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Abstract

Low temperature selective epitaxial growth of Si and SiGe has been obtained using an industrial
single wafer chemical vapor deposition module operating at reduced pressure. Epitaxial Si and
heteroepitaxial SiGe deposition with Ge content about 20 % has been studied as extrinsic base for
self-aligned heterojunction bipolar transistors(HBTs), which helps to reduce the parasitic resistance to
obtain higher maximum oscillation frequencies(fmax). The dependence of Si and SiGe deposition rates on
exposed windows and their evolution with the addition of HClI to the gas mixture are investigated.
SiHxCl: was used as the source of Si SEG(Selective Epitaxial Growth) and GeHs was added to grow
SiGe SEG. The addition of HCl into the gas mixture allows increasing an incubation time even low
growth temperature of 675~725 C. In addition, the selectivity is enhanced for the SiGe alloy and it
was proposed that the incubation time for the polycrystalline deposit on the oxide is increased probably
due to GeO formation. On the other hand, when only SiGe SEG(Selective Epitaxial Growth) layer is
used for extrinsic base, it shows a higher sheet resistance with Ti-silicide because of Ge segregation
to the interface, but in case of Si or Si/SiGe SEG layer, the sheet resistance is decreased up to 70 %.
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Fig. 1. Schematic cross-section of a selective

extrinsic base growth for HBT.

o2 EFFso Aol dojubA €k vy w2
Aoz 3 Al AFoz 3 YAz P
H8E& AA S, & Y3 A7A] dFGE A7)
ZEYER of A FUgddE MAeyoz HE ¢
Mt o] dojutE Aol olHE AE I
Y Al ZH(incubation time)olgln 3ty F2 F3I &
U 33 o4 59 4% 2dd gy FYA
e gAY £33 Az2vse AxdsE A
3 vzt AAAHE FAUA Ay F
I v &2 EFsE Aol s ualy A
23 AZrtsg T duZ-AzZolsgE A
o v& Aoz MY dFAA GAo] v
a=8

HEE 4s 722 H2AAE 2 SiH Y
SikHs & 183 1A & SiH.Cl: & Al83 &
o dedg wo]7] & HC 3 Ch 7128 3
7}8k7l=  %tel. ] Bloem[l] Yt E. C.
Stassimos[2] Fo 93] d2]& wk&o g A+
7} %ol #HHAEY A2 st EEA 4B
°] Hy ¢} HCl o] #d w89 A9 543 4%
75 vetdga g8 A Aot

SiH: + * < SiH»*

SiHo* — Si + Hq o))
SiCl, + * < SiCla*
SiCl* + H: < Si + 2HCI (2)

574

A9 N B ¢ & sl AT F2Y
EW 98E SiH 9 SiCh o o8 oFolxy
@49 duse FAN Azt ol AHAo
2 4387 98 44 Aol 38 WA Q
A9l N7 wgol FAldl WA, ol @ FHE
o wFAA AsetolAe) o AL oA sl
FYNHE ARFAIVIE HA SEG wehe]
AHA HFEEE RFEZ 22 shag HC 7
29 wWlgol Fasth st AR AUE Yehd
o},

2. 4 ¥

2 39 5He Hdy2 ¢ 2gE-A=nE
e 700 T H29 AHL2dA Aoz A
A HBT 42} 9ol Ao] 4317 9§ 3o
2 Wolx F& %o SEG 7t "Dz A g
A3E 93 RCA % HF dipping @ ex-situ
cleaning 7t HAAEHAR L2 oA F4 &
A F3[3]% AA&A gt

2 Ad¥d Agd Fule vF ASM AL¢
Epsilon One-AP/RPCVD 2 = A load-lock & ut
S22 FAEHdey wgErs BHYye v 3§

€ 3ta Yot g Ro= HEE-gutol=rt =
HE aetstolE 7lde] Fodel HXs glog of
= deols AN nE F3 £ F A7) 98 o
oo £xz AL o g LAe wgRo
Aotelldl Az Aoz A3 Hirg-gdzA P=
o og EAlYE oj&sle dolHe J|Be 1Y
atm 7]gke] olgfel ¢ XF vl 788 thermocouple
€ B3 dlolney 2xE HHHoE ¥,

% d¥e Ad" Y BEF AL MsEkd
1A AN F2 AL Fdsln 29 anE
HasH4] 37 #8 wE2 e FF g8 40
torr 2 DASEY. AAVARE SiHCl 9 4
o 15 %2 g4¥ GeHs & FY3lgey wrg
Aelo] 7t22% Hy 7128 20 slm o8 33
3t ALt MY S FAA 7] A8 FY
He HCL & w84 (oA veld A3 SiCl
E A3 A3t 9o AR AAY ®a o}
vet dalE g44 =gx FAld AHzsieg HCl
of F2F ANzHE H-3 -G FL7M2d
1000 ppme FEZ SM¥E BHs & =dHE=Z 3
7hete] A EZ-A2utEe MYy ddA AR
v A G gz dolr i},

—



100 LI 100
= wof No-SEG =0~ SiH,Cl,: 200scom| Jlgg
é 80 F O \ -—0— §iH,Cl, : 300sccm lao
3 oF \“seG  {[No-SEG {7
O 60} /! 1 J 460
8 of X N
v 50 ; \) e N 450
._g 4} 4t \ SEG 440

sop N | S 130
3 /

S 20} ik ; {20
o \ N
10 1F 110
0 725C 700

0 1020304‘050 6 1|02l0304‘050
HCI flow rate(sccm)

a8 2. 53 &% 725 T 700 ColM e HCl #
Fo| oE HeEE 4o FF £ 9 A
9.

Fig. 2. Si growth rate and selectivity as a
function of HCl flow rate deposited at
725 C and 700 C.
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SEM micrographs of Si SEG layer
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HCI or (b) no addition of HCI.
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Fig. 5. Variation in B incorporation in SiGe and
content of Ge as a function of growth
temperature.
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Table 1. The results of sheet resistance for
SEG layer introduced in extrinsic base.
Extrinsic base[SiGe SEG| Si SEG | Rs(Q/sq.)
1200 A - - 254
1200 A - 500 A 7.4
1200 A ~ 1000 A 71
1200 A 500 A 500 A 8.2
1200 A 1000 A = 34.2
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