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High Voltage IGBT Improvement of Electrical Characteristics
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Abstract: Development of new efficient, high voltage switching devices with wide safe operating area

and low on-state losses has received considerable attention in recent years. One of those structures with

a very effective geometrical design is the trench gate Insulated Gate Bipolar Transistor(IGBT).power

IGBT devices are optimized for high-voltage low-power design, decided to aim. Class 1,200 V NPT
Planer IGBT, 1,200 V NPT Trench IGBT for class has been studied.
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Fig. 1. IGBT structure in general. (a) NPT planer IGBT,
(b) NPT trench IGBT.
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Fig. 2. N-Drift depth by breakdown voltage and
Vee(sat).
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Fig. 3. N-Drift Resistivity by breakdown voltage and
Vce(sat).

Table 1. N-Drift resistivity by breakdown voltage and
Vee(sat).

Cell Pitch  Cell depth ~ Dreakdown g0
Voltage
(um) (um) (A)
V)

175 1335 2.354

180 1471 2.406

o 185 1443 243
190 1471 2.479

19 1,492 2552

200 1515 2,559

Table 2. N-Drift resistivity by breakdown voltage and
Vce(sat).

Cell depth Resistivity Bt\iiﬁ?\gn Vcesar
(um) (Q) & (A)
(V)
56 1,438 2.484
58 1,457 2.487
60 1,472 2.481
190 :
62 1,481 2.481
64 1,490 2.486
66 1,497 2.491

BTl AE TR

R

S

1,200 V5 NPT planer
IGBT &7ke] @d&Edstast &3 dsks adshe,
¥ 193 Zeo] &4 2 N-Drifte] A7|E 175
~200 m7bA WS st FHASYG 1471 Ve
VCE,SATO] 2.479 V7]' L]'—Q—I{‘ 190 ﬂmi }_]S,ES]—%‘\_TJ_, *
23t o]l N-Drifte] RIA&S MdAst7] flaiA 56
Q~66 Q7FA WAL dto] FHRHASG 1457 Ve
Vegsar®l 2487 VI vl -d 58 Qo= d43ste] 7
&3} A k.



A7) AR 588 =%, A257 A3E pp. 187-192, 2012 39
2.1.2 S-4E MuZst S48 ¢ M=ol

99, 4% Aee Folth mezZEF Ago
a W JFET A% A9 Agol -8 29

o m e Alo]e] HtAFstel A kA&t
7beht), a8 = 2 IGBTOlA €& 548 Yedd
JFET¥ Ad A& B%-Zrt A A7}
ok Ao HSHdate

T vEsta JAd Lﬂ‘ﬂl
E nfo]oj 2o whn] & ghTh
Aol AV E Fo = EI’SETE: =4
F o} o

o :LEHH 2 oEwS GEAYG AlgdolddM 1

-
2 cell depth= 190 umet WA 3L 588 ZAAHZE ~
o JFETY T+ 9ell cnr~3el2 cn7tA ¢ gated
271 6 ym~10 m7kA Wshate] FEHQEI 24 E
Agdatel & Algdolds sttt
1480 T T T L
= —=— 9e11
1470 a — .
1460 ( )AKV*"’”’”%:,:; ;\,\'\\\\ ., ::_6516212_
1450 B S I v 3.0e12
1440 - M T~ \=\\ ~
1430 v A Y J
S 1420 - -
& 1410 ] . A |
1400 ] BV : 1450V .
1390 Vegsar 1 2.378V
1380 - T
1370 v
1360 T T T T T
6 7 8 9 10
Gate (um)
2.9 I I ' F=—9e11
(b) - e 1e12
28 o 4 1.5e12]
v 3.0e12
2.7 a \\
s 261 Y i
= 25 Y BV : 1450V
X v - Sw_ Veesar 1 2378V |
= 24 - Y TS
23 = A _ \\\\ﬁ. |
22 v A
v
21 T T T T T
6 7 8 9 10
Gate (um)
Fig. 4. Gate pitch, JFET dose by breakdown voltage and

Vce(sat) (a) breakdown voltage, (b) Vce(sat).
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Table 3. Gate pitch, JFET dose by breakdown voltage

and Vce(sat) (a) breakdown voltage, (b) Vce(sat).

Gate JFET Breakdown
pitch dose Voltage VeEsat
(ym) (cm) (V)
9ell 1,474 2.828
6 lel2 1,472 2.785
1.5e12 1,466 2.690
3el2 1,446 2.469
9ell 1,468 2.628
7 lel2 1,465 2.598
1.5el12 1,458 2.492
3el2 1,434 2.384
9ell 1,460 2.470
3 lel2 1,458 2.461
1.5e12 1,450 2.378
3el2 1,418 2.289
9ell 1,447 2.377
9 lel2 1,443 2.366
1.5el2 1,433 2.303
3el2 1,398 2.206
9ell 1,427 2.288
10 lel2 1,424 2.265
1.5el12 1,412 2.210
3el2 1,367 2.143
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Table 4. Cell pitch, gate pitch by breakdown voltage and
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Vce(sat).
Cell Gate Breakdown
pitch pitch Voltage Vcesat

(ym) (ym) (V) A)
6 15 1,385 2.322
7 1.75 1,386 2.208
8 2 1,388 2.134
9 2.25 1,391 2.159
10 2.5 1,394 1.990
11 2.75 1,398 1.935
12 3 1,401 1.886
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Fig. 5. P-base by threshold voltage and latch-up (a)

threshold voltage, (b) latch—up.
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Table 5. Gate pitch by breakdown voltage and Vce(sat)

(a) breakdown voltage, (b) Vce(sat).

Gate Gate Breakdown
depth pitch Voltage VeEsat
(¢m) (¢m) V) (A)
3 1,468 2.217
35 1,470 2.135
¥ 4 1,471 2.062
45 1,472 1.967
3 1,462 2.114
3.5 1,467 2.050
39 4 1,470 1.965
45 1,471 1.884
3 1,422 2.027
35 1,432 1.985
4 4 1,444 1915
45 1,455 1.822
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Fig. 8. P-base by threshold voltage and latch-up (a)
threshold voltage, (b) latch—up.
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Table 6. Comparison with planner IGBT designed trench
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