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Design of 1,200 V Class High Efficiency Trench Gate Field Stop IGBT with
Nano Trench Gate Structure
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Absgract: This paper details the design of a 1,200 V class trench gate field stop IGBT (insulated gate bipolar transistor)
with a nano gate structure smaller than 1 um. Decreasing the size is important for lowering the cost and increasing the
efficiency of power devices because they are high-voltage switching devices, unlike memory devices. Therefore, in this
paper, we used a 2-D device and process simulations to maintain a gate width of less than 1 um, and carried out
experiments to determine design and process parameters to optimize the core electrical characteristics, such as breakdown
voltage and on-state voltage drop. As a result of these experiments, we obtained a wafer resistivity of 45 Q2 - cm, a drift
layer depth of more than 180 um, an N+ buffer resistivity of 0.08, and an N+ buffer thickness of 0.5 um, which are
important for maintaining 1,200 V class IGBTs. Specidly, it is more important to optimize the resistivity of the wafer
than the depth of the drift layer to maintain a high breakdown voltage for these devices.
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Fig. 1. The structure of 1,200 V class trench gate fidd stop IGBT
unit cel.
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Fig. 2. The cross section of 1,200 V class high efficiency IGBT
after process simulation.

Table 1. The process and design parameters for 2-D simulation.

Classification Unit Vaue
Pitch um 20
Depth um 130
Resistivity -cm 40
Buffer depth um 0.8
Concentration of buffer layer fem®  More than 2x10Y
P-base dose fem? 3.5x10"
Trench depth um Less than 7
Trench gate width um Less than 1.0
N+ width um Less than 0.7
Drift depth um Less than 100
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Fig. 3. The breskdown voltage and on state voltage drop characte-
ristics of 1,200 class IGBT according to depth of trench.
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Fig. 4. The breskdown voltage characteristics according to residtivity
of wefer.
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Fig. 5 The breskdoan voltage and on dae voltage drop characte-

rigics of 1,200 class IGBT according to depth of drift layer.
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Fig. 6. The breskdown voltage and on state voltage drop characte-
risics of 1,200 class IGBT according to depth and resistivity of
N+buffer (a) breskdown voltage and (b) on-state voltage drop.
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