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Abstract- A novel instrumentation amplifier (IA) is presented in
this article. The proposed IA possesses improved performance in
comparison with the common current conveyor-based IAs. It
consists of two differential voltage current conveyors (DVCCs)
and two resistors. The non-ideal effects of the active devices are
discussed. Performances of the proposed circuit are confirmed
through HSPICE simulation. The simulated results show that the
common-mode rejection ratio (CMRR) of the proposed CMIA is
102 dB up to 6.13 MHz in TSMC 0.18um 1P6M CMOS
technology with 1.8V DC power supply.

1. INTRODUCTION

An instrumentation amplifier (IA) is an important block in
many areas such as data acquisition, medical instrumentation
and signal processing applications. It requires wide bandwidth
and high CMRR to suppress the unwanted common-mode
signals [1-2]. For voltage-mode IA, the three-operational
amplifier-based topology is the most popular one, as shown in
Fig. 1. However, this structure has some drawbacks because
its CMRR is limited by the mismatch of resistor components
and the operational bandwidth of IA is suppressed by the
constant gain bandwidth product of the operational amplifiers
[3-5]. To overcome these drawbacks, much attention has been
paid to the design of current-mode instrumentation amplifier
(CMIA) due to featuring very high bandwidth and a CMRR
insensitive to resistor mismatching which is the big problem of
the voltage-mode IA. Fig. 2 shows a high-CMRR IA design
without the need of any resistor matching condition. It also
enables high differential gain without the drastic bandwidth
reduction inevitable with traditional operational amplifier
circuits [6-7].

Although the CMIA in [6] does not need good resistor
matching, its CMRR is not good enough for practical
application. An improved CMIA with current subtraction
mechanism using the operational amplifier was developed in
[8] and is redrawn in Fig. 3. The CMRR improvement of this
circuit is due to the output current of the second conveyor
subtracting from the output current of the first conveyor [4].
But the use of operational amplifier limits the CMRR of this
IA. A further improved version of CMIA is reported in [9] and
shown in Fig. 4, this IA makes use of the current feedback
technique to achieve high-performance characteristic. In this
paper, a high-CMRR DVCCs-based IA using current feedback
technique is proposed. HSPICE circuit simulator is used to
verify the performance of the proposed IA. Three popular
CCllI-based IAs are constructed for performance comparison.

Vit
Ry
> |—
;R, >——o
Vo
R
R, ?
Ry
Viz =
Fig. | Three-operational amplifier-based IA
Vio— Y
cCl+ z 0 Vour
X (1)
R
R
X -
ccir z |-
Vo—Y (2

Fig. 2 High-CMRR IA
Vio—Y i R,
CCll+ Z
X (1)
R4
X
CCll+ Z

V,o—Y (2 =
Fig. 3 An improved high-CMRR CMIA

II.  CIRCUIT DESCRIPTION

The CMIA in [9] comprises two plus-type second
generation current conveyors (CCII+s) and two resistors, as
shown in Fig. 4. The CCII+ is a three-terminal active device
with terminal characteristics described by

V 0 g 01l

IX =0 0 0 VX M
Y - Y

l,, a 0 0fV,,

In (1), non-ideal current gain a = 1-g; and non-ideal voltage
gain B = 1-g, are ideally equal to unity. In addition, |g| << 1
and le,| << 1 are respectively called current and voltage



tracking errors. Considering the non-ideal transfer gains of the
CCII+, the output voltage can be given by

Vou =1+ 2, )(BY, - ﬁzvz)% )

For the differential inputs V; = Vy¢/2 and V, = -V/2, the
corresponding differential-mode gain Ay, can be expressed as

Ad :Voul :a1(1+a2)(ﬁ1+ﬂ2)& (3)
"V, 2 R
For the common-mode input V,; = V,= V,,, the corresponding
common-mode gain A, can be expressed as

V R
Am = =a(l+a,)(B = B) = @
ch 1 2 1 2 R]
From equations (3) and (4), the CMRR can be expressed by
CMRR:EJ B+ b, |:|2_3v1_5v2| (5)
Aal [28-B)| |26 50

From (5), it is found that the CMRR is independent of current
gains of both CCllIs.

Even the CCII has been proved to be a versatile building
block, which still has a disadvantage that only one of the input
terminals has high input impedance. The DVCC is an
extended version of CCII. It was first proposed in 1997 [10].
The DVCC provides two high-impedance terminals to handle
differential-input voltage signals. The new proposed CMIA
topology consists of two DVCCs and two resistors, as shown
in Fig. 5. The DVCC+ is a four-port building block with
terminal characteristics described by

Iy, 0 0 0 0]V,
| O 0 0 0]V, (6)
Vx ﬂl 7ﬂ2 00 Ix
I, 0 0 a 0]V,

where a =1— g and B; =1- ¢, for j =1, 2 are non-ideal current
gain and non-ideal voltage gain, respectively. Here & and &,
(leil, leyjl << 1) respectively represent current and voltage
tracking errors of the DVCC+. Denoting By; , B and o; (i =1,
2) as mentioned parameters associated with the ith DVCC+ in
Fig. 5. Reanalyzing the TA circuit in Fig. 5, the output function
can be given by

Vouw =L+ ) [(B, + By )V, = (B + BiV)] % (7

For the differential inputs V|, = V¢/2 and V, = -V/2, the
corresponding differential-mode gain Ag, can be expressed as

A, :h:_a1(1+a2)(ﬂ12+ﬁ21+ﬁll+ﬂ22)& (8)
", 2 R

For the common-mode input V| = V,= V,,, the corresponding

common- mode gain A, can be expressed as

V R
Ay = VLUI =—a,(1+ ) (B, + By — P _ﬂu)?z ®
From equations (8) and (9), the CMRR can be expressed by
CMRR:ﬁ:| B+ P+ B+ B | (10)
Atm |2[(ﬂ22 _ﬂZI) - (ﬁlz _ﬂll)]|

Vio—Y

CCll 7+ Vout
X (1)
R
Ry
X
CCll z+

V:o— Y (2

Fig. 4 High-CMRR CClI-based 1A

Vio——1 Z+

v, —Y2 DvCC
X (1)

Vz P Yl 7+

Fig. 5 The proposed high-CMRR DVCC-based IA
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Vis 0—] =

b

v v v v
gnd

Fig. 6 CMOS realization of the CCII

From (10), it is found that the CMRR is independent of
current gains of both DVCC+s in Fig. 5. Also, by observing
the denominators of (5) and (10), it can be found that the
CMRR in (10) will be increased if the non-ideal voltage gains
of the DVCCs have the same variation trends.

[II. SIMULATION RESULTS

To verify the potentialities of the proposed DVCC-based
IA, the CMIAs described in Figs. 2-5 are simulated using
HSPICE in TSMC 0.18um CMOS technology with 1.8V DC
power supply. The CMOS implementation of the CCII in [11-
13] is used to construct the CCII-based CMIAs mentioned
above. The scheme of the CCII is shown in Fig. 6. The DVCC
structure is based on this CCII with the adding of one
additional differential pair, as shown in Fig. 7 [10]. For the



TABLE I
Performance list of the IA in Figs. 2-5
Simulated . . . .
Parameter Fig. 2 Fig. 3 Fig. 4 Fig. S
f3q8(MHz) 4.67 4.58 5.21 6.13
Agm (dB) 12.1 12.1 12.1 12.1
Acn (dB) -16.7 -35.9 -34.3 -89.9
CMRR(dB) 28.8 48 46.4 102
vdd
Mp? Mp8 Mp9 Mp11
| 1 |
Vb1 0— a 5 Il:
Yzo—' Mp1  Mp2 q I—{ Mp3  Mp4 I——o Y,
HoX [oZ
| | B |
s || {[ e — I
Mn10 Mn12
gnd

Fig. 7 CMOS realization of the DVCC

performance comparison of the IAs in Figs. 2-5, the
differential-mode gain (Ayy) of 12.1 dB is used for all IAs.

The simulated result of each IA in Figs. 2-5 is given in Table 1.

It shows that the common-mode gain of the proposed IA in
Fig. 5 has been decreased evidently. The simulated result
reveals the feasibility of the proposed circuit.

IV. CONCLUSION

In this paper, a new DVCC-based CMIA is presented. The
proposed CMIA has improved CMRR performance in
comparison with three CCII-based IAs in the literature. The
workability is verified by HSPICE simulation.
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