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ABSTRACT

This paper presents a design of the transimpedance amplifier
using 0.35um CMOS technology. In the proposed
transimpedance amplifier, feedback resistor Rg of
conventional transimpedance amplifier has been replaced by
NMOS transistor as an active feedback resistor. This circuit
operates at 3.3V power supply voltage and for a photocurrent
of 0.5pA.The proposed transimpedance amplifier having low
noise, high gain and large dynamic range. The simulated
results of transimpedance gain in single stage and three stage
transimpedance amplifiers is 4.43 MQ and 4.39 MQ at gate
voltage of 0.4V. Power dissipation of single stage and three
stage transimpedance amplifier is 602.04 pW and 1.781mW at
gate voltage of 2.0V.
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1. INTRODUCTON

A transimpedance amplifier (TIA) is a circuit that converts a
current signal into output voltage signal whose voltage is
dependent on magnitude of current. The demand of higher
data rates transportation over the internet and multimedia
communication in recent years result in fast development of
high speed optical communication system. Transimpedance
amplifiers are very useful circuit components in optical
communication system. Front-end of transimpedance
amplifier (TIA) is one of most critical building block at electro
optical interface on receiver side, which determines the
performance of whole system to a large extent, such as speed,
gain, sensitivity and noise etc. The performance of optical
interconnection system depends on receiver gain, bandwidth,
noise and power consumption. Silicon-based CMOS
technology [1] is the only candidate which can achieve the
required level of integration with reasonable speed, gain, cost,
power consumption.

The transimpedance amplifier [2] uses a closed loop circuits as
shown in figure 1. This circuit allows not only to avoid the
problem of the dynamic range, but also to obtain a trade-off
between the high and low impedance configuration. It is
relatively high bandwidth and dynamic range as well as a
good noise level.
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Figure 1: Block diagram of transimpedance amplifier used
in an optical receiver

The bandwidth can be improved by increasing the open loop
gain of amplifier, whereas when transmission speed is
increased, the number of stages composing the amplifier [3] as
well as its open loop gain is necessarily reduced. In this paper,
transimpedance amplifier parameters such as transimpedance
gain, power consumption and output voltage are studied in
0.35um CMOS technology.

2. CIRCUIT DISCRIPTION

Figure 2 shows CMOS transimpedance amplifier circuit
used a push-pull inverter at the input to maximize the
transconduction of amplifier [4] and increases its gain
bandwidth product (GBP).
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Figure 2: CMOS t_ransimpedance amplifier

The transimpedance amplifier takes a current from input and
converts it into a voltage signal. The transistor T1 and T3
from the inverter while T2 is added to increases the
bandwidth and minimize the miller effect.



The expression of gain for transimpedance amplifier will be:

Ap= Vout — mit+Hma

VE?’I gm: (1)
where:  gm1, Om2, 9ms = transconduction of T1, T2, T3
transistor,

Another expression of gain for transimpedance amplifier
given by:
"
A=a+ "PB(1 +a)
un
v 2
where:
WL dp W;L,
a = an =
WL, Wi, (©))

2.1 Proposed Single Stage Transimpedance Amplifier

Proposed single stage transimpedance amplifier consists of
three  NMOS transistor and one PMOS transistor. A
photocurrent of 0.5pA is used in the circuit. In proposed
single stage TIA circuit feedback resistor Rg is replaced
with NMOS transistor as an active feedback resistor biased
by the gate voltage V. There is a voltage source V44 oOf
3.3V which is applied to each PMOS transistor. NMOS
transistor having width of 1.0um and length 0.35um is used
in the circuit as shown in figure 3. Amplification of signal
occurs from input to output. In TIA output is taken at
terminal VVout, and a portion of output given feedback to the
input of the amplifier.
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Figure 3: Proposed single stage CMOS transimpedance
amplifier

2.2 Proposed Three Stages Transimpedance Amplifier

Three stages transimpedance amplifier consist of three
identical cascaded stages having seven NMOS transistor and
three PMOS transistor. A photocurrent of 0.5pA is used in the
circuit. In proposed three stages TIA circuit feedback resistor
R is replaced with NMOS transistor as an active feedback
resistor biased by the gate voltage Vg There is a voltage
source of Vpp of 3.3V which is applied to each PMOS
transistor. NMOS transistor having width of 1um and length
of 0.35um and PMOS transistor having width of 2um and
length 0.35um used in the circuit as shown in figure 4.
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The feedback resistor will be determined using

Rp=

1

W Cox Ves —Vr)

4)

where W =width, L = length, Vs - gate to source voltage,
V7 - threshold voltage
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Figure 4: Proposed three stages CMOS transimpedance
amplifier
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The stability of the system is related to A, and total gain of
the system must be controlled. This is given by

A= A

(6)

Where A is the open loop gain of the single stage

3. RESULTS AND DISCUSSION

3.1 Single Stage TIA

Table 1 shows output voltage,

power

consumption,

transimpedance gain level with varying the magnitude of gate
voltage Vg [0.4 — 2.0] V for single stage TIA [Figure 3].
Power consumption varies from [955.21 — 602.40] pW with
the variation in magnitude of gate voltage Vg from [0.4 — 2.0]
V as shown in figure 6. Output voltage varies from [2.21 —
1.36] V with the variation in magnitude of gate voltage Vg
from [0.4 — 2.0] V as shown in figure 5. Transimpedance gain
varies from [4.43 — 2.73] MQ with the variation in magnitude
of gate voltage V¢ from [0.4 — 2.0] V as shown in figure 7.

Table -1: Variation of power and transimpedance gain
with gate voltage

Gate voltage Power Output voltage | Transimpedance
Vi (V) consumption Vout (V) gain (MQ)
(W)
0.4 955.21 2.2192 4.438
0.8 911.01 2.1537 4.307
1.2 843.07 2.0556 4111
1.6 743.71 1.8004 3.600
2.0 602.40 1.3665 2.733
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Figure 5: Variation of output voltage of single stage TIA
with gate voltage
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Figure 6: Variation of power of single stage TIA with
gate voltage

45

+

42

38

36

33

Transimpedance gain (MQ)

27

04 06 08 1 1.2 14 16 18 2
Gate voltage (V)
Figure 7: Variation of transimpedance gain of single stage
TIA with gate voltage

Table 2 shows output voltage, power consumption,
transimpedance gain level with varying the width of NMOS
transistor [0.5 — 3.0] pum for single stage TIA [Figure 3].
Power consumption varies from [713.06 — 1245.52] pyW with
the variation in the width of NMOS transistor from [0.5 — 3.0]
pm as shown in figure 9. Output voltage varies from [2.53 —
1.49] V with the variation in the width of NMOS transistor
from [0.5 — 3.0] pm as shown in figure 8. Transimpedance
gain varies from [5.07 — 2.99] MQ with the variation in the
width of NMOS transistor from [0.5 — 3.0] pm as shown in
figure 10.
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Table -2: Variation of power and transimpedance gain
with width of NMOS

Width Wn Power | Output voltage| Transimpedance
(um) consumption Vout (V) gain (MQ)
(W)
0.5 713.06 2.5388 5.077
1.0 946.52 2.2009 4.401
15 1088.90 1.9362 3.872
2.0 1169.32 1.7447 3.489
2.5 1216.46 1.6035 3.207
3.0 1245.52 1.4963 2.992
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Figure 8: Variation of output voltage of single stage TIA
with width of NMOS
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Figure 9: Variation of power of single stage TIA with
width of NMOS
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Figure 10: Variation of transimpedance gain of single

stage TIA with width of NMOS
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Table 3 shows output voltage, power consumption, 5.004 -
transimpedance gain level with varying the width of PMOS
transistor [1.0 — 3.0] um for single stage TIA [Figure 3].
Power consumption varies from [576.32 — 1159.82] uW with
the variation in the width of PMOS transistor from [1.0 — 3.0]
pm as shown in figure 12. Output voltage varies from [1.70 —
2.47] V with the variation in the width of PMOS transistor
from [1.0 — 3.0] pm as shown in figure 11. Transimpedance
gain varies from [3.40- 4.95] MQ with the variation in the
width of PMOS transistor from [1.0 — 3.0] um as shown in 2 408 . . . .
figure 13. 1 15 2 25 3
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Figure 13: Variation of transimpedance gain of single
stage TIA with width of PMOS

Table -3: Variation of power and transimpedance gain
with width of PMOS

Width Wp Power  [Output voltage| Transimpedance
(um)  |consumption| Vout (V) gain(MQ) 32 Three Stage TIA
(LW) Table 4 shows output voltage, power consumption,
1.0 576.32 1.7021 3.404 transimpedance gain level with varying the magnitude of gate
14 750.10 19411 3.882 voltage Vg [0.4 — 2.0] V for three stage TIA [Figure 4].
18 888.37 2.1249 4.249 Power consumption varies from [1986.0 — 1781.0] pW with
2.2 998.54 2.2684 4.538 the variation in magnitude of gate voltage V¢ from [0.4 — 2.0]
2.6 1087.31 2.3825 4.765 V as shown in figure 15. Output voltage varies from [2.19 —
3.0 1159.82 2.4750 4.950 1.55] V with the variation in magnitude of gate voltage V¢
from [0.4 — 2.0] V as shown in figure 14. Transimpedance
gain varies from [4.39 — 3.11] MQ with the variation in
237 magnitude of gate voltage V¢ from [0.4 — 2.0] V as shown in
figure 16.
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Figure 12: Variation of Power of single stage TIA with
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Figure 14: Variation of Output voltage of three stage
TIA with gate voltage
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Figure 16: Variation of transimpedance gain of three stage
TIA with gate voltage

Table 5 shows output voltage, power consumption,
transimpedance gain level with varying the width of NMOS
transistor [0.5 — 3.0] um for three stage TIA [Figure 4]. Power
consumption varies from [1432.0 — 2906.0] pW with the
variation in the width of NMOS transistor from [0.5 — 3.0] pm
as shown in figure 18. Output voltage varies from [2.54 —
1.46] V with the variation in the width of NMOS transistor
from [0.5 — 3.0] pm as shown in figure 17. Transimpedance
gain varies from [5.08 — 2.93] MQ with the variation in the
width of NMOS transistor from [0.5 — 3.0] pum as shown in
figure 19.

Table -5: Variation of power and transimpedance gain

with width of NMOS
Width Wn Power Output voltage | Transimpedance
(um) consumption Vout (V) gain (MQ)
(LW)
0.5 1432 2.5427 5.085
1.0 1984 2.1944 4.388
15 2377 1.9180 3.836
2.0 2626 1.7195 3.439
25 2762 1.6010 3.202
3.0 2906 1.4688 2.937
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Figure 17: Variation of output voltage of three stage TIA
with width of NMOS
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Figure 18: Variation of power of three stage TIA with
width of NMOS
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Figure 19: Variation of transimpedance gain of three stage
TIA with width of NMOS

Table 6 shows output voltage, power consumption,
transimpedance gain level with varying the width of PMOS
transistor [1.0 — 3.0] um for three stage TIA [ Figure 4 ].
Power consumption varies from [1320.0 — 2343.0] uW with
the variation in the width of PMOS transistor from [1.0 — 3.0]
pm as shown in figure 21. Output voltage varies from [1.65 —
2.47] V with the variation in the width of PMOS transistor
from [1.0 — 3.0] um as shown in figure 20. Transimpedance
gain varies from [3.32— 4.95] MQ with the variation in the
width of PMOS transistor from [1.0 — 3.0] pm as shown in
figure 22.



Table 6: Variation of power and transimpedance gain
with width of PMOS

Width Wp Power Output voltage| Transimpedance
(um) consumption| Vout (V) gain (MQ)
(HW)
1.0 1320 1.6541 3.322
14 1560 1.8655 3.731
18 1828 2.0712 4.142
2.2 2072 2.2646 4.529
2.6 2220 2.3827 4.765
3.0 2343 2.4773 4.954
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Figure 20: Variation of output voltage of three stage TIA

with width of PMOS
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Figure 21: Variation of power of three stage TIA with
width of PMOS
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Figure 22: Variation of transimpedance gain of three
stage TIA with width of PMOS

4. CONCULSION

In this paper, the proposed transimpedance amplifier circuit
present good performance in parameter such as
transimpedance gain, power consumption and output
voltage. The different simulation results given by SPICE,
shows that the proposed amplifier with NMOS transistor as
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an active feedback resistor displays good optimized
performance in terms of transimpedance gain, power
consumption and output voltage. Transimpedance amplifier
is better ability to operate in microampere range. Simulation
result shows that transimpedance amplifier provides
transimpedance gain in the range [2.73-4.56] MQ by
varying the biased gate voltage V in the range [0.4-2.0] V.
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