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ABSTRACT

This paper reports design of a CMOS optical receiver front-end using 0.18 um technology. Design process is current
associated with photodiode using trans-impedance amplifier (TTA) for wide bandwidth, high gain, low input referred
noise and wide dynamic range. The Automated Gain Control (AGC) voltage is used to provide variable gain for multi-
level signals. This design is simulated in 0.18 um UMC technology for the performance analysis. The best simulation
results are reported the maximum TIA gain of 67.26 dBQ at 0 V AGC followed by a post amplifier gain of 86.70 dBQ.
The bandwidth range is 7.03 GHz to 11.5 GHz corresponding to 0 - 3 V AGC respectively. The input referred noise
level value is 43.86 pA/NHz up to 10 GHz frequency. In addition authors have obtained the common mode rejection
ratio (CMRR) is 72.42 dB and rectified group delay is 144.48 ps. Verification of the design, reported results are com-
pared with earlier published work and improvements obtained in the present results.
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1. Introduction

Optical receivers find applications in laptop computers,
cellular phones, digital cameras, computer peripherals,
personal digital assistants (PDAs), and many other con-
sumer electronics equipped with a short-distance com-
munication port. A commonly used topology is the trans-
impedance (TIA) amplifier, whose relative low input
impedance and wide bandwidth is well suited for the
application [1]. A wide dynamic range is required for
infrared wireless optical receivers in order to accommo-
date variable link distances, 0 ~ 100 cm. In the design of
fixed-gain trans-impedance feedback amplifiers for in-
frared wireless receivers, there is a direct trade-off be-
tween input noise current and the input current overload
level via the value of the shunt feedback resistor em-
ployed. Therefore, in order to enlarge the dynamic range,
various means have been adopted to vary the gain of the
trans-impedance amplifiers in response to the input sig-
nal levels. Variable-gain trans-impedance feedback am-
plifiers, however, are prone to instability [2]. TIA needs
an Automated Gain Control (AGC) circuit to control the
gain of the TIA in order to keep the different symbol
levels equally spaced for multilevel signaling [3]. The
TIA uses an AC coupled, differential version of the
low-voltage topology outlined in [4], which is modified
common-gate architecture. It is AC coupled to the photo
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detector (PD) using vertical parallel plate interconnects
capacitors. Figure 1 shows the block representation of
the receiver.

For open loop TIA the input resistance of this ampli-
fier can be determined by [5]:

rds 1+Rd
1+(gm_1+gmb_1)rds_1

Rin = 1)
where,

rds_1 = the drain to source resistance

gm_1 = the device trans-conductance

Rd = the drain resistance and

gmb_1 = the back-gate trans-conductance due to the
body effect

For long channel devices operating in the saturation
region, the value of rds is large and it can be reduced by
this relation:

Rin = ! 2
gm+ gmb @

This is an important result because the bandwidth is
independent of the trans-impedance gain set by RD. The
unfortunate downside of open loop TIA is that the noise
current produced by the load resistance RD and the bias
transistor are directly referred to the input with a unity
factor therefore closed loop TIA are more preferable be-

WET



Design of a CMOS Optical Receiver Front-End Using 0.18 pm Technology 47

cause the feedback resistor can be increased independ-
ently to the supply voltage since no bias current flows
through it. The trans-impedance gain of an ideal invert-
ing voltage amplifier with a feedback resistor Rfb can be
given as [1]:

7t = ARfb 3)

_ Rfb.Cpd
A+1)| 1 _
(A+ )( + jw i j

where,

A = the open loop voltage gain of the amplifier.

Cpd = the photodiode capacitance.

If the voltages gain “A” of the amplifier is sufficiently
high; the trans-impedance is approximately equal to Rfb
in the amplifier’s pass band. Assuming that the dominant
pole is at the input, the 3db bandwidth of this circuit will
be given by the following expression as:

A+1

f3dbr—
2nRfb.Cpd

“

From Equation (4) it can be concluded that the band-
width of the TIA is greater than that of a simple resistive
network by a factor of A + 1. To reduce input referred
noise current, TIA uses cascode noise from the resistor is
directly referred to the input such that the mean squared
input referred noise current spectral density is constant

and given in equation
dfin dfiRI]"  4KT
df ~ df  RL

©)

The group delay is defined as the negative of the de-
rivative of the phase of the trans-impedance with respect
to frequency [1] common-source topology with feedback
resistor. This feedback resistor is implemented to single
NMOS transistor in triode operation region because of
process variation [6]. The input referred noise current is
also dependent on the value of R;. The

-1 d(Zt( f ))
Tg(f)=—| —= 6
9(7) 274 df ©
A flat group delay means the amplifier has a linear
phase response. A flat group delay is important because
variations in the group delay with frequency can cause
distortions in the output signal.

2. Proposed Design

One of the issues to consider when comparing the two
topologies common source and common gate is the effect
of the Miller capacitance. Figure 2 shows a small signal
equivalent model of the common source (CS) configura-
tion.

Photodiode Transimpedance Voltage Output Post
Input Bias Amplifer Gain Stage Buffer — Amplifer
Output
Automated
Gain Control
Figure 1. Block diagram of CMOS optical receiver front-end.
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Figure 2. Small signal equivalent model of the CS configuration.
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The gate to drain capacitance Cgp, known as the
Miller capacitance, is connected between the input and
output. Miller’s theorem allows this capacitance to be
replaced with shunt capacitances at the input and output
[7]. Miller’s theorem can be derived using Figure 3. Se-
ries admittance is connected between two points with a
known voltage gain of K. In order to replace this series
admittance with shunt admittances the input and the out-
put, the currents |; and |, must remain constant during
the transformation.

The values of the shunt admittances can now be de-
termined and are shown below.

Y, =Y (1-K) )
Y, =Y (1-1/K) ®)
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This is an interesting result because as the gain is in-
creased, the input capacitance of the amplifier is in-
creased. This reduces the magnitude of the input pole and
reduces the bandwidth of the TIA. This effect can be
reduced by using the cascode configuration which mini-
mizes the Miller effect by placing a common gate tran-
sistor in series with the common source transistor. A
voltage gain stage was added after the trans-impedance
stage [8]. This stage uses a simple resistive loaded dif-
ferential pair. Also, for measurement purposes, an output
buffer has been added to the TIA. The output buffer is
also a resistive loaded differential pair with output im-
pedance that is matched to 50 Q. The post amplifier is
implemented by a fully-differential two-stage operational
trans-conductance amplifier [9,10]. Figure 4 shows a
schematic view of the proposed design.
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Figure 4. Schematic view of proposed design.
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3. Results and Discussions

Figure 5 shows the transient analysis of optical receiver.
In this the current at two differential inputs I5 and C1 is
converted into the voltage forms using the trans-im-
pedance amplifier. This converted voltage posses no dis-
tortion and expressed as the sinusoidal waves at the dif-
ferential output which is further shifted its level to 3 V at
the output of post amplifier.
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3.1. AC Analysis

Figure 6 represents the gain of trans-impedance i.e. the
ratio of output voltage to input current. At 0 V AGC, the
Gain of TIA is 67.26 dBQ and the corresponding 3 dB
bandwidth is 7.03 GHz. This gain is further amplified in
this design using post amplifier and amplified gain is
86.70 dBQ, its graphical representation is given in Fig-
ure 7.
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Figure 5. Transient analysis.
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Figure 6. TIA gain at 0 V AGC.
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The TIA Gain is 50.65 dBQ and the corresponding
bandwidth is 11.5 GHz at 3 V AGC as shown in Figure
8. This gain is increased to 70.09 dBQ at the output of
the post amplifier as represented in Figure 9 and Phase
shift and CMRR of TIA by Figure 10.

3.2. Noise Analysis

From Figure 11, input referred noise is 9.33 pA/\/Hz at0Vv
AGC pointed to 1 GHz frequency and it is estimated to its
lower value of 43.86 pA/\NHz up to 10 GHz frequency. At 3
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V/1 GHz AGC the input referred noise is 31.91 pA/\VHz
which exceeds its value to 45.45 pA/\VHz upto 10 GHz i.e.
the better input noise response as shown in Figure 12.

3.3. Group Delay

Figure 13 prescribed that the group delay is 144.48 ps
and is maintained constant till 1 GHz frequency and af-
terwards starts decaying for the higher range of frequen-
cies. Table 1 presents the comparison of present results
with earlier published work.
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Figure 7. Post amplifier gain at 0 V AGC.
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Figure 8. TIA gain at 3 V AGC.
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Figure 9. Post amplifier gain at 3 V AGC.
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Figure 10. Phase shift and CMRR of TIA.
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Figure 11. Input referred noise response at 0 V AGC.
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Figure 12. Input referred noise response at 3 V AGC.
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Figure 13. Group delay response.

4. Conclusion

This paper presents a design of an optical receiver that
enables to receive the light signals with the help of pho-
todiode. This photodiode thus convert these signals into
electric current and current to voltage conversion occurs
at TIA gain stage. The TIA is able to generate variable
gain ranging from 50.65 dBQ to 67.26 dBQ at 0 - 3 V

Copyright © 2013 SciRes.

AGC voltage. This gain can further be amplified from
70.09 dBQ to 86.70 dBQ using post amplifier which has
improved gain value as compare to earlier reported work
as given in Table 1. From this table it is clear that this
work provide high bandwidth of 11.5 GHz and lower
input referred noise value of 43.86 pA/NHz up to 10
GHz frequency. The design has average power dissipa-
tion of 76.45 mW with a group delay of 144.48 ps. The
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Table 1. Comparison of present results with earlier published work.

Parameters Ref. [1] This work
Gain of TIA at 3 V AGC 46 4B TIA gain Post amplifier gain
tomated control volt
(automated control voltage) 50.65 dBQ 70.09 dBQ
TIA Gai P lifi i
Gain of TIA at 0 V automated Gain ost amplifier gain
control voltage 64 dBQ
& 67.26 dBQ 86.70 dBQ
Bandwidth Ranges from 5 GHz to 7 GHz Ranges from 7.03 GHz to 11.5 GHz
At 1 GH: At 10 GH At 1 GH. At 10 GH
Input referred Noise at 0 V t1GHz t10 GHz t1GHz t10 GHz
1 ted trol volt:
aufomated controt vottage 9 pA/NHz 68 pANHz 933 pA/NHz 43.86 pA/NHz
At1GH At 10 GH At1GH At 10 GH
Input referred Noise at 3 V z z z z
1 ted trol volt:
automated controt vottage 29 pAANHzZ 68 pANHz  31.91 pANHzZ 45.45 pAAHzZ
CMRR (common mode rejection ratio) 36 dB 72.42 dB
Max group delay 170 ps 144.48 ps
Power dissipation 115 mW 76.45 mW

simulation results show wide bandwidth, high gain and
lower input referred noise, low power dissipation which
is suitable in laptop computers, cellular phones, digital
cameras, computer peripherals.
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