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Abstract 
 

In this paper, a new coupling circuit is presented. This 

circuit uses a new method of subthreshold region biasing to 

decrease the value of coupling capacitor. In proposed circuit 

the Coupling capacitor is decreased about 98% in 

comparison with the ordinary capacitive coupling circuit. In 

addition, the proposed coupling circuit achieves higher 

linearity. The performance evaluation of proposed circuit is 

carried out using HSPICE simulations, 180nm technology 

and 1.8v power supply. 

 

1. Introduction 
 

In analog designs, two circuits with different common mode 

DC voltages can be connected together through a coupling 

capacitor. Therefore, the ac signal from the first stage can pass 

toward the next stage while DC is blocked. However, using the 

capacitive coupling method degrades the low frequency 

behavior of the circuit. The combination of the input impedance 

and the coupling capacitor acts as a high pass filter. For suitable 

low frequency response, the coupling capacitance must be 

chosen high enough.  

Coupling capacitors are implemented in feedback amplifiers 

as well. A positive feedback diagram is shown in figure 1. One 

challenge of positive feedback amplifiers designing is increasing 

amplifier linearity [1]. Designing of the feedback system (A2) 

strongly depends on the input and output common mode 

voltages (Vo' and Vi') of A2. Designing of A2, using the forced 

DC voltage from the feed forward network, will cause degrading 

the performance of this system. For example a high input 

common mode level results in decreasing transistors size of A2 

amplifier. It means that the threshold voltage mismatch and 

nonlinearity will be increased [2]. Capacitor coupling in positive 

or negative feedback amplifiers remove limited DC voltages in 

A2 amplifier designing. The coupling capacitors are also used to 

improve the slew rate of an amplifier [3]. 
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Fig. 1. Positive feedback diagram 

 

This paper is organized as follows. The coupling circuit 

operation is introduced in section2. In section 3, the proposed 

circuit is explained and its equations are demonstrated. 

Simulation results are indicated in section4. Finally, 

Conclusions are discussed in section 5. 

 

2. Coupling Circuits Operation 
 

Coupling circuits include buffer coupling, transformer 

coupling and capacitive coupling, are used in varies circuits 

depend on their properties. Adding buffer coupling will add the 

power consumption and nonlinearity effects of the amplifier. 

Transformer coupling implementation is not straightforward in 

chip designing technology. Capacitive coupling, on the other 

hand, has a good dc isolation. However, adding a capacitor will 

add capacitor nonlinearity effects in the circuit [4]. Furthermore 

a large capacitance will occupy a large area in the chip. 

Capacitive coupling circuit is shown in Figure 2. The DC 

level of Vo and Vo' signals are isolated by CC capacitor. The 

bias circuit provide common mode input voltage level of A2 

amplifier. Small-signal equivalent of capacitive coupling circuit 

is shown in Figure 2 (b). In this figure Rb is the output resistance 

of bias circuit and Ri is the amplifier input resistance. 
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Fig. 2. (a) Capacitive coupling circuit; (b) Small-signal 

equivalent circuit of capacitive coupling   

 

Capacitive coupling circuit is a high-pass filter which 

provides a low cut-off frequency (fc) in the A2 amplifier. This 

cut-off frequency is calculated as, 
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Considering that Ri is much larger than Rb, equation 1 will be 

approximated as, 
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The value of Rb, which depends on the bias circuit, is limited. 

Therefore, in an ordinary coupling capacitor circuit, the value of 

fc strongly depends on the value of CC. Increasing the value of 

CC will decrease fc. Four typical values of Rb resistance are 

given in Table 1, for comparison. 

 

Table 1. Output resistance of typically bias circuits 
 

Technology 

 

Output impedance 

(Ω) 

ref 

250nm 5.72 k [5] 

180nm 2.1 M [6] 

90nm 266.9 M [7] 

180nm 357 k [8] 

 
The cut-off frequency of these circuits versus CC capacitor are 

plotted in figure 3 using MATLAB software. Increasing the 

value of Rb, by modifying the bias circuit design, will decrease 

the value of CC capacitor. 

 
 

Fig. 3. Cut-off frequency of table 1 circuits versus CC capacitor 

 

3. Proposed Circuit 
 

Proposed coupling circuit is shown in figure 4 and its Small-

signal equivalent circuit is shown in figure 5. The value of 

Vo'/Vo is obtained as follows, 
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Equation 3 has one zero as, 
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and one pole as, 
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If ro is chosen extremely large, then sz will be approximately 

zero. It means that the dc voltage of Vo' and Vo will be isolated 

completely. For increasing ro, MC1 transistor is biased in 

subthreshold region. The value of the drain current of a 

subthreshold region transistor is [9]; 
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Where K is the aspect ratio of transistor (W/L), VT is the 

thermal voltage, VTH is the threshold voltage of a MOSFET, and 

η is the subthreshold slope factor. 

Vo’Vo
A2

out
Cc

bias
circuit

MC1

 
 

Fig. 4. Proposed coupling circuit 

 

According to the above equation, the value of Idsub is 

independent of the value of Vds. Considering that ro is equal to 

the value of Vds/Idsub, ro will increase considerably. Ri is the 

input resistance of a CMOS amplifier which is significantly 

high. Therefore, equation 3 can be approximated as, 
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Fig. 5. Small signal equivalent of proposed circuit 

 

According to (7), Proposed coupling circuit isolates the dc 

voltage of Vo' and Vo by adding a zero at s=0. Cut-off 

frequency of proposed coupling circuit is calculated as, 
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The value of trans-conductance (gm) is very low in a 

subthreshold region transistor (Pico Siemens). Therefore, 

according to (8) the value of CC can be chosen very low. The 

ratio of Cut-off frequency of proposed coupling circuit (f'C in 

equation 8) and cut-off frequency of ordinary coupling circuit 

(fC in equation 2) is calculated as, 
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Fig. 6. Proposed circuit which is applied to a telescopic op-amp 

 

According to (9), if the value of Rb is equal to 1/gm, then f'c will 

be equal to fc. For example, if the valve of gm is 1 Pico-Siemens 

and Rb is 1 tera-ohm then f'C and fC will be equal. However, 

implementation of a tera-ohm resistor is impossible in chip 

design technology. The proposed coupling circuit is very 

straightforward to implement. For example, this circuit is 

applied to a telescopic op-amp, which is shown in figure 6. In 

this circuit, Vo- and Vo'- are isolated by proposed coupling 

circuit. The input dc common mode voltages of M1 and M2 is 

adjusted by adjusting the value of Vb. 

 

4. Simulation results 
In this section, simulation results of the proposed coupling 

circuit are shown and the proposed coupling circuit is compared 

with the ordinary capacitive coupling circuit. The circuits have 

been designed in a typical 0.18 µm CMOS process which is 

applied to the mentioned telescopic op-amp and simulated by 

HSPICE software. Rb value of proposed coupling is considered 

as 1k ohm and Rb value of capacitive coupling (figure2) is 

considered as 1G ohm to achieve the best result in the ordinary 

circuit.  

 
Fig. 7. Ac simulation results of proposed coupling and 

capacitive coupling 
 

Ac simulation results, using the same value of CC (=1pF) and 

CL (=1pF) for both circuits, are shown in figure 7. The proposed 

coupling achieves a low cut-off frequency about 4 Hz which is 

288 Hz smaller than cut-off frequency of the ordinary capacitive 

coupling in the same process. To achieve the same cut-off 

frequency, the coupling capacitor of the ordinary circuit must be 

increased to the value of 72pF. 
 

Table 2. Output resistance of typically bias circuits 

Low cut-off 

frequency  

(Hz) 

THD 

(dB) 

CC 

 

Rb 

(Ω) 

Coupling 

circuit 

4 -65.6 1pF 1k Proposed 

coupling 

292 -65.8 1pF 1G Capacitive 

coupling 

4 -50 72pF 1G Capacitive 

coupling 

 

Monte-Carlo simulation results for 0.5µm variations of the 

Mc1 and Mc2 widths are used in the proposed coupling circuit 

which is shown in fig.8. 

 

 
Fig. 8. Monte-Carlo simulation for 0.5 µm variation in width of 

Mc1 and Mc2 transistors 
 

Closed loop configuration shown in fig.9 is used to study the 

linearity of the circuits. Fast Fourier Transfer (FFT) result of the 

proposed coupling and ordinary coupling for a 100 kHz, 1 Vp-p 

output signal, considering the same bandwidth for two circuits, 

are shown in figure 10. 

 

 
(a)                                        (b) 

Fig. 9. (a) Capacitive coupling closed loop configuration, (b) 

proposed coupling closed loop configuration 
 

As demonstrated in figure 10, the harmonic value of 

proposed coupling are decreased and proposed coupling 



achieves higher linearity. Long transient simulation result of the 

proposed coupling and capacitive coupling for a 100 kHz and .1 

Vp-p output signal are shown in figure 11. 

 

 

Fig. 10. FFT result of the proposed coupling and capacitive 

coupling for a 100K Hz and 1 VP-P output signal 
 

As can be seen, the DC value of output signal does not 

change during the long time simulation. Finally, characteristics 

of designed coupling circuit are summarized in table 2 for 

comparison. 

 

Fig. 11. Long transient simulation result of the proposed 

coupling and capacitive coupling 

 

5. Conclusions 
 

In this paper, a new coupling circuit is presented which uses 

a subthreshold region transistor in coupling circuit to decrease 

the coupling capacitor. The coupling capacitor is decreased in 

comparison with ordinary capacitive coupling circuit 

considerably. In addition, FFT simulations show that the 

proposed coupling achieves higher linearity in comparison with 

a simple capacitive coupling.    
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