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Background and Objectives: In this paper, a novel structure as a Folded-Mirror (FM) 
Trans-impedance Amplifier (TIA) is designed and introduced for the first time based on 
the combination of the current-mirror and the folded-cascade topologies. The trans-
impedance amplifier stage is the most critical building block in a receiver system. This 
novel proposed topology is based on the combination of the current mirror topology and 
the folded-cascade topology, which is designed using active elements. The idea is to use 
a current mirror topology at the input node. In the proposed circuit, unlike many other 
reported designs, the signal current (and not the voltage) is being amplified till it reaches 
the output node. The proposed TIA benefits from a low input resistance, due to the use 
of a diode-connected transistor, as part of the current mirror topology, which helps to 
isolate the dominant input capacitance. So, as a result, the data rate of 5Gbps is obtained 
by consuming considerably low power. Also, the designed circuit employs only six active 
elements, which yields a small occupied chip area, while providing 40.6dBΩ of trans-
impedance gain, 3.55GHz frequency bandwidth, and 664nArms input-referred noise by 
consuming only 315µW power using a 1V supply. Results justify the proper performance 
of the proposed circuit structure as a low-power TIA stage. 
Methods: The proposed topology is based on the combination of the current mirror 
topology and the folded-cascade topology. The circuit performance of the proposed 
folded-mirror TIA is simulated using 90nm CMOS technology parameters in the Hspice 
software. Furthermore, the Monte-Carlo analysis over the size of widths and lengths of 
the transistors is performed for 200runs, to analyze the fabrication process. 
Results: The proposed FM TIA circuit provides 40.6dBΩ trans-impedance gain and 
3.55GHz frequency bandwidth, while, consuming only 315µW power using a 1V supply. 
Besides, as analyzing the quality of the output signal in the receiver circuits for 
communication applications is vital, the eye-diagram of the proposed FM TIA for a 50µA 
input signal is opened about 5mV, while, for a 100µA input signal the eye is opened 
vertically about 10mV. So, the vertical and horizontal opening of the eye is clearly shown. 
Furthermore, Monte-Carlo analysis over the trans-impedance gain represents a normal 
distribution with the mean value of 40.6dBΩ and standard deviation of 0.4dBΩ. Also, the 
value of the input resistance of the FM TIA is equal to 84.4Ω at low frequencies and 
reaches the value of 75Ω at -3dB frequency. The analysis of the effect of the feedback 
network on the value of the input resistance demonstrates the input resistance in the 
absence of the feedback network reaches up to 1.4MΩ, which yields the importance of 
the existence of the feedback network to obtain a broadband system. 
Conclusion: In this paper, a trans-impedance amplifier based on a combination of the 
current-mirror topology and the folded-cascade topology is presented, which amplifies 
the current signal and converts it to the voltage at the output node. Due to the existence 
of a diode-connected transistor at the input node, the input resistance of the TIA is 
comparatively small. Furthermore, four out of six transistors are PMOS transistors, which 
represent less thermal noise in comparison with NMOS transistors. Also, the proposed 
Folded-Mirror topology occupies a relatively small area on-chip, due to the fact that no 
passive element is used in the feedforward network. Results using 90nm CMOS 
technology parameters show 40.6dBΩ trans-impedance gain, 3.55GHz frequency 
bandwidth, 664nArms input-referred noise, and only 315µW power dissipation using a 
1volt supply, which indicates the proper performance of the proposed circuit as a low-
power building block. 
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Introduction 

The beam of light, as the fastest signal carrier, was always 

an attractive candidate for communication systems. 

Optical fibers, as a proper medium for transferring a beam 

of light, introduce better performance in terms of 

crosstalk, bandwidth, electromagnetic interference, and 

channel loss in comparison with conventional mediums 

[1]. 

Also, the rapid increase in the transit frequency of 

CMOS technologies made deep-submicron CMOS devices 

a proper candidate to provide an acceptable level of 

integration besides a proper level of speed and low cost.  

In Fig. 1 the building block of the transmitter and the 

optical receiver system are demonstrated. At the receiver 

stage after the photodiode, the trans-impedance 

amplifier (TIA) stage, as the most critical building block in 

a receiver system, is shown in gray. The photodiode 

receives the optical signal and proportionally produces a 

weak signal current. 

At the Far-end, a weak signal current in the range of 

microampere is detected [1], [2], which requires to be 

amplified with low noise and a proper bandwidth, to be 

detectable in the digital circuitry. Of course, nonlinearities 

and second-order effects besides the trade-offs among 

gain, bandwidth, speed, noise, power consumption, and 

voltage headroom are part of the challenges the designer 

must consider when using deep-submicron technologies. 

Furthermore, a large parasitic capacitance in the input 

node of the TIA limits the frequency bandwidth at the 

beginning [4]-[10].  

Of course, many researchers have published many 

different structures such as regulated cascade (RGC) 

structures [3], [11]-[13] to compensate for the effect of 

this large parasitic capacitance. In [11]-[13] broadband 

circuits are introduced using passive inductors and 

resistors to enlarge the bandwidth, which of course 

requires a large occupied area on the chip.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additionally, high voltage headroom is required for 

RGC structures at high-speed applications, which is not 

possible due to the occurrence of the quantum tunneling 

phenomena in nanometer CMOS technologies. 

In [14] a method, which converts the 

transconductance of a transistor into a trans-impedance, 

is proposed.  

In this method, no resistor is required to do the 

conversion, and a further degree of freedom is obtained 

in comparison with previously published circuit 

structures, but the usage of passive inductors in this 

structure yields a large occupied chip area. Moreover, a 

π-network as the TIA stage is proposed in [15] alongside a 

shunt amplifier based on folded-cascade structures, 

which benefits from a high gain and low-noise 

characteristic, while, suffering from high power 

consumption and a large occupied chip area due to the 

use of passive inductors.  

Also inverter [5], [6]-[21] is another attractive 

structure used in designing TIA stages. In [5], a cascaded 

circuit structure is employed in a conventional inverter 

structure, which eliminates the Miller capacitance and 

enlarges the bandwidth, but limits the output swing. 

Furthermore, a three-stage cascaded push-pull 

conventional inverter, which uses a series inductive 

peaking technique to extend the bandwidth, is proposed 

in [16]. 

Of course, this technique also requires a largely 

occupied area on-chip. Additionally, an inverter 

employing a diode-connected NMOS and a cascaded 

PMOS is proposed in [17],  which provides a wide dynamic 

range with 227MHz frequency bandwidth.  

Moreover, a conventional inverter employing active 

feedback with an extra gain stage is proposed in [18], 

while, a similar circuit is proposed in [19], which uses an 

inverter structure in its input stage, followed by a 1.5KΩ 

feedback resistor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Location of the TIA stage in an optical receiver system [1]. 
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Clearly, a 1.5KΩ resistor occupies a considerable area 

on-chip. Also, a conventional inverter is employed as the 

booster amplifier in an RGC structure [19], which 

introduces low input resistance that isolates further the 

parasitic capacitance of the photodiode, while, suffering 

from the miller capacitance in the inverter stage.  

In [7] a current-mirror-based TIA is proposed, which 

amplifies the current signal and covers it to the voltage at 

the output node, unlike many other reported TIAs, which 

convert the current signal to a voltage signal at the 

begging, and then try to amplify the voltage. 

In this paper, a new trans-impedance amplifier namely 

“Folded-Mirror” (FM) is proposed, which benefits from a 

low input resistance (due to the use of a diode-connected 

transistor at the input node), and a relatively low noise 

behavior (due to the use of PMOS transistors instead of 

NMOS transistors). As the time constant of the dominant 

pole is reduced due to the small value of the input 

resistance, the circuit is capable of providing an extended 

bandwidth, without the requirement of consuming extra 

power. 

The Proposed TIA 
This novel proposed topology is based on the 

combination of the current mirror topology and the 

folded-cascade topology, which is designed using active 

elements.  

The idea is to use a current mirror topology at the input 

node, as in Fig. 2-1 (a), which introduces a small value of 

(gm)-1 as the input resistance. Then, the signal requires to 

be amplified further in a cascade stage. So, a cascade 

stage is added to the structure, and a current source is 

used as its load, as in Fig. 2-1 (b). As these two stages 

cannot provide proper trans-impedance gain, a folded 

cascade structure is used instead of the cascade structure, 

to fold the current signal toward M5, as it is shown in Fig. 

2-1 (c).  

The M5 transistor, as the diode-connected load, is 

used in a current mirror topology to further amplify the 

signal, as in Fig. 2-1 (d). So, the signal is now amplified in 

three steps, in which M2 and M5 are used commonly in 

the current mirror structure and in the folded cascade 

structure, simultaneously. Finally, Fig. 2-1 (e) 

demonstrates the active type of the proposed open-loop 

TIA. 

Fig. 2 (b) demonstrates the final version of the 

proposed FM TIA. The produced signal of the photodiode 

amplifies in a current-mirror structure (consists of M1 and 

M2), a folded-cascade structure (consists of M2, M3, M4, 

and M5) and in the second current-mirror topology 

(consists of M5 and M6), respectively. Usage of a current-

mirror stage at the input node introduces a low input 

resistance, which isolates the parasitic capacitance of the 

photodiode. Moreover, the proper usage of the voltage-

current feedback decreases the output resistance and the 

input resistance even more. Also, the usage of four PMOS 

transistors out of six transistors yields less generated 

thermal noise, due to the less mobility of holes in the 

PMOS transistors. 

Moreover, Fig. 3 shows the model of the photodiode 

[25], [26] and Fig. 4 demonstrates the equivalent circuit 

of the proposed FM TIA. 

So, the open-loop trans-impedance gain (AV) of the FM 

TIA can be calculated as follows: 

𝐴𝑉 =
𝑔𝑚2

𝑔𝑚1

×
𝑔𝑚6

𝑔𝑚5

× 𝑟𝑜6  (1)  

which, gm represents the transconductance, and ro 

represents the drain-source resistance of the MOSFET. 

Considering the fact that the gate-source voltage of 

M1 and M2 are equal (𝑉𝑔𝑠1 = 𝑉𝑔𝑠2) and also 𝑉𝑔𝑠5 = 𝑉𝑔𝑠6, 

and M1, M2, M5 and M6 are PMOS transistors (µ𝑝1 = µ𝑝2 

,𝐶𝑜𝑥5 = 𝐶𝑜𝑥6) with a same length at a specific technology 

(𝐿1 = 𝐿2  , 𝐿5 = 𝐿6), (1) can be simplified as follows: 

𝐴𝑉 =
𝑤2

𝑤1

×
𝑤6

𝑤5

× 𝑟𝑜6 (2) 

 

which (
𝑤2

𝑤1
×

𝑤6

𝑤5
) defines the current amplification.  

The input resistance of the proposed TIA is 

comparatively small, due to the use of the diode-

connected transistor M1, which yields the value of (
1

𝑔𝑚1
) 

as the input resistance, for the open-loop FM TIA. So, the 

input resistance of the closed-loop FM TIA (𝑅𝑖𝑛,𝑓) can be 

calculated as follows: 

𝑅𝑖𝑛,𝑓 =

1
𝑔𝑚1

1 + 𝐴𝑉 .
1
𝑅𝑓

=
𝑔𝑚5 𝑅𝑓

𝑔𝑚1 𝑔𝑚5 𝑅𝑓 + 𝑔𝑚2 𝑔𝑚6 𝑟𝑜6

 

(3) 

where Rf represents the feedback resistance. 

Besides, the output resistance of the open loop FM TIA 

is equal to (ro6).  

In order to calculate the closed-loop output resistance, 

it can be written as follows: 

𝑅𝑜𝑢𝑡,𝑓 =
𝑟𝑜6

  1 + 𝐴𝑉
1
𝑅𝑓

   

=
𝑔𝑚1 𝑔𝑚5 𝑅𝑓 𝑟𝑜6

 𝑔𝑚1 𝑔𝑚5 𝑅𝑓 + 𝑔𝑚2 𝑔𝑚6 𝑟𝑜6 
 

(4) 
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Fig. 2-1: Design Process, a) current mirror topology, b) a cascade stage is added to (a), c) a folded cascade structure 

instead of the cascade structure in (b), (d) a current mirror topology is added to (c), and e) the active type of the 

proposed open-loop TIA. 

Fig. 2-2: The Final Model of the proposed TIA. 
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Also, for the capacitance seen at the input and output 

nodes of the FM TIA, it can be written as follows: 

𝐶𝑖𝑛 = 𝐶𝑔𝑠1 + 𝐶𝑔𝑠2 + 𝐶𝑃𝑑 ≈ 𝐶𝑃𝑑 (5) 

𝐶𝑜𝑢𝑡 = 𝐶𝐿 (6) 

which Cgs represents the gate-source parasitic 

capacitance of a MOSFET, CPd is the parasitic capacitance 

of the photodiode and CL represents the load capacitance. 

As the parasitic capacitance of the photodiode contains 

comparatively a large value, it can be concluded that the 

input capacitance of the TIA is approximately equal to 

𝐶𝑃𝑑. 

So, in order to calculate the closed-loop trans-

impedance gain of the proposed FM TIA at low 

frequencies, it can be written as follows: 

𝐴𝑉,𝑓 =
𝐴𝑉

  1 + 𝐴𝑉  
1
𝑅𝑓

   

=
𝑔𝑚2 𝑔𝑚6 𝑅𝑓 𝑟𝑜6

   𝑔𝑚1 𝑔𝑚5 𝑅𝑓  +  𝑔𝑚2 𝑔𝑚6 𝑟𝑜6   
  

(7) 

And hence, the transfer function of the proposed FM 

TIA can be achieved as follows: 

𝐴𝑉(𝑆) =
𝐴𝑉,𝑓

(1 + 𝑆. 𝐶𝑖𝑛 . 𝑅𝑖𝑛,𝑓) (1 + 𝑆. 𝐶𝑜𝑢𝑡 . 𝑅𝑜𝑢𝑡,𝑓)
 (8) 

By using (3) to (7) and considering the fact that 𝐶𝑖𝑛 ≫

𝐶𝑜𝑢𝑡, (8) can be re-written as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝐴𝑉(𝑆) =
𝑔𝑚2 𝑔𝑚6 𝑅𝑓 𝑟𝑜6

(𝑔𝑚1 𝑔𝑚5 𝑅𝑓 + 𝑔𝑚2 𝑔𝑚6 𝑟𝑜6)
 

        
1

(1 + 𝑆. 𝐶𝑃𝑑  
𝑔𝑚5 𝑅𝑓

 𝑔𝑚1 𝑔𝑚5 𝑅𝑓 + 𝑔𝑚2 𝑔𝑚6 𝑟𝑜6 
)

 

 (9) 

As (9) reveals, the proposed FM TIA is approximated as 

a single pole circuit, with its pole equal to 𝑆 ≈

−
  𝑔𝑚1.𝑔𝑚5.𝑅𝑓+ 𝑔𝑚2.𝑔𝑚6.𝑟𝑜6  

 𝐶𝑝𝑑.𝑔𝑚5.𝑅𝑓
. So, the -3dB frequency can be 

written as follows: 

 𝑓−3𝑑𝐵 ≈
  𝑔𝑚1. 𝑔𝑚5. 𝑅𝑓 + 𝑔𝑚2. 𝑔𝑚6. 𝑟𝑜6  

 2𝜋. 𝐶𝑝𝑑 . 𝑔𝑚5. 𝑅𝑓

 (10) 

Results and Discussions 

In the following, the circuit performance of the 

proposed folded-mirror TIA is simulated using 90nm 

CMOS technology parameters. The frequency response of 

the proposed TIA up to 10GHz is demonstrated in Fig. 5. 

As Fig. 5 presents, the proposed FM TIA circuit provides 

40.6dBΩ trans-impedance gain and 3.55GHz frequency 

bandwidth, while, consuming only 315µW power using a 

1V supply. 

 

 

Fig. 3:  Model of the Photodiode . 

Fig. 4:  Equivalent Circuit of the Proposed FM TIA . 
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Fig. 5:  Frequency Response of the proposed FM TIA. 

 

As analyzing the quality of the output signal in the 

receiver circuits for communication applications is vital, 

the eye-diagram of the proposed FM TIA is demonstrated 

in Fig. 6, using Non-Return to Zero (NRZ) Pseudo-Random 

Bit Sequence (PRBS) 27-1 for two different values of 50µA 

and 100µA input signals, respectively. As Fig. 6 suggests 

for a 50µA input signal, the eye is opened about 5mV, 

while, for a 100µA input signal the eye is opened vertically 

about 10mV. So, the vertical and horizontal opening of 

the eye is clearly shown. 

Furthermore, the Monte-Carlo analysis over the size of 

the widths and lengths of the transistors is performed for 

200runs, to analyze the fabrication process. Fig. 7 

demonstrates the results over frequency response, while, 

Fig. 8 demonstrates the results over the trans-impedance 

gain. Monte-Carlo analysis over the trans-impedance gain 

represents a normal distribution (the red line) with the 

mean value of 40.6dBΩ and standard deviation of 0.4dBΩ, 

as in Fig. 8. 
 

 

(a) 

 

 

(b) 

 
Fig. 6: The eye-diagram of the FM TIA using NRZ PRBS for (a) 

50µA and (b) 100µA input signal. 

 
 

 
 

 
Fig. 7: Monte-Carlo Analysis over frequency response. 

 
 
 

Also, the input resistance of the optical receivers (the 

TIA stage) is a challenging parameter, as discussed before. 

So, the input resistance of the proposed FM TIA versus 

frequency is shown in Fig. 9.  

As it was theoretically discussed before, the input 

resistance of the FM TIA should be relatively small due to 

the existence of a diode-connected transistor at the input 

node, and the use of a voltage-current feedback. So, Fig. 

9 displays the value of the input resistance of the FM TIA, 

which is equal to 84.4Ω at low frequencies and reaches 

the value of 75Ω at -3dB frequency. 
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Fig. 8: Monte-Carlo Analysis over transimpedance gain. 

 

 
Fig. 9:  Input resistance of the FM TIA. 

 

Furthermore, the effect of the feedback network on 

the value of the input resistance is analyzed and 

summarized in Table 1. As it can be concluded from Table 

1, the input resistance in the absence of the feedback 

network reaches up to 1.4MΩ, which yields the 

importance of the existence of the feedback network to 

obtain a broadband system. 
 

Table 1: effect of the feedback network on the input resistance 
 

 
The Open-loop 

TIA 

The Closed-
loop TIA 

Input resistance 
(@low freq.) 

84.4Ω 1.4MΩ 

 

As it is important that a broadband system can operate 

properly in a reasonable range of temperature, the effect 

of temperature variations on the frequency response of 

the proposed FM TIA is analyzed, and the results are given 

for three different values of -30ºC, +30ºC, and +90ºC in 

Fig. 10. As Fig. 10 suggests, increasing the temperature 

results in an increased gain while resulting in a decreased 

frequency bandwidth, which shows the trade-off 

between the trans-impedance gain and the frequency 

bandwidth. Table 2 numerically summarizes this analysis.  
 

 
Fig. 10: Effect of temperature variations on frequency response. 

Table 2: Effect of temperature variation on transimpedance 
gain, frequency bandwidth and power consumption 
 

 -30ºC +30ºC +90ºC 

Transimpedance 
Gain 

40.4dBΩ 40.6dBΩ 40.9dBΩ 

Frequency 
Bandwidth 

3.64GHz 3.55GHz 3.44GHz 

Power 
Consumption 

274µW 318µW 355µW 

 

Moreover, the sensitivity of the proposed FM TIA to 

VDD is analyzed and the results are given in the following. 

In Fig. 11, the result of %10 variations of the supply 

voltage (VDD) is shown over frequency response. 

According to Fig. 11, the trans-impedance gain varies 

from 40.34dBΩ to 41.02dBΩ (varies about 0.68dB), while, 

the frequency bandwidth varies from 3.425GHz to 

3.695GHz (270MHz). Also, Table 3 summarizes the 

numerical analysis of supply voltage variations. As Table 3 

reveals, a %10 reduction in the value of the supply voltage 

(from VDD to 0.9VDD), results in 0.06 less power 

dissipation, and 0.04 less bandwidth, while, 0.01 more 

gain value can be achieved.  
 

Table 3: Effect of VDD variation on Transimpedance gain, 
frequency bandwidth and power consumption 
 
 

 1.1VDD VDD 0.9VDD 

Transimpedance 
Gain 

40.34dB 40.66dB 41.02dB 

Frequency 
Bandwidth 

3.69GHz 3.56GHz 3.42GHz 

Power 
Consumption 

413µW 315µW 298µW 
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Fig. 11: Supply voltage variations Vs. frequency response. 

Noise Analysis  

The demonstration of noise sources in the block 

diagram of the proposed FM TIA as in Fig. 12, provides a 

better understanding of the noise performance in this 

circuit. According to (11), input-referred noise of the 

proposed FM TIA circuit structure can be calculated as the 

sum of noise in the core of the TIA, and the feedback 

network, as follows [1]: 

𝐼𝑛,𝑖𝑛
2̅̅ ̅̅ ̅ = 𝐼𝑛,𝑅𝑓

2̅̅ ̅̅ ̅̅ +
𝑉𝑛,𝐶𝑜𝑟𝑒

2̅̅ ̅̅ ̅̅ ̅̅

𝑅𝑓
2  (11) 

which 

In,Rf
2̅̅̅ ̅̅ =

4KT

Rf

 (12) 

 
Fig. 12: Demonstration of noise sources in the block diagram of 

the FM TIA. 
 
 

Now, according to (11) calculation of the noise of the 

TIA core is required. So, a current source is put in parallel 

with the drain-source terminals of transistors, to 

demonstrate the produced thermal noise in each 

transistor, as in Fig. 13. First of all, it should be noted that 

M1 is operating in the triode region, due to the fact that 

it is used as a diode-connected transistor. Hence, the 

generated noise of M1 is shunted to the ground [27]. So, 

according to the shunted parasitic capacitance of the 

photodiode, the produced thermal noise of M1 can be 

calculated as follows: 

𝐼𝑛,𝑀1
2̅̅ ̅̅ ̅̅ =

𝐾𝑇

𝐶𝑃𝑑

 (13) 

which, K is the Boltzmann constant and T is the 

temperature. 
 

 
 

Fig. 13: representation of noise in the core of the FM TIA 
by current sources . 

 

Besides, as M4 forms a cascade structure, the thermal 

noise generated by M4 is negligible [27]; due to the fact 

that if the channel length modulation of M4 is neglected, 

it can be said that 𝐼𝑛2 + 𝐼𝐷2 = 0, and hence M4 does not 

affect Vn,out .  

 So, considering (11) and Fig. 13, 𝑉𝑛,𝐶𝑜𝑟𝑒
2̅̅ ̅̅ ̅̅ ̅̅  can be 

calculated as follows: 

𝑉𝑛,𝐶𝑜𝑟𝑒
2̅̅ ̅̅ ̅̅ ̅̅ = 4𝐾𝑇𝛾

[
 
 
 𝑔𝑚2 + 𝑔𝑚3 + 𝑔𝑚5

|𝑔𝑚2|
2

+
𝑔𝑚6

|
𝑔𝑚6

𝑔𝑚5
 .
𝑔𝑚2

𝑔𝑚1
|
2

]
 
 
 

 

(14) 

where γ refers to the channel noise factor of a MOSFET. 

 So, in order to calculate the input-referred noise of the 

TIA, considering (11), (12), and (14), it can be written as 

follows: 

𝐼𝑛,𝑖𝑛
2̅̅ ̅̅ ̅ =

4𝐾𝑇

𝑅𝑓

[1 +
𝛾

𝑅𝑓 . |𝑔𝑚2|
2
(𝑔𝑚2 + 𝑔𝑚3 + 𝑔𝑚5

+
(𝑔𝑚5. 𝑔𝑚1)

2

𝑔𝑚6

)] 

(15) 

As (15) suggests, by increasing the transconductance 

of gm2, it is possible to decrease the input referred noise 

of the proposed FM TIA. Additionally, the input referred 

noise and the output noise of the proposed TIA are shown 

in Fig.  14 and Fig. 15, respectively. As Fig. 14 shows, the 

input referred noise at low frequencies is equal to 

10pA/√Hz, and reaches the value of 11.1pA/√Hz at -3dB 
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frequency. Also, the total input referred noise current of 

the proposed FM TIA is equal to 10.4pA/√Hz (664nArms). 

As it was discussed before, the employed feedback 

resistor decreases the thermal noise of the FM TIA. Table 

4 compares the value of the input referred noise of the 

proposed FM TIA with and without the feedback network. 

As Table 4 reveals, the feedback network considerably 

decreases the thermal noise current of the FM-TIA. 

 

 

Fig. 14: Input referred noise of the FM TIA . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Output noise of the FM TIA . 

Table 4: Effect of the feedback network on the input referred 
noise current density 
 

 
The Open-loop 
TIA  

The Closed-loop 
TIA  

Input referred 
noise current 
density 

664nArms 9.5mArms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Performance comparison among the proposed TIA and other reported designs 

 [14] [15] [22] [23] [24] [28] [29] [30] [31] 
This 
Work 

Year 2017 2016 2021 2016 2021 2015 2016 2017 2016  

Technology 
(CMOS) 

0.18µm 0.18µm 90nm 0.13µm 90nm 0.13µm 
0.13µm 
SiGe 
BiCMOS 

0.13µm 
SiGe 
BiCMOS 

0.18µm 90nm 

Gain(dBΩ) 59 58 41 54 42.3 50.1 72 83.7 55-69 40.6 

Bandwidth (GHz) 7.9 8.1 6.5 11.5 5 7 38.4 32.1 1 3.55 

Power 
Consumption (W) 

18m 34.8m 1.67m 45m 2.7m 7.5m 261m 150m 6m 315µ 

Cpd (fF) 300 300 250 - 250 250 - - - 220 

Supply Voltage 
(V) 

1.8 1.8 1 1.5 1 1.5 3.3 3.3 1.8 1 

Input referred 
noise(pA/√Hz) 

23 15 33.4 6.8 32.5 31.3 14.8 - 9.33 10.4 

No. of passive 
inductors 

2 2 0 2 0 0 0 0 0 0 

FoM1 425 184.8 436 128 167 299 585 3276 417 1206 

FoM2 5.54 3.69 3.25 - 1.3 2.4 - - - 25.5 

Area 0.11 mm2 - - 
0.048 
mm2 

312 
µm2 

16200 
µm2 

- 
2.345 
mm2 

7500 µm2 98 µm2 

Work* Sim Sim Sim Exp Sim Exp Exp Exp Sim Sim 

* Sim and Exp refer to experimental and simulation results, respectively. 
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Moreover, Fig. 16 demonstrates the layout of the FM 

TIA.  

As the proposed circuit contains only six transistors in 

the feedforward network, and a small resistance equal to 

50Ω as the feedback network, the occupied chip area of 

the proposed TIA is only 98µm2, which is a small area. 

 

Fig. 16:  The circuit layout of the proposed FM TIA . 

Table 5 provides a summary of performance and 

compares the parameters of the proposed TIA circuit with 

other reported designs. The power consumption value of 

the proposed TIA is shown to be significantly less than 

other reported designs. However, in order to provide a 

fair comparison, two Fig.s of Merit (FOMs) are defined in 

Table 5, as follows: 

𝐹𝑂𝑀1 =
𝐺𝑎𝑖𝑛 ×  𝐵.𝑊.

𝑃𝐷𝐶

 (
Ω. 𝐺𝐻𝑧

𝑚𝑊
) (16) 

𝐹𝑂𝑀2

=
𝐺𝑎𝑖𝑛 ×  𝐵.𝑊.× 𝐶𝑖𝑛

𝑃𝐷𝐶  ×  𝐼𝑛. 𝑅𝑒𝑓. 𝑁𝑜𝑖𝑠𝑒
 (

Ω. 𝐺𝐻𝑧. 𝑝𝐹

𝑚𝑊. (
𝑝𝐴

√𝐻𝑧
)
) 

(17) 

Conclusion  

In this paper, a trans-impedance amplifier based on a 

combination of current-mirror topology and folded-

cascade topology is presented, which amplifies the 

current signal and converts it to the voltage at the output 

node.  

Due to the existence of a diode-connected transistor at 

the input node, the input resistance of the TIA is 

comparatively small.  

Furthermore, four out of six transistors are PMOS 

transistors, which represent less thermal noise in 

comparison with NMOS transistors. Also, the proposed 

Folded-Mirror topology occupies a relatively small area 

on-chip, due to the fact that no passive element is used in 

the feedforward network.  

Results using 90nm CMOS technology parameters 

show 40.6dBΩ trans-impedance gain, 3.55GHz frequency 

bandwidth, 664nArms input-referred noise and only 

315µW power dissipation is using 1volt supply, which 

indicates the proper performance of the proposed circuit 

as a low-power building block. 
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TIA   Trans-impedance Amplifier 

FM Folded-Mirror 
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