
 

  

Abstract—With the principle of the traditional band pass 

filter (BPF) and the 0.6-μm BiCMOS process, an operational 

transconductance amplifier (OTA-C) type BPF which central 

frequency could be tuned linearly in the infrared receiver (IR) 

chip was proposed. The BPF uses the improved bipolar OTA 

circuit. The pre-stage of the negative feedback increases the 

input voltage range. The second stage is the differential 

transconductance amplifier which tunes the central frequency 

linearly. The whole circuit is simulated by the Cadence software. 

When the working temperature is 25℃ and the working voltage 

is 5V, the result shows that central frequency could quadrature 

tunable and the central frequency could be linear adjusted 

between 24 KHz and 49 KHz. The central frequency is 35.04 

KHz and the gain is 21.45dB while the frequency modulation 

(FM) code is 10010. The test results can satisfy the actual needs 

in the IR chip. 

 
Index Terms—Linearly adjustable, band pass filter, 

operational transconductance amplifier, central frequency  

 

I. INTRODUCTION 

he infrared wireless communication is the point to point 

data transmission technology. Generally, its 

communication distance is short and the transmission rate is 

fast [1, 2]. The communication carrier uses the near infrared 

signal. It is widely used in the household appliance, car audio 

and the navigation system with its low cost and high 

transmission speed.  

The infrared communication system is divided into three 

parts: the transmit module, the transmission medium and the 

receive module. In the transmit module, the user can generate 

different binary signals with various keys in the keyboard. 

Then the encoding circuit codes the binary signals and 

converts them into the transmission data. In the transmission 

part, the FM circuit modulates the encoded data with a pulse 
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carrier and finally drives the IR light emitting diode to send 

the data [3,4]. 

The receive module mainly includes the photodiode (PD), 

the demodulation circuit and the microprocessor. The PD 

detects the infrared signal and converts it into an electrical 

signal. Finally, the microprocessor decodes the signal and 

control the device. 

The infrared receiver is the most important part in the 

infrared communication system, the better performance of 

the infrared receiver circuit is required in the application [5]. 

After the transmission in the air, the infrared signal becomes 

very weak at the receiver. So, the infrared receiver chip is 

easily disturbed by the ambient light. Therefore, how to 

restrain the ambient interferences and improve the sensitivity 

of the infrared receiver is very important [6-8]. In this paper, 

the central frequency linear adjustable OTA-C band pass 

filter for infrared receiver is presented.  

In the receive module, it got the modulated signal with 

different carrier frequency, so the carrier signal needs to be 

demodulated at the corresponding frequency. The traditional 

filter uses the analogue switch to regulate the central 

frequency [9-11]. But the switch range is limited and it could 

not meet the dynamic tune requirements.  

The OTA-C type band pass filter (BPF) consists of the 

operational transconductance amplifier (OTA) and the 

capacitors (C). The important parameters about BPF are 

analyzed in detailed at first. Based on the principle of the 

OTA, designed an OTA-C type BPF with the central 

frequency and the Q-factor quadrature modulated [12-14]. It 

could adjust the central frequency within 27 KHz~48 KHz 

and prevent the interference from the ambient light. 

 

II. BASIC PRINCIPLE OF THE BPF 

A. Circuit structure 

The LC ladder BPF has the advantages of high reliability 

and sensitivity, but its central frequency and Q-factor cannot 

be quadrature modulated. So, it can’t be used in the IR chip. 

Therefore, a narrowband filter is required, which can weaken 

various noises in the environment or internal circuits. In order 

to achieve the central frequency modulated, the narrowband 

BPF was constructed [15]. The circuit of the BPF is mainly 

consists of the two OTA, the resistors and the capacitors [16, 

17], the circuit is shown in Fig. 1. 

 

B. Circuit principle 

The system function of the BPF is: 
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Fig. 1.  The circuit of the second-level BPF  
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Fig. 2.  The traditional CMOS type OTA circuit 
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Here, H0 is the gain of  BPF, ω0 is the central frequency, Q 

is the quality factor. The BPF is constructed by the low-pass 

filter and the high-pass filter. The low-pass filter is C2 and 

OTA2. The high-pass filter is C1, OTA1, R1 and R2. gm is the 

gain of OTA. The frequency selective network K(s) controls 

the tail current to change the gm [18, 19]. Thus the center 

frequency could be adjustable. The output voltage (Vo), the 

output current (Io), the input voltage (Vi) and its input current  

(Ii) of the network K1(s) are showned as below: 
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At the point of A, B and C, three equations can be listed: 
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The system function of BPF is: 
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Where gmR1>>1/K, comparing Equation (5) with Equation 

(1), w0, Q and H (0) can be calculated by the following: 
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İn equation (6), w0 is the inversely proportional with C1C2. 

After fixed the value of C1 and C2, through changing the 

value of gm, R1 and R2, the w0 and Q can be quadrature. If the 

gm can be adjusted, the w0 can be tuned linearly.  

 

 

III. PROPOSED OTA CIRCUIT 

 

A. Traditional circuit structure 

The conventional metal oxide semiconductor (MOS) type 

OTA uses the basic differential pairs to construct the circuit 

[20, 21]. To achieve the precise current, the Cascode current 

mirror is used as the current source and the load [22]. The 

circuit is shown in Fig. 2. 

Assume the transistor working in the saturated state, the 

output current is: 

 

)( 2121 ininmMMout VVgIII −=−=           (7) 

 

 It can be seen from equation (7) that the dynamic input 

range is small, so it doesn’t suitable for the narrowband filter 

in the IR chip.  

 

B. Improved OTA circuit structure 

The improved OTA circuit was constructed by the  

 

IAENG International Journal of Computer Science, 50:2, IJCS_50_2_19

Volume 50, Issue 2: June 2023

 
______________________________________________________________________________________ 



 

VCC

GND

VBp1

Q5 Q6

Vin+

Vin-
Q1 Q2

R5 R6

VBn
Q10

Ie1

R1

Q13 Q14

Q11 Q12

Q15

Q16

R7

Q18

Q17

Ie

I3 I4

Q3 Q4

Q8 Q9

R2 R3
R4

Vout

VBp2

fs

 
Fig. 3.  The improved OTA circuits 

two-level differential structures as shown in Fig. 3. 

The amplifier has a two-stage differential structure. The 

first stage uses the emitter negative feedback to reduce the 

input voltage. The second stage is the differential 

transconductance amplifier. In the output stage, R7, Q17 and 

Q18 construct the Wilson current source.  

In the first stage, the voltage reduction ratio can be 

adjusted by the value of R5 and R6. It ensures the accurate gm 

of the second-stage transconductance amplifier. With the 

input voltage increasing, the differential input signal in the 

second stage was reduced. The ration of the tail current 

through the Q8 and Q9 is 2:1 for case where R2=R3=R4. Then 

the gain of the output can be confirmed where R5 = R6. In the 

output stage, the Wilson current source increases the output 

resistance and guarantees the accuracy of the output current. 

 

C. Analyze the circuit principle 

In Fig.3, the OTA's gm is proportional to the central 

frequency of the BPF, with the large signal method, the value 

of gm is calculated at first.  

Ie1 is the current through Q10, ΔIe1 is the current difference 

between Q1 and Q2. The gain of the circuit is A1 and 

calculated as below: 
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From equation (10), if R5 is large enough and A1 << 1, the 

gm of OTA can be written as: 
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Here, gm2 is the second stage gain. In order to get gm, gm2 

should be calculated firstly. In Figure 3, Ie is the tail current 

through Q8, I3 and I4 are the current through Q3 and Q4, 

respectively. It can be expressed as: 
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Then I4 and Iout can be achieved: 
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Then gm2 can be calculated: 
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From equation (11) and equation (16), the gm of the circuit 

is: 
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Fig. 4. Frequency Modulation circuit 
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In the IR receiver, the pre-stage circuit of the BPF is 

always the variable gain amplifier. The input signal of BPF 

would be hundreds or even thousands of millivolt. Therefore, 

the voltage gain of the first stage can be get by adjusting the 

R5 and R6. So the amplitude of the input signal in the second 

stage is within the linear range. We can change the value of 

tail current through Q8 to adjust gm. At the same time, as long 

as Ie can be linear adjusted, the central frequency linear 

tunable will be achieved. 

 

IV. DESIGN THE FM CIRCUIT 

To save the chip area and reduce the power consumption, 

the FM circuit is constructed with the CMOS process. In the 

IR communication, the range of the carrier frequency 

between 33 KHz and 40 KHz. Considering the process 

deviation, designed 20% margin and the range of the 

modulation is from 26 KHz to 48 KHz. 

The traditional FM circuit can be achieved by adjusting the 

resistance in the bias circuit. This method is easy to 

implement and simple to operate. However, with the 

temperature characteristics of the device and the process 

deviation, the circuit will occur more error. In order to 

overcome the above issues, this paper uses the FM circuit to 

modulate the mirror current Ie. The complete schematic of the 

FM circuit is shown in Fig. 4.  

   The current Ifs flows through Q9 is consisted of seven 

branches current. The left branch is the bias current which 

value is 32Iref and the other branches are controlled by the 

signal D0~D5. When these signals are low level, the branch 

current flows through Q9, otherwise through Q8. So the 

current through Q9 is: 
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From equation (18), the seven branches current have 25 

combination, the range of Ifs from 32Iref to [32+(25-1)]*Iref. 

Here, set Q=BP4BP3BP2BP1BP0, the equation (18) can be 

simplified as: 

QIII refreffs += 32                           (19) 

 

At the same time, the existence of the branch Q8 provides a 

symmetrical relationship for Q9. Whether D0~D5 are low or 

high, this structure makes the seven branches current flow 

through this path. It reduces the variation of the current from 

the power supply to the ground and the noise of the power. 

From Eq (17), Ifs can be linear modulated. For the mirror 

relationship between Ie and Ifs, Ie also can be adjusted. So the 

central frequency of the BPF can be tuned linearly. 

 

V. SIMULATION AND TEST RESULT 

A. Simulation result 

In this section, the BPF with the central frequency linear  

tunable was presented in the IR receiver. At the same time, 

we designed the FM circuit to adjust the central frequency. 

The chip is fabricated by the 0.6 μm BiCMOS process. Its 

area is 1.2*0.6 mm2. The photograph is showed in Fig. 5(a). 

The Vbias module is the power supply for the photoelectronic 

process circuit. The PD converts the incites photons into 

photocurrent. The photocurrent is converted into voltage 

signal through the TIA. The BPF and the FM module are the 

bandpass filter circuit and the frequency modulation circuit 

which were explained in details in the above section.  The 

layout of the chip is showed in Fig. 5 (b), the device layout 

and signal direction correspond to Fig. 5(a). 

In order to test the relationship with the FM code, the bias 

current and the central frequency is simulated by the Cadence 

software with the 0.6 μm BiCMOS technology. In the typical 

condition, when the working temperature is 25℃ and the 

VCC is 5V, the simulation data are showed in Table 1 and the 

results are showed in Fig. 6. 
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Assuming the process drift is 20%, Fig. 6(a) shows the 

relationship between the FM code and the OTA bias current. 

The simulation results show the FM  code and the OTA bias 

current have a stable linear relationship. When the FM code is 

determined, the OTA bias current value is stable. Under the  

same FM coding conditions, the FM  code also has the linear 

relationship with the BPF central frequency in Fig. 6(b). The  

 

 
corresponding center frequency can be adjusted from 24KHz 

to 48KHz, which meets the requirements of infrared receiver.  

İt can be can see from Table 1, with different FM code, the 

corresponding central frequency can become from 24.95KHz 

to 48.98KHz. The maximum error of the center frequency is 

1.73%. The gain changed from 19.82dB to 20.49dB. 

 

B. Test result 

With the designed BPF structure, the IR has the good 

characteristic of the linear adjustment. The packaged chip 

photograph and our test platform are shown in Fig. 7. 

Fig. 7(a) is the photo of the packaged chip, with the length 

of 5.0 mm. Fig. 7(b) is the actual test platform, including light 

source, reflector and chip bracket. In order to verify the 

performance of the BPF in the IR receiver, we selected 

35KHz as the central frequency and test the IR chip with the 

oscilloscope SA1005A. When the input voltage is 5V, set 

10010 as the modulation frequency code, the test result in 

frequency domain was showed in Figure 8.  

The upper half of Fig. 8 is the simulation result of the 

BPF frequency response. The central frequency is 35.04 KHz. 

The bandwidth is 3.799 KHz and the gain is 21.45 dB. The 

bottom half of Figure 8 is the test result in the frequency  

 

TABLE I  

SIMULATION DATA 

FM 

code 

Central 

Frequency 

(KHz) 

OTA Bias 

current 

(uA) 

Error 

Ratio 

Gain

（dB） 

 

0 24.95 1.008 0.92% 19.82  

1 25.41 1.025 0.80% 19.83  

2 25.76 1.042 0.81% 19.87  

3 26.24 1.059 0.87% 19.88  

4 26.67 1.078 0.86% 19.90  

5 27.16 1.097 0.87% 19.92  

6 27.61 1.117 0.92% 19.95  

7 28.18 1.137 0.91% 19.95  

8 28.64 1.158 0.86% 19.98  

9 29.17 1.18 0.98% 20.00  

10 29.78 1.204 0.98% 20.02  

11 30.34 1.227 0.98% 20.04  

12 30.97 1.252 1.03% 20.06  

13 31.62 1.278 1.10% 20.08  

14 32.36 1.305 1.10% 20.10  

15 33.04 1.333 0.98% 20.12  

16 33.65 1.363 1.15% 20.13  

17 34.59 1.393 1.21% 20.16  

18 35.32 1.426 1.10% 20.19  

19 36.14     1.46 1.21% 20.21  

20 37.06 1.495 1.22% 20.24  

21 37.95 1.532 1.27% 20.26  

22 38.99 1.572 1.31% 20.28  

23 39.99 1.613 1.27% 20.31  

24       41.02    1.657 1.33% 20.33  

25       42.17    1.703 1.38% 20.36  

26 43.35 1.752    1.50% 20.38  

27 44.77 1.803    1.55% 20.41  

28 46.13 1.858    1.44% 20.44  

29 47.42 1.916    1.50% 20.46  

30 48.98 1.979    1.73%    20.49 

 

FM Vbias
BPF TIA

PD

 
(a) The chip photograph 

      

 
(b) The chip layout 
Fig. 5. The photograph and the layout 
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(a)FM code and the OTA bias current 
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(b) FM code and the BPF central frequency 

Fig. 6. The linear relationship of the FM code 
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(a) Photograph of the packaged chip 
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(b) The test platform 
Fig. 7. The chip and the test platform 

domain. Its central frequency is 35.04 KHz and the 

bandwidth is 3.8 KHz. Compared with the simulation result, 

it can be concluded that the test result match the simulation 

results very well. It is testified that the proposed BPF has a 

good filtering effect for a specific frequency, and its gain 

gradually increases with the center frequency increases.  

 

 
In order to show the effect of our design, the key 

parameters are compared in Table 2. 

 

 
 

     It can be seen from the comparison, the measured 

bandwidth nd gain of the BPF in this paper meet the 

simulation index. Within the bandwidth of 25KHz, the 

linearly adjustable area is 3.8KHz and the circuit maintains a 

high gain. 

 

VI. CONCLUSION 

In this work, compared with the conventional OTA circuit, 

the improved OTA structure is proposed. Then the FM circuit 

suitable for the infrared receiver circuit is designed. Based on 

the traditional BPF theory, a second stage BPF with the 

OTA-C structure is proposed. The simulation results show 

the FM code have stable linear relationship between the OTA 

bias current and the BPF central frequency. With the good 

linear characteristic, the OTA circuit can be adjusted from 24 

KHz to 49 KHz. When the working voltage is 5 V and 

working temperature is 25 ℃, the gain of the circuit is 21 dB. 

The central frequency can be adjusted linearly within the 

band of 3.8 KHz. The BPF meets the design specifications for 

the IR. The circuit can realize the linear adjustment of the 

center frequency. Its output is stable and it meets the actual 

requirements in the infrared communication process. 
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Bandwidth 

(Hz) 
300-10K 0.6M 250 50 24-49K 

Gain(dB) 52.5-57.5 0 61.2 49.9 
19.82- 

20.49 
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