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Abstract: A proposed transimpedance amplifier was simulated using channel length 
modification. The amplifier consists of a feedforward input stage followed by a common 
gate-common source (CG-CS) configuration. A series of channel lengths (45, 90, and 130 
nm) in complementary metal-oxide semiconductor (CMOS) technology was implemented 
for comparative performance analysis within the same proposed topology. There are two 
key advantages of this study. First, the trade-off between gain and bandwidth, as well as the 
input-referred noise current, remains applicable when the channel length is increased from 
45, 90, and 130 nm. Second, power consumption decreases as the channel length increases 
for the same topology. The total power consumption series (0.621, 0.29, and 0.175 mW) 
corresponds to the above channel length series. Corresponding bandwidths of (1.69, 1.35, 
and 1.10 GHz) were reported, with respective transimpedance amplifier (TIA) gains of 
(44.78, 46.39, and 47.94 dBΩ). The input-referred noise current was reduced to (15.24, 
10.77, and 9.40 ܣ݌ ඥܪ௭⁄ ) for the channel lengths of 45, 90, and 130 nm, respectively, 
aligning with the trends observed in bandwidth and TIA gain. 
Keywords: Transimpedance amplifier, Feedforward, Front-end preamplifier, RGC. 
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1. Introduction 
Fiber optic networks are meeting the 

demands for high-speed (Gb/s) systems of 
communications which are rapidly growing. A 
comparative analysis of a transimpedance 
amplifier (TIA) using 45 and 180 nm 
inductorless CMOS process was achieved in 
which a single-ended current-mode TIA in the 
form of N similar TIAs in parallel configuration 
was conducted [1]. A 45 nm silicon-on-insulator 
(SOI) CMOS process was demonstrated in the 
form of a 40 Gb/s optical transceiver that 
consists of a TIA where a feedback resistor is 
connected between the gate and drain of NMOS 
and PMOS transistors [2]. A two-phase TIA was 
implemented in 45 nm CMOS, featuring a 
regulated cascode (RGC) and an inverted 
cascode output stage [3]. A 5 Gbps TIA in a 90 
nm CMOS process that employs an active RGC 

structure at the input stage leading to low input 
resistance which was followed by a level shifter 
and a common source structure to achieve high 
transimpedance at low supply voltage was 
introduced [4]. A modified RGC TIA followed 
by a closed loop gain stage with an added level 
shifter circuit to the booster of a conventional 
RGC circuit was proposed in the 90 nm CMOS 
process [5]. A TIA with three cascaded stages in 
the form of common source amplifiers utilizing 
capacitive degeneration and inductive peaking in 
a 90 nm CMOS process was introduced [6]. A 
conventional RGC TIA employing a cascode 
inverter as proposed local feedback was 
implemented in 130 nm CMOS technology [7]. 
A 2.5 Gbit/s TIA was realized in 130 nm CMOS 
technology that involved using a common source 
(CS) amplifier with active inductive peaking [8]. 
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A 64-Gbaud TIA in 130 nm SiGe process was 
implemented. The topology involved a ߨ–
network broadband technique and shunt-shunt 
RC feedback to achieve high gain and a wide 
bandwidth [9]. A double cascode TIA with 
inductive peaking and shunt-shunt negative 
feedback was realized in a 130 nm RF CMOS 
process for 10 Gbps optoelectronic receivers 
[10]. 

1.1 Feedforward Transimpedance 

The common gate topology of transistor ܯଶ 
enables it to function as a source follower 
because it is a part of a feedback loop, as 
illustrated in Fig. 1(a). At low frequencies, 
resistor ܴଶ is comparable to the total TIA gain. 

The input resistance is represented by Eq. (1) 
[11], if the loop at the ܯଶ gate is broken, and 
assuming that body effect and channel length 
modulation are disregarded: 

ܴ௜௡ = ଵ
௚೘మ

ቀ ଵ
ଵା௚೘భோభ

ቁ            (1) 

where ݃௠ଵ and ݃௠ଶ are the transconductance 
parameters of transistors ܯଵ and ܯଶ, 
respectively. The feedback loop lowers the input 
resistance, extending the bandwidth as a result. 
The circuit in Fig. 1(a) can be redrawn as shown 
in Fig. 1(b), which is essentially a feedforward 
amplifier that drives the gate of transistor ܯଶ, 
which is in a common-source formation. 

 
FIG. 1. (a) TIA in a feedback form, (b) Amplifier inserted in feedforward path [11]. 

1.2 Regulated Cascode TIA 

In common-gate (CG) configurations, the 
impact of large input parasitic capacitance on 
bandwidth can be mitigated. However, it is 
difficult to totally isolate this capacitance when 
the CG topology is used as an input stage. Power 
consumption constraints also limit the 
transconductance parameter ݃௠ of the NMOS 
transistor. The noise performance is normally 
deteriorated by a small ݃௠. The RGC input 
mechanism provides a valuable solution by 
enhancing ݃௠ effectively. This RGC amplifier 
input node sits at virtual ground enabling wider 
bandwidths [12]. The RGC schematic circuit is 
shown in Fig. 2. where the photodiode current is 
turned into an amplified voltage at the drain of 
transistor ܯଶ. Local feedback through transistor 
 ଵ with ܴ௕ at its drain reduces input impedanceܯ
equivalent to the same amount of its own voltage 
gain. The TIA gain is equal to ܴி. The RGC 

input impedance is (1 + ݃௠ଵܴ௕) times smaller 
than in the CG configuration. 

 
FIG. 2. A typical regulated cascode TIA [12]. 

The pole in the local feedback of Fig. 2 is a 
pole zero in the transfer function, leading to 
frequency peaking at 1 ௚௦ଶܥ௕൫ܴߨ2ൣ + ⁄ௗ௕ଵ൯൧ܥ , 
where ܥ௚௦ଶ and ܥௗ௕ଵ are the gate-to-source 
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capacitance of transistor ܯଶ and the drain-to-
bulk capacitance of transistor ܯଵ, respectively. 
In order to avoid peaking, two options are 
possible: either the resistance or the gate width 
of transistor ܯଶ can be reduced. When ܴ௕ is 
reduced, then the input transconductance ݃௠ is 
reduced almost in a linear manner. The input 
transconductance is reduced at a slower pace 
when the width of transistor ܯଶ  is decreased. 
This can lead to an increase in the contribution 
of channel thermal noise from transistor ܯଶ as a 
result of smaller ݃௠ଶ [12]. These RGC 
configuration challenges are noted in other 
studies [13-15]. 

This work aims to investigate the effects of 
channel length modification on a proposed TIA 
topology, focusing on the trade-off between gain 
and bandwidth, input-referred noise, and power 
consumption reduction as channel length 
increases.  

2. Proposed TIA Topology 
The schematic in Fig. 3 illustrates a current 

gain provider in the form of an input 
feedforward stage followed by a transimpedance 

gain provider in a common-gate common-source 
(CG-CS) arrangement. Nodes X and Y in the 
input stage must have sufficient voltage 
headroom to permit a measurable drain current 
for amplifier transistors ܯଵ and ܯଷ. The DC 
level rise at node X through the pass transistor 
 ଶ overcomes this voltage headroom. As aܯ
result, transistor ܯଵ’s drain-to-source voltage is 
also given the ability to have sufficient 
headroom. This input stage setup builds upon 
previously published designs [16].  

As for the CG-CS stage, it is a modified form 
of the transconductance parameter ݃௠ boosting 
mechanism. The drain of transistor ܯଵ଴ at node 
 provides enough gate-to-source voltage ܤ
headroom for transistor ܯଽ. Hence, a boosted 
݃௠ for transistor ܯଽ enables lower input 
impedance at node ݅݊2, expanding the 
bandwidth of the CG-CS stage. Interestingly, the 
low input impedance of this stage represents a 
low load for the input feedforward stage. The CS 
high input impedance at node ܣ is in parallel 
with the source limited and finite input 
impedance of transistor ܯଽ. 

 
FIG. 3. Proposed TIA topology. 

For the input stage, the small signal model is 
represented in Fig. 4. The input current ܫ௜௡ଵ that 
enters node ݅݊1 is a fraction of the photodiode 
current ܫ௉஽  since some of it vanishes through the 
photodiode capacitance ܥ௉஽ . The current source 
as an active inductor impedance is illustrated as 
ܼ஺ூ. The drain current of transistor ܯଵ is 

governed by the voltage difference between 
nodes ܻ and ݅݊1, while the drain current of 
transistor ܯଷ is governed by the voltage swing 
on node ܺ. Gate biasing for transistor ܯସ 
provides a stable path for drain current o ܯଵ. 
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FIG. 4. Small-signal model of the feedforward input stage. 

The small-signal model analysis is governed 
by KCL equations is represented as follows. In 
this analysis, ݃௠௫  is the transconductance 
representation as per numbered transistors, ݃௠௕௫  
is the bulk transconductance parameter, ݃ௗ௫  is 
the output conductance, while ܥௗ௫  and ܥ௚௫  are 
the total drain and gate capacitances, 
respectively. Gate-to-drain capacitances are 
given as ܥ௚ௗ௫ , while gate-to-source capacitance 
is represented as ܥ௚௦ଵ. The total input 
capacitance ܥ௜௡,௧௢௧ଵ = ௉஽ܥ + ௦ଵܥ + ௦ଶܥ +  ௗସ isܥ
dominated by the photodiode capacitance. 

௜௡ଵܫ = ௜ܸ௡ଵ൫݃௠ଵ + ݃௠௕ଵ + ݃ௗ௦ଵ + ݃௠ଶ +
݃௠௕ଶ + ݃ௗ௦ଶ + ݃ௗ௦ସ + ௜௡,௧௢௧ଵ൯ܥݏ −

௑ܸ  ݃ௗ௦ଶ − ௒ܸ൫݃௠ଵ + ௚௦ଵ൯ܥݏ − ைܸଵ ݃ௗ௦ଵ  (2a) 

0 = ௑ܸ ቀ݃ௗ௦଺ + ݃ௗ௦ଶ + ௗଶܥ൫ݏ + ௚ଷ൯ቁܥ −

௒ܸܥݏ௚ௗଷ − ௜ܸ௡ଵ(݃௠ଶ + ݃௠௕ଶ + ݃ௗ௦ଶ)      (2b) 

0 = ௒ܸ ቀ݃ௗ௦଻ + ݃ௗ௦ଷ + ௗଷܥ൫ݏ + ௚ଵ൯ቁܥ −

௑ܸ൫݃௠ଷ − ௚ௗଷ൯ܥݏ − ைܸଵܥݏ௚ௗଵ − ௜ܸ௡ଵ ܥ ݏ௚௦ଵ  
(2c) 

0 = ைܸଵ൫ ஺ܻூ + ݃ௗ௦ଵ + ௗଵܥ)ݏ + ௅)൯ܥ +
௒ܸ൫݃௠ଵ − ௚ௗଵ൯ܥݏ − ௜ܸ௡ଵ(݃௠ଵ + ݃௠௕ଵ +

݃ௗ௦ଵ)           (2d) 

The voltage gain of the input stage circuit is 
deduced as: 

௩ଵܣ = ௏ೀభ
௏೔೙భ

= ௚೘భ(ଵା|஺ಾమ஺ಾయ|)ା௚೘್భା௚೏ೞభ
௒ಲ಺ା௚೏ೞభା௦(஼೏భା஼ಽ)         (3) 

Here, ܣெଶ is the voltage gain of transistor ܯଶ 
and ܣெଷ is the voltage gain of transistor ܯଷ. The 
active inductor load admittance ஺ܻூ is defined 
through the inversion of active inductor 
impedance as follows [17]: 

ܼ஺ூ =
௥೚ఴ஼೒ೞఱ௦ାଵ
௚೘ఱା஼೒ೞఱ௦

            (4) 

From Eq. (3), the TIA gain of the input stage 
is: 

்ܼூ஺ଵ = ܼ௜௡ଵܣ௩ଵ = ஺ೡభ
௉ା௦஼೐೜భ

           (5) 

The input impedance of the input stage is 
given as: 

ܼ௜௡ଵ = ଵ
௉ା௦஼೐೜భ

             (6) 

where ܲ is worked out as: 

ܲ = ݃௠ଵ(1 + (|ெଷܣெଶܣ| + ݃ௗ௦ଶ(1 − (ெଶܣ +
݃ௗ௦ଵ(1 − (௩ଵܣ + ݃௠௕ଵ + ݃௠ଶ + ݃௠௕ଶ +
݃ௗ௦ସ              (7) 

The equivalent input capacitance is defined as 
௘௤ଵܥ = ௜,௧௢௧ଵܥൣ +  ௚௦ଵ൧, while theܥ|ெଷܣெଶܣ|
output impedance of the input stage is as 
follows: 

ܼைଵ = ଵ
௒ಲ಺ା௚೏ೞభା௦൫஼೏భା஼ಽା஼೏ೞభା஼೒೏భ൯  ∥ ܼ௜௡ଶ    (8) 

The term ܼ௜௡ଶ will be addressed later within 
the CG-CS stage. The current gain for the input 
stage is expressed as: 
ூೀభ
ூ೔೙భ

= ௓೅಺ಲభ
௓ೀభ

             (9) 

The ݂ି ଷௗ஻  bandwidth of the proposed TIA 
topology is therefore worked out as: 

݂ି ଷௗ஻ = ௉
ଶగ஼೐೜భ

           (10) 

The combinational topology of CG-CS has 
the CS configuration with a gate that draws no 
current (at low frequencies), hence, a current 
gain of infinity (theoretically) can be exhibited. 
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The high input impedance of the CS core is in 
parallel with the CG input terminal which has far 
lower input impedance. Voltage headroom 
through the gate-to-source voltage of transistor 
 ଵ଴ is easily overcome since node ݅݊2 carriesܯ

the DC voltage from node ଵܱ and a fraction of 
the DC budget supply of 1V. The small-signal 
model of the CG-CS stage is shown in Fig. 5. 

 
FIG. 5. Small-signal model of the CG-CS stage. 

௜௡ଶܫ = ௜ܸ௡ଶ൫݃௠ଽ + ݃௠௕ଽ + ݃ௗ௦ଽ + ݃ௗ௦ଵଵ +
௜௡ଶ,௧௢௧൯ܥ − ஻ܸ൫݃௠ଽ + ௚௦ଽ൯ܥݏ − ைܸଶ(݃ௗ௦ଽ +
 ௗ௦ଽ)          (11a)ܥݏ

0 = ஺ܸ ቀ݃ௗ௦ଵସ + ௗଵସܥ൫ݏ + ௚ଵ଴൯ቁܥ −

஻ܸܥݏ௚ௗଵ଴ − ௜ܸ௡ଶܥݏ௚ଵ଴                            (11b) 

0 = ஻ܸ ቀ݃ௗ௦ଵଷ + ݃ௗ௦ଵ଴ + ௗଵ଴ܥ൫ݏ + ௚ଽܥ +

ௗଵଷ൯ቁܥ − ஺ܸ൫݃௠ଵ଴ − ௚ௗଵ଴൯ܥݏ − ைܸଶܥݏ௚ௗଽ  

(11c) 
0 = ைܸଶ൫݃ௗ௦ଵଶ + ݃ௗ௦ଽ + ௗଽܥ)ݏ + ௗଵଶ)൯ܥ +

஻ܸ൫݃௠ଽ − ௚ௗଽ൯ܥݏ − ௜ܸ௡ଶ൫݃௠ଽ + ݃௠௕ଽ +
݃ௗ௦ଽ +  ௚ௗଽ൯        (11d)ܥݏ 

where ܥ௜௡ଶ,௧௢௧ = ைଵܥ + ௦ଽܥ  + ௗଵଵܥ +  ௚ଵ଴ asܥ
ைଵܥ = ௗଵܥ + ௗହܥ . There is no actual gain from 
node ݅݊2 to node ܣ, it is rather a transfer of 
impedance. However, for the sake of 
representation, the following formula is worked 
out based on Eq. (11b): 

௜௡ଶ஺ܣ = ௏ಲ
௏೔೙మ

=
௦஼೒భబ

௚೏ೞభరା௦൫஼೏భరା஼೒భబ൯        (12) 

Voltage gain from node ܣ to node ܤ is 
represented as: 

஺஻ܣ = ௏ಳ
௏ಲ

= ௚೘భబ
௚೏ೞభయା௚೏ೞభబା௦൫஼೏భబା஼೒వା஼೏భయ൯      (13) 

The voltage gain of the CG-CS stage is 
introduced as: 

௩ଶܣ = ௚೘వ(ଵା|஺೔೙మಲ஺ಲಳ|)ା௚೘್వା௚೏ೞవ
௚೏ೞభమା௚೏ೞవା௦(஼೏వା஼೏భమ)         (14) 

The input impedance of the CG-CS stage is 
manifested as follows which was indicated back 
in Eq. (8): 
ܼ௜௡ଶ = ଵ

ொା௦஼೐೜మ
           (15) 

Whereas fractional ܳ is given as: 

ܳ = ݃௠ଽ(1 + (|஺஻ܣ௜௡ଶ஺ܣ| + ݃௠௕ଽ + ݃ௗ௦ଽ +
݃ௗ௦ଵଵ −  ௩ଶ݃ௗ௦ଽ          (16)ܣ

The equivalent input capacitance for the CG-
CS stage is ܥ௘௤ଶ  = ௜௡ଶ,௧௢௧ܥ +  ௚௦ଽ, whileܥ|஺஻ܣ௜௡ଶ஺ܣ|
the CG-CS TIA gain is: 

்ܼூ஺ଶ = ௏ೀమ
ூ೔೙మ

= ܼ௜௡ଶܣ௩ଶ          (17) 

The overall TIA gain for the proposed 
topology is: 

்ܼூ஺ = ூೀభ
ூ೔೙భ

× ௏ೀమ
ூ೔೙మ

          (18) 

where ܫைଵ =  ௜௡ଶ in which a current gain of theܫ
input stage is multiplied by the TIA gain of the 
CG-CS stage as in the above equation. 

3. Noise Analysis 
The following equation is based upon an 

experimental common formula [16], however 
with a unique expression that describes the mean 
square channel thermal noise voltage (spectral 
density) at transistor ܯଵ's drain: 

௡ܸ௢,ௗଵ
ଶതതതതതതതത = ௠ଵ(்ܼூ஺ଵ݃ߙ4݇ܶ − ܼைଵ)ଶ        (19) 

where ߙ = ௗ଴݃)ߛ ݃௠⁄ ), as ߛ is the channel 
thermal noise coefficient, and ݃ௗ଴ is the zero 
bias drain conductance. The drain of transistor 
 ଶ mean square channel thermal noise voltageܯ
is: 

௡ܸ௢,ௗଶ
ଶതതതതതതതത = ௠ଶ݃ߙ4݇ܶ ቀ்ܼூ஺ଵ − ܼ௑

஺ೡభ
஺ಾమ

ቁ
ଶ
        (20) 

Here, ܣ௩ଵ ⁄ெଶܣ = ைܸଵ ௑ܸ⁄ , where ܼ௑ is the 
impedance at node ܺ. The mean square channel 
thermal noise voltage at the drain of transistor 
 :ଷ isܯ
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௡ܸ௢,ௗଷ
ଶതതതതതതതത = ௠ଷ݃ߙ4݇ܶ ቀ்ܼூ஺ଵ − ܼ௒

஺ೡభ
஺ಾమ஺ಾయ

ቁ
ଶ
    (21) 

Here, ܣ௩ଵ ⁄(ெଷܣெଶܣ) = ைܸଵ ௒ܸ⁄ , where ܼ௒ is 
the impedance at node ܻ. An update to the 
approach from prior literature [16] incorporates 
short channel effects [18] for the mean square 
induced gate noise voltage (spectral density) of 
transistor ܯଵ. The expression for the mean 
square induced gate noise voltage is: 

௡ܸ௢,௚ଵ
ଶതതതതതതതത = ߜ4݇ܶ

൫ఠ஼೒ೞభ൯మ

ହ௚೏బభ
ቀ்ܼூ஺ଵ − ܼ௒

஺ೡభ
஺ಾమ஺ಾయ

ቁ
ଶ
  

(22) 

where ߜ is the gate noise coefficient. The shunt 
conductance (݃௚) is redefined here as 
ቂ൫߱ܥ௚௦ଵ൯ଶ

5݃ௗ଴ଵൗ ቃ. Previously, it was 
considered as [(߱ܥை)ଶ ݃ௗ଴ଵ⁄ ], where ܥை  
represented the gate-oxide capacitance. The 
mean square induced gate noise voltages (for 
transistors ܯଶ and ܯଷ) are: 

௡ܸ௢,௚ଶ
ଶതതതതതതതത = ߜ4݇ܶ

൫ఠ஼೒ೞమ൯మ

ହ௚೏బమ
(்ܼூ஺ଵ)ଶ        (23) 

௡ܸ௢,௚ଷ
ଶതതതതതതതത = ߜ4݇ܶ

൫ఠ஼೒ೞయ൯మ

ହ௚೏బయ
ቀܼ௑

஺ೡభ
஺ಾమ

ቁ
ଶ
        (24) 

The common form of the overall gate and 
drain noise contribution is defined as [16]: 

௡ܸ௢,ெ௫
ଶതതതതതതതത = ௡ܸ௢,ௗ௫

ଶതതതതതതതത + ௡ܸ௢,௚௫
ଶതതതതതതത + 2|ܿ|ට ௡ܸ௢,ௗ௫

ଶതതതതതതതത. ௡ܸ௢,௚௫
ଶതതതതതതത  

(25) 

where ܿ is the cross-correlation coefficient 
(drain-to-gate noise). Transistor ܯସ noise 
voltage contribution is defined in this work as: 

௡ܸ௢,ெସ
ଶതതതതതതതത = 4݇ܶ(்ܼூ஺ଵ)ଶ݃ௗ௦ସ         (26) 

The noise voltage contribution of the PMOS 
current sources (ܯହ and ଼ܯ), as well as 
transistors ܯ଺ and ܯ଻ , is uniquely defined in this 
work as: 

௡ܸ௢,௥
ଶതതതതതത = 4݇ܶ ൬ܼ௢

ଶ
஺ܻூ + ܼ௫

ଶ݃ௗ௦଺ ቀ௏೚
௏ೣ

ቁ
ଶ

+

ܼ௬
ଶ݃ௗ௦଻ ቀ ஺ೡభ

஺ಾమ஺ಾయ
ቁ

ଶ
൰          (27) 

The total noise contribution based on 
integrated mean square noise voltage (spectral 
density) is: 

௡ܸ௢
ଶതതതത = ௡ܸ௢,ெଵ

ଶതതതതതതതത + ௡ܸ௢,ெଶ
ଶതതതതതതതത + ௡ܸ௢,ெଷ

ଶതതതതതതതത + ௡ܸ௢,ெସ
ଶതതതതതതതത +

௡ܸ௢,௥ 
ଶതതതതതത           (28) 

As a result, the input-referred noise current is 
given by the following common formula: 

ప௡ܫ
ଶതതതത = ௏೙೚

మതതതതത

(௓೅಺ಲభ)మ           (29) 

4. Results 
Channel length modifications using 45, 90, 

and 130 nm scales for the proposed TIA circuit 
topology (Fig. 3) are presented with 
corresponding TIA gain in Fig. 6(a). Ranging 
from 45, 90, and 130 nm scale, as the ݂ି ଷௗ஻  
bandwidth is reduced, the TIA gain increases. 
Specifically,  bandwidths of 1.68, 1.35, and 1.10 
GHz correspond to 44.78, 46.39, and 47.94 dBΩ, 
respectively. Similar ohmic TIA gain behavior is 
manifested in Fig. 6(b). For the same bandwidths 
of 1.68, 1.35, and 1.10 GHz the respective ohmic 
gains are 173.434, 208.74, and 259.70 Ω, 
respectively. 

 
FIG. 6. TIA gain performance in (a) dBΩ and (b) Ω. 

a b 
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The reduction in bandwidth—1.68, 1.35, and 
1.10 GHz—correlates directly with a rise in 
input impedance, as shown in Fig. 7, where the 
input impedance values are 230.93, 288.22, and 
349.19 Ω for the channel lengths of 45, 90, and 
130 nm, respectively. In contrast, the input-
referred noise current (spectral density), shown 
in Fig. 8, decreases inversely to the input 
impedance. Specifically, the noise current 

reduces to 15.24 ܣ݌ ඥܪ௭⁄ ܣ݌ 10.77 , ඥܪ௭⁄ , and 
ܣ݌ 9.40 ඥܪ௭⁄ . This inverse relationship between 
input impedance and input-referred noise 
highlights a trade-off where increasing the 
channel length leads to a reduction in noise 
current, further impacting the bandwidth as a 
result. 

 
FIG. 7. Input impedance frequency dependence as per each channel length. 

 
FIG. 8. Input referred noise current spectral density as per each channel length. 

The total power consumption is confined to 
0.621, 0.29, and 0.175 mW for the channel 
lengths of 45, 90, and 130 nm, respectively (Fig. 
9). In addition, an individual transistor 
consumption is also shown. The most power-

consuming transistors are ܯ଺, ܯଵଶ, and ܯଵସ. The 
45 nm scale consumes more than twice the 
power of the 90 nm scale and over three times 
the power of the 130 nm scale. 
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FIG. 9. Power consumption as per each transistor number for the channel length series (45,  

 90, and 130 nm). 

The simulated active inductor impedance, 
based on extracted data, exhibits a frequency 
response that somewhat resembles the behavior 
of a spiral inductor. As shown in Fig. 10, an 
impedance divergence is observed in the 45 nm 
scale when compared to the 90 nm and 130 nm 
scales. This divergence arises from the onset of 

overlap between the depletion layers extending 
from the drain towards the source, an effect 
known as drain-induced barrier lowering 
(DIBL), which results from short-channel 
effects. To facilitate a clearer representation, a 
low frequency of 5 Hz is used.

 
FIG. 10. Calculated active inductor impedance for the channel length series (45, 90, and  

 130 nm). 

The eye diagram for the 45 nm TIA topology 
is presented in Fig. 11(a). The measure of jitter is 
around 0.07 ns which is the time variation of 
zero crossing, while the best time to sample is 
around 0.4 ns which is the decision point in 
which the most open part of the eye is equivalent 
to the best SNR. The signal-to-noise ratio at the 
sampling point is equivalent to 24.5 mV. The 
slope corresponds to a change in voltage swing 
of 15 mV versus a change of 0.09 ns. This slope 

is relatively small which indicates the sensitivity 
to timing error. As in the 90 nm scale for the 
same TIA topology, shown in Fig. 11(b), the 
measure of jitter is around 0.04 ns, while the best 
time to sample is around 0.45 ns. The signal-to-
noise ratio at the sampling point is equivalent to 
32 mV. The slope corresponds to a change in 
voltage swing of 10 mV versus a change of 
around 0.04 ns. Regarding the 130 nm scale for 
the same TIA topology, shown in Fig. 11(c), the 
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measure of jitter is around 0.04 ns, while the best 
time to sample is around 0.47 ns. The signal-to-
noise ratio at the sampling point is equivalent to 
36 mV. The slope corresponds to a change in 
voltage swing of 8 mV versus a change of 
around 0.03 ns. The bandwidth series (1.68, 
1.35, and 1.10 GHz) and the vertical and 

horizontal eye openings shown in Fig. 11 
indicate very limited intersymbol interference 
(ISI) in random data transmission. Although the 
bandwidth is lower at the 90 nm and 130 nm 
scales, corresponding to 1.35 GHz and 1.10 GHz 
respectively, a 1.5 Gb/s input bit sequence was 
applied for comparative performance purposes.

 

 
FIG. 11. Eye diagram using bit sequencing at 1.5 Gb/s for : (a) 45 nm scale, (b) 90 nm scale, and (c) 130 nm 

scale. 

For the 45 nm scale, Table 1 illustrates a clear 
trade-off in TIA gain, bandwidth, and input-
referred noise, showing balanced performance. 
In related literature, the lowest reported power 
consumption is 0.01 mW [3], though the supply 
voltage is unspecified. When comparing the 
power consumption of 0.621 mW achieved in 
this study with other references [4,19], it 

becomes evident that, while the gain level of 
44.78 dBΩ in this work is moderately lower, the 
achieved power efficiency offers a competitive 
advantage in application-specific contexts, 
particularly given the ݂ି ଷௗ஻  bandwidth of 1.68 
GHz.

TABLE 1. Comparative performance for 45 nm scale in relation to other literature. 
Ref. [4] [19] [3] This Work 
Year 2010 2018 2022 2023 
CMOS Technology 45 nm 45 nm 45 nm 45 nm 
TIA Gain (dBΩ) 55 74.4 140 44.78 
Bandwidth 30 23 10 MHz 1.68 GHz 
Input Referred Noise (ܣ݌ ඥܪ௓⁄ ) 20.47 12 4.6 15.24 
Power Consumption (mW) 9 36.6 0.01 0.621 
DC Supply Voltage (V) 1 1 - 1 

 

 
 

 

a 
b 

c 
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Table 2 provides a balanced comparison 
between this work and the cited literature [20-
21]. There is an indirect relationship between 
power consumption and bandwidth, which 
highlights the trade-off between bandwidth and 
TIA gain. The power consumption level of 0.29 
mW in this work is more than three times lower 
than that reported in the comparative literature 
[20, 21]. However, the ݂ି ଷௗ bandwidth in the 
comparative studies is over five times higher, 
with results for TIA gain and input-referred 
noise being closer, given that a 1.2V DC supply 
voltage is applied in that literature [20]. Due to 
the mentioned trade-off relationships, other 
studies [22] appear to focus on different 
applications other than power consumption 

reduction as a key advantage. The same 
approach is followed in Table 3 in which there 
are some divergent results between this work and 
the cited literature [7, 23] in terms of TIA gain. 
Given the compromise of achieving a low power 
consumption of just 0.175 mW in this work, this 
divergence is expected. However, it is important 
to note that a 1.5 V DC supply budget is applied 
in the referenced studies [7, 23], compared to the 
1V used in the proposed TIA topology. The high 
power consumption reported in the cited 
literature [24] is associated with high input-
referred noise, which represents a significant 
difference from this work, especially since no 
specific DC supply voltage is indicated in that 
context. 

TABLE 2. Comparative performance for 90 nm scale in relation to other literature. 
Ref [20] [21] [22] This Work 
Year 2019 2020 2021 2023 
CMOS Technology 90 nm 90 nm 90 nm 90 nm 
TIA Gain (dBΩ) 50.5 41 39.8 46.39 
Bandwidth (GHz) 7.3 6.5 24.8 1.35 
Input Referred Noise (ܣ݌ ඥܪ௓⁄ ) 13.7 33.4 50 10.77 
Power Consumption (mW) 1 1.67 11.6 0.29 
DC Supply Voltage (V) 1.2 1 - 1 

TABLE 3. Comparative performance with other literature for 130 nm scale. 
Ref [7] [23] [24] This Work 
Year 2015 2019 2021 2023 
CMOS Technology 130 nm 130 nm 130 nm 130 nm 
TIA Gain (dBΩ) 52.4 59.885 66 47.94 
Bandwidth (GHz) 8.2 6.9 40 1.10 
Input Referred Noise (ܣ݌ ඥܪ௓⁄ ) 1.94 

µArms 
7.925 9.4 9.40 

Power Consumption (mW) 3.6 0.872 142 0.175 
DC Supply Voltage (V) 1.5 1.5 - 1 

 
5. Discussion 

In the input stage shown in Fig. 3, the active 
inductor is configured using two PMOS 
structures (transistors ܯହ and ଼ܯ). In this 
configuration, the conditions of having a single 
MOSFET operating in saturation as a current 
source do not apply, yet the active inductor can 
still maintain a stable voltage at node ଵܱ given 
the fact that channel length modulation 
parameter ߣ ≠ 0. The drain terminal of transistor 
 ହ can draw a DC current and present highܯ
impedance. The significant impedance of the 
active inductor behaves like an ideal current 
source, exhibiting nearly infinite small-signal 
resistance. 

Theoretically, the highest possible voltage 
gain for transistor ܯଵ is given by (−݃௠ଵݎைଵ). 
However, the output node resistance of transistor 
 ଵ is determined by the parallel combination ofܯ
its own output resistance (represented by the 
active inductor impedance at low frequencies 
and the input resistance of the second CG-CS 
stage. A key advantage of having the active 
inductor current source is its ability to alleviate 
the trade-off between voltage gain and the 
voltage headroom (ܸீ ௌଵ − ௧ܸ௛) so far as 
transistor ܯଵ is concerned.  

The degeneration output resistance of 
transistor ܯସ sustains a fraction of the input 
voltage at node ݅݊1. From the perspective of the 
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CG configuration, the photodiode input signal is 
delivered as a current, causing the voltage at 
node ݅݊1 to increase by ∆ ௜ܸ௡ଵ. Consequently, the 
gate-to-source voltage of transistor ܯଵ decreases 
by similar amount, leading to a reduction in 
drain current by ݃௠ଵ∆ ௜ܸ௡ଵ and consequently, an 
increase in output voltage at node ଵܱ. The input 
pole magnitude described in Eq. (1) is 
maximized within the CG structure by 
maximizing ݃௠ଵ ,  which can be achieved by 
increasing the drain current. This leads to higher 
gate-to-source and minimum allowable drain-to-
source voltages for transistors ܯଵ and ܯସ, 
respectively, along with an increased voltage 
drop across the active inductor impedance  ܼ஺ூ at 
the DC level. The 1V supply voltage is sufficient 
to support these voltage headroom requirements. 
Interestingly, ܼ஺ூ is extremely high across the 
bandwidth series (1.68, 1.35, and 1.10 GHz), and 
even at lower frequencies as shown in Fig. 10. 
This high level of ܼ஺ூ contributes to the 
suppression of input-referred noise and prevents 
the magnitude of ்ܼூ஺ଵ from falling. The biasing 
of transistor ܯସ is set high enough to allow a 
reasonably elevated drain-to-source voltage, 
thereby reducing noise and drain capacitance. 
Despite the challenging constraints, a broadband 
topology with a reasonably high transimpedance 
gain was achievable in this work, even with a 
low supply voltage of 1V.  

The CG drawbacks were overcome since 
transistor ܯଵ not only serves as active feedback 
but is also in a CG configuration. The first CG 
drawback is that the noise scales in a direct way 
with ܥ௜௡,௧௢௧ଵ and frequency; as ܥݏ௜௡,௧௢௧ଵ 
increases, a significant fraction of the noise 
contributed by transistor ܯଵ does not circulate 
inside it but instead flows from the output node 

ଵܱ. The second drawback, which is often 
expected, is that the noise contributed to the 
input by the DC component of ܼ஺ூ rises as 
ห ܥݏ௜௡,௧௢௧ଵห becomes comparable to ݃௠ଵ. This is 
typically observed since the TIA gain tends to 
decrease as the signal frequency approaches the 
input pole.  

Within the CG-CS stage, the low input 
impedance of the CG core (ignoring the high CS 
input impedance) enables a wider bandwidth of 
the CG-CS topology, accommodating the time 
constant of the output node ଵܱ from the input 
feedforward stage. The combined CG-CS output 
impedance is determined by how low is the 
output conductance of transistors ܯଵଶ and ܯଵଷ. 

Given the high output resistances of transistors 
 ଵ଴, it was not possible to neglectܯ ଽ andܯ
channel length modulation. The CG stage on its 
own suffers from a trade-off between gain and 
overdrive voltage, the drain resistance of 
transistor ܯଽ is high enough to achieve a 
considerable voltage gain. 

With regard to channel length modification 
effects on input impedance and TIA gain, the 
upward direction in channel lengths (45, 90, and 
130 nm) for the identical proposed TIA topology 
leads to increases in both TIA gain and input 
impedance as illustrated in Fig. 6 and Fig. 7. 
According to Eq. (6), the increase in input 
impedance (with increasing channel length) is 
attributed to the decrease in ݃௠ଵ 
(transconductance of transistor ܯଵ). This 
decrease in ݃௠ଵ occurs due to the narrower 
variation in gate-to-source voltage and, 
subsequently, a reduced variation in drain 
current for transistor ܯଵ as channel length 
increases. Similarly, the decrease in the 
transconductance parameter ݃௠ଶ for the pass 
transistor ܯଶ affects input impedance in the 
same manner as observed in transistor ܯଵ. 
Subsequently, an increase in input impedance 
contributes to the increase in TIA gain of the 
input stage (்ܼூ஺ଵ) according to Eq. (5). The 
term |ܣெଶܣெଶ| plays an important role in 
determining the input stage voltage gain (ܣ௩ଵ), 
which has an inverse relation with input 
impedance as described in Eq. (5). For a single 
transistor, there is a proportional relationship 
between channel length ܮ and voltage gain ܣ௩, 
expressed as |ܣ௩| ∝ ඥ2ߤ௡ܥை௑ܹܮ ⁄஽ܫ  [17]. This 
relationship remains true when generalized to the 
proposed circuit topology. Therefore, a higher 
voltage gain means a higher TIA gain across the 
channel length series (45, 90, and 130 nm). 

Regarding the effects of channel length 
modification on bandwidth and input-referred 
noise, the increase in input impedance associated 
with the channel length series results in reduced 
bandwidth, lower input-referred noise, and lower 
power consumption. To be more precise, the DC 
input resistance is given by 1 ܲ⁄  according to Eq. 
(6), hence, the ݂ି ଷௗ஻  bandwidth is governed by 
this resistance alongside the equivalent input 
parasitic capacitance ܥ௘௤ଵ. Therefore, the rise in 
input impedance shown in Fig. 7 across the 
channel length series (45, 90, and 130 nm) leads 
to a reduction in bandwidth (1.68, 1.35, and 1.10 
GHz). From the perspective of input-referred 



Article  Al-Kawaz and Alsheikhjader 

 494

noise shown in Fig. 8, the rise in input 
impedance along the channel length series 
causes an increase in ்ܼூ஺ଵ gain according to Eq. 
(5). Given the square ்ܼூ஺ଵ term in Eq. (29), this 
inevitably leads to a reduction in input-referred 
noise current along the series. The inverse 
relationship between ܫప௡

ଶതതതത and (்ܼூ஺ଵ)ଶ as in Eq. 
(29) may not be straightforward, since the total 
integrated mean square noise voltage spectral 
density contribution ௡ܸ௢

ଶതതതത also contains (்ܼூ஺ଵ)ଶ 
in various terms. However, the impact of ௡ܸ௢

ଶതതതത is 
minimized. For instance, in Eq. (19), the term 
(்ܼூ஺ଵ − ܼைଵ)ଶ clearly indicates the subtraction 
of the input stage output impedance ܼைଵ, 
especially since ݃ௗ௦ଵ ≫ ஺ܻூ as in Eq. (8), 
considering that the active inductor impedance 
ܼ஺ூ is extremely high at the bandwidth series 
(1.68, 1.35, and 1.10 GHz) shown in Fig. 10. 

In terms of the effects of channel length 
modification on power consumption reduction, 
the upward trend in channel length correlates 
with the output resistance of each individual 
transistor, since ݎை =  ଵ. Given thatି(஽ܫߣ)
ߣ ∝  ଵ and considering the channel lengthିܮ
series (45, 90, and 130 nm), a new form of 
channel length modulation arises for the 
proposed TIA circuit topology. The series power 
consumption (0.621, 0.29, and 0.175 mW) 
shown in Fig. 9 corresponds to the 
aforementioned channel length series, which is 
attributed to the rise in output resistance of each 
transistor. PMOS current sources, such as 
transistors  ܯ଺, ܯଵଶ and ܯଵସ, exhibit higher 
power consumption compared to other 
transistors. For transistor ܯ଺, an additional drain 
current is drawn due to the biasing of transistor 
 ଶ in a degenerative configuration, where itsܯ
source is connected to the drain of the biasing 
transistor ܯସ , resulting in an extra drain current. 
Transistor ܯଵଶ also has a degeneration path 
through the drain of transistor ܯଵଵ , and similarly 

for transistor ܯଵସ. Based on the above argument, 
it is valid to say that the 45 nm scale indicates 
the highest power consumption, although it is 
still far lower than values reported in other 
literature. It is also possible that there was an 
overlap in the depletion regions between the 
drain and source in the 45 nm scale, which could 
have led to higher output resistance due to short-
channel effects, specifically drain-induced 
barrier lowering (DIBL). 

In the comparative performance analysis 
tables, an important concept emerges regarding 
the trade-offs among TIA gain, bandwidth, and 
input-referred noise. This trade-off is evident in 
the 45 nm scale literature presented in Table 1, 
as well as in the rest of the channel length series 
(45, 90, and 130 nm) for the proposed TIA 
topology shown in Fig. 3. For application-
specific criteria, power consumption reduction 
does not exactly and fully follow the trends 
observed in the comparative literature presented 
in Tables 1, 2, and 3, as the channel length 
increases from 45, 90, and 130 nm. This 
discrepancy is due to the selective nature of 
certain applications that may relax the original 
trade-offs in TIA gain, bandwidth, and input-
referred noise. Nonetheless, the general principle 
that power consumption reduces with increasing 
channel length (for similar or different 
topologies) remains valid in most cases. 

Conclusion 
A proposed TIA was designed, analyzed, and 

simulated with channel length modification. It 
was found that a trade-off between gain, 
bandwidth, and input-referred noise current can 
still apply as the channel length is increased 
from 45, 90, and 130 nm. In addition, power 
consumption reduction occurred with the upward 
modification of channel length for the same 
topology. 
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