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Introduction 

Today, especially for portable devices, low power is a 

basic constraint to be met for long battery life. In such a 

scenario, the traditional circuits fail to meet the 

requirement. The need to redesign the circuits at lower 

technology which should be functionable at reduced 

supply is a major concern with designers. Though the 

scaled technology helps in reducing the power by 

demanding low supply but at the same time the second-

order effects become prominent if the design is analog. In 

digital such effects do not deteriorate the performance 

much. In any IC, the performance is decided by the 

components used for its construction. If the sub-blocks 

used in an IC consume less power, it means the overall 

system performance will be better. For an analog IC, 

current mirror is one of the fundamental blocks which is 

widely used in most of the circuits. The ideal feature of a 

current mirror includes a large dynamic range, wide 

bandwidth, reduced input resistance and high output 

resistance. However, in nanometer technology the 

threshold voltage puts a challenge in circuit realization. 

The fact is threshold voltage does not scale in proportion 

to technology. To address this, low voltage design 

techniques is reported in literature. One is based on 

transistor level which is commonly referred in literature 

as non-conventional approach (Blalock et al., 1998; 

Rajput and Jamuar, 2001; Hasler and Lande, 2001; 

Ramirez-Angulo et al., 2004; Khateb, 2015; Della et al., 

2022). Such includes bulk driven and its hybrid forms. 

Current mirrors based on such an approach can be found 

as based on FG (Sharma et al., 2006; Manhas et al., 2008; 

Aggarwal, 2022), based on QFG (Gupta and Sharma, 

2012; Esparza-Alfaro et al., 2014; Raj et al., 2014a), and 

based on BDQFG (Raj et al., 2014b, 2015, 2016; 

Doreyatim et al., 2019). The other possible way is to 

make changes at circuit implementation level like one of 

the frequently used approaches is flipped voltage 

follower (Carvajal et al., 2005). This is generally cited as 

a low voltage cell and is useful in many analog designs. 

In this work, the flipped voltage follower based current 
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Abstract: A current mirror design having high output resistance operating at low supply 

voltage is proposed in this paper. The low voltage operation is achieved using the flipped 

voltage follower for current mirroring. The circuit operates at low supply with high swing 

with low impedance node at its output. As low impedance is one the basic requirement of a 

current mirror, the flipped voltage follower when used as an input shows reduced 

impedance. However, the observed output resistance of conventional flipped voltage 

follower current mirror turns to be around 700K ohm, a low value. So, for its improvement 

a feedback loop is used at the output of proposed current mirror. This improves the output 

resistance significantly without deteriorating the other performances like bandwidth to a 

value of 401M ohm. The proposed current mirror results in input impedance in hundreds of 

ohms around 330 ohm and bandwidth of 2.4GHz comparatively higher than its 

conventional design. The complete design is carried out using 180 nanometer-based MOS 

transistors and the circuit runs at 0.5 volt of dual polarity. 
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mirror is proposed. The reason for using flipped voltage 

follower is its low output impedance node. Such nodes 

are basic key requirements of a current mirror. Recent 

literature based on flipped voltage follower based current 

mirror exploiting the low impedance node advantage can 

be found in (Bchir et al., 2020; Shrivastava et al., 2020; 

Raj, 2021; Vidhate and Suman, 2021;  Kumar et al., 

2021, 2022). This also helped in reducing the input 

compliance voltage requirement. For other parameter 

improvement like output resistance and bandwidth, a 

feedback topology (Safari and Azhari, 2013) is used in 

the proposed architecture. This introduces a scaling 

factor, square of the intrinsic gain in the output resistance 

due to which significant improvement is seen. The 

feedback does change the output resistance in mega ohms 

range without degrading other performance parameters 

when compared with conventional flipped voltage 

follower current mirror.  

The paper is organized in a way: basics of flipped 

voltage follower is covered in section 2 followed by brief 

discussion on conventional and proposed flipped voltage 

follower current mirrors. This also includes small signal 

analysis of proposed circuit. The results are discussed in 

section 4 and the conclusion is drawn in section 5. 

Methods 

The flipped voltage follower (FVF) is a structure 

basically a source follower. This structure operates at low 

supply. The advantage with such structure compared to 

source follower is low impedance at its output node. 

Additionally, it offers a high swing. The schematic of 

conventional FVF is shown in figure 1.  

Vout
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VDD
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Figure 1. Flipped voltage follower 

It consists of shunt feedback which results in effective 

output impedance as [1/(gm2gm1r01)] where gmi and r0i is 

the trans-conductance of MOSFET and output resistance 

of the MOSFET. This fulfills the requirements of circuits 

which require low impedance nodes like current mirror. 

 

Proposed Work 

The architecture of conventional FVF current mirror is 

shown in figure 2.  
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Figure 2. Conventional FVF current mirror 

In the architecture, Iin is the input current applied to 

the FVF stage, which here is the drain end of M1. As 

drain impedance is low enough, the input resistance of 

realized current mirror is sufficiently low. The 

mathematical analysis yields the input resistance as 

(1/gm1gm3r03) ranging in ohms and output resistance as 

(gm4r04r02) ranging in kilo ohms for the conventional FVF 

current mirror.  
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Figure 3. Proposed FVF current mirror 

However, in most cases, the requirement is reduced 

input and sufficiently high output resistance like in mega 

ohms. So, to achieve such an output section is 

incorporated with a feedback network in the proposed 

current mirror. The architecture of the modified current 

mirror proposed is shown in figure 3. Here transistors 

M4, M5 and M6 along with current sources IB2 and IB3 

are used to realize the network. Using this feedback 

network, a multiple factor of [(gm5r05) (gm6r06)] is 

introduced in the output resistance which significantly 

boosted resistance level. As the feedback is locally 
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generated the current mirror remains stable and such 

changes also do not affect the other performance 

parameters. The drain of M4 acts as output node. 

Small signal analysis 

The mathematical analysis comprises of input and 

output resistances of proposed FVF current mirror. 

Input resistance 

The model for input resistance calculation is shown in 

figure 4. 
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Figure 4. Input resistance calculation 
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1 2

1 1

1 01

0in m

V V
i g V

R r
     ___________________(1) 

At node 1 

2 1 1

3 2

03 1

0m

V V V
g V

r R


    ___________________(2) 

Solving (2) 

 3 03

1 03 1 2

03

1
/ /mg r

V r R V
r

 
  
 

________________(3) 

Since 
0 1mg r   

 1 3 03 1 2/ /mV g r R V ______________________(4) 

From (1) & (4) 

2

1 1

1 01

1
in m

V
i g V

R r

 
   
 

____________________(5) 

 1 3 03 1 2

1 01

1 1
/ /in m mi g g r R V

R r

  
     

  

________ (6) 

 1 3 03 1/ /in m m ini g g r R V  ___________________(7) 

 1 3 03 1

1

/ /

in

in

in m m

V
R

i g g r R
  ________________(8) 

For an ideal current source, 
1R    

 
, . , .

3 03 1

1
in prop in conv

m m

R R
g r g

  _______________(9) 

Here since no change has been made on the input 

section so the resistance level remains equal to 

conventional design. 

Output resistance 

The model for output resistance calculation is shown 

in figure 5. 
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Figure 5. Output resistance calculation 

At node 4 
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For an ideal current source, 
2 3R R    

   , . 4 04 5 05 6 06 02out prop m m mR g r g r g r r  ____________(20) 

While for conventional FVF current mirror it is  

 , . 4 04 02out conv mR g r r _________________________(21) 

As seen from (20) & (21), due to feedback a factor 

(gmr0)
2
 gets multiplied to the output resistance which 

increases the value of resistance to mega ohm range 

without deteriorating the bandwidth response. 

Results and Discussion 

The current mirrors shown as in figure 2 and figure 3, 

conventional and proposed are simulated in 180 

nanometer technology with the help of 0.5 volt of dual 
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polarity. For simulation, the width of the transistors 

chosen along with other parameters assumed is shown in 

table 1. The length of all the MOS transistors is set to 240 

nanometers.  

Table 1. Width and other parameters. 

MOSFET W(nm) Assumptions 

M1, M2 25000 supply=  0.5V, 

IB1=30uA, 

IB2=IB3=100uA, 

Ioffset=5uA 

M3, M4, M6 5000 

M5 240 

The simulated results match with the analysis carried 

out. In figure 6, the current transfer characteristics plot 

for conventional and proposed both is shown. The 

linearity does not get affected by the incorporated 

changes and the circuit performs its mirroring till 500 

micro amperes. For the same, the percentage error in 

current transfer is shown in figure 7 where for the 

proposed FVF current mirror as expected has reduced 

error compared to conventional design. The reason 

behind is the increased output resistance. With the 

increase in magnitude of input current, the errors do not 

rise significantly. 

 
Figure 6. Current transfer characteristics of 

conventional and proposed FVF current mirror for 

input current ranging from 0 to 500uA 

 
Figure 7. Percentage error in conventional and 

proposed FVF current mirror for input current 

ranging from 0 to 500uA 

The output characteristic is shown in figure 8 where 

the degradation is seen in case on conventional FVF 

current mirror for higher input current. The output 

characteristic for proposed circuit shows minimal error 

even for 500 micro ampere current. 

 

 
Figure 8. Output characteristics of conventional and 

proposed FVF current mirror for input current 

ranging from 0 to 500uA in steps of 100uA 

The output resistance and frequency response plots are 

shown in figure 9 and 10 respectively. The proposed 

current mirror’s output resistance in figure 9 as discussed 

gets significantly boosted due to feedback network. The 

value for proposed FVF current mirror is calculated to be 

401M ohms whereas 700K ohms is found for 

conventional FVF current mirror which is far lesser than 

proposed. It means a 550 times better resistance is 

achieved.  

 
Figure 9. Output resistance of conventional and 

proposed FVF current mirror 

 
Figure 10. Frequency responses of conventional and 

proposed FVF current mirror 
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However, in the case of bandwidth in figure 10, a 

slight improvement is achieved which is 2.4G Hz 

whereas for conventional it is 1.4G Hz. The overall 

results are shown in tabular form and compared with the 

prior work as shown in table 2. 

Conclusion 

The FVF based current mirror circuit with boosted 

output resistance is proposed in this paper. The FVF is 

widely used for low voltage circuit implementation & so 

using in current mirror helps to design low voltage 

current mirror architecture. In the proposed current 

mirror, the modification is carried out through locally 

generated negative feedback which does not require any 

compensation and so without increasing the complexity 

the improvement is achieved. The achieved performance 

and mega ohms output resistance encourages its 

application for high bandwidth precise VLSI system 

design. 
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