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L. II{TRODUCTION

The work reporte the deveS-op-
nent of a novel bipoLer suitehing
devlee called IILBW trangietor (!ttn
lnterdtgltatlsn Levels with heavLly-
doped lase gells ). The developed
traneletor exhlbite sn eubetantlaL
increase of voltage ratlnge (yCgO,

VCgO(sus)) sinultaneoue}y wtth a

draetlc reductLon s'nltchtng timee ln
oo&parleon with ldentleal, yet con-
ventlonal devlses of the same area
proceeoed glmultaneously. A dtetlnct
advantage of the To-3-packaged, n-p-
Il--n TIITBW trans lstore developed is
that thelr fabricatlon requirej Little
change ln comparieon utth the stan-

derd process flou sf eimLlar Gotvsh-
tlonal deviceg.
2. DEVIOE STRUCSTIRE AND OPSRASIO$

?he structure of developed
TIITBW blpolar y1-p-p--y1 traneistor
(bfe.f) conprlsee the basLc double-
lnterdlgitated (fff,; bese-emltter

1 .t\
pattern Lt z t , ta ilored on the alter-
nating deep and shaltow n*-emLtter

The work reporte the developnent of double-lnterdieitated (two
I{l9r$igitation !gv_el) bipglar -power swltching tra[sistors'-with heavilJ-dgp."+. basg- gells_ (Bw). The novel-c1aes of bipolartransistors exhibitEd th6 following trang-fs1d adventaEes incompsrlgon wlth tdentlcalryet conventional blpolar tr6nelstoreof the same cLase ( ld.entleaL area ) procegsed cinultaneously r

li "iG *uf,' $::: ? ? ;"i' rlsso { I ue } 6f i;5 )' g'I;l l" ?i:X) I i 
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; 
iolrrdelav. (ta) anil"Fise_ (tr)tineg by a-fiitsr oi - aati)a-two-fotdreductloF of the fall time tgiD) an enhanaed RBsoa:

layerg. Houever, in sonparison wtth
gtandard TIL devLces, whose naln ad-
vantagea $ere outlined in Refs. (1r 2 ) ,
the TIIJBW trans ls torg have edd itlorra-
lly a series of heav i]y-doped p*-
uells, etretching frou the shallow
n*-emltter through the thlcker p-
bese lnto the llghtly-doped (n-)
colleetor. The resulting TItBIfiI Goh-
figuratton do actually csntrol the
ultimate device behavior in al1 nodee
of operation. A rnal or f unetlonal role
of g+-weIls Ls to electrostatteally
shleld the surroundlng thln g-base
layere, thus lncreaeLng the ttef f ee-
tlvett w ldth of thJ.s base under re+
verse biae condttlone of the coLlec-
tor junctlon. $tated, othenrise, the

J

I' -rfl€lls aot as a ttf teld s topper$ ,
i. e. hlnder the expanston of the
space charge regLons (s,c.f,.) boun-
daries lnto the thtn g-beoe reglone
und.e:r' corueetpondlng netsLlurglcal
Junction. fhus the g*- wells nebsorbtr

the hlgh fleld" socoxr; relaxlng ite
verXr expans ion into the thln g-baee,
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Flg. 1. llhree-dJ.nenslonal view
of ;1-p-1'1--;1 tuo interd"igitation -1e-vels irfrr) bTpela-r power ewitchi5g
transletor wlth heavlly-d"n*U !aae-
wells (Bw) (a ie the enLtter helf-
illath, t ls tlre S.engtb sf the e}e-
nentarV-TIIEW transistorr c is the
lengtf ef the shalLo$*diffEsed F*':'
enl{ter rone of a IIIIEY{ ninLcell ).

L.€., prevent the early reaoh*through
ln the devLee etructur-e ' typtcal of
conventlonal clevlee t?f,) . Arrother
naJor funettonaL role of the 3l-ue1Ls
ls related to the tnanelent nodes of
devtce eperatlon. Thue r upon the
appl.teatlon of ponltive ol.grlal on the
base termfnal, hence on the g*-wells r

the thln P-base sf IIILBIT transletere
(flg. t) iE f looded utth naJsrity o83-
rLere (hotes). Coneequentlyr the
tranelent turn-sn p"oe@ss r @ceurlng

along the g-g-g transistor eecttone
slth thln F-bage (Ftg.11r could be

eubstanotalty epeed.ed,-t{p. Further-
nore, the 3t-treJ.J.e (elong ni.th the
!II, FEttern) Lend the opportunl-ty to
thoroqghlJt eontrol tbe ssln PEr8B6-
terg ef tho trenslent turn-off gnd

te !.norease the eL ectrothermal relLa-
btlfW of devleee. Ebe latter feature
ls due to the extreme 1S lsrr P-bsse

FLg.2. C:rogs-sectlonEl vlew of
the developed 31-p-y1--y1, TO-3-Fackaged
0.1 o&?-enitter area fILBW btpslar
power sTritehtng translstors. (Struc-
ture thlcknese ltf=220 Fn; p*-welle
depth 1{n+*2O pm, dJ.etance betneen the
uells D=50 Fnl thln 3-baee wtdth
1{n*6 Fr; wldth of the t' and t' col.;',
lector reglone Wn-* 120 pn and Wn*=

8O pm, respeotiveLy; surfaoe lnpurl-
ty concentratlon of the dlffueed,
emltter and coLlector reglone Ls ^'2x
1020cn-3 afid ar 1019cra-3, res pectLvel;y 3

the peak Lnpurtty coneentratton Ln

the baee under tbe deep and ehaLlorl
n*-enLtter Eenes 1g /v Lol6cn-3and

- Lol8cn-3, res pectlvelJr ) .

eheet reslstanoe assoeiated slth both
the F*-seLJ,s and ehaLlow nt-enltter
s@nes. llhe sument extractien touard
the bage ter*alnal v la pref erent 141

lou baee reeistanoe channele (fl8.t)
of elenentarrr area [g x (b-gI (Flg.l)
substantlally lnprovee the lr€v€?se-

blas safe operattng Erea (ffiSOA) and

tnhLblts tbe fsrnatlen of hlgh cLls-

rent deneLty f L1anent"Zt? ) 

"" the
translent turn-off process goes by.
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l_ABltA I Comparlson betwee[ the nain
fiIE]fiiTn TrlBw transietors and those
processed on s lllcon 9n*90-100-Cl- o otrL

electrtcEl paraneters of l[0-3-Faokago dof ldentlcEl yet eon\rentlonal devleeg(Enitter area Ae-O.L om?|fc=Z5o$iPO=IFSW)

Parameter Yalue

Colleetor*enltter voltage,
Colleetor-baee voltage,
Enttter-bage voltage,
Pesk contlnuous col.lector current

vcno(eue 
) 
(v)

vcno (v)
vngo
rc

680

730
7

8.0

3.5
o.22

900 .

900
o.5
1.3

(v)

(e)

800

900
6

5.0

2

o.g5
a0

40
o. e5

Lr3

D. C. eument galn hf,n st
Vgt=4V; IC= 5A

Saturatton voltage
De ley t lne
RiEe tlne
FalI tlne
Storage tlne

st hug=S 1 rt=Ia'v_qn (eat )
tfr
tr
tr
t$

(v)
(ns;
(ne 1

(F" )
(ps )

qaEl*H,,, rr
g'1-p-g--;1

procesa ed

Pp-r5o 1r)

Test eondltions :Ir*59; VCC*40 V

Conparlson between the maL,n eleetri^ca1 paranetere of tO-3-peokaged
fIIA}T tranetetorg End those of ldenticaL yet conventlonal devlces
on sillcon ulth ln*40-500.cnr.(nnltter area Ar=0.1cm23 [r=p!og;

Parameter Yalue

Collector-emltter voltage,
Oolleetor-bage voLtage,
Pesk contJ.nuous collestor current
D.C. current gain hpn at
vcE-4v; rt=15A

vcno(eus 
) 
(v)

vcno (v)
rc (A)

TI&.tsIY

345
560

54

10

o. 31

50
1.1

70

gonvent lonal
32A

510

4B

L2

0.3
50
L.2

400

Saturation voltage at hFE=5rIC=BA VCn(sat) (V)
furn-on t Lrne ,
Sorage tlme,
Fa11 time,

+X

"gtug

+X"f

(ns 1

(Pu )
(ns I

'x)fegt 
eondltions , VCC. 100 V; Ir=10 Ai i'r*l

Slnee the heavlly-doped p+-welle aet
as a si.nk for rutnority camLers tn
the base regLons, a dlninuation of
the fall time 3f is also feaslble.
3. FABRICATTOI{

The test devlces sere fabrlca-
ted on ellicon substrates wlth a r€*
elstlvlty of 9n* 90-100.C1, om. f ol-

lowing..rae e lose];r Es poselble the
etandard teehnsS.ogtaal flow for
trlple-diffused v1-p-p--1'1 tranei*u"s3J
The sole dlstinctlve feature of the
fabricatlon procoss were lE ) the pr
bgees profXle (rte.t) ehaplng by tus
dlferent stepo of boron depositlon
and drive-in ustng 8II f;tource as out-

3l



Ltned tn de ta 11 ln Ref . (4 ) i b ) the
tilo-step phoephorue dlffuslon pro-
oess for the n*-emitter lsyers for-
nratlon as deeerlbed in Refs . (LrA).
DetslLs of tle device gtructure are
provided in the 0a ption of 3'lg. 2.
The ectlve eraltter area Aeo0.1 **2
sf TO-3-paekaged deviceg consisted
of 1514 mlni-eeIle of elenentary
area (g x !)-3.? x ro-3mm?(trig.e).
fhe tnp}enented ratio (!/g )=a (ntg. t;
ensutred an e\ren distrtbution . of deep-
diff used. h*-&@n€Et ancl p*-bqse uelle,
respeetlvely, over the enltter 8r€B r
0snventlonally tnterdigttated tran-
sLetore wlth ldentlcaL area (A* n

0.L cn') were fabrleated through
the sane process f l.ovl as ref erenoe
f or trtaL d.evtces.
4.RESUITIS

From the performed conparative
measurements, the folLowlng conclu-
sLons we?e drown (naile I)l

I o In the developed IIITBW de-
vLees a typleal increaee of - L8%

and *23% ln the voltages TggO(sus)
shd VCSOI f,€Bpectlvely, ls obtalna-
ble ln ootspErison wlth, conrrentlonal
devioes ;

b. An actuqL [collapssrt of the
turn-on tlme oceurs in $IIEW d,evLceg

f the turn-on delay (td ) snd rJ.ee (t")
tlnes rnere reduoed by a faetor of
^, e0 [n oonparlson nlth eonventtonal
trsneLstors of the satse el.aee;

sr A two-fo}d reductLon sf faLI
tlne (tf ) was also reoorded ln
SIIiBlTs.

fbe gatnn out].lned at a)-e)
were obtalned at prsotteal,lg url-
ohenged natn el.eetrleal psraneters
of devLoee (gabte I).

Addittonal. experlnente sore

perfomed wlth y1*p-1'g--p |[II,$Tfs fa-
brlcated on gllicon wtth 9n= 40 -
50Jl,cm. The emitter arear the mLnL-
eells geonetrXr and the fabrlcatlon
pr@cess sere ldenttcal to those out-
ltned for ffllBlTs sith ltehtfy doped
eolleotors (n-). Ilo$ever ln thie set
sf SII,BWF, the p+-uelIe hed bare$
reaehed the rl--ool.leetor layer. The
regulte ef cortrpsratlve raeasurenEnte
perforned. en SIIEWe and oonventtonsl
referenee devlees are summarlzed ln
fsble II. It Ls noteworthy that I

B o A ellght lmprovenent (* 776)

of voltage rqttnge le ettll obtalna-
ble ln SIIetslTs at praotloal the s6 me

vslues of the scln el"ectrleal paf,a-
neteno 3

b. An al.nost elx-fold reductLen
of, the fall tLse gf le record.ed tn
lfl}Blffe.
5: COI{CI,USI0$

llo eonoS.ude, lt sas ehonn that
the SIIEW traneLgtore exlrtblt an

subetanttal luprovetsent ln veltaga
ratLnge and a drastte reduotLsn of
eu ltchtng t lnes . llhe reeord.ed redqc-
tlon of riee (tr) and fell (tf)
ttnes ie al} the Drore lnportsnt sa

they eontrol the snneunt of eenmuta-

tlon J.osgeE, he&ce tbe eleetrother-
sal rellsbtllty of devt ees. She 36-
flnepent ef prssented aonoepts csuld
further lmprove the perforntanoe of
po$er ewttehlng translstore.
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