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 A wide band trans-impedance amplifier (WBTIA) with tunable bandwidth 

for near infra-red spectroscopy (NIRS) bio-medical applications is presented 

in this research article. The first stage of the proposed WBTIA is 

implemented by a modified inverter-cascode (InvCas) trans-impedance 

amplifier (TIA) with series and shunt inductive peaking for the bandwidth 

extension and a common-source amplifier as a second stage for gain 

boosting. Bandwidth tuning is achieved by a novel tuning mechanism with a 

fixed capacitor and tunable metal–oxide–semiconductor (MOS) capacitor 

with a control voltage. The fixed capacitor provides a coarse-grain 

bandwidth tuning whereas the tunable MOS capacitors are used for fine-

grain bandwidth tuning. The WBTIA is designed in 45 nm technology and it 

achieved a maximum trans-impedance gain (TIG) of 84.91 dBΩ and  

354.81 MHz bandwidth. The proposed WBTIA consumes 41.24 µW power 

from 1 V supply voltage. The input referred current noise at 100 MHz is  

169 fA/sqrt (Hz) and the output noise voltage is 69.8 pV/sqrt (Hz).  
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1. INTRODUCTION 

Trans-impedance amplifiers (TIA) are widely used in different varieties of biomedical instruments 

such as non-invasive blood glucose measurement, pulse-oximeters and cuffless-blood-pressure monitoring. 

Various bio-medical sensors require different gain and bandwidth combinations. A trans-impedance amplifier 

with a wide bandwidth and better gain is required to support different varieties of sensors with various 

bandwidth requirements. The proposed wide band trans-impedance amplifier (WBTIA) supports such 

requirements. Various design techniques and methodologies can be applied to attain the necessary gain and 

bandwidth for a specific near infra-red spectroscopy (NIRS) biomedical application. Different methods and 

materials were discussed in the literature.  

A comparative study on complementary metal-oxide-semiconductor (CMOS) TIA topologies for 

different biomedical applications was discussed [1]. TIA are used for various bio-medical applications such 

as cuffless blood pressure measurement [2]–[4], noninvasive blood glucose level measurement [5], [6] 

hemoglobin measurement [7], brain function mapping [8], [9] and lung efficiency assessment [10]. A 

photodiode (PD) transforms optical power into a photo-current that is supplied to a trans-impedance amplifier 

that amplifies and converts the current signal into an output voltage-signal. Many TIA topologies are 

available in the literature review for various bio-medical applications. The specific application of the TIA is 

https://creativecommons.org/licenses/by-sa/4.0/
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based on the various performance parameters of the TIA such as the trans-impedance gain, bandwidth, input 

referred noise-current, output noise voltage, power, power supply, operating temperature, and dynamic range.  

Various TIA topologies can be used to achieve the above-mentioned performance parameters based 

on the trade-off. A few TIA topologies such as common-source TIA [11], [12] Inverter TIA [13], [14] 

inverter cascode (InvCas) TIA [15], regulated inverter cascode TIA [16], and common-gate TIA [17]. are 

used in bio-medical applications. The bandwidth requirement of the TIAs used in bio-medical applications is 

between 5 kHz to 100 MHz. The bandwidth of the TIA can be tuned or varied by various techniques such as 

inductive peaking [18], MOS-Bipolar pseudo-resistor-based tuning [19], p-channel metal-oxide-

semiconductor (PMOS) active resistor-based tuning [20], feedback resistor-based bandwidth tuning [21], 

load capacitor and photo-diode capacitor-based tuning [22] and bandwidth tuning by varying load-resistor 

[23]. Trans-impedance amplifiers are also used in high optical receivers [24]. High-gain op-amp [25] can also 

be used in biomedical application  

The bandwidth tuning is accomplished by varying the load-capacitor and the input capacitance with 

novel capacitance tuning with coarse-grain and fine-grain tuning. The desired bandwidth selection is 

achieved by a tunable high-pass filter (HPF) with a lower cutoff-frequency and a low-pass filter (LPF) with a 

higher cutoff-frequency. Section 2 presents the proposed wideband TIA architecture. Section 3 deliberates 

the results and the conclusion of the paper is presented in section 4.  

 

 

2. PROPOSED WIDEBAND TIA 

The proposed wideband TIA with bandwidth tuning has four major blocks. The first block is the 

modified InvCas TIA, the second block is a buffer amplifier, the third block is a HPF and the last block is an 

LPF. Figure 1 illustrates the block schematic of the proposed WBTIA. 

 

 

 
 

Figure 1. Block Schematic of the WBTIA 

 

 

2.1.  Proposed modified inverter-cascode TIA 

An inverter-cascode trans-impedance amplifier (InvCas TIA) is a vital circuit of an optical-receiver 

that improves the specifications by reducing the limitations of the large photodiode-capacitance at the input-

side of the circuit. It has high voltage gain, reduced Miller effect, better noise performance, and increased 

bandwidth. InvCas TIA allows less direct current (DC) current which yields low power consumption. An 

existing basic InvCas TIA circuit diagram is illustrated in Figure 2. 

The circuit diagram of the proposed wideband TIA with bandwidth tuning is exhibited in Figure 3. 

The first stage is a modified InvCas TIA with the inductive peaking provided at the input terminal and the 

feedback loop in parallel with a series combination of feedback capacitor and the feedback resistor. The 

series peaking inductors and the shunt peaking inductors are used to realize the resonance with the feedback 

capacitor and the parasitic capacitance of the InvCas amplifier. Hence, the bandwidth of the input side of the 

amplifier is extended. 

Table 1 describes the transistor sizes. The cascode-transistors 𝑀𝑁2 and 𝑀𝑃2 in the InvCas TIA 

provide improvement of the gain bandwidth product (GBW) compared to the Inv-TIA. The sources of the 

cascode-transistors 𝑀𝑁2 and 𝑀𝑃2 are connected to the drains of the transistors 𝑀𝑁1 and 𝑀𝑃1 respectively in 

the InvCas TIA. As a result, the input side's miller capacitance is decreased. The resistances through the 

drains of 𝑀𝑁1 are equal to g-1
mN2 and 𝑀𝑃1 is g-1

mP2. 

Stage 2 is a common-source amplifier with a shunt-peaking inductor and a miller-cap arrangement. 

This novel technique is used to extend the bandwidth. Inductive-peaking is used to enhance the amplifier’s 

bandwidth. In series-peaking technique, an inductor is connected in series with the input-signal. Similarly,  

in the shunt-peaking technique, the peaking inductor is connected in parallel to the load capacitor. The gain is 

a product of transconductance and the trans-impedance. The transconductance is a constant whereas the 

trans-impedance can be varied. Table 2 explains component values. The transfer-function of the InvCas TIA 

is illustrated in (1). 
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𝑍(𝑠)𝑇𝐹 =
𝑉𝑜𝑢𝑡

𝐼𝑖𝑛
= 

1

𝑠𝐶
|| (𝑅 + 𝑠𝐿) =

𝑅+𝑠𝐿

1+𝑠𝑅𝐶+𝐿𝐶𝑠2      (1) 

 

 

 
 

Figure 2. Existing basic InvCas TIA 

 

 

 
 

Figure 3. Proposed wideband TIA with bandwidth tuning 
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Table 1. Transistor sizes  
Transistors  W/L (µm) 

MN1 20/1 
MN2 2/1 

MP1 20/1 

MP2 2/1 
MN3 40/1 

MN4 10/1 

MP3 5/1 

 

 

Table 2. Component values 
Component Values 

IPD 10-50 µA 

CPD 1 fF 
Indin 100 nH 

IndF 100 nH 

CF 1 fF 
RF 10 MΩ 

RD 10 MΩ 

CC 1 fF 
CT1 1 fF 

CT10 10 fF 
CT100 100 fF 

CT1000 1,000 fF 

 

 

The peaking inductor introduces a “zero” in the 𝑍(𝑠)𝑇𝐹. The reactive impedance of the inductor 

compensates the reactive impedance of the capacitor and thus the amplifier’s bandwidth is increased or 

enhanced. The output node is connected to a hybrid load capacitor bank which is a combination of fixed 

capacitors and tunable MOS capacitors. The capacitor bank has four branches. The first branch has a 1fF 

fixed capacitor and a tunable MOS capacitor. The second branch has a 10 fF fixed capacitor and a tunable 

MOS capacitor. The third branch has a 100 fF fixed capacitor and a tunable MOS capacitor. The fourth 

branch has a 1,000 fF fixed capacitor and a tunable MOS capacitor. Each branch has dedicated tuning control 

signals 𝑉C_1, 𝑉C_10, 𝑉C_100, 𝑉C_1000 for the 1st branch, 2nd second branch, 3rd branch and 4th branch respectively. 

𝑉C_1  is used to tune the 1 fF capacitor, 𝑉C_10 is used to tune the 10 fF capacitor, 𝑉C_100 is used to tune the  

100 fF capacitor and 𝑉C_1000 is used to tune the 1,000 fF capacitor. 

The control signals (𝑉C_1, 𝑉C_10, 𝑉C_100, 𝑉C_1000) can be varied individually for small variations or 

together for major variations in the bandwidth. A similar capacitor bank arrangement can be used instead of 

the photo-diode capacitance 𝐶𝑃𝐷 on the input side. When the 𝑉C_1  control signal is varied, the change in the 

capacitance will be in the range of a portion of a femto-Farad and the maximum branch capacitance is 1 fF.  

Similarly, the other branch capacitances can also be varied. By increasing the load capacitance, the location 

of the dominant pole is moved to the left side in the frequency spectrum and vice-versa. Thus, the bandwidth 

tuning is achieved by load capacitor tuning in this proposed TIA architecture. 

 The output-resistance of the proposed TIA is calculated by (2). Where, 𝑔𝑚𝑁2, 𝑔𝑚𝑃2 are the 

transconductance of 𝑀𝑁2 and 𝑀𝑃2  and roN1, roN2, roP1 and roP2 are output -resistance of 𝑀𝑁1, 𝑀𝑁2, 𝑀𝑃1 and 

𝑀𝑃2  respectively. The open loop gain of the proposed TIA can be calculated by (3). The total 

transconductance to calculate the open-loop gain is calculated by (4). The input-resistance at zero-frequency 

is calculated by (5). Where, Rout is output resistance of the TIA and RF is feedback resistor of the TIA. The 

bandwidth of the proposed TIA can be calculated by (6). 

 

𝑅𝑜𝑢𝑡 = (𝑔𝑚𝑁2 +
1

𝑟𝑜𝑁1
+

1

𝑟𝑜𝑁2
) 𝑟𝑜𝑁1𝑟𝑜𝑁2|| (𝑔𝑚𝑃2 +

1

𝑟𝑜𝑃1
+

1

𝑟𝑜𝑃2
) 𝑟𝑜𝑃1𝑟𝑜𝑃2  (2) 

 

𝐴𝐼𝑛𝑣_𝐶𝑎𝑠 = −𝐺𝑚𝑅𝑜𝑢𝑡⬚
  (3) 

 

Gm = 𝑔𝑚𝑁1 + 𝑔𝑚𝑃1  (4) 

 

𝑍(0)𝑖𝑛 =
𝑅𝑜𝑢𝑡+𝑅𝐹

−𝐺𝑚𝑅𝑜𝑢𝑡+1
 (5) 

 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ =
𝐺𝑚𝑅𝑜𝑢𝑡+1

2𝜋(𝑅𝑜𝑢𝑡+𝑅𝐹) (𝐶𝑜𝑢𝑡+𝐶𝑃𝐷)
 (6) 
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2.2.  Common-source amplifier 

The second stage of the proposed TIA is the common-source amplifier to enhance the amplified 

signal further to a few hundred millivolts. The common-source amplifier’s gain is calculated by (7). Where, 

𝑔𝑚𝑁3 is the transconductance of the transistor used in common-source amplifier, 𝑅𝐷 is drain-resistance of the 

common-source amplifier. The Miller capacitor 𝐶𝑐 is used in the second stage of the WBTIA to extend the 

bandwidth. The pole introduced by the Miller-effect is shifted towards a higher frequency which increases 

the bandwidth. 

 

𝐴𝐶𝑆 = −𝑔𝑚𝑁3𝑅𝐷⬚
   (7) 

 

2.3.  Buffer amplifier 

The buffer amplifier is used in the output side of the proposed TIA after the second stage amplifier. 

It isolates two stages, where the output of the buffer is connected to the input of the second circuit and the 

input of the buffer is connected to the output of the first circuit. Buffer amplifier has the following 

advantages such as low output-impedance, high input-impedance and high bandwidth. The buffer amplifier 

has a unity gain and high bandwidth. Buffer amplifier passes all range of frequencies without any attenuation. 

The schematic diagram of the unity gain buffer-amplifier is depicted in Figure 4.  

 

 

 
 

Figure 4. Buffer amplifier 

 

 

2.4.  High pass filter 

 The third stage of the proposed TIA is the tunable HPF with a lower cut-off frequency which allows 

all other higher frequencies. The output signal from the buffer amplifier is passed through the HPF filter with 

a predetermined cutoff-frequency (𝑓𝑐_𝐻𝑃𝐹). The cutoff-frequency of the HPF is calculated by the (8). 

 

HPF cut-off frequency 𝑓𝑐_𝐻𝑃𝐹 =
1

2𝜋𝑅𝐻𝑃𝐹𝐶𝐻𝑃𝐹
   (8) 

 

2.5.  Low-pass filter 

The fourth stage of the proposed TIA is the tunable LPF with a higher cut-off frequency which 

allows till the predetermined frequency. The output signal from the HPF is passed through the LPF filter with 

a predetermined cutoff-frequency (𝑓𝑐_𝐿𝑃𝐹). The cutoff-frequency of the LPF can be calculated by (9). 

LPF cut-off frequency 

 

 𝑓𝑐_𝐿𝑃𝐹 =
1

2𝜋𝑅𝐿𝑃𝐹𝐶𝐿𝑃𝐹
  (9) 

 

The HPF is designed for 5 kHz and the LPF is designed for 100 MHz to select the frequency band 

used for NIRS biomedical applications. Both HPF and LPF can be designed to any cutoff frequency and the 
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required band of frequency will be allowed to pass through and the other frequency will be attenuated. Thus, 

the required bandwidth can be selected by tuning the 𝑅 and 𝐶 values of the HPF and LPF. Figures 5(a) and 

5(b) illustrates the schematic diagrams of HPF and LPF. 

 

 

 
 

(a) (b) 

 

Figure 5. Illustrates the schematic diagrams of (a) HPF and (b) LPF 

 

 

2.6. Band-pass filter  

The tunable HPF with a lower cutoff frequency and the tunable LPF with a higher cutoff frequency. 

Both form the tunable band-pass filter (BPF). By tuning the BPF to the required range of frequencies, any 

interested frequency band can be selected by the proposed TIA within the range of frequencies (1 kHz to  

354 MHz) supported by the proposed TIA.  

 

 

3. RESULTS AND DISCUSSION 

The proposed wideband TIA with bandwidth tuning is designed and simulated using generic process 

design kit (GPDK) 45 nm technology node. Simulations are performed using cadence analog design 

environment (ADE). The input photo-current from the photo-diode and the output-voltage of the proposed 

TIA after the second stage is plotted in Figure 6. 

 

 

 
 

Figure 6. Input photo-current and output-voltage of the proposed TIA 
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The input photo-current is 50 µA and the output voltage is 880 mV. The TIG of the WBTIA is  

84.91 dBΩ. The AC analysis of the WBTIA is performed from 1 kHz to 1 GHz. The WBTIA exhibits  

84.91 dBΩ gain and 354.81 MHz bandwidth. The GBW is 30126.91. The proposed TIA outperforms the 

other similar architectures in the literature. The phase margin is 103.44°. The proposed TIA has a single 

dominant pole at a higher frequency and a high phase margin. Hence, the proposed TIA has high stability. 

The dominant pole is located at 100 MHz. The frequency response of the proposed wideband TIA is plotted 

in Figure 7. The influence of tuning control voltage on the load capacitance is illustrated in Figure 8. The 

value of the load capacitance increases as the tuning control voltage increases. When the control voltage is 

100 mV the load capacitance is 35 fF and it reaches 100 fF when the control voltage reaches 1 V. 

The impact of the tuning capacitor on the bandwidth is shown in Figure 9. The change in the 

bandwidth is inversely proportional to the load capacitance. When the load tuning capacitor is 10 fF the 

bandwidth is 240 MHz and it reaches 60 MHz when the load capacitance is 100 fF. The achieved bandwidths 

for the different load capacitors 1 fF, 5 fF, and 10 fF are depicted in Figure 10. The location of the dominant 

pole is changed by changing the value of 𝐶𝑜𝑢𝑡 to get the required bandwidth. The location of the dominant 

poles for different load capacitances is shown by the three green dots. Thus, the bandwidth tuning is achieved 

by varying the Cout. Dominant pole locations for 1 fF, 5 fF, and 10 fF are 60, 11, and 10 MHz respectively. 

Input referred noise current is calculated by (10). 

 

 

  
 

Figure 7. Frequency response of the proposed TIA 

 

Figure 8. Control voltage vs tuning capacitor 

 

 

  
 

Figure 9. Impact of tuning capacitor on bandwidth 

 

Figure 10. Impact of load capacitor bandwidth 

 

 

𝐼𝑛,𝑖𝑛
2 = 4𝐾𝐵𝑇 [

(𝐺𝑚
2 +(2𝜋𝑓𝐶𝑃𝐷)

2

(1−𝐺𝑚𝑅𝐹)2 𝑅𝐹 +
(1+(2𝜋𝑓𝐶𝑃𝐷𝑅𝐹)2

(1−𝐺𝑚𝑅𝐹)2 ((𝑔𝑚𝑁1𝛾𝑛 + 𝑔𝑚𝑃1𝛾𝑝)) +

(1+(2𝜋𝑓𝐶𝑃𝐷𝑅𝐹)2

(1−𝐺𝑚𝑅𝐹)(𝑔𝑚𝑁2+
1

𝑟𝑜𝑁2
)𝑟𝑜𝑁1

𝑔𝑚𝑁2𝛾𝑛 +
(1+(2𝜋𝑓𝐶𝑃𝐷𝑅𝐹)2

(1−𝐺𝑚𝑅𝐹)(𝑔𝑚𝑃2+
1

𝑟𝑜𝑃2
)𝑟𝑜𝑃1

𝑔𝑚𝑃2𝛾𝑝 + 𝑓 × 𝑅𝐹]   (10) 
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The first term belongs to the input-noise due to the feedback resistor, and the second term is the 

input-referred noise from 𝑀𝑁1 and 𝑀𝑃1. The third is the contribution of 𝑀𝑁2 and the fourth term is the 

contribution of 𝑀𝑃2. The last term is the noise contribution due to the thermal noise of the series resistance of 

the inductor. The frequency response of the input-referred noise current is plotted in Figure 11 and the 

frequency response of the output-voltage noise is illustrated in Figure 12. The input-referred noise current 

exponentially increases as the frequency is increased. The input-referred noise current of the WBTIA at  

100 MHz is 169 fA/sqrt(Hz) which is much less compared to the other architecture [19] in the literature. 

The output-noise voltage exponentially decreases as the frequency increases till 100 kHz and 

becomes constant after that. The output-noise voltage of the WBTIA is 69.8 pV/sqrt(Hz). The Monte Carlo 

simulation of the bandwidth variation is shown in Figure 13. Total no of samples taken is 100. The average 

bandwidth is 300 MHz and the standard deviation is 45 MHz from 354.81 MHz. The impact of power supply 

voltage on power consumption is illustrated in Figure 14. 

 

 

  
 

Figure 11. Frequency response of input referred noise 

current 

 

Figure 12. Frequency response of output noise 

voltage 

 

 

  
 

Figure 13. Monte Carlo simulation of bandwidth 

variation 

 

Figure 14. Impact of power supply on power 

consumption 

 

 

The power supply is changed from 500 to 1,500 mV for various temperatures such as -40 °C, 27 °C, 

and 125 °C. The proposed TIA consumes 41.24 µW at 27 °C and 1 V supply. From the graph, it is observed 

that the power consumption is huge when both the temperature and the supply voltage are high and vice 

versa. The layout of the WBTIA is illustrated in Figure 15. The proposed wideband TIA occupies a layout 

area of 12.395×12.415 µm. The performance parameters of the various TIAs in the literature are enumerated 

in Table 3. The proposed TIA outperforms well compared to the other TIAs in the literature [19], [21] in 

terms of input-referred noise current, trans-impedance gain, bandwidth tuning range, and power 

consumption. 
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Figure 15. Layout diagram of the proposed wideband TIA with tuning 
 

 

Table 3. Performance comparison 
Description [18] [19] [21] [24] [25] Our Work 

Technology (nm) 180 180 180 45 45 45 

Trans-impedance gain (dBΩ) 47.8 39.8 26 68.5 100 84.91 
Bandwidth 6.2-10.5 GHz 0.1-300 Hz 100 MHz 8.9 GHz 25 MHz 1 kHz-354.81 MHz 

Input noise 

current 

- 200 nA/√Hz - 1.274 

µA/√Hz 

- 169 fA/√Hz 

Output noise voltage - 20nV/√Hz - - - 69.8 pV/√Hz 

Supply voltage (V) 1.8 1.8 1.8 1 1 1 

Power 33.33 mW 54µW 125 µW 37 mW 12 µW 41.24 µW 
Tuning technique Capacitor Pseudo-

resistor 

Feedback 

resistor 

Load 

Resistor 

Capacitor Inductive peaking 

and MOS cap 

Layout area 
 

0.9x0.6 
mm×mm 

- 0.054×0.054 
mm×mm 

0.49×0.49 
mm×mm 

0.07×0.07 
mm×mm 

12.395×12.415 
µm x µm 

 

 

4. CONCLUSION 

In this research article, a Wideband TIA with bandwidth tuning is proposed and implemented using 

45 nm technology for NIRS bio-medical applications. Bandwidth tuning is achieved by a novel tuning 

mechanism with a fixed capacitor and tunable metal–oxide–semiconductor capacitor with a control voltage. 

The fixed capacitor provides a coarse-grain bandwidth tuning whereas the tunable MOS capacitors are used 

for fine-grain bandwidth tuning. By changing the control voltage of the tuning load capacitor, the bandwidth 

of the proposed WBTIA is varied, while maintaining a transimpedance gain of 84.91 dBΩ. The proposed 

WBTIA achieved -3 dB bandwidth of 354.81 MHz. The proposed WBTIA consumes 41.24 µW power from 

1 V supply voltage at the temperature of 27 °C. The input-referred current noise and the output noise voltage 

at 100 MHz are 169 fA/sqrt (Hz) and 69.8 pV/sqrt (Hz) respectively. The layout area of the proposed TIA is 

12.395×12.415 µm. 
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