Evaluation of TIGBT field stop layer generated by helium implantation
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A helium implantation is a common technique used for electron and hole lifetime
control in semiconductor devices. Siemieniec [1] shows that suitable annealing
conditions after the helium implantation lead to an increased conductivity of Ntype silicon substrate in the affected area. Based on these observations a
possibility of using helium implantation for generation of the TIGBT field stop
layer was evaluated. Required concentration profiles were prepared for test
wafers, however, a decreased conductivity in the helium implantation area was
observed when using production wafers with standard process flow. The root
cause of this discrepancy is diffusion of nitrogen and hydrogen atoms into the
silicon during previous diffusion operations and an interaction of these atoms
with the implanted helium.
1.

Introduction
A trench insulated gate bipolar transistor (TIGBT) is a common semiconductor device,
which is typically used as an electronic switch in power applications. A structure of a new
TIGBT device during its development is optimized with respect to several parameters: break
down voltage, Vceon, turn-off power losses, etc. Those parameters are interdependent. Power
losses can be improved by drift region thickness reduction but TIGBT with thinner drift
region has lower break down voltage. This decrease can be compensated by including an
additional layer called field stop layer (FS). This structure has been published by Laska [2].
One way in which FS layer can be generated is implantation of phosphorus into backside of the wafer after a wafer thinning process. The implanted layer is then activated by a
furnace annealing. An active dose is limited by a maximum furnace annealing temperature,
which is typically limited by the melting temperature of a metallization present on a front side
of the wafer. Those limitations can be avoided by using different elements like hydrogen or
helium, which has lower level of energy required for their activation in silicon matrix.
The results of field stop layer generated by multiple hydrogen implantations were
published by Niedernostheide [3]. This solution is covered by a patent [4]. Results of TIGBT
with FS layer generated by helium have not been published yet.
An electrical characterization of helium implantation into the silicon wafer has been
studied by Siemieniec [1]. Based on a deep level transient spectroscopy three different energy
levels were identified. Two levels are near the middle of a band gap (EC-ET = 0.43 eV, ET-EV
= 0.35 eV) and one level is close to a conduction band (EC-ET = 0.17 eV). The concentrations
of those three levels depend on the annealing conditions. The levels near to the middle of the
bang gap are dominant for the low temperature annealing (~300ºC). An effective dopant
concentration for N-type substrate decreased for these conditions. The level close to the
conduction band is dominant for higher temperature annealing (~400ºC and higher)
contributing to the increasing effective N-type doping concentration.

2.

TIGBT field stop layer with helium implantation
A standard ON Semiconductor 1200 V FSII TIGBT [5] was used for evaluation. This
TIGBT was compared to the same device with additional field stop layer generated by a
helium (He) implantation. Helium was implanted with energy of 1 MeV and dose 1∙1013 cm-2.
The activation annealing temperature was 450°C for the duration of 30 min in nitrogen
ambient. For the TIGBT with the He implantation, we expect higher break-down voltage.
The break-down voltage for TIGBT with the additional helium field stop and the
standard TIGBT were similar. But the high Ice leakage (collector – emitter current) was
observed (Fig. 1). A resistivity profile of TIGBT wafer measured by spreading resistance
profiling technique (SRP) [6] was compared with a profile prepared on the test wafer. Both
profiles are different significantly (Fig. 2).
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Fig. 1: Comparison of the Ice leakage for the
standard 1200 V TIGBT with and without the He
implantation.

3.
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Fig. 2: Back-side SRP profile of the standard
1200 V FSII TIGBT with the He implantation
compared with a profile prepared on the test wafer.

Test wafers experiment
For the evaluation of the difference of the SRP profile between TIGBT wafer and test
wafer (Fig. 2) several test wafers were prepared (summarized in table 1) and the SRP profiles
were measured. In the first experiment test wafer 1 was implanted with standard phosphorus
and boron (P+B) back-side implantation used for standard 1200 V TIGBT, wafer 2 was
processed with the He implantation and wafer 3 was processed with a combination of the P+B
back-side implantation and the He implantation. After the implantations were finished all
wafers were annealed at 450°C for 30 min. The resulting resistance profiles are shown in
figure 3. The resistance profile of wafer 2 decreased due to He implantation. This observation
is in agreement with Siemieniecs [1]. The resistance profile for wafer 3 is a parallel
combination of resistance profiles for wafer 1 and 2. This profile was expected.
Wafer 4 was processed with similar process conditions with an additional annealing
between the B+P back-side implantation and the He implantation. The resistance profile in the
area of He implantation did not decrease but increased (Fig. 2).
The test wafers (wafer 5, 6 and 7) without P+B back-side implantation as well as
various annealing conditions preceeding the He implantation were prepared to evaluate this
phenomenon. The resistance profiles of those wafers are comparable with wafer 4. All wafers
with the annealing before the He implantation have higher resistance in the area affected by
the He implantation (Fig. 3).

Table 1: Summary of the test wafers used for the experiments and their process conditions.
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Fig. 4: Comparison of the SRP profiles of wafer 1
with the P+B back-side implantation, wafer 2 with
the He implantation and wafer 4 with the
combination of these implantations and the
annealing before the He implantation.
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Fig. 3: Comparison of the SRP profiles of wafer 1
with the P+B back-side implantation, wafer 2 with
the He implantation and wafer 3 with the
combination of these implantations.
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Fig. 5: Comparison of SRP profiles of wafer 2 without annealing before He implantation and the test
wafers with the annealing before the He
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4.

Interaction between the He implantation profile and the wafer process history
The He implantation resistivity profile is very sensitive to impurities or defects in the
silicon. It has been demonstrated by Privitera [7], who used the He implantation as a marker
for evaluation of vacancy and interstitial diffusion in silicon.
The test wafers with the annealing before the He implantation were affected by an
analogous mechanism. The annealing before the He implantation was implemented in a
specific furnace ambient (nitrogen, hydrogen…). Gas atoms diffused into the silicon during
the process. Concentration profiles (Fig. 6) of the impurities were calculated by following
formula:
 Depth 
(1)
C ( Depth)  erfc
,
 2 Dt 
where t is an annealing time and D is a diffusion coefficient (DH = 6.94∙10-5 cm2s-1 for
hydrogen at 900°C [8]). Nitrogen diffusion in silicon is a complex problem and several
mechanisms have been described. If nitrogen anomalous diffusion model [9] (DN 450°C
=1.51∙10-12 cm2s-1 for nitrogen at 450°C, DN 1000°C =2.17∙10-8 cm2s-1 for nitrogen at 1000°C) is
used, the layer in 2 μm depth and more is affected by the hydrogen and nitrogen diffusion.
The occurrence of the impurities generated by the gas atoms diffusion into the silicon
during the activation annealing is the root cause of the resistivity increase in the area affected
by He implantation.
5.

Conclusions
The resistance profile induced by He implantation can be significantly affected by the
impurities or the defects in silicon during the He activation. Those impurities are generated by
gas atoms diffusion during the annealing process preceding the He implantation.
The field stop layer generated by the He implantation is limited by the process before
the He implantation. During the front-side process, a TIGBT wafer is annealed at a high
temperature in an oxide atmosphere and oxygen concentration in the field stop layer reaches
levels that do not allow a successful application of helium field stop layer in this process.
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