime profile the use of proton- or alpha-particles leadsfFor all simulations, we used the 2D device simulator TeSCA

to local lifetime prOf”eS. The combination of different irradiaiz]_ This tool solves the Poisson equation and the electron and
tion types offers the possibility to generate almost any wish@@le current continuity equations which have been extended for

lifetime profile which is advantageous in comparison to the ugife consideration of deep traps as describe@jin [
of gold or platinum 7].

It is fairly known, that the use of an extended recombination IV. PARAMETER DETERMINATION
model allows improved device simulations explaining stationa-
ry and dynamical device characteristi®, [[12]. Furthermore
such models allow to consider effects caused by trap charg
processes as in case of IMPATT oscillatioBk [Thus, the main
problem is the knowledge of the recombination center prop
ties.

The fundamental properties of the irradiation-induced recom-
It%]ination centers are determined by means of DLTS measure-
ments b]. In case of E(90K), the hole capture rate has been
measured in electron-irradiated p-type Silicdr][ The trap
PI’:r(23OK) is not found in the samples 11E1-11E3 most probably
due to the annealing process.

E(90K) controls the high-level lifetimey,. which is most
important since bipolar power devices are operated at high-

For examination purposes freewheeling diode samples Wgjaction during on-state and turn-on/turn-off. Thus it is necessa-
re prepared using neutron transmutation doped float zone sili-

con wafers. The devices with a pin-structure have a wide- NN iron Elektronik GmbH Nimberg, Germany
junction and a pn-junction depth of app.|®0. The blocking
voltage of all samples is 1200V, therefore the base width is about
90um. With an active area of 6mithe rated current is 10A 1E+14

or 166A/cnt. The different electron irradiation types applied to |
these samples are shown in Tabl&fter irradiation, all devices |
were annealed at a temperature higher thari@d6r one hour.

Il. SAMPLES

Ill. RECOMBINATION MODEL T 1E+13

Irradiation processes generate a number of recombinatior
centers with different energy levels in the band gap of Silicon.
. : A
Each of these levels may act as a recombination center. The
total recombination rate results from the capture and emissior E(90K),1.1MeV H(195K),1.1MeV
processes of each level. Therefore, an extended recombinatio A E(90K),10MeV & H(195K),10MeV
model is necessary which considers the full trap dynamics ofa  1g4+12 L
number of independent recombination centers.

Trap density [cm¥]
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TABLE Il
CAPTURE RATES

Electron Capture Ratg,c Hole Capture Ratet
[cm3s1] [cm3s1]
E(90K) 1.15- 107 exp(— geiarc) 6.39-10 7 /5y exp( 81840 eV K )
E(230K) | 341108/ exp( 307V 279.10°8, [ T exp( 221310 %evK)
H(195K) | 3.41. 1&8\/% exp(%ﬁe\m) 43.10°9, ;T

ry to estimate the capture rates of E(90K) in a wide temperatucethe low absorption coefficient of &7 [3], [4]. The maxi-
range. The data of E(90K) found by DLTS are measured at temum generated excess concentration is abeio®cm 3,
peratures of 80...100K which is far outside of the operating tem-Tablell shows the results for the capture rates of the relevant
perature of power devices of 300...400K. An extrapolation of thecombination centers.

DLTS data is not possible due to the wide temperature ratjge [
While the electron capture rate is reasonable small compared to
the hole capture rate of E(90K), measurements of the high-leve!a\ ' -
e S s examples we first compared the forward characteristics
lifetime were used for the estimation of the electron capture ra-

te. Figurel shows the center concentration in dependence Oglfa number of different samples as shown in figu2esnd 3,

. 2 ; . ce series resistances (bonding wires etc.) influences forward
irradiation dose. Due to the approximately linear dependency g s . )

. S e characteristics significantly, these resistances were measured in
concentration on dose and by considering the lifetignef the

: . . 0 .~ dependency on temperature and eliminated in the measurement
non-irradiated Silicon equatiohis used for the determination . .
. results. The agreement between measurements and simulations
of the electron capture rate of E(90K): . . ; .
found here is good, especially if one considers that a current of
30A corresponds to a current density of Bgent or the triple

V. SIMULATION RESULTS

1
— =cnNr + = (1) nominal current.
THL To

The plot of the inverse high-level lifetinmgy versus trap con-  Further the forward voltage dependency on temperature at ra-
centrationNr allows the estimation of the electron capture rded current for different samples is investigated. The comparison
te of E(90K). Since E(90K) is a comparatively shallow trap, & shown in figuregl and5. Under these conditions we found a
high excess carrier concentration is necessary to meet the @@od agreement between measurement and simulation. The de-
conditions for the validity of the high-injection approximationpendence of forward voltage on temperature is from further inte-
Therefore we used OCVD (Open Circuit Voltage Decay) me#gst since itis very important for paralleling of devices as usually
surementsd] with optical excitation of excess carriers by meangone in modules, therefore an appropriate simulation tool could
of Laser light pulses[0]. To achieve a homogenous excess cagupport development of radiated power devices. Generally it is
rier concentration vertically along the low-doped base regiorPseferable to achieve a positive temperature coefficient which
YAG laser with the primary wavelength of 1064nm is used dugeans a higher forward voltage at higher temperature for a con-
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Fig. 5
TEMPERATURE DEPENDENCE OF FORWARD VOLTAGE OF SAMPLES
100E1-100E3J = 166A/cn?)

TEMPERATURE DEPENDENCE OF FORWARD VOLTAGE OF SAMPLHES, 11E1
AND 11E3 ( = 166A/cn?)

stant current. combination processes under different injection conditions.
Reverse recovery measurements were done using a commapifficulties concerning the validity of lifetime measurements

step-down converter circuit against an inductive load. For ags used for the parameter determination of the dominant recom-

propriate device simulation, TeSCA allows to include differemfination center E(90K) were overcome by the use of laser light

discrete structures (as IGBT and freewheeling diode) and ggises for generation of excess carriers.

connect them by boundary conditions - a kind of mixed-mode The presented simulation results explain the static and dyna-

simulation. mic behavior of the investigated samples as well as their tempe-
By switching the diode from forward conducting state to theature dependencies. Device simulation of radiated bipolar de-

blocking state, the stored charge (the excess carriers) is remoyieds may therefore be used for development, optimization and

by recombination processes and by the reverse recovery curr@ntierstanding of radiated devices.

In the moment when the carrier density at the pn-junction is

in the order of the thermal equilibrium concentration a space- ACKNOWLEDGEMENTS

charge region is formed and the reverse current declines. T_h%'he authors wish to thank the scientists from the Weierstrass
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Se voltage. The recovery behavior |tse_lf IS governe.d by.thg dy_ri'ﬁfplementing new features and algorithms into the simulation
mics of the stored charge. The analysis of the carrier distribution

inside bipolar power devices explains the device properties and

supports the optimization of devices. 30
The value of the stored charge in a given device depends - W Simulation
mainly on forward current and temperature. Figuéeand 7 25 F I g B Measurement
compare the stored charge of different samples at temperatures A
of 300K and 400K as a result of reverse recovery measurements 20 -§ = ~
and simulations. As before a good agreement of simulations and = — ~ 9 §
measurements is found. The comparison of the reverse recove- = 15 | ,95 3
ry waveforms on example of sample 100E3 in figuBesnd 9 & o
shows excellent agreement. © 10}t
28
V1. CONCLUSION 5 | §§ <<
The properties of the most important radiation-induced traps
after annealing are determined and used in device simulation. 0
For simulation purposes an extended recombination model is 300K 400K 300K 400K 300K 400K
used for considering a number of different recombination cen- Type N Type 11E1  Type 11E3
ters as found as a result of carrier lifetime adjustment steps. This Fig. 6

model further considers the charging processes of the generated .. ror sampLESN, 11E1AND 11E3 [k — 250/, I — 10A)
traps and therefore allows a physically correct description of re-
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