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ABSTRACT

This thesis presents education.of the development of Non Punch through Trench
gate Insulated Gate Bipolar Transistor. (NPT-TIGBT)-structure. The, structures were
propose and verified by T-CAD Sentuarus. To predict and improvement of Breakdown
Voltage, which electrical’ properties.were | important for (power electronic devices.
Then,we introduced a ' P-buried(Py).- layer \under-trench' gate ‘which relieved the
electric field crowding in-the Non'Punch! Through Trench gate Insulated Gate Bipolar
Transistor (NPT-TIGBT) structure.-The P, layer,with carrier concentration. of 5x1016cm'3,
was created-underneath the trench /gate within the n-drift layer .The simulation
showed that_ putting the ‘P, layer under trench gate of NPT-TIGBT could relieve
electric field concentration around the bottom of trench gate.~This was a result from
the reduction_of field crowding under the-trench gate region, In- comparison with the
conventional structure, the breakdown-wvoltage increased by 30 % from/ 1,615 V to
2,150 V. The location and doping concentration  of -the buried-Py layer could also
affect the breakdown'voltage. The highest breakdown voltage was. 2,150 V at 1.8 um
with doping concentration’of 5x10" cm”. Furthermore, the forward current did not
degrade the on-state veltage drop.
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o heuhsile U7 daunstiitina Niissaslastad tnsmaaidniuns
thnszuatuyliwansnsaiiames weeluaTisilhden vmalulad et iwuaumnns
(NPT-IGBT) Az s snauu U s nas s sin s due dla funidmosiansanlu
Snunsiunnsaghladiguinsaimdnatial Az AdsrgRae s idsualafnensditliia

o

Tasasusuuulnsmaasvianiu

2.4.1 ArmannsansUnmudouna UIASSASIsarng

msvieredlasiaisledTuuvanas (NPT-GBT) luanneUntudoundu iolk
wsssuludadrvanludadudfinmes (N-emitter) vausfisnsussduludariavludan
roaaAnes (P'-collector) Muansluguit 2.11 (n) Tuidevlei sessie J, ua J; Wumslusa
Soundu (reverse-bias) vauziisouna J, \uludanss (forward-bias) AsUARUUS I
Sounduriu seesie J, uas J; ssdudinsivavenssua Lfﬁwq%mmmmm'm‘i,umsﬂmﬁv’u
foundu useudnilngri seesie J,futuinddu (depletion region) venedulvgaislu

du WBuwa (N-base) wazusssiudarutosnuludiinoaannes (P -collector)
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Emitter

e :Lﬁﬁ SRS D i

Gate Gate
T, eSS sy

J

()

Channel Emitter

T S e e T e D ] TRV Y B AR e R

() Collector
(A

< o e s ¢ v v
JU# 2.11 nsvirnuvedleddnuuuauinas (NPT-IGBT) (n) annisUanudeundu ()
anmzlanulunt (A) anmedinszualumi

nsTatuusaiudounduiiugnimuslay nsdamesiuuivaida Ussnauludae
reaaAnas (P'-collector), uwua (N-base) uazduiug (P-base) ns1udanesdonafin
aswananelagnisiudferaaduiud (N-base) anmduniuuazAuruITeLBuLUa
(N-base) BRI ANAMSUANUABINITUIINUNIMANY TABAIIUNUITELDULUE
(N-base) (d) whﬁ’ummn%w%uu%nmﬂaaﬂﬂszqwmz v‘hmuﬁmqﬁu%ﬁuqaqﬂ (Vinax) 934

flUAINENITBININTEA BN e dINTBY (L) Aaunsi 2.1
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+Lp (2.1)

Jie ¢ fo mdugeulugyyna

o . <l

¢, fo masiladidneanvestaney
q o Auszgliiheesdidnasey
Np fio Anamvuuiuvesssmenaisidedu N-base

winfiasanfiuseinlafigaan nanauuIvetu N-base azudsiunseiu 5%

AD9UDIRUTIAUTANUE IR (doc NI,

2.8.2 auamrsaanuiunilaseadnausnns

nviruvedlassadsla A sauns (NPTIGBT) Tuansdamulin dolusa
usssnuanlugeinaeaianmad uasdmmnsitanefuiisineesdnieme e itadasiunis
Aadoaniaiunssiausinniaslaang 3a86e J, Lae I dunasludanss vaziisesse
J, Wumsludadoundy ansaiisadenisnunstaiuliutiade uagiUammuiiv
aymaud 15\ Tovpe e (Prhase) nAnsegUil 2.11(9) wonantutuusnaagnnngd
s508R8 Jy WL TUMITAURRILS WUTRE LU0 B M AN TE A MsinInsyaIegtulann
WvzveaEVItYAdTUARTagREs wanarsgUl 212 Iudnvesatngnildfinnsuus

“u%L’Jzu"l,ﬁas'Nmmxauﬁ'umﬁulﬂﬁm,a3'3U3'1waau%nmﬂaamwmxﬁmmzau

2.4.3 anzthnseualiviinlassaseauuans

a

a3 tiluannensdataluninaiinsnasau anaetinsualunin elusause
vinlufsiisnafud8annesianisasdldseiu drrussuludaiinmileieuiu
samesiimunniussiuiaduuds ssmdlsndviliAndemaiunsua ﬁ'\ﬁgﬂ‘ﬁ 2.11 (P)

nsthresmaiunssuariiaduiiinulufivua (P-base region) \Juazwiuluds 1By
Simmas (N'-emittenuaziduiua (N-base) umsilutesmaiiunszuadidnaseuan 1iu
sfimnes (N*-emitten)lUSuSuiud (N-base) nsinavesdidnmseutiayluiduiua (N-base ) 7
findliirsninves N'region femniasili Pcollector/ Nbase diode nateiunis
lusdlumh nmeldnisludalumiidenuvuiwiugeveswmsloadiutiosldgniaan
Aaalaawmas (P collector) Tudadulua (N-base) ﬁm‘swﬁmﬂué’aﬂaaLammaﬂmé’uga

msﬁmwmzﬁﬂ'ﬂqamnn'jwmwwumﬁumsL%@‘antﬁuma (N-base) 11n ziaaulunisdna
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W sEAUga (high-level injection) Tuduiua (N-base region) n1s@awinslaasnni
Apataanas (P* collector) Inausinlddiinmasiua (emitter-base) ILARNITNNULAUZ

Fudunse uSalasanmve N-base/P base aunseviannfatdinmes (contact emitter)

C} CHHeTgr

< & o r ¢
UM 212 nsnsEangresiuaviFuliaad Central was Pevipheral ntlugunsal

o W .71 oD W ;
leailvegndusomanuiianilacng (cate region) Taimiiunauiainnislevesusy

9

al

uinluitgvamiteglimamasymidulusnTindaaan g base/ N-pase 1 5iadou
meoldEusRdnas (N ernitter -iasdsuRisn (7l region) teaatgniulgedibiinmes
(contact lemikten ftutiipgaptsinunBaianiiesgy adiin “walausbilaa (plasma of
holes)”| Turduiua - base), neyasaivi ilsafudidnassuani28imngs (contact
emitter) ¥ilvidsy g Inwiraaulvig). Juasd uyuiidunsyseasdrnumitligedeauas
Sidnnseuitignipylufisareylimduia (Nbase) riingwiwesd dnmsgullazlannd1e
suussiiviliRansdini e (ebase) malan st dgaiupds’ Conductivity

modulation”

dlafinnsannislvavednselddidnnsouain N emitferN channel, N-base wazau
nsevadluss P* base Hvdu Conductivity-modatation voe N-base fin1sildsuilaain
Wunisthlnigs mslnavesdidnnsaundulidinanazdainlvnisUanunsssunnaseauly

wihilAanasegnildsdAgydneiy

nmsedusauantianzihnszuavasledifiawnsoviilviviuled le304inns
yauuuui-loAdu 15ARNE (PN rectifier) #ifinszuatendwaduiatadunisinaves
fomnadunszua dadunismununsuadi-lo-du lalen (PN diode) Fafuituguadled
Tflansouedliindunsdeuwuueynsuves uean (MOSFET) uay i-lo-1au isadlwE (P--
N

rectifier)

132716
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AEENsaluM USSR uRIvate asfinusnadiunield deep P region 140ady
fuanuansalunistaduussdulnii (locking voltage) aumlw%gqqmmﬁmﬂfuﬁ P+
region/N-base 3888 (J) Tudnudvils fhanuniavssgnduua (N-base) fvunlungjunn
Feuumnunireduinddu (depletion) eawannsalunisUaiuussduszgnirialag
useuenanudideaunailiihasan (€,) naedugsingrauiliih seandestudusyans

n1seas (M) nanetfuetiud ussiuimatsemandasdulunuaunisi (2.2)
BV, =534x10"N, ™" (2.2)

ag9lsfiniu ANunITeed N-base region vualugian Il ssiuanATaNaa UL

' [
a o

on vadlAssas 9l TMAUT

Jy
7 M
M 1
’ U
-— [ g
I Y N Pl I
E(y)
y
4
E N-Base
i Reach
Through
y

| ' a o t% % at
JUTl 2.13 manszteduaaliihssvddvnedaiulunihlulaseasdeiddaumns

ustnAUNIUBEIULdwUE (N-base region) Huuadnuinfiefisuiuanuniig

g1y depletion aw1snvewluiesty  N-base region fsuansluguil 2.13 Tuwaei

¢

aunllwigsgniisesrafuaulwiingn dmiumsiiesey dReusingmsciiiends
douly “reach-through” ile depletion region 3nlusadioundu seuse J, i Tudalumih
soufa J; loadanmeainseuso J; dudusthasnsilunssuaualun Usmgmszﬁﬁ%ﬁw i
anuasalatugianvedlasainelodTn ussiuinans reach-through azfnunlag

aumsﬁ (2.3);
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N

¥

o Np Ag ANUduTunNIsIlaa1sues N-base region

Wy fig An119183 Depletion region

ussutananefiuiadedmsvdmiulasiadsledtitaunns Tulmualadulundy
( Forward blocking) agsenina@adiiatnesiu uazgnalunulagusngnisaliusefuiavany
yomsudanefuvuuadn lunsnnsiusaguassiiesfinsannssudinaiive e
depletion fauandluzuil 243 asgliauszneuimonseliasalmaiionninnssuiunisniylu
¢1u depletion waz MsTEENIBLARDALAAMBILALENTINATUEENSTUENTIUTAIRET P-N-P

Fuagiiunisldaan “Kirchhoff'scurrent taw” fulassasasleddi lunsaintlidinssuaing
IC b aPNP IC +IL — IE (24)

lugaamduus

IL . '
1 - GBS (2.5)
§ /4 ~OpNp-)

%Qmmiaawlﬁdwﬂssuaﬂamaﬂmas‘amﬁu%uasi'mmL%’JLﬁaé"mmmi‘umammama
Unfives PAN<P Tlwasustudawesnoglulaseadialodia wWalndotiunm weludausesy
Ao aLaAIMD ANt AT AR IEn DI undepleted waedy Nbase (fiudu
dnvesluuansuadsiaawes (ar) Iu‘ummﬁmﬁ’uamulw%quqmﬁ J; Sivualuginind
yhliedulszavs i unagnseiiiassinduviainsnisveensenana funis
fiufurenisludaaunsymivniUnaswsvaussiuRma s s udamasuuuiuadn g

esesiiva Waulussuiematgyeamsudawasuuuiuaile Tunisiaseadneledon As
o apnp = (7E ar)pnp M =1 (2.6)

UsgAnSamnisianing (yg) 189 P’ collector/N-base sawra (J,) Indideariunile
wsanududunisidearsiireudgalu P* collector region waznisideasnanududu
' su ° . o o a & [ v ¢ w
Aaut1aelu N-base region Anuddtyvesdnadesideulaluaunisteiuduilsiduvonis

ludansaianines
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wansualasnlamas (base transport factor) gnitviualagAunde () vaseu

undepleted Tugu N-drift (ﬂ'gﬂﬁ 2.13):

I

g = (2.7)
cosh(VL )
Ny
\Y
[= Wy - 22T (2.8)
gNp

gl v, fie mslusduanludeiniwilneaianings

L, A8 ANEINSENIEmSUleaty N-base region

vugnludansadnnasiuty anunTNvesdIundepleted vas N-base region e

Famaduslun1siiiugns uddosninaiaes (base transport factor) uplaumosHagugn

L5 L7

fvumlngnislusanealaninn sSauSAULTINUNIAIE AT deep P+ region/N-
base junction (BVgp):
1

= (2.9)
I=(c/BVpp)"

Tunsilues P’/N diode duvsvavisnananfindudisdunisludgmoalanneiiiuiy
usuanansemudanefiuuiwade_sasanuanninlanluuly gnimualay

LsssuRoaannoslauiatedadevilvanns e uleaiuiuansmavasnnane s

mwummsa’ﬂmﬁzumqﬁulﬂwﬁwaaiﬂiqa%qla%ﬁﬁauu’mﬁuaﬂmnﬁﬁa%uagjﬁu
gamgil lurgiinisifiuiuresgumgileseuludmduszansiinansenuazanasinlie
duuseansnsguana yasfisifiuvansuaeinmame vt uidesanengniviedn
Houiuiu egampiiududsdmalinisleasludanas yilsanuannsndaduussiuly

pinvaslaTas19le I U anuIns RN
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2.4.4 nszuasivedassaswledvauunsg (2]

2
[ 4 LY

nssuaslusevsenistanudaundudenisasne space-charge nelu  depletion
. < & aaa a o o v
region Tunsdivadlaseasrelodtannasiulvuatianulunin msasanssua space-charge
Fludausssudaundu deep P'/N-base 50860 J, QmJsnEﬂﬂ8a"m31maqmalumm%ama§
P—N-P:

g =-tsca (2.10)
I-apnp

WemNruiUNIUaE Space-charge generation ulumuaunis:

. . [2aeV.
Jsce = 4o, =L‘,——qg"V‘ (2.11)
tsc Tsc Np

nIeua Space'chargegeneration tnduiunisiudaneaianmasiiuyu Arugiuly

) a ¢ Jo a ¢ @
SMTINTVLENTEUEA (A pyp)VEINIUAALADIP-N-P yananbddfladduresnsluds
) ¢ ¢ ¢ « P
useuPRAEAIReS LuaNTIHAURIRLWALS(base transport factor). Wag WWALIDINAAMLID
lUsAnpaaAwasIiNTY fin1s U uRIaLEAMBTNaBN T 80 % TBIUTIAURIVAIELUY
wanda wiAwmesnapudintedlnalagaiunis fauudananigedinsunisiedulutuansiu
aUasaAmesNInasud ArpaLAALABTAINENATS. (2.7) tlay (2,8)
a v alaa & - )
nsolvaaAsEssleITNaN R s T anuLNTA NETaluATUanWlUREN 1,200
Tad A unuTLULnIZias) Ot 300 K \esainnnsasis space-charge Lifinnsvenelng
NSNSV VBN LT ARESP-N-P agiulenansenanuduiuns ludausesanaanmnes
\leannmsvangfavesaIing 9304 depletion region@gaslsinunistigdLlunsyuasa
AnTufinisludameaiannes 800 Taad dWonsaudaines PN-P saueglunisiiasieyt luguil
nszuasifigumgiay wionluilvituresnsludareaianinad Anudutunwmeduniudn

o w w

\indusdnsiiduddgynveamg it duivnssuanisPlegumpilifianniu300-400 K

o q

Leahage Caerent Densits (Alem?®)

we L — I — — I
0 200 400 660 800 1000
Collector Bins (Volts)

a

A o o o/ 14 el P
UM 2.14 nszuadrdmiulassaiulediaunasigamgiisiigg

Y



2.4.5 prudnvazvsdasaivleddivuuannas(i]

2.4.5.1 audnvaenszua-ussduredasainsled diwuvannns

P w ¢ o aalal ?
EU‘W 215 F]Im ﬂ‘l‘.‘}mgl@'mwm NTLE-LLINPU ‘U@QIE]QUWLLUU?{NN'WW

4 Forward Canduction Characteristics
Gate ~Emitier

- A Active  Voliage
i Region Vae® 20V
.é o = v
2 3
= 8 16V
E < Region == yav
< 4 ==12v
s R
lt': - =10V’
8 — av
g 2 e
S = Forward Blocking __q
O Characteristic Cut-Otf
OV /) Region
[T MU TR (RN 45 < oo Soorer Bomontty S e
1 4 1 L 1 77
08 SO0 A 200 el |2 < 6 8 w

Reverse
Characleristic

Reverse Leakage Cutrent {/e Al

Coilector ~Emitter Voitags Ve, (Volls

22

ﬁnwmmméwmmimaa%ﬂﬂa%ﬁﬁuwaumm amaluguin 2:15 Usenauld

FremsvhiuasdTy fe-anenznssud-ussuluni waerlualeasudtsnuainsm vz

Snunienseua-uswudoundu niesluaiaasuananmemim

Coliectot-Emitter Current 1o, (Amperes)

sUfl 2.16 MswSeuileugaiinunseidyares NPT-IGBT uay PT-IGBT

"ol

20

10

NPT-IGBT
PTIGBT

A Gate-Emitter Voltage Ve = 12V

;A

8V
Channel
Pinch-Of

[P S

10 ‘5 0
Cotllector-Emitler Vohage V., {Volls:
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Andvusluntvedledtnusenauluse dulde uravidudonndofunssu

q

§ aa

NA-BRAHDS (Vge) VoSUAAZAN nszuarealamaes-simnad (e Wunsiamieuilanduras
o & aa s %3 Y o w 12 o ¥ 7
ussureaaAnei-alinmes (V) Andnvuylumhidnwuzaaenuuadn rFuNAlaIn
o 4 P ) Y] Aaa o 0 @ o w I v A -
WaWSeuigudns L IIRULaTN T UA wasloTiifunadnideidnvuzadeiuiialoIoq
FoufuLadNr S isnsInsrLaLasLs eIt WTeR offset fiA1 0.7 V nsunufives
WeluloatiiAnsulng N* substrate vausaiaiu P* substrate 984lo30% uaziisousia P-
N dinidnsandlimefulugunsel Faseeseilineuunnd9annsinnuvewedg
:ﬁ' (v 1 5 Aaa & v 1 t s
Hasnussiunnaseuaiuaredle UM T UNaTIVDTWNUANATENTBEAD P-N LAy N5V
ypala Feliiwiiouiu veamni s usssurnAT oIz iialdindussiuiiaisuves

Talen

' (3
= <2

LsetunnAsauHLsoERa P Collector/N-base 1atloI T ALY nszud Ice 9
m‘uunmmmu Ve LT vz dunsina gi unisviinuvesy o e wRnG suawmmu
nseid “pinched-off” LLammmsmmﬁmu ﬂi°LLaﬁ)JmesuunUﬂ'mwwuumaﬁLLiamu Vee u
avdunaldinmsddmusenssua (UsAgn130iteenINA LN 58 pinched:off) S usasuii
NA-DRAABS (Ve T izéfuﬂixLLaéuﬁ'sﬁ]zmn’hﬁm%’UmLméfu ) ﬁamimazsnima

lee vy LLammiU‘w 217 Toedndudn nSINEULAY lef- Va2 w(AauT UluduRus iU EulAs

Ve 7161097 TunTaizuAnF AT SLARlATINAY0S Ve LLamm‘LugUw 2.15

Collector-Emitter Voltage V.. = 10V

15

12

Collector-Emitter Current /.. (Amperes)

Gate -Emitter Voitage V, {Volis:

P alalaa a
N 217 audnuugnsteleu (transfer) vesleddAngumaiisngg

AJ
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Hign Current and
High Temperature

>

Low Current ang
Low Temperature

Collector-Emitter Current I, {Amperes)

0 1 2

Collector-Eniitter Voltage V., {Voitsi
o & a - aaa
sUr2.18 Usngnasateivauuan ( Switchback ) uteddi

oanaviiadanailoativhiusendann Taunassie gy Usangnisald
B dinwnuan, ¢ switchback” udasies U7 2.18 usssuAnAseNRE AN TinsyLasiuas
oM LS RRnAs BRI g aRAIANNNSEENS RN L ALY

@mé’nwmsé’auné’ugﬂm%ﬁwiawia PN diode  nazuadsunguiidmunn
Uszinaanlutend (2nA) ks udagiiusgnamisudielsuinnisivany

2.4.5:2 audnuaizniateleuvailedin
Aadnuiznstheleuviednnisiisuiawesnssue tefinaswasuuda

ussduTBun, (transconductance :(g.) vastedf fawandlugud 2. 17 WunsiUasuudas

w

YoInTEuanDaLanaaf-aRnaes (Eiuusunoamanos-adianaes (Ve) Nargamgianneuy

a d o

fio 25°C, 125°C, waz -40°C-.dunsanfiarndursesdnuagnisitsleufiguugiiivedn
audnuaiznisielou vesgunsaiiigamgiiug:

ol
g =—& (2.12)
m 4V VGE = constant
CE

ﬁm%’umsmuqummmmmnszLLaqqﬁ’ums‘ﬁ’mmﬁummsi"w BRIINTS
Wasuulasweanseua (g)avdesdivunalug) WsmsInsasuLUameInsTud () Lagau
sunu on vasledtiignausuinenuentesmaiunszua AmunlagAILANGNIAITY
Snuos P-base Uaz N° emitter arunduduarside Pbase tound1 1x10° cm® du
depletion aggaanuinnii 1 luaseuniely P-base Fufufaruengenafunszuaiin

a1 1 luaseu daulddmiunseiua
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SnwaiznisaeleuledTlunsdseiunseuagelidnuusaiieiunisdiolounas
win 9adluuIIaY “’umaqqmﬁnwmzmsdﬂaiauﬁmumiﬂal,l,saﬁ'u%mﬁu Ve 507@03789
AsTuARDAIAALADS-BTAMDS (JTcg) wianiuunu Vegiansidlsdudunssiuuny Ve
usauTasu Ve, gﬂﬁmucﬂiﬂaﬂ'ﬁLmﬁumm-ﬁﬁmma% (Vge) IM8ATEUE Ice WINAU 1 mA Uay

U9 Ve AU 10 V usenudaniudianussinm 3-6 V

2.5 nrsmevauedlunmedang (Transient response)

2.5.1 MsAUANAANTEUA (turn off) Aenn

AuanTATidAyUsEMsuilealedtT fifommaizsalunismugunisinnssualag
i Faanunsavilalasaniseuidannaaluaudegusasivlfemaiunszualudiu
woaves lodifivadlannsoudhianinsaluarudewnafunseudliuagngalnaluiui usl
luvnsiinansuladidansoulneiufidunsudlan iy Alvasglildanasuiuiludezeagq
anae vlidndinssuanomiamnosluasgoimetian feiiiosndszanvidutiosiign
amd Uyt N-base ~ Sinsipnatvitnuiuglarsy Aveanaslagnisiinn1ssaud
(recombination) Yilwltiaunsosmnsuaroamaine staluiui dwalilod 0 famisily
nseindesnnimoanaiidaaeialy

9 drag1alus Ui §UN,2.19 1)) nseiafianate s WIS ulunauiannssua
BidAnsou I, gninvatuiuiiicnan t MuuTIEEIsfss AN NN sYETiana g1
55271980 te (AL IeiRanaunis

AL = Iy = (1= apnp V1 (2.13)

Iﬂaﬁé‘haEJ"NEUnswlmaaLmé’uﬁﬂamammaﬂunizﬂﬁuﬂu Résistive Load fawd
ﬁﬂwmzmiaﬁ'u‘?fmﬁ’umzLLaﬂaaLaﬂmas‘é‘f@LLam’Lu'gﬂﬁ 2.19 A.)

ohdlsAimusnansaiivzsuivamaEui | Iilaon1sdsunaussiunm
sEniafanszuadaguil 2.20 fathilesaniufudszavudrveanaszineysegriuann
fununesnvesnyilidsalunisfanssuadiintu faandiedisluguil 2.20 sudiu
1§91 A I, azdras ilesananuduniudiian (R ity wilurziesfuruinves
dynynviasvesgUnduasiiAanas i fieaninnisiinnissanfissuinsausudy
(initial period)
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2.5.2 fraiananssud (turn-off time)

Iunmﬁ'ummL%'ﬂumsa"‘m%waqla%ﬁﬁ a1150vilagnI15asAuINANT WA
(recombination center) I‘U“U‘u N-base Lwaaﬂ‘U’Na’lﬁJ (lifetime) vaUTZaNINY sdution &4
Tnesaluanmnsavinld 2 33 lnoeasadiiesnanisazifunmavildiin deep level Fulu
UAUNEIUADIAY BUINAD miLLWiavmaummaamqLﬂjumaammlﬂlwaaﬂau ifavile
ﬂmawmawaﬂaﬂmu N-base wWasuly masuaﬂaism aswmsmuwﬂsmma nau
astiouay ﬂ’]iﬂ’JUﬂﬂJﬂ’ﬂuaﬂ‘Ua\‘ia”mauVlLL‘WiL‘U’ﬂ,‘U aﬂmUamﬂwaaanﬂinmmmﬂﬂlu
gurumsadude sl duifes mmﬁmaaqrﬁ,ﬂamsaaaumﬂwmwawuamwlﬂLwa‘wﬂ,w
uaniia (lattice) 1HnANLEMIUAYIBAAYIOIGUBIUTY ﬁlwmvmuuaaaqlmt,avmmﬁm
axa'manmmmmmmﬂqummwaamelma'mLummnmaquqﬂﬂmmﬂmmaqmmﬁm
WlwiletarouduiugUnsaiftisauvan

amqlsnmuﬂiwﬂgmimwwwaEjmﬂuvl.aﬁﬁﬁ fan1saniaalunsfanszuaieuiy
ﬂsuu,aﬂaaLammasmLLaﬂ\ﬂ,umamﬁUm 211 mﬁmaqmﬂmiqunsuLLaﬂaaLammaﬂﬂam
SISV TNTUATOMTIUTAABTPN-P Senslianimngl muunsuuaﬂamammasmw
v adunsifisnseuaiilnasudo wnadunsslia (AL) i Theftaslunnsdanseua
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The Optimization of P-buried Layer to Breakdown Voltage of Trench gate IGBT
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Abstract

In this paper, we introduced a P-buried (P,) layer under trench
gate which relieved the electric field crowding“in the Non Punch
Through Trench gate Insulated Gate Bipolar Transistor{NPT=FIGBT)
structure. The P, layer was created underneath the trench gate within the
n-drift layer. In this way, the concentration of electric field at the trench
bottom corner decreased. As a result, the breakdown voltage
characteristics of NPT-TIGBT improved. The structures were proposed
and verified by T-CAD Sentuarus simulation. From the simulation
results, the breakdown voltage increased by approximately 25%
compared with conventional NPT-TIGBT, from 1,602V to 2,020V. The
optimized of concentration and depth of P, layer is 5.0x10" cm” and

1.75 pm respectively.

Keyword: IGBT, NPT-TIGBT, P-buried layer, Trench gate
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Abstract. In this paper, we introduced a P-buried (Pp) tayer under trench gate which.relieved the
electric field crowding in the Non Punch Through, Trench/gate’ Insulated Gate Bipolar Transistor
(NPT-TIGBT) structure, The Py layer; with- carrier: concentration of 5%10'° '¢m™, ‘was created
underneath the trench gate within the n-drift layer. In this way, the eoncentration of electric field at the
trench bottom corner decreased. As a result, the breakdown voltage characteristics of NPT-TIGBT
improved. The structures were propesed and verified by T-CAD Sentuarus simulation. From the
simulation | results; “the ‘breakdown._voltage /increased by approximately30%..compared with
conventional NPT-TIGBT.

Introduction

An insulated gate bipolartransistor (IGBT) is‘a powersemiconductor device that is becoming the key
switching device'in the power electronic” applications/ /becauise ©f its combination/ of key
characteristics from both the bipolar transistor.and MOSFET structures in-a singlé’devige [1-2].

More recently, the planar gate IGBT structure. is being replaced by Trench®gate IGBT (TIGBT)
structure due to loweren=state voltage dropand higher latching current [3]. Howeyer, the breakdown
voltage of a TIGBT is highly.influénced by the concentration of electric'field near the bottom corner
of the trench gate[4]. There are many ways torelieve this electricifield concentration. For example, by
creating a rectangular oxide ‘layer=beneath ‘the ‘trench'gate. This” method reduces the field
concentration resulting in higher breakdown voltage. However;it is.expensive and requires complex
process as a result of epitaxial technique [5]. Moreover;forfiiing a deep P layer beneath the trench
emitter can also reduce electric field. However, the JFET effect can occur when the P* region is
deeper than P-base region. This causes forward current to decrease [6]. The prevention of high
electric field can be achieved by placing a floating heavily doped P* region (P) around the trench
bottom corner. This increases the breakdown voltage but degrades the on-state voltage drop due to a
JFET contribution during forward mode [7].

In this paper, we investigated a Py, layer under trench gate in NPT-TIGBT structure which could
also relieve electric field concentration. This study proposed and verified this new technique by
T-CAD Sentuarus simulation. Furthermore, the fabrication technique of Py, layer was demonstrated
and compared with the simulation

All rights reserved. No panofcomentnofﬁspgermaybempmdumd or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 161.246.28.216-01/08/13,06:46:55)

68



Advanced Materials Research Vol. 717 189

Device structure and experiment

A. NPT-TIGBT structure simulation.

Figure 1 shows (a) conventional NPT-TIGBT (C-NPT-TIGBT) structure, (b) NPT-TIGBT with Py,
and (c) NPT-TIGBT with Py, layer. These structures were prepared and verified with the Sentuarus
Device simulation software. The two-dimensional numerical simulation with all NPT-TIGBT
relevant parameters are listed in Table 1.

The IGBT structure had three terminals, namely, Gate (G), Emitter (E) and Collector (C). During
the forward mode, positive bias was applied to the Collector with respect to the Emitter (Vcg) and the
internal NMOS was turned on by applying a positive biasing voltage to the Gate (Vgg) terminal.
When Vgg was higher than the threshold voltage (Vy), that device was in forward current state. In the
case of forward blocking mode, the protect current state; negative voltage was applied to Vcg with
zero voltage applied to Gate terminal.

We W We
(a) (b) ©
Fig.1. Cross-section of NPT-TIGRT structure (a) Conventional IGBT structure, (b) NPT-TIGBT with
Pestructure, and (c) NPT-TIGBT with Py, structure.

TABLE 1. The relevant parameters of C-NPT-TIGBT, NPT-TIGBT with Prand NPT-TIGBT with Py,
structures in the T~CAD Sentuarus Device

Name Description Value
L, n' Emitter depth (um) 0.5
L, Trench gate depth (um) 6.0
15 P-well depth (pm) 30
L, o drift thickness (jm) 300
Is P" Collector depth (um) 1.0
L P, vertical width (um) 1.5
L, Depth of Py from trench gate 1.0
W, | n* Emitter length (jum) 1.0
W, Width of trench gate (um) 3.0
W; P-well length (um) 3.0
W, n” drift width (pm) 9.0
W5 Pf width (pm) 4.5
W, | Py, width (um) 4.0
D, n* Emitter concentration (cm™) 5 x 10"
D, | P-well concentration (cm™) 5x 10"
D; | o drift concentration (cm™) 6 x 107
D, | P Collector concentration (cm™) Ix10”
Ds P; concentration (cm™) 5x 10"
Ds | P, concentration (cm™) 5x10°
T. [ Poly gate concentration (cm™) 1x 10"
Giox Gate oxide thickness (umy) 0.1
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Result and discussion

B. Simulation result.

Figure 2 illustrates results in the forward blocking mode. All of NPT-IGBT structures showed
blocking capability for high voltage as verified by Sentuarus Devices. In comparison, it was found
that the device could sustain reverse bias voltage of up to 2020V for the NPT-TIGBT with P,
compared with 1600 V for the conventional NPT-TIGBT.

The highest electric field under trench gate area was reduced with P layer. Figure 3 shows the 3D
electric field distribution around the trench gate of NPT-TIGBT with P, and NPT-TIGBT with Py
structures with reverse bias voltage of 1000 V at V¢g. The maximal electric field of 2.4x10° V/em for
the NPT-TIGBT with Py, layer was significantly lower than the electric field of 2.9x10° V/cm for the
NPT-TIGBT with Py. This decreasing of electrical field was-a.result from the reduction of field
crowding under the trench gate region:Moreover, NPT-TIGBT with.P,, structure had the peak electric
field crowding locating around P, layer instead of directly, at the bottom of trench gate area.

1,609 - - £
[}
- ==-NPT-TIGBT i
i )
y 1.E-10 1 <16 NPT-TIGBT+Pf :
<
o —o— NPT-NGBT+Pb .
§ AEM H
5 i
° é
1 EA2
[ 3
>
o
[ 4
1.E13
1.E14
0 500 1000 1500 2000
Reverse bias (V)

Fig.2. The IV ‘¢haracteristi¢c of C-NPT*TIGBT, NPT-TIGBT with P; and NPI-FIGBT'with Py
structure during reverse biasing condition.

From figure 2, thesNPT-TIGBT with P, shows the-highest’breakdown voltage. With’Py layer at
varying depth from thebottom of trénch gate, the breakdown changed as shown in Figure 4/The peak
breakdown voltage (2020 V) occurred at'the Py layer-depth-of (.75 um. This phenomena can be
explained with the, distribution of eleetric. field (solid line) surrounding the Pg.Jayer/as shown in
Figure 5. It shows that with Py, right at the bottom of trenchgate, the electric field tends to concentrate
only around the cornersiofithe trench gate.

(wayA) 3

(a) (b)

Fig. 3. The 3D-E-Field distributions at biasing voltage = 1000 V (a) NPT-TIGBT with Ps structure,
(b) NPT-TIGBT with P, structure.
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Figure 6 shows the relationship between the breakdown voltage and doping concentration of the Py,
layer. As the concentration was increased from 1x10"° cm™, the breakdown voltage also increased
with the peak value of 2100 V between 3x10'® to 4x10" cm™.

The distribution of electric field (solid line) at different doping concentrations is shown in figure 7.
At low Py, doping level (1x10"° — 1x10'¢ cm™), there existed high electric field concentration only at
the comners of trench gate. Whereas the doping concentration between 5x10'® and 1x10'7 cm™
produced high electric field concentration at both trench gate and the Py, layer. From figure 6 and 7, it
was discovered that the doping concentration of 3x10"® cm™ offered the highest breakdown voltage of
2100 V. However, at higher doping concentration, the electric field only concentrated around the Py
layer. As a result, the device could withstand only lower level of applied voltage.

Fig. 7. The eleetric field-distribution at|different Py, layer doping concentrationfor V.. =1000 V.

In forward mode,the"TV'¢haracteristics were studied by Vi from 02V to 5V with“Vg at 10 V.
Figure 8 shows the telationship-between collector current (Ic).and collector, voltage (Vic). At higher
doping concentration, Py\layer could also cause\a JEET-effect.

1.26-4
-===-1&18.6m-3
1.0E4/ L - = =tetdtm3
1617 el
8.0E-5u} A 1e16cm-3
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© 6.0E5 |
40E-5 |
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0.0E+0 At
o 1 2 3 4 5
Ve (V)

Fig. 8. The IV characteristic of NPT-TIGBT at different Py, layer doping concentration with
Vg =10 V during forward bias.
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Summary

The simulation showed that putting the P, layer under trench gate of NPT-TIGBT could relieve
electric field concentration around the bottom of trench gate. This was a result from the reduction of
field crowding under the trench gate region. In comparison with the conventional structure, the
breakdown voltage increased by 30 % from 1602 V to 2100 V. The location and doping concentration
of the buried Py, layer could also affect the breakdown voltage. The highest breakdown voltage was
2100 V at 1.75 pm with doping concentration of 3x10'® cm™.
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