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W e  show  ex cell ent m an uf acturabil i ty  of  the  SiG e:C  epit ax y
process  based  on  grow th  character i sti cs  and  dev i ce  data.

I ntrod uction
T he  incorporatio n  of l ow  co ncentrati ons  of  carbo n  (<1020 cm -

3)  into  the  SiG e  regi o n  of  a  H B T  can  si gni f i cantl y  su ppress
b oron  outdi f f usio n. W e dem o nstrated  that transi stors  w it h
ex cel l ent stati c  and  dynam ic  param eters  can  be  f abr i cated
w it h  epit ax i al SiG e:C  l ayers  (1-4) . T he  m ain  result of  these
inv esti gati ons  w as that carbon  su persaturation  can  preserv e
steep  do ping  prof i l es w it h o ut degrading  f un dam ental
transi stor  param eters. I n  result , the  R F  perf orm ance  can
m ark edl y  be  im prov ed. Com pared  to  SiG e  technologies, the
additi on  of  carbo n  prov i des  si g ni f i cantl y  greater f l ex i bil i ty  i n
process  desi g n,  of f ers  w ider  l atit ude  i n  process  m argi ns, and
im prov ed  scalabil i ty  of  the  transi stor  (2).  M oreov er  a  new
m odular SiG e:C  B i C M O S  i ntegrati on  schem e w as show n
introducing  the  H B T s bef ore CM O S, w hi ch  i s  possibl e  usi ng
C  co ntaini ng  SiG e  base  o nl y (5).

SiG e:C  Epit ax y
T he  SiG e:C  base  of  the  H B T s w as deposit ed  using  a
com merci al , singl e  w af er Red uced  Pressure  CV D  (RPCV D )
system . T he  C  doping  w as perf orm ed  i n-sit u  dur ing  the  SiG e
dep osit ion. For  the  suppressio n  of B  di f f usi on  the  C  has to  be
i ncorporated  substit utio nal l y . Su bsti tuti onal to  interstit i al
rati o  of C  i s  determ ined  by the  grow th  conditi ons  m ainl y .
Fi g. 1  show s the  substit utio nal C  m easured  by X -ray
di f f r actio n  (X RD ) and  the total C  co ncentratio n  m easured  by
SI M S  f or di f f erent C  co ncentrati o n  l ev el s  as  f u nctio n  of the
dep osit ion  tem perature. A t low  C  l ev el there  i s  no  si gni f i cant
di f f erence  betw een  X RD  and  SI M S  resul ts  and  no
rem ark able  im pact of  the  deposi t i o n  tem perature. For  hi gh  C
concentrati on  and  w it h  i ncreasing  tem perature, the
su bsti tuti onal C  co ncentrati on  i s  decreasi ng.

D ev i ce   Result s
V ar ious  types  of  SiG e:C  H B T s can  sim ult aneousl y  be
f abr i cated  in  the  B iC M O S  process, cov er i ng  a  w ide  range  i n
B V C E O  an d  f T  (6) . H ere, w e  present result s  f rom  the  q ual i f i ed
0.25  µ m  B i C M O S  process  w it h  H B T s f eatur ing  3.2  V
B V C E O / 60  G H z  f T  and  2.5  V  B V C E O /  8 0  G H z  f T .  F i gs. 2  –  4
sh ow  stati sti cal data, o btained  on  3 1  w af ers tak en  f rom  7
l ots. T he  data  stem  f rom  9  w af er  sit es. Fi g. 2  sh ow s an  R SB i

histogram  dem onstrating  the  hig h  reproducibil i ty  of  the
epit ax i al H B T  base  doping  regim e. Fi g. 3  prov es  hi gh  w af er
y i el ds  of typi cal l y  m ore  than  9 0%  f or  ar rays  w it h  4096
transi stors  i n  parall el . T hese  y i el ds  tak e  benef i t f rom  a  v ery
rob ust H 2 bak e, carr i ed  out im mediatel y  bef ore  the  epi
process  star ts. Fi nal l y , h i gh  RF  ci rcuit perf orm ance  w it h
ex cell ent reproducibil i ty  i s  dem o nstrated  in  Fi g. 4, show ing
C M L  r i ng  oscil l ator  del ay  t im es w it h  a  m ean  v al ue  of  8.05  ps
and  σ of onl y  0.1 6  ps.
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Fig.1: Substitutional (XRD) and  total C (SIMS)
concentration as function of the deposition
temperature at low and high C concentration
level.

Fig.2: Histogram of HBT internal base sheet
resistance (RSBi).

Fig.3: Histogram of wafer yield for arrays with
4096 high-BVCEO HBTs in parallel.

Fig.4: Histogram of CML ring oscillator delay
times. For the ring oscill ators, the high-fT HBTs
were used.
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