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Abstract: A transimpedance amplifier based on InGaP/GaAs HBTs. which is applicable for 10Ghps bit rate. is devel—

oped and realized. Compact chip layout guarantees good flat gain, linear phase, and small group delay time varia—

tion. M easured transimpedance gain is 40 dB * Q and 3dB bandwidth is 10GHz.
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1 Introduction

Two possible ways exist for very high bit rate
fiber optic links. Firstly, electrical time domain
multiplexing( ETDM ) used for ultra high bit rate
( = 40Gbps) optoelectronic receivers (and trans—
mitters) has been demonstrated in Ref.[ 1] recent—
ly. Alternatively, optical wavelength division multi-
plexing (WDM) can be applied for n X 10Gbps,
where n is the number of simultaneously used opti—
cal wavelengths on a fiber.

In this paper we report on the development
and the technological realization of an amplifier
suitable for WDM applications with bit rate up to
10Gbps. This amplifier chip is part of a module
comprising a pin-diode for 1. 35um wavelength de-
tector and the amplifier, both mounted on a sub-

carrier.

2  HBT devices characteristics and
MMIC process

The MMIC is based on the 100mm InGaP/
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GaAs HBT device technology with an emitter fin-
ger width of 3. 6um. The epitaxial layer structure is
shown in Table 1. Two metal layers are provided
for interconnection. 25Q/0 NiCr is used for thin—
film resistors. M etal-insulator-metal (MIM) capac-
itors are realized with PECVD SisN4 with a unit ca-

pacitance of 180pF/mm’.

Table 1 Epitaxial layer structure
Layer Epitaxy Thickness | Carrier | Carrier conc.
number composition /nm Ly pe JSem™?
0 GaAs (625+25)um| N/A N/A
GaAs 500 . n' 5% 10"( Si)
2 GaAs 500 . on” 3X10'(Si)
3 GaAs 60 Loptt 4X10"(C)
4 InGaP(x= 0.5) 50 | n 3X10(Si)
5 GaAs 120 n' 5% 10"%(Si)
6 IniGai- «As 50 nt* > 10"(Si)
7 Ino. 6GansAs 50 n** > |ﬂ|u[ Si)

The measured HBT de current gain is approxi-
mately 80 at a current density of J.= 40k A /em”.
The common-emitter breakdown voltage BVecro is
10V. The 3. 6um X 6pm single-emitter HBTs used
in design achieves an fr of 60GHz at collector—

emitter voltage( Vee) of 2V. The HBTs have been

* Project supported by State Key Development Program for Basic Research of China( No. 2002CB311902) ., National Natural Science Foundation

of China( No. 60146001)

Yuan Zhipeng male, was born in 1973, His interests are compound semiconductor devices and MM ICs.

Received 22 December 2003, revised manuscript received 27 February 2004

©2004 The Chinese Institute of Electronics



1592 oo &

i 25 4%

modeled with VBIC model. Deviations between
simulation and measurement of dec and S-parameter
data are very small (cf. Figs. 1 and 2) even for a

wide range of bias points.
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Fig. 1
teristics of the HBT with VBIC model
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Fig. 2
HBT with VBIC model

Measured and simulated S-parameter of the

3 Circuit design and realization

The circuit diagram of the amplifier is depicted
in Fig. 3. The first stage is the cascade structure. It
is the most popular structure'”” because of its high
gain and wide bandwidth. The first stage is fol-
lowed by limiting amplifier which used cherry
hooper differential amplifier'” and a 50Q differen—
tial output buffer stage. The Cherry-Hooper struc—
ture reduces the Miller component of the input ca—

pacitance and is advantageous to the bandwidth of

the LA stage. All the HBT transistors are biased at
or below a conservative current density of 0. 8mA/
pm’ in order to insure reliable operation. The TIA
is operated at 5V and draws 140mA for a total
power consumption of about 700mW. The chip size
is 1.2mm X 1. 2mm.
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Fig.3 Circuit diagram of transimpedance amplifier

4 Results

On-wafer small-signal S-parameter measure-
ments are performed to assess the amplifier perfor—
mance using coplanar probes. Figure 6 shows the
small-signal measurement set-up'”. It is composed
by a transimpedance amplifier, a test board with
lumped components, and a HP 8510 MWA with
50Q of input impedance. T he photodiode is modeled
by 1kQ resistor (to transform the voltage genera-
tor into current generator) and a shunt 0. 3pF ca-
pacitor. An external bias-T is added between the
HB 8510 NWA and the transimpedance amplifier.
Throught the bias-T', we applied a de forward cur—
rent (laa), which is equal to (V=) /Rp, where
Vieris a de voltage at the input of the TIA. The out-
put reflection coefficient is better than — 7dB over
the bandwidth of operation (see in Fig.4). The ef-
fective transimpedance gain (| Zar| ) is calculated
from the measured small-signal S-parameters using
Eq. (1) for Zo= 50Q'", and shows a flat gain of
40dB * Q over a bandwidth of 10GHz (see in Fig.
5). The noise figure is about 7dB calculated from
the measured small-signal S-parameters' ™" . Figure

7 shows the photograph of a completed TIA chip.

| Zat| = Zo X |—]|jg'45|—|| (1)
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o 5 Conclusion
g
& =301 Overall, a high-bandwidth transimpedance am-
401 plifier is designed, fabricated, and tested. This am-
I S S éﬂG 2716 20 plifier can be employed in high-speed, medium to
Hz

long-haul optoelectronic receivers. Simplicity in

Fig. 4 Output reflection S22< — 7dB for /< 10GHz fabrication, hlgh ymld, hlgh rellablllty, and hlgh

performance are some advantages of the technology

2

employed for its fabrication.
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