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Abstract

The following will be the design mechanism of the transimpedance amplifier and the RF resistor feedback, as
well as how it is performed using the 0.35pm CMOS technique. The NMOS transistor has been placed from the
conventional transimpedance amplifier as an active feedback contractor. We apply 3.3V voltage and 0.5pA
photocurrent works in a circuit. The transimpedance amplifier is proposed after noise reduction, thus
quantitating the larger dynamic range and in same time large gain. The simulation work of the transimpedance
gain results in both of the single-phase and three-phase transimpedance amplifiers at the voltage gate which is
4.43 cubic meters and 4.39 cubic meters. Then the one-phase power dissipation and three-phase transimpedance
amplifier is 602.04 uW and 1.781mW in the voltage gate of 2.0V [1,2].

Keywords: CMOS; negative feedback; Technology; low noise amplifier; optical receive; Transimpedance

amplifier.
1. Introduction

Transimpedance amplifier (TIA), which is done by a circuit that converts the input current signal to a output
signal of the voltage which depends on the current size. We also note that in the modern era the rate of demand
for the transfer of data via the Internet has become very high as a result of the rapid development of optical
communication system with High speed. Transimpedance that the amplifiers located within the circuit is very
important for the visual communication system. The front of the shake, Transimpedance amplifier (TI1A) is one
of the most important blocks of construction in electricity to be an optical interface on the receiver side. To

perform the identification process to perform the entire system.

* Corresponding author.
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Of speed, sensitivity, noise, gains etc. Optical performance, the interconnection system depends on the
bandwidth and gain of the receiver, noise and power. Consumption. Silicon-based CMQOS Technology, the level
of integration can be achieved with the speed and reasonable cost of energy consumption through it only.
Transimpedance amplifier as shown In Figure 1 the circuit is used as a closed loop and this circuit helps to
obtain a trade-off between high and low resistance configuration and help to avoid the problem of dynamic

range. It relatively dynamic range and high bandwidth as well as good noise level.

Figure 1: Block diagram of transimpedance amplifier used in an optical receiver

By increasing the open loop we can improve the bandwidth and the gain of amplifiers. Increasing the number of
stages of amplifier configuration thus the transmission speed. Transimpedance amplifier parameters such as

transimpedance gained power consumption and output voltage in 0.35pm CMOS technology.

2. Circuit discription

Note the CMOS transimpedance amplifier circuit The inverter is used to push the pull on the input to maximize

the The Transconduction of the amplifier to increases its gain and to Product bandwidth (GBP) See Figure 2

The transimpedance amplifier get a current from input and converts the current into a voltage signal. The
transistor Transistor 1 and Transistor 3 from the inverter while Transistor 2 is added to minimize the miller

effect and also to increases the bandwidth.

LT

Figure 2: CMOS transimpcdance amplifier
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The transimpedance amplifier get a current from input and convert the current into a voltage signal. The

transistor 1 and transistor 3 from the inverter while Transistor 2 is added to increases the bandwidth and
minimizes the miller effect.

The expression of gain for transimpedance amplifier will be:

— Vmu.— Gms + Oma
AG_ I"'r!'r! B Q‘m: i1

where: gm1, gm2, gm3 = transconduction of Transisitor 1, Transisitor 2 and Transisitor 3, The other expression
for geeting the gain for transimpedance amplifier given by:

A=a+ (1
’ fr-l-.\:l"ﬂ-ﬁ[ +a] (2)

where:

WL, Wi, (3)

2.1 Proposed Single Stage Transimpedance Amplifier

Our amplifier component of single transimpedance consists of three different NMOS single transistor and one
PMOS transistor and is used in the photocurrent circuit of 0.5pA in the process of switching the TIA circuit
from a single phase RF circuit with the NMOS transistor to act as a resistor to the active reaction biased to the
VG voltage gate. For each PMOS transistor, a 3.3V VVD voltage source and using a 1.0um transistor width and
a 0.35um length for the NMOS transistor in the circuit. Amplifies the signal from input in the circuit to output
of it. Transimpedance amplifier output is taken in the Terminal of the Vout, and part of the output is given input

by amplifier input, as shown in Figure 3.

VDD VG JK 2
v B |
T I | e
‘_7? +——ealont

Figure 3: Proposed single stage CMOS transimpedan amplifier

2.2 Proposed Three Stages Transimpedance Amplifier
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Here the three-phase amplifier consists of three PMOS transistors and three consecutive stages identical to seven
NMOS transistors. We used photocurrent of 0.5pA in the circuit. The frequency of the TIA radio feeder is
replaced by the NMOS transistor in the three stages proposed as an active feedback resistor biased by VG
voltage gate. There is a voltage source of 3.3V VDD that is applied to each PMOS transistor. NMOS transistor

widths 1um and length Of 0.35pum and PMOS transistor widths of 2um and 0.35um are used in the circuit. See
figure 4.

The feedback resistor will be determined using

R. = 1
=
W
T *Cox(Ves-Vr) @

where W =width, L = length, VGS = gate to source voltage,VT =threshold voltage

Voo Vi

Figure 4: Three stages CMOS transimpedance amplifier

To find the bandwidth of transimpedance amplifier is equal approximately to:
f _ 1 +A
B =3 1TR:Co

Also to find the stability of the system which’s related to A, and total gain of the system must be controlled.
This is given by

o (6]
Where A0 is the open loop gain of the single stage
3. Results and discussion

3.1 Single Stage TIA
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Figure 5

With different voltage volt gate size from [0.4 - 2.0] V for single stage Transimpedance amplifier [Figure 3].
The consumption of the power varies from [1.51 — 1.34] uW with the gate voltage change in from [0.4 - 2.0] V.
The output voltage varies from [3.03 — 2.68] V with a difference in the VG gate size of [ 0.4 - 2.0] V. The
Transimpedance gain changed from [6.06 — 5.36] M with the change in gate voltage size for the voltage of [0.4 -
201V

Gate voltage

VG (V) Power consumption (WW) Output voltage Transimpedance gain (MQ)

0.4 151 3.03 6.06

0.8 1.48 2.97 5.94

1.2 1.44 2.89 5.78

1.6 1.39 2.78 5.56

2.0 1.34 2.68 5.36

Table 1: changing of power and transimpedance gain with gate voltage

Gate Power Output Transimpe
voltage consumpti | voltage dance gain
VG (V) on (uW) MQ)

0.4 1.51 3.03 6.06

0.8 1.48 2.97 5.94

1.2 1.44 2.89 5.78

1.6 1.39 2.78 5.56

2.0 1.34 2.68 5.36

Table 2 shows the output voltage, consumption of the power, and level of transimpedance gain with differing

NMOS transistor width [0.5-3.0] um for single phase TIA [Figure 3]. The power consumption of the amplifier
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changes from [1.65 — 1.35] uW varies with the contrast in the NMOS transistor width from [0.5 - 3.0] um as in
figure 11 . The output voltage of [3.3-2.65] V varies with the contrast in the NMOS transistor width of [0.5 -

3.0] um as in figure 9. The Transimpedance gain varies from [6.06 — 5.30] M with contrast In the NMOS

transistor width of [0.5 -3.0] um as in figure 10.

Table 2: Changing of power and transimpedance gain with width of NMOS

Width Wn Power Output Transimpe
(um) consumption | voltage dance gain
W) Vout (V) MQ)

0.5 1.35 33 6.6

1.0 1.37 3.15 6.3

1.5 1.51 2.96 5.92

2.0 1.59 2.78 5.56

2.5 1.625 2.67 5.34

3.0 1.65 265 5.30

Variation of output voltage of single stage TIA
with gate voltage
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~
o«
b
/

N »
B
[V

(S

Gate Voltage

Figure 6

Variation of Power consumption (pW) of
single stage TIA with gate voltage

1.52

—_ [ 2 4 ]
§ 15 TO&LSL
2 1.48 TTe<(0.8,1.48
S 148 S
B 1.44 ®.1.2,1.44
Eia —
£ 14
8 138 L 17._5_.;1.39
£ 136 >
8134 m1.34
1.32
0.4 0.9 1.4 1.9
Gate Voltage
Figure 7
Variation of Transimpedance gain (MQ)
of single stage TIA with gate voltage
6.1
— ®.04 6.06
= 6 0, ___I . & :
= Te.(.8,5.94
T 5.9
258 ~®.12,578
o .
.;1 . “®.16,5.56
Ess
5 cy -
=Eaky 2,936
5.3
0.4 0.9 14 1.9

Gate Voltage

Figure 8

136



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2018) Volume 49, No 1, pp 131-145

Variation of Transimpedance gain (MQ)
of single stage TIA with gate voltage
34
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Figure 9
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Variation of Transimpedance gain (M£1)
of single stage TIA with width of PMOS
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Width Wn (um) Power
consumption (LW) Output voltage
Vout (V) Transimpedance gain (MQ)

0.5 135 33 6.6
1.0 1.37 3.15 6.3
1.5 151 296  5.92
2.0 1.59 2.78 5.56
2.5 1.625 2.67 5.34
3.0 1.65 2.65 5.30

Table 3 shows the voltage output, ,transimpedance gain level consumption of the power with change width of
PMOS transistor [1.0 — 3.0] um for single stage TIA [Figure 3]. Transimpedance gain change from [5.3— 6.16]
MQ with the changing in the width of PMOS transistor from [1.0 — 3.0] um as in figure 14. Also the Power
consumption change from [0.66 — 0.78] uW with the changing in the width of PMOS transistor from [1.0 —
3.0]um as in figure 12.The voltage output change from [2.65 —3.08] V with the changing in the width of PMOS
transistor from [1.0 — 3.0] um as in figure 13.

Width Wp (um) Power consumption (uW) Output voltage
Vout (V) Transimpedance gain(MQ)
1.0 0.66 2.65 5.3

14 0.68 2.71 5.42
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1.8 0.7 279 558

2.2 0.72 288 5.76

2.6 0.75 2.97 5.94

3.0 0.78 3.08 6.16

Table 3: changing of power and transimpedance gain with width of PMOS

Width Wp | Power Output Transimpe
(um) consumpti | voltage dance
on (UW) Vout (V) gain(MQ)
1.0 0.66 2.65 5.3
1.4 0.68 2.71 5.42
1.8 0.7 2.79 5.58
2.2 0.72 2.88 5.76
2.6 0.75 2.97 5.94
3.0 0.78 3.08 6.16
Gate voltage (V) Power consumption (uW) Output voltage (V) Transimpedanece gain (MQ)

0.4 3.656 3.01 6.02

0.8 3.583 2.98 5.86

1.2 3486 2.83 5.72

1.6 3.365 2.71 5.37

2.0 3.244 2,62 5.29

3.2 Three Stage TIA
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As shown in table 4 the transimpedance gain level change with changing in the magnitude of gate voltage VG
[0.4 — 2.0] V for three stage TIA [Figure 4]. Consumption power change from [3.656— 3.244] uW with the
changing in magnitude of gate voltage VG from [0.4 — 2.0] V as shown in figure 17.

Also the voltage output change from [3.01-2.62] V with the changing in magnitude of gate voltage VG from
[0.4 —2.0] V as shown in figure 16.

The Transimpedance gain change from [6.02 — 5.29] MQ with the changing in magnitude of gate voltage VG
from [0.4 — 2.0] V as shown in figure 18.

Table 4: changing of power and transimpedance gain with gate voltage

Gate Power Output Transimpe
voltage consumptio | voltage danece
V) n (UW) V) gain (MQ)
0.4 3.656 3.01 6.02

0.8 3.583 2.98 5.86

1.2 3.486 2.83 5.72

1.6 3.365 2.71 5.37

2.0 3.244 2.62 5.29

Variation of output voltage of three
stage TIA with gate voltage
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Figure 16
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Figure 17
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Variation of Transimpedance gain (MQ)
of three stage TIA with gate voltage
6.2

6
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5.6
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Transimpedance gain (MQ)

Gate Voltage

Figure 18

Table 5 shows the voltage output, Consumption power, transimpedance gain level change with changing in the
width of NMOS transistor [0.5 — 3.0] um for three stage Transimpedance amplifier [Figure 4]. The Output
voltage change from [3.20 —2.58] V with the variation in the width of NMOS transistor from [0.5 — 3.0] um as
shown in figure 20. Also Power consumption change from [2.952-3.607] uW with the changing in the width of
NMOS transistor from [0.5 — 3.0] um as shown in figure 19. Transimpedance Gain change from [6.54 — 5.25]
MQ with the changing in the width of NMOS transistor from [0.5 — 3.0] pm as shown in figure 21.

Table 5: changing of power and transimpedance gain with width of NMOS

Width | Power Output Transimpedanece
Whn consumption | voltage gain (MQ)
(pm) | (uW) V)
0.5 2.952 3.20 6.54
1.0 2.996 3.12 6.23
1.5 3.301 2.87 5.86
2.0 3.476 2.75 5.49
2.5 3.553 2.63 5.30
3.0 3.607 2.58 5.25
Width Wn (um) Power consumption (uW) Output voltage (V) Transimpedanece gain (MQ)

0.5 2952 3.20 6.54

1.0 2996 3.12 6.23

1.5 3.301 2.87 5.86

2.0 3476 2.75 5.49

2.5 3.553 2.63 5.30

3.0 3.607 2.58 5.25
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Variation of Transimpedance gain (MQ)
of three stage TIA with gate voltage
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Figure 19

Variation of Transimpedance gain (MQ)
of three stage TIA with gate voltage
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Variation of Transimpedance gain (MQ)
of three stage TIA with gate voltage
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Figure 21

Table 6 shows voltage output change from [2,62 —3.01] V with the changing in the width of PMOS transistor
from [1.0 — 3.0] um as shown in figure 22. Also the transimpedance level gain change from [5.27- 6.05] MQ
with the changing in the width of PMQOS transistor from [1.0 — 3.0] um as shown in figure 23. Power
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consumption change from [1.381 — 1.632] uW with the changing in the width of PMQOS transistor from [1.0 —
3.0]um as in figure 24.

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

Width | Power Output Transimpedanece
Whn consumption | voltage gain (MQ)
(pm) | (uW) V)
0.5 2.952 3.20 6.54
1.0 2.996 3.12 6.23
15 3.301 2.87 5.86
2.0 3.476 2.75 5.49
2.5 3.553 2.63 5.30
3.0 3.607 2.58 5.25
Width Wp (um) Power consumption (WW) Output voltage (V) Transimpedanece gain (MQ)

1.0 1.381 2.62 5.27

1.4 1.423  2.69 5.38

1.8 1.465 2.76 5.51

2.2 1506 284 5.67

2.6 1569 295 5.89

3.0 1.632 3.01 6.05

Variation of output voltage of three stage TIA
with width of PMOS

w
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ad
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Figure 22
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Variation of Transimpedance gain (MQ)
of three stage TIA with width of PMOS
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Figure 23

Variation of Power consumption (uW) of three
stage TIA with width of PMOS
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4. Conclusion

To conclude what we have provided, We can recommend a component of the transimpedance amplifier circuit

that offers good performance in the parameter such as the total power consumption and output Electric voltage

and gain transimpedance The different simulation results provided by Pspice tools, Indicates that the proposed

amplifier with the NMOS transistor displays a good active feedback resistor performance optimization in terms

of gain transimpedance, output voltage and power consumption. The best working ability in the microampere
range is the Transimpedance amplifier CE and finally simulation shows the result that the transimpedance
amplifier provides gain transimpedance in different range.
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