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ABSTRACT

An ultra broadband GaAs MESFET preamplifi-
er IC is developed for a 10 Gb/s optical communication
system. High transimpedance of 44 dBa has been ob-
tained for DC to 12 GHz. A receiver has also been
fabricated by using this preamplifier IC and a photodi-
ode. The receiver operates with extremely low equiva-
lent input noise current of 12.6 pA//Hz for DC to
7.8 GHz. This paper describes circuit design, high fre-
quency characteristics of the preamplifier IC and the
receiver.

INTRODUCTION

Recently, the demand for the high speed and
broadband optical communication has been increased.
The high speed and broadband IC’s have been studied
for the fiber-optic application. The transmission rates of
these IC’s are increased up to 10 Gb/s or more. In order
to realize a preamplifier IC which is a key part for fiber-
optic application, we adopted the Self-Aligned Gate
MESFET (SAGFET). The SAGFET has been de-
veloped for high speed GaAs LS, such as SRAM 1] and
gate array (2], Because of good process controllability,
the SAGFET leads to the good uniformity of preampli-
fier performance.

This paper describes circuit design, high fre-

quency characteristics and superior production control-
lability of the preamplifier IC.

CIRCUIT DESIGN

Figure 1 shows the circait diagram of the IC.
Taking account of trade-off between the noise perform-
ance and broad band-width, the IC must be designed in
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order to get the high feedback resistance (Ryg) and the
low total input capacitance (Cy).

Dominant noise sources in the preamplifier are
the thermal noise of the input FET and that of feedback
resistor.

The equivalent input noise current (inFETz) due
to the thermal noise of the input FET(Qq) is shown as
follows [3]

Mpgy” — fm

Af (1)

whereT is noise factor 3], Af is operating band-width, k
is Boltzmann constant, T is absolute temperature, w is
angular frequency, and g, is transconductance of the
input FET (Q1). C, is equal to sum of input gate capaci-
tance (Cg) ofinput FET and parasitic capacitance (Cpp) of
the photodiode . Total input noise current is

expressed by g, and Cgu'

(@ (Cpp+Cgu XW))?

Af
gmuXW

...(2)

ing? =4kTT

where g, and Cgu are transconductance and input
gate capacitance per unit gate width, We decided the
gate width (W) of input FET (Qq) as to get minimum
noise current, which is realized at a condition of
W=CPD/Cgu.
In figure 2; the 3 dB band-width (f345) and
equivalent i . =% . :
quivalent input noise current (J in/°) in the IC are
plotted against feedback resistance (Rg). On this de-
sign, 345 is settled to be about 70 percent of 10 Gb/s
and Ry is determined. Each component is optimized
using SPICE with the GaAs MESFET model. In figure
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element size
Q 100 #m
Q, 200 gm
Q; 200 g m
Qy 400 gm
Qs 200 um
Qg 200 ugm

D;~Ds [100um
R, 500Q
R; 400Q
Rout 400

Fig.1 Circuit diagram of the IC.

2, f,4p of about 7 GHz is obtained at R¢ of 400 0.

The output buffer consists of three FET’s (Qq,
Qs, Qg) connected in series, considering of the break-
down voltage of each FET of around 7 V. To prevent
the reflection at the output port, the output impedance
is matched with 50 2 load by connecting the resistor
Ryt to the output terminal. Table 1 shows each FET
size and resistance of the IC after optimization.

Figure 3 shows the microphotograph of the IC.
The FET has a buried p-layer LDD structure (BPLDD)
fabricated by a 0.5 pm self-aligned WSi gate processm.
Because a WSi gate has the high sheet resistance com-
pared with a Au gate, the effect of gate resistance on
high frequency operation cannot be neglected and
brings about the narrow band-width and the poor noise
performance. In order to reduce the gate resistance, the
FET is composed of parallel connected short gate finger
of 25 pm width. The distributed gate resistance (Rg) is
expressed approximately[¥l as follows;

W, 1
Re=ROXTXN™ 5 O
where R is the sheet resistance of WSi of about 4 0/,
Lg is the gate length of 0.5 ym, Wu is unit finger width
and N is the number of the fingers. In the result of
fabrication, Rg is 17.6  for the input FET(Q4) with gate
width of 100 pm, which agrees well with a estimated
value from the expression (3).
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Fig.2 3 dB band-width and equivalent input noise current
versus feedback resistance.

Fig.3 Microphotograph of the preamplifier IC.
(The chip size is 0.8 mm x 0.8 mm)



As concerns another device parameters, trans-
conductance (g,,) and drain conductance (gg) are
300 mS/mm and 6 mS/mm with standard deviation of
30 mS/mm and 0.7 mS/mm for a 3 inch wafer, respective-
ly. The threshold voltage (Vyy,) of the FET is -0.5 V and
its standard deviation (¢Vyy,) is 30 mV.

To simplify on wafer RF measurements, the
coplanar structure is employed for the input and output
lines and two Metal-Insulator-Metal capacitors are
integrated as bypass capacitors for stabilizing the power

supplies of +5 V and -5 V. Chip size is 0.8 mm x 0.8 mm.

CHARACTERISTICS

Figure 4 shows the S-parameters of the IC. "The
high gain S21] of 9 dB and the broad band-width over
10 GHz have been obtained. The good matching has
also been performed. iS22/ is less than -10 dB for whole
frequency range.

Figure 5 shows the transimpedance characteris-
tics of the IC calculated using S-parameters. The high
transimpedance (Z,,,,) of 44 dB2 and the excellent
broad band-width (f;45) of 12 GHz have been obtained.
The results show good agreement with simulation.
Figure 6 shows the distribution of Z, , and f;;5 for a
3 inch wafer. Each standard deviation, oZ,,, .- and of34p,
is as small as 0.2 dBa and 0.2 GHz, respectively. The
good uniformity of the preamplifier performance comes
from our excellent process controllability.

Figure 7 shows frequency response of a receiver
consisted of this IC and a pin-photodiode (The over all
capacitance of the photodiode is 0.27 pF). The 3dB
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Fig.6 Distribution of transimpedance and 3dB band- width.
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band-width of 7.8 GHz has been obtained, which satis-
fies our design target. Figure 8 shows noise perform-
ance. The equivalent input noise current EZ higher
than 10pA//Hz has been obtained over the entire
frequency range from DC to 7.0 GHz. This indicates
superior low noise performance of the IC. Figure 9
shows the pulse response at 10 Gb/s NRZ. Good eye-
opening has been observed. The preamplifier IC de-
veloped in this work is suitable for the 10 GHz optical
communication system.

CONCLUSION

An ultra broadband preamplifier IC using GaAs
MESFETs with 0.5 pm gate length has been developed
for the 10 Gb/s optical communication system. The IC
shows high transimpedance of 44 dBa and broad band-
width of 12 GHz. For a receiver with this preamplifier
IC and a photodiode, broad band-width of 7.8 GHz and
low equivalent noise current (average) of 12.6 pA/ {Hz
have been obtained. The preamplifier IC developed in
this work is suitable for the 10 Gb/s optical communica-

tion.
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Fig.8 Equivalent input noise current of the receiver.
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Fig.9 Pulse response at 10 Gb/s NRZ signals of the
receiver.



