
  

  

Abstract—Common biosignals are frequently recorded and 
used in modern clinical practice and even daily health care 
applications. The most important building block of such an 
acquisition system is the analog readout front end. Usually, an 
instrumentation amplifier with high CMRR and configurable 
gain characteristics is suitable for this application. There is a 
current mode instrumentation amplifier based on op amp 
power supply current sensing technique, which is a possible 
solution for designing the biosignal acquisition system. This 
paper makes a brief analysis of this topology and studies some 
features for applying to biosignals. Furthermore, a real circuit 
simulation analysis employing CMOS 0.35 μm technology under 
a 3 V power supply is conducted. 

I. INTRODUCTION 
OMMON biosignals such as electrocardiogram (ECG), 
electroencephalogram (EEG), and electromyogram 

(EMG) are frequently recorded and used in modern clinical 
practice and even daily health care applications. Extremely 
low voltage signal level, serious common mode interference, 
and wide frequency range characteristics of these biosignals 
bring strict design specifications to the acquisition system. On 
the other hand, long time monitoring and some special 
applications such as home and sport health care require low 
power, small size and ambulatory design [1]. Hence, modern 
VLSI technology becomes a good approach to this kind of 
systems. The most important building block inside such an 
acquisition system is the analog readout front end. Usually, an 
instrumentation amplifier (IA) with high CMRR and 
configurable differential gain characteristics is used to extract 
the biosignals from human body. In order to do so, the IA is 
usually required to have a CMRR at least more than 80 dB 
and a differential gain around 40 dB. Conventional 
3-operational amplifier (op amp) based IA is widely used for 
this purpose, whose CMRR is highly dependent on strict 
resistor matching and ideal op amp design [2] [3]. 

A current mode instrumentation amplifier (CMIA) based 
on op amp power supply current sensing technique was first 
reported by B. Wilson in 1984 [4] [5] and further applied to 
biosignal acquisition system in several papers [2] [6] [7]. The 
main feature of this topology is while the current mirrors are 
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used as current summing network instead of traditional 
resistor network, high CMRR can be feasibly achieved 
without any resistor matching. Also, this CMIA has good gain 
configuration ability without affecting either CMRR or 
bandwidth. 

In this paper, a brief analysis of this CMIA topology is 
reported. Important features and design specifications for 
biosignal application are discussed in section II. Also, a 
circuit schematic simulation analysis employing CMOS 0.35 
μm technology is conducted in section III. 

II. CMIA ANALYSIS 

A. Circuit Description 

 
Fig. 1. Schematic of the current mode instrumentation amplifier 
 
The CMIA topology is shown in Fig. 1 and it consists of 

two stages. The first stage is the differential input stage which 
is formed by two op amps A1, 2 and resistor R1. The two op 
amps are connected as unity gain buffers and their output 
terminals are connected together via resistor R1. The 
differential input signal Vd is applied on R1 by these two op 
amps and induces an output signal current ix. The second 
stage formed by op amp A3 and resistor R2 is the gain stage. If 
the signal current ix induced in the input stage can be copied 
into R2, then the differential gain of this CMIA is simply the 
ratio of R2 and R1. In order to accurately copy ix, two current 
mirrors CM1 and CM2 are used to link the two stages. The 
first current mirror CM1 senses the current entering the 
positive power supply terminal of A1, and the second current 
mirror senses the current leaving the negative terminal. The 
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output of these two current mirrors is a current summing 
junction. To avoid any effect on the output current of current 
mirrors, the op amp A3 is connected as a transconductance 
amplifier to create a virtual ground at the current summing 
junction. If the two current mirrors are able to copy the 
current very accurately, only signal current ix will be forced to 
flow through R2, hence results an output amplified voltage 
signal. Ideally, common mode input voltage cannot induce 
any output signal current. As a result, excellent common 
mode rejection is possible. 

There are several design considerations of this topology. 
Comparing with conventional 3-op amp IA, neither ideal op 
amp nor strict resistor matching is required to achieve high 
CMRR, only good op amps matching is necessary. 
Furthermore, the gain can be easier controlled by only one 
resistor but not complex resistor network. The current mode 
operation is realized by two current mirrors and the induced 
current error and noise will strongly affect the overall 
performance of the CMIA. Hence, current mirrors should be 
designed carefully to guarantee the CMIA can work properly. 

B. Open Loop Gain Mismatching of Op Amps  
In Fig. 1, the output voltages of the two op amps A1, 2, say, 

Vo1, o2 are expected to be equal to their respective input signals. 
But in reality, due to the mismatching of the open loop gains, 
the output voltages are described by equation (1) and (2), 
where, Ao1 and Ao2 are open loop gain of op amps A1, 2 
respectively. 
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According to the superposition theory, by separating 
differential signal and common mode signal away from each 
other, the CMRR of the CMIA can be expressed by equation 
(3). 
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From (3), either extremely high open loop gains or tightly 

matching of op amps is required for achieving high CMRR. 
Since extremely high open loop gain is difficult to be 
achieved in modern low voltage CMOS process, the op amps 
matching is essential for the design.  

Fig. 2 shows the effect on CMRR due to op amps’ open 
loop gains mismatching. Good op amps matching will result a 
good common mode rejection performance. In low voltage 
low power CMOS integrated circuit design, a reasonable 
value for open loop gain of a single op amp ranges from 40dB 
to 60 dB. Assuming the rest part of the circuit is ideal, if the 
open loop gain of the op amp is 50 dB, in order to achieve a 
CMRR up to 80 dB, 100 dB, 120 dB and 140 dB, the 
acceptable difference between the open loop gain are about 
2%, 0.62%, 0.06% and 0.006% respectively. It can be seen 

that to obtain an 80 dB CMRR is not difficult in terms of open 
loop gain mismatching. To achieve excellent op amps 
matching is indeed hard but not impossible to meet. 
Advanced layout techniques such as interleaving and 
common centroid geometry are necessary for this purpose [2]. 

 

 
Fig. 2. CMRR vs. open loop gain mismatching 

C. Gain Configuration Ability 
As described in previous section, the differential gain can 

be controlled accurately by the ratio of two resistors. Since 
resistor R1 is directly connected between the output terminals 
of two input op amps, its resistance should be chosen properly 
so that it can match the output resistance of op amps. Once R1 
is fixed, varying R2 can control the gain of CMIA. 

Two main advantages can be expected during gain 
configuration operation. Because this is a current mode 
amplification operation, the gain is produced simply by a 
current flowing through a resistor. As a result, the bandwidth 
will not strongly decrease while the gain is increasing [8]. 
This is also an important feature compared with voltage mode 
amplifiers. The CMRR remains almost constant in despite of 
the possible changing differential gain, which is another 
advantage of this design. The CMRR is defined by the ratio of 
differential gain and common mode gain Ad / ACM. In real 
applications, the differential gain of the IA is not very large to 
avoid saturation. But low differential gain will usually lead to 
a low CMRR. In this topology, the common mode gain is 
linear proportional to differential gain. Hence, when the 
differential gain is decreasing, the CMRR will not decrease 
but remain a constant value. This feature is very useful when 
dealing with different biosignals at different signal levels. 

D.  Current Mirror Design Considerations 
Current mirror is a very important building block in this 

topology. The current mirrors are used to sense the current 
from op amps’ power supply and copy the signal current into 
the gain stage. Usually they are integrated with the output 
stages of op amps. When the current mirrors work with the 
inner circuits of op amps, two main problems exist. The first 
problem is due to the low supply voltage design. Besides the 
voltages used for op amps to remain in active region, there 
may not be enough voltages for current mirrors.  
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Fig. 3. Complete circuit schematic of CMIA 
 
This may make the current mirror do not work. Hence, low 
voltage current mirror design is required or, additional bias 
voltage source is needed. Also, low threshold voltage CMOS 
process can be an alternative solution. The other problem is 
the current mirror may not copy the signal current accurately. 
If the current error is just of magnitude, both the differential 
gain and CMRR will be affected, and unexpected saturation 
may occur. If the error current contains large noise and 
distortion, the original input signal cannot be amplified 
correctly at the output. To avoid this situation, the current 
mirrors should be designed very carefully so that they can 
work properly with the op amps. 

III. SIMULATION ANALYSIS 
Fig. 3 shows the complete schematic of CMIA circuit. It is 

designed in a CMOS 0.35 μm technology and under a 3 V 
power supply. M1 to M15 and M16 to M30 implement two input 
op amps A1 and A2 in Fig. 1 respectively. The input op amp 
consists of a standard two stage miller compensated OTA and 
an output stage. Current mirrors CM1 and CM2 are 
implemented by M10, 14 and M13, 15 respectively. The current 
mirrors are designed in standard form with additional bias 
voltage and integrated with the op amps’ output stages. The 
output signal current can be directly copied by the current 
mirrors without affecting the performance of op amp. 
Although op amp A2 does not need such two current mirrors, 
but in order to make the two op amps identically, the same 
current mirror set is added and the signal current is dissipated 
through resistor RL. Capacitor Cc of 1.5 pF is Miller 
compensation capacitor used for improving phase margin, 
65°in this case. More detailed specifications of input op amps 
are listed in Table I and the frequency response is shown in 
Fig. 4. The gain stage is designed using same op amp 
structure but without output stage and associated current 
mirrors. The differential gain of the CMIA can be accurately 

controlled by the ratio of resistors R1 / R2. R1 in this case is 
fixed at 100 Ω and R2 is used to adjust the differential gain. 

 
TABLE I 

OP AMP SPECIFICATIONS 
Open  loop gain 50.2 dB 
3 dB frequency 753 Hz 

GBW 223 KHz 
Phase margin 65° 

CMRR @ low frequencies 110 dB 
Power consumption @ 3 V 4.9 μW 

 
Fig. 5 presents the frequency response of the CMIA. As the 

current mirrors copy the signal current accurately, the 
differential gain is exact equal to R2 / R1. The 3-dB 
frequencies of different differential gains (30 dB to 80 dB) are 
almost constant (150 Hz in this case), and the phase margin is 
highly dependent on the transconductance amplifier A3 (65°). 
Hence, different differential gain can be easily obtained by 
simply adjusting one off-chip resistor. 

 

 
Fig. 4. Frequency response of input op amps 
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Fig. 5. Frequency response of CMIA 
 
Simulation results also show that the CMIA can gain a 

CMRR up to 146.4 dB, which is high enough for general 
biosignal applications. As discussed before, the common 
mode gain of this topology is linear proportional to 
differential gain, the CMRR remains the same while the 
differential gain is changing. This property is also proved by 
simulation. Fig. 6 shows the simulated CMRR performance 
and how the mismatching of input op amps will affect the 
CMRR, which is another important characteristic. In the 
simulation analysis, the open loop gains of the two input op 
amps are 50.2 dB and 49.8 dB, which have a difference of 0.4 
dB or about 0.8%. This difference can result a 32.9 dB 
decrease on CMRR, which is about 22.5% of original value. 
Although this result is better than what can be obtained from 
(3) because the rest part of the circuit will also affect the 
CMRR, but it still can be seen that the open loop gain 
mismatching will strongly decrease the CMRR. 

 

 
Fig. 6. CMRR vs. open loop gain mismatching of input op amps 
 
The same op amps were used to implement conventional 

3-op amp IA during simulation analysis. The differential 
amplification performance is acceptable in terms of 
differential gain and bandwidth, but the common mode 
performance is not good. When there is only common mode 
input signal, a differential component is introduced to the 

gain stage of the IA due to some non ideal characteristics of 
op amps. As a result, a large common mode gain is produced. 
Furthermore, this IA is based on voltage feedback scheme. Its 
bandwidth is reduced with increasing gain. Compared with 
these two instrumentation amplifiers, the conventional IA 
needs “ideal” op amp design and strict resistor matching in 
order to achieve a good common mode rejection. Moreover, a 
big tradeoff exists between the differential gain and the 
bandwidth. On the other hand, for the CMIA, only excellent 
matching of op amps is required for high CMRR, and the 
changing differential gain will not strongly affect either the 
bandwidth or the CMRR.  

IV. CONCLUSIONS 
In this paper, a CMIA topology based on op amp power 

supply current sensing technique is analyzed. The analysis is 
focused on the applications for biosignal acquisition system. 
The CMIA can achieve high CMRR when there is a good op 
amps matching. The differential gain can be easily controlled 
via a resistor and will affect neither CMRR nor bandwidth. A 
circuit schematic simulation employing CMOS 0.35 μm 
technology under a 3 V power supply is conducted. A CMRR 
as high as 146.4 dB is obtained. 

As a conclusion of the analysis, this CMIA topology has 
good features for applying to biosignal acquisition system 
and is worth to be studied for this purpose. Further work 
including detailed design specifications analysis and real chip 
design and fabrication is expected. 
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