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Abstract: In this study, experiments and simulations were conducted for a 1,200-V-class trench Si insulated-gate bipolar
transistor (IGBT) with a small cell pitch below 2.5 um. Presently, as a power device, the 1,200-V-class trench Si IGBT
is used for automotives including electric vehicles, hybrid electric vehicles, and industrial motors. We obtained a
breakdown voltage of 1,440 V, threshold of 6 V, and state voltage drop of 1.75 V. This device is superior to conventional
IGBTs featuring a planar gate. To derive its electrical characteristics, we extracted design and process parameters. The cell
pitch was 0.95 um and total wafer thickness was 140 pm with a resistivity of 60 Q - cm. We will apply these results to
achieve fine-pitch gate power devices suitable for electrical automotive industries.
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Fig. 1. The structure and parameters of trench gate type field
stop IGBT parameter.

Table 1. The parameters of trench gate type field stop IGBT.

Classification Unit  Size | Classification Unit  Size
Pitch 0.95 om Gate thickness 2 om
Gate pitch 0.3 £im P-base dose 1.8¢17 cm®
N+ emitter 4 | P-base implant
8el19 cm 80 KeV
dose energy
N+ implant N-buffer 3
100  KeV 2.4el7 cm
energy dose
P+ emitter 5 |N-buffer implant
8.7e18 cm 120  KeV
dose energy
P+ emitter P collector ;
. 50 KeV 3.8¢18 cm”
implant energy dose
Wafer total P collector
. 140 Mmoo 120  KeV
thickness implant energy
Lo ohmx
Resistivity 60
cm
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Fig. 2. The threshold voltage characteristics of field stop IGBT.
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Fg. 3. The breakdown voltage characteristics of 1,440 V field stop IGBT.
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Fig. 4. The on state voltage drop characteristics of field stop IGBT.
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Fig. 5. The threshold voltage characteristics of field stop IGBT.
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Fig. 6. The breakdown voltage characteristics of 1,440 V field stop IGBT.
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Fig. 7. The on state voltage drop characteristics of field stop IGBT.
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Fig. 8. The threshold voltage characteristics of field stop IGBT.
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Fig. 9. The breakdown voltage characteristics of 1,440 V field Stop IGBT.
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Fig. 10. The on state voltage drop characteristics of field stop IGBT.
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Table 2. The parameters of trench gate type field stop IGBT.

Classification  Unit Size Classification Unit  Size
Pitch 0.95 om P-base dose  5.8¢17 cm’
. P-base implant
Gate pitch 0.3 £ 80 KeV
energy
. 3 P-base drive o
N+ emitter dose 7.7¢19 cm 1,000 T
temp.
N+ emitter P-base drive .
. 100 KeV . 300 min
implant energy time
P+ emitter dose lel9  cm™ N-buffer dose 3.3e17 cm®
P+ emitter N-buffer implant
. 50 KeV 120 KeV
implant energy energy
Wafer total P-collector 5
. 140 om 5.2el9 cm’
thickness dose
o P-collector
Resistivity 60 ohmxcm| | 120  KeV
implant energy
Gate thickness 2 om
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