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Abstract: A new 125mm UHV/ CVD SiGe/ Si epitaxy equipment SGE500 capable of commercialization is constructed and

device level SiGe HBT material is grown. A polysilicon emitter ( PolyE) double mesa microw ave power SiGe HBT showing
excellent low current DC characteristics with B= 60@ Vp/ Te= 9.0V/3008A, B= 100@ 5V/50mA, BVego= 22V, f/
Swmn= 5.4GHz/ 7. TGHz@ 3V/ 10mA is demonstrated. The PolyE SiGe HBT needs only 6 lithographical steps and cancels

the growth of the thick emitter epitaxy layer, both of which show great potential for volume production. A 60-finger class

A SiGe linear power amplifer ( PA) with 22dBm of 1dB compress point output power (P ), 11dB of power gain ( &)
and 26. 1% of power added efficiency ( PAE) @ 900MHz, 3. 5V/0. 2A is demonstrated. Another 120+ finger class A SiGe
PA with 33. 3dBm (2. 1W) of P, 10.3dB of G, and 33. 9% of PAE @ 900MHz, 11V/0. 52A is also demonstrated.
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1 Introduction

The high-performance, high- integration, highr
volume, and high-efficient SiGe IC could produce
small factor form, long battery life, fast information
and data transmission rate and high communication
quality of service. Since SiGe was introducted into the
industry in 1998, it has fleetly involved into main-
stream and created one of the most successful semr
conductor miracles in such a short period of less than
five years. SiGe explosively increased its market share
in almost all the RF communication fields like 2G/ 3G
mobile communication, 2. 4GHz Bluetooth, 2.4 ~
5.0GHz IEEE802. I1a/b/g, up to 40Gbps optical
communication, GPS, TV tuners, high-speed ADC
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and even ultrafast SGHz FPGAl'!,

T he revised Johnson limitation says BV cro x [
approximately equals 300GHz* V, which is a basic ob-
stacle for RF power amplifier ( PA), especially for
high- breakdown case. SiGe technology now begins to
challenge the role of GaAs and LDMOS in mobile
communication base station PA. Recently Johansson
et al.l? reported a 25V/20W SiGe power transistor
under 2GHz AB class CW condition for Cellular base

station.

2 SGES500 and device structure

The soul of SiGe HBT is the strained Si/ SiGe/ Si
multr layer structure, the crystal quality, and material

parameters of which are directly determined by the
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epitaxy equipment. A 125mm  single wafer
UHV/CVD SiGe epitaxy equipment SGES500 capable
of commercialization is constructed. Compare to its
predecessor SGE400"!, SGE500 obtains a consider-

able improvement. It adds a preloaded chamber to

new

further isolate the reactive chamber from the atmo-
sphere environment, and the base vacuum of the reac
tive room could reach beyond 5 x 10”7 Pa. SGE500
could raise the temperature at a rapid speed of up to
150 'C/ min and the precisely controllable temperature
range is broadened to 500~ 900 C. The SiGe layer
growth rate is typically 3~ 8nm/ min.

T he vertical structure of the PolyE SiGe HBT is
shown in Fig. 1. The n* ( 100) silicon substrate is
chosen to reduce the bottom collector series resis-
tance. T he thickness ( W.) and doping concentration
(N¢) of the n™ collector are chosen to satisfy the ap-
plicatiorr specific demands of BV¢po and maximum
collector current density (J.) and /. Key parameters
of the base are germanium content x (at present, we

just chose the constant x across base zone to simplify

Polysilicon emitter: d=200nm
T B

N
1-SiGe: 2=0.22,d=7~10 nm
n-collector: W.=3pum, N.=1.5x10"cm™

n* substrate: n*(100), N, =10"°cm™

Fig. 1 Vertical structure of PolyE SiGe HBT

the material growth process), base thickness Wy,, and
base doping concentration Nj. The main design fac
tors are DC current gain ( B), base intrinsic sheet re-
sistance ( R},) and f,. When W), dropped, B and f,
would rise while R}, increased, then we could raise Vy,
to maintain rational R,. Unlike Si BJT, SiGe HBT
could provide additional x to increase B exponential-
ly, and therefore permit thinner W), and heavier N,
(two orders higher than that of Si BJT) to ensure
proper B, optimized f, and pretty lower R}, and thus
optimized maximum oscillation frequency (f ma) . The

thin rSiGe layers across both BE and BC junction are

carefully designed to prohibit out-diffuse of boron
from base to undoped emitter layer (+E) and light-
doped collector. The rE layer would form true light-
doped emitter layer after total post anneal steps,
which could greatly reduce the BE junction capacr
tance as to improve f . On the other hand, it must be
thin enough for the poly impurity to diffuse into it
and to ensure low emitter resistance. Present design
selects a thickness of about 20 ~ 30nm. The top
200nm thick polysilicon layer is deposited using
LPCVD, which will be discussed in the next section.
Please Refer to Refs. [ 3, 4] for the detailed SiGe
HBT material growth process.

T he lateral structure is a little different from the
one discussed in Ref. [5]. The emitter mesa is 1. 6Hm
wide, the distance between the emitter mesa and B-
hole is 1.2¥m, and the B-hole and E-hole are both
0. 8Hm wide. The emitter stripe is 40Hm long which

is chosen to provide higher current and power output

capabilities.
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Fig.2 Lateral structure of PolyE SiGe HBT

PolyE double mesa SiGe HBT pro-
cess

T he process is somew hat like the one reported in
Ref. [ 5], the main improvement would be:

(1) PolyE process. 200nm thick polysilicon
(poly) is carefully deposited using LPCVD at 625 C,
which is then implanted with phosphorous at a dose of
5x 10"”em™ % and energy of 70keV. The clean step be
fore poly deposition, the ion implantation and post an-

neal thermal budget have to be carefully designed to
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satisfy the multiple demands of the transistor, which
would be further reviewed in list (4).

(2) Sidewall process. Lateral size of the sidewall
is a key step to the trade off between R}, and BE junc
tion leakage current. A 300nm LPCVD SiO; is de
posited and then anisotropical RIE is used to maintain
a lateral size of about 150~ 200nm.

(3) Hole dielectric and holedrilling process.
150nm LPCVD Si0; and 200nm PECVD SizNy4 are
deposited as the hole dielectric. When the hole di-
electrics is RIE etched to about 10~ 20nm, 1: 100
buffered HF solution is used to wet-etch the remain
thin layer to acquire clean and damage free hole. The
compound hole dielectric and the tworstep hole
drilling process greatly improve the low current per
formance and cut down the collector leakage current.

(4) Total thermal budget. The total low thermal
budget required by SiGe material puts a stringent de
mand on the post annealing condition. T he doping im-
purity in the poly has to be activated effectively and
some part of it ought to diffuse into +E layer to form
a light-doped emitter. Extrinsic base and emitter con-
tact resistance need to be lowered rationally. Out- dif-
fuse of boron in the base to the collector and rE layer
and relief of the strained SiGe base zone under some
what high temperature have to be simultaneously con-
sidered carefully. A twostep solution is adopted to
tackle all of the upper aspects. Low temperature fur-
nace annealing is first made to activate the doping, re-
duce possible crystal defect, diffuse the doping impuri
ty from poly to the rE layer, then RTA further re-
duce the contact resistance and activate the doping.

(5) Metal process. |Fm thick Al is sputtered at a
substrate temperature of about 250°C to permit the
stable and good contact formation. The alloy condition
is 430 C/30min, which is chosen according to the
trade-off between contact resistance and collector cur-
rent leakage based on a great deal of temperature
change experiments.

(6) Compatible with the standard Si CMOS
technology. It is meaningful to note that the whole
PolyE SiGe HBT process is super simple with only 6

lithographical steps and compatible with the current

CMOS process and now under the small volume pro-
duction development. Figure 3 gives the final device

structure.

. Tm —

Fig.3 Final HBT device structure

4 DC characteristics

The transistor’ s DC characteristic is measured
using Keithley 4200. Figure 4 shows the reverse
breakdown characteristic of EB and CB junctions. The
BC junction breakdow n voltage is about 22V, which is
very hard and the leakage is pretty low (91nA@ 20V,
10-finger transistor). The BE junction breakdown
voltage is about 3V and somewhat soft (3HA @ -
2V), which may be caused by the poly BE junction
(rE layer is very thin for the space charge zone to
easily extend across the poly layer) .

Figure 5 shows the excellent low current DC
characteristic: B= 60@ Vp/Ic= 5V/3000A. When
collector current increased, B increased also, to about
B= 100@ 5V/50mA.

Besides exponentially increased with x in the
SiGe base, the introduction of the wider bandgap
PolyE could also further increase B, e. g., a PolyE
SiGe HBT with current gain beyond 800@ 5V/50mA
is fabricated. T he using of PolyE permits a smaller x
to provide higher thermal budget or heavier boron
concentration to produce lower base resistance, which
provides additional flexibility to trade between DC

and RF performance.
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Fig. 5 Output curves with B= 60@ 5V/3008A(a) and B= 100@ 5V/S50mA(h)

After being packaged in a metal ceramic form, ger PolyE SiGe HBT are made. Figure 7 shows P,
scatter parameter of a 10-finger transistor ( emitter G, and PAE curves of the 60-finger-PA at a pretty
area: 10 x (1.6Hm x 40Mm)) is measured using  low DC bias (900MHz, V¢p/Ic= 3.5V/0.2A). At
HP8510A, from which f and [ ,a is deduced ( see 1dB compress point, P/ G,/ PAE= 22dBm/ 11dB/

Fig. 6) . The initial result is somew hat lower than ex- 26. 1%, as bias increases, the 60-finger SiGe PA gives
pected: f /[ max= 5. 5GHz/ 7. 7GHz @ 3V/10mA, the that of 29.3dBm (0.85W)/9.3dB/22.6% @ 9V/
detailed reason is under investigation. 0. 37A, while the 120-finger SiGe PA gives that of

Class A linear PAs using 60-finger and 120-fin- 33.3dBm( 2. 1W)/10.3dB/33.9% @ 11V/ 0. 52A.
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Fig. 6 RF curves of 10-finger PolyE SiGe HBT
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Fig. 7 P, G, PAE versus P;, of SiGe PA

5 Conclusion

A new 125mm UHV/CVD SiGe/Si epitaxy e
quipment SGES5S00 capable of commercialization is
constructed and device level SiGe HBT material is
grown. A PolyE double mesa microwave power SiGe
HBT process showing excellent low current DC char
acteristics with B= 60@ 9V/300uA, B= 100@ 5V/
50mA, BVgpo= 22V, f/f max= 5.4GHz/ 7. 7GHz @
10-finger, 3V/ 10mA is first demonstrated. The poly
emitter provides additional flexibility to trade off be
tween DC and RF performance. The whole process
needs only 6 lithographical steps, and is compatible
with current CMOS process, and cancels the growth
of the thick emitter epitaxy layer, which shows great
potential for volume production. A 60-finger class A
SiGe linear PA with 22dBm of P4, 11dB of G, and
26.1% of PAE @ 900MHz, 3.5V/0.2A is demon-
strated. Another 120-finger class A SiGe PA with
33.3dBm (2. 1W) of Py, 10.3dB of G, and 33.9%

of PAE @ 900MHz, 11V/0. 52A is also demonstrat-

ed.
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% RASRWNEEHEIE SiGe HBT

XER GRS WOGE FEIK Kk O XS
MAERE VF P BRI ERIUE
(AR POL P ARSI, dERC 100084)

WHE: WS T IR AL 75mm LR B Ak A URT E BRI AR 4E B & SGES00, FEAE G T #5112 SiGe
HBT #4FL WFE] T AT 8 RS R Pk 0 22 & S B 5 10 B £ % SiGe HBT 841, JLVERE N: B= 60@ Vel 1
= 9V/3001A, B= 100@ 5V/50mA, BV cgo= 22V, f /[ we= 5. 4GHz/ 7. 7TGHz@ 10 5, 3V/ 10mA. £ K 3 8 ol ik —
I PR A R T 2, 1Z L E RS AT 6 PG K, B CMOS TR HL( K 2 A R W) G T R S M A
S A A, SR A A LIS 5 T kA 2 7. FIRT 60 R 120 $R 1% SiGe HBT il T sl B ik Dh 2 1048 60 $65 2D
JHCAE QO0OMHz F1 3. 5V/ 0. 2A fw ¥ I £E 1dB 45 0545 1 P e/ G/ PAE= 22dBm/ 11dB/ 26. 1% . 120 $5 5 jit 900MHz
TAERE T Pow/ G/ PAE= 33.3dBm (2. IW)/10.3dB/33.9% @ 11V/0. 52A.

KBRIR: Bk AU R DR RO A
EEACC: 2520M; 2560]; 1350F
RESES: TN323" .4 XERFERIRAS: A XEHRS: 02534177(2003) 09089706

(6 5 [ SRR LG W Bh I H (4t HES: 69836020)
Hade  WAEREIEE, TR SiGe #4 8] SiGe HBT #11 SiGe PA Btk SiGe HBT 5 CMOS (14 bl "G00 5%,
2003 03 24 i 3, 2003 04 29 52 Fi ©2003 v [E d o2y





