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HZ Mobile® RF ICs #4-2 93 RF CMOS 7147 37 84 7|42 SiGe Heterojunction Bipolar Transistor (HBT)
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a0 %4 7)&& Trapezoidal Ge base profile @ non-selective W40z, olvlg] RTA &% ¢ SiGe HBT based] o
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Abstract

A 035um SiGe BiCMOS fabrication process has been timely developed, which is aiming at wireless RF ICs
development and fast growing SiGe RF market. With non-selective SiGe epilayer, SiGe HBTs in this process used
trapezoidal Ge base profile for the enhanced AC performance via Ge induced bandgap narrowing. The characteristics of
HFE 100, fr 45GHz, fmax 50GHz, NFm, 0.8dB have been obtained by optimizing not only SiGe base profile but also RTA
condition after emitter polysilicon deposition, which enables the SiGe technology competition against the worldwide cutting
edge SiGe BICMOS technology. In addition, the process incorporates the CMOS logic, which is fully compatible with
0.35um pure logic technology. High Q passive elements are also provided for high precision analog circuit designs, and
their quality factors of MIM(IpF) and inductor(2nH) are &), 125, respectively.

Keywords : SiGe, BiICMOS, HBT, trapezoidal, 50GHz

I.M B

2

BAAR0) 343 4R g, 2
24 AU PRI ARAE 2L

(fr) 2 =
73

=1
E
=

p=]
T

o ¥

—_—

e B
T
==z

i

5+ —r
A superior noise 573 (NFmin) R power
efficient 3 =2 AAE AREo] aFgojng

7|&e] RF CMOSH AgE BICMOS ¥4 high

4 o

o

dim

»

Ay, AANAR Bt AEH SYSLSIA H
7z
(Technology Development, SYS.LSI Division,
Semiconductor Business, Samsung Electronics)
AR, FRobEREA(F)

(DongbuAnam Semiconductor)
H5dA: 20069059279, FESE Y 2005d8922¢Y

(5493)

speed, low noise, high linearity ¥ low power H
o)A SiGe BICMOS 574 13} ZA) EAZ low
end product 7Rl 2 AMEHo{AIL glow, %I
2 interface core IPs ¥ IA%S RF AFL g&EE
SiGe BICMOS7)%29] adoptiono] d3 Sz gick?
AZ2 BICMOSA S, & t &< o] AR 5 fr
Z 7] Y8l based] FA7E sFotAok dt

fx® A7) HEME dlo]29 &Y FEE Fojok ¥
v} v, AaE bipolareld HA hFE(current
gainE ¥7) YalME 54 715 base =F FE}
A& A Uk wakA, 0GHzolA Y 8 e AL 7
#X02 wWi$ olge Aoz 4HA Yo} RF CMOS
= 9t EHAA Y 458 o3l e

.

=
4



2 FHEMAXH TS 948t 45GHz f
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fabrication process& 7]&33l, SiGe base profile 2
emitter junction®] W2 DC/AC 54 otF 1, CMOS
2 RF Passive 2&%HMIM capacitor, Inductor) E4&
A3 S stk

o2 &

1. Az 33

A A gH(strained) SiGe epilayers FAA 2
Ge gl 48 YATFAZ EAsta T4 X
utz} Az} o] 9(strain relaxation)o] dojy A7} 2
0 oo Agdez AAz Fge] L CMOS
integration®] 4 ZA3FE ZE SiGe HBT(Heterojunction
Bipolar Transistor)& AI1%}3li= BAGate(Base after
Gate)¥ WHHg ojgddTh X 1. & AT 036um

a7}

SiGe BICMOS &4 3Z&8&%2 7] 7" 0.35m
Anatog Element Bipolar
DN Implant,
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ONO and , FET Well & VT Impiants, Bipolar protect layer
.......... gate oxidation, poly-silicon| L — . |
hand ﬁm FET extensi
, adensions, Bipolar Window(B/W),
sidewall formation, SIC Imptant, SiGe base
nFET S/DV, pFET SIM deposition, Base poly
FET protect deposition Deposition, emitter
J ‘ ....................... - definition and openlng,
Salicide, Final RTA, Phosphor IDP, EDR,
Contacts Extrinsic Base pattern&
etch
Standard interconnect
Technology including
Metal Insulator Metal
Capacitor8dnductor
i
E 1. 0.35m SiGe BICMOS 838 &k
Table 1. The schematic diagram of 0.35um SiGe BICMOS

process.
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Fig. 1.

SiGe HBT and MOS 72tz
The vertical diagram of SiGe HBT and MOS.

8 2. Vertical SEM of SiGe HBT
Fig. 2. Vertical SEM of SiGe HBT.
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a8 3. SiGe base profiled] izt Zi=tE
Fig. 3. The diagram of SiGe base profile.
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Fig. 5. AC characteristic of HBT by Boron pile-up.
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E 2 Base profiledil & SiGe HBTS AC £4
Table 2. AC characteristics of SiGe HBT by base profile.

SiGe f; | .

Cap Si(,) B step B
A (GHz) (GHz)

spacer(A)

200 100 5,6 3E19 44.7 37.1

200 100 5,6 SE18 44.6 32.5

200 100 1E18 44.5 16.3

200 100 3E19 45.6 37.4

200 100 3E19 46.4 33.6

200 100 3E19 46.1 30.3

200 0 3E19 46.9 30.3

alaflalw] s

400 ¢ 3E19 44.4 34.4

200 100 4,5 3E19 47.7 40.7

200 100 34,5 3E19 49.3 44.4

200 3,4,8 3E19 46.9 46.6

200 2,3,4,5 3E19 48 44.8

300 1,2,34,5 3E19 45.6 44.9

48.9

400 1,2,3,4,5 3E1% 4224

5. € boron pile up 75 W& fr, frdE EBA
et boron pile upo] oI HA fr7t AfAHEH =
2 4 gt} Boron pile upel AT Ao+
emitterol Al o] HAE] B-C  junction®lA
saturation  velocity®  collector®  do{7loF &
1}, depletion regionolA] £A8}= hole accumulation®ll
o3 parasitic energy barrier’t @A electron®]
transition& Walate] fre] A eA Her
TEM #AelA els2t o] defect?t &A= boron
pile upel A8t 1 sourcer chamber wallol &3
o] ™ boronEe] %7] odl¥ ZFFAANN FUE
A2 FAHUG. ol& sy Ha o3 4% A
o chamber wall®] &2 boron®] co-depositions ¥

A&tz sl AR loading® el undoped
' deposition ¥4& %7+t boron pile-upg AL
o 28y, 19 AMNE BRI fra?}t frE T 2

v &AMl dol UNUTh fr& effective base
widthell ¢j3le] AA=HE P9 fo.E base A 2
B-C%t capacitance®) &3+ 93Fo] 37| wjEo) boron
pile-up7/l A2 base E& ZAHAoY A3] base
A3 9 B-CZF capacitance’t 7] Q&2 Q@)
oo g 4AF XS 98l & 2.9 2ol SiGe base
profile] ek splitS Pkt

Split 2215 Q93 of# et 2t

SN
to R o

#HEE

silicon

(1) Boron doping H%7} 2&5E {1 AAY,

intrinsic base®l doping®s =7} RobAA fmagto] 2o}
At 2, fdts 227 HdAE base BEE

(546)

3E190.2 Rgske Zo] gEd Aoz AZdr

(2) Boron doping step2 emitter junction®l 77k
Zo|| base’} FHHEEZ & AldE base Ado] #AAA
foax’b A 1EE E-B junctiono] BAIH o]
tunneling current”} Z7}3kc}

(3) Capping silicon®] F77} Z718tA =3 base
transit time 7} 7FAQA Ho fr 54 A 5
27} o1t 20014 40nmAtele] FAAAE E Atol7t
EABHA st

(4) Base A% ZAE 7HH27] A3lA = boron
doping stepg F7HAZ FL7F Aed o)Hg Frh=
%2 RTA(Rapid Thermal Annealing)X] collectorZ: 2.
2 boron®} TED(Transient Enhanced Diffusion) 84
o 2}3] borone] o} FHate] d4=e} boron doping
step 7kt ¥ undoped SiGe spacerd] FAE o]
Z7HA Geoll 9% boron diffusion®] retarding &3
2485tk Boron steps7F Z718HA R foa?}
7kt Aol ddLh gy, AAAL SiGe 7
7 4 49 93¢ strain relaxationo] -2
undoped spacert 30nm©¢]3 boron doping stepS
2345% A3t AE HAX{XDOZ R

(5) SiGe o9 Aol JH== seed silicond] F7
20nme|yt 20014 OnmAtelells EohE 54 Wst
#AF3A EPct a8y, SICAHA #-9=+ phosphor
o 23] base wideningS FAA|718 1L 20nmE A =
Ak

2 1o ofN mu

i

Lt. Emitter drive-in RTAO| ©HE DC/AC §4

AC E4& 34 targetdl ¥35e S4ES Faakd
oy 39 6.9 Gummel plotielA¢] No RTA 183
Zo] low VeedlAl base AFH7F Hlo] 49 E4& 7}
A3 gk o]# 3 leakage AL current gain®] H]
AP E opZIA7IL HHE A 88 oH€A & A
o]t} Base current= baseolA] emitter2 dol7le &
B AFAY olH AF TEF) EAske AEY
siteE0 9)38le] base leakage’} YA EE Ro2 Azt
HNa, olo] g FFS 2] A8 ohFek splitel A
g9l Splite E-B7} interface oxide #1A, Base9}
A oxide7t9) interface 784, Emitter poly~ silicon
9] stress T4, 54 ion contamination A, etch
damage ol diste] P A, emitter
polysilicon deposition & @A & F718 splitoii A
base leakageoll ™3t AT AL Jodt 18 6
£ SiGe profile(Cap silicon:20nm, B step: #, #6,

T



20054 98 HXI38& 3

[ -ssoc see
19807 s ::::cx:a .
'__wnoc 20ses
e 10 ATA
b = R AT
10E-09
18E-11
mz-uo‘:—~ - o
Vhl(VO)' ' |
23 6. EDRO| wE Gummel plot(EW:0.6x10)
Fig. 6. Gummel plot by EDR(EW:0.6%10).
. F___:H(IOOOC 20s8c)
| —e—tTt050C 30s00)
. {T(no RTA}
50 N . | o fmax{1000C 20sec
: . tmax(950C 30sec)
max{no-RTA}— ~
40
30 {
20
10
0
1.0E-04 1.0E-03 1.0E-02
L ottector i) —d
22 7. Emitter Drive inoil EE}E AC £4
Fig. 7. AC characteristic by emitter drive-in.

undoped SiGe spacer:10nm)°A] RTA®l o} Gummel
EXNS W 1 gtk EDR(Emitter Drive in)Zl 3§l
e A aTE g 2o] A¥E 4 Aok Salicide
HA A AYHE= 80T 30sece] RTAZ E-B junction
depth7} 30nmo}it ZF7Fe 950TC 30secol A= 40nmT
%9 E-B junction®] BAEA €t} o8& junction
4L polysilicon?t A E AW Afeld] EAjste &
stresst} defect £ 9o 25 € E-B depletiond
4% mono silicon FFo.2 OI%A] 712 24 depletion
g WellA &9 xﬂ@ﬂ FES 5 8 Ae=2 B
%E} olel thaME A5 4 °] a74rh 100
0C 20sec®] RTAYAE current gain®] ZH=3HA 714
(10000 AA F(100)9) ZI3E 2 1000
ool Ao} EAe7t HEE °Z Bk

=
F

o
=<

g2
22O,
TE=

[s)
Py Ay
T

Ct. ZH3tE SiGe HBTS 59
a¥ 8 & HAshd SiGe HBT9 DC/AC H

544
o #31 gtk RF IC 47 A 71 384 9% g9

=2X ® 42 X SDH H 9 2

(547)

High Speed NPN
{@b= 5uA, 15uA, 25uA, 35uA, 45uA, EW:0.6X1
6.00E-03
5.00E-03
4.00E-03
3.006-03
2.00E-03
1.00E-08
0.00E+00
0.0 1.0 20 3.0 4.0
CVGEW) _J
(@) Vee vs lc

HI h 8 eed NPN
EW:0.8X2um2, Vce=2,0V, MET1

/!

1.0E-04 1.06-03
Collector Current(A)

1.0E-05 1.06-02

-

(0) fr. frax VS Ic

h S eed NPN
EW:0.6¢ 10um 2(Vce=2.0V,@2.40Hz)

2.0
1.8
16 |
ta ]
12
1.0
0.8
0.6
I o4

0.2 |

0.0
0.76  0.78 0.8 082 084 0086 0.88 0.9 0.92
e NBe(VY. ——

(¢} NFmin vs VBE
=]

= 8 Z™stel SiGe HBTSl DC/AC S4
Fig. 8 DC/AC charac. of optimized SiGe HBTs17.

L

2239 NFmin©l 2GHzelM 08dBTE22 249 9l
T F4S $ny oz wodn ¥ 3 & F 7

option(high speed, high voltage) SiGe HBT ¢ 54<
o F3 9t} SIC(selectvely implanted collector) ©]
2 F B4 A high voltaget deep SIC 135+ o] &
#9415 31, standardE 3M 9] SIC o] FYso =4H

At BV 12l EAol  AM=E whb|E)
(BVeeoxfr<200GHzV'¥)3}7] o] high voltage



6
E 3. Summary of SiGe HBT(EW:0.6x2um2)
Table 3. Summary of SiGe HBT(EW:0.6x2um2).
Bipolar Data
HBT Option ST/HV
Beta(B) 90
\A 100
BV 3.3/5.8
BV 173
BV 13.2/21.5
C,, at OV(F) 8.0
| C_ at OV(F) 5.9/4.9
R at OV(Ohm) 80
£V, =2V) 43/22
£ (V_=2V) 50/30

optiondl M= £ Astrt vehdth 5V $2 optiond
gt 58V BVt margin®l IE Aoz #d
o] & o optimize?} 87= ot

3. CMOS and Passive element

7}, CMOS element

Pure CMOS #AdE 22 BICMOSTACA &
NBL, PBL, N- EPI7} &48}7] @il o] w& N

WELL, P WELL9 tigt 5% ZFo] HQsjirh
2y, ¥4 targetE 135 A %3] 7] set-up®
[P(Intellectual Property)E AH&-E & UEFE 3Hth
¥ 4. SiGe BiICMOSoIA set-up® NMOS/PMOS =
Be Bo F3 9tk 712 LB 2 oxideFAE
T0nmel A 55nm=z W73 AL PMOSY Dsats &
HE EFolqith 54 7]E L3b AR & #EEE
2 AL, off current HolA £ o] A FA
z27A% 2339t Gate spacers nitride® #8354
spacer etchA] ZF3HE oxide FAS TUFOLEH
RIE etchAl S/D 999 silicon EH =% @&
HCI(Hot Carrier Injection) S3Q3 SiGe epi A%
A9] Epi quality €3 7b5A& A d9n AL
LINEW 0.351m 33 Hx duty 2% 274X 16 ]
Ao 1&g gHsA

2) MIM capacitor and Inductor

High speed RF Analog circuit® 7437 AsiAE
gz U A5 AL A power =4E ATV A
high Q passive 27} 278k, MIM#} Inductorol]
g srgze #3'e 2za9dh QQuality

SMENAXIHES 9B 45GHz fr ¥ 50GHZ fna SiGe BICMOS 7HE

2413 9

I
vl

4. 0.35im NMOS /PMOS &4 -
Table 4. The performance of NMOS/PMOS.

035im STD
Process 035m SiGe BiCMOS
CMOS(CSP7-5line)
Tr.
NMOS PMOS NMOS PMOS
Para,
Gox Thick
784 8L2 888 94.4
(elect. A)
Vih(V) 057 032 058 083
1dsat(uA/im 492 231 492 232
IdofR( /) 1.67 16 29 18

——
_.‘_OGNI‘Q
—o_Circular-Q

—o~Circular-L
)

FIH4(GHz)

3% 9 inductor 2ol WE Q value
(T: 3um, OR:150um, W:i5um, S:3um, Tum: 2.5)
Fig. 9. Q value by Inductor structure.

(T: 3um, OR:150um, W:15um, S:3um, Tum: 2.5)
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Fdo 5132 A Qo dEs
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509] e 4L, M3~M4ztel MIMAlAE Q 80& &
Jrh. ¥ MM e Q Fele 1wt A
capacitance X019} Metal2(0.6um), Metald(3um)9
A Aolol ojgt AHF o]z MuHEHY. 1y 9=
inductor®) 2o @2 Q@F inductance TS K
31 9lth, Inductor 7AE $13 Metal F7A= 3ume]
I Qut radius:150um, Metal width:150m, Metal space:3

&1
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pm, Turmd 25904 24 =R Circular 24)A Q
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o zro] Ugth o]& wave’l inductor turng F3
o o]%& w comer WHAHAIFT} circular FE iy
rectangulart} octagonal FEl2) inductorel A F 7} o
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SiGe o= #ANA boron T AET controls
3 =473 A chamber wall deposition FA°] A&
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A 5319 Base leakages emitter
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