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Abstract—This paper describes a new CMOS realization of
differential difference current conveyor circuit (DDCC).
The proposed design offers enhanced characteristics
compared to DDCC circuits previously exhibited in the
literature. It is characterized by a wide dynamic range with
good accuracy through the use of adaptive biasing circuit
instead of a constant bias current source as well as a wide
bandwidth (560 MHz) and a low parasitic resistance at
terminal X about 6.86 Q. A voltage mode instrumentation
amplifier circuit (VMIA) composed of a DDCC circuit and
two active grounded resistances is shown as application. The
proposed VMIA circuit is intended for high frequency
applications.  This  configuration offers significant

improvement in accuracy as compared to the state of the art.

It is characterized by a controllable gain, a large dynamic
range with Total Harmonic Distortion (THD) less than
0.27 %, a low noise density (22 nV/HzY?) with a power
consumption about 0.492 mW and a wide bandwidth nearly
83 MHz. All proposed circuits are simulated by TSPICE
using CMOS 0.18 pm TSMC technology with +0.8 V supply
voltage to verify the theoretical results.

Index Terms—Differential Difference Current Conveyor
(DDCC), Adaptive biasing circuit, Instrumentation
Amplifier (I1A), Voltage mode, Common-Mode Rejection
Ratio (CMRR).

I. INTRODUCTION

An instrumentation amplifier is an important electronic
device widely applied to amplify the small differential
signals in the presence of large common-mode interfer-
ence. This integrated circuit presents a kind of differential
amplifier family which can be found in medical
instrumentation [1]-[5], readout circuits of biosensor [6],
[7], data acquisition and signal processing [8].

The first proposed instrumentation amplifier circuit is
built of three operational amplifier integrated circuits and
seven resistances. This circuit is characterized by major
cons which are the limitations of the bandwidth and the
common-mode rejection ratio (CMRR). To solve these
problems, novel instrumentation amplifier topologies
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were introduced in the literature. In 2010, Erkan Yuce has
proposed four instrumentation amplifier (1A) topologies,
one of which is current-mode (CM) while the others are
voltage-mode (VM), using current feedback operational
amplifiers (CFOAs) [9]. In 2013, a new design of a
chopper current mode instrumentation amplifier
composed by two second generation current conveyor
circuits was presented. This circuit aims to be the reading
circuit of a high precision temperature sensor [10]. In
2016, a new design of a current mode instrumentation
amplifier (CMIA) based on the flipped voltage follower
(FVF) was proposed [11].

In this paper, a high performance differential differ-
ence current conveyor circuit (DDCC) operated at
+0.8V is presented. Through the use of a modified
flipped voltage follower cell as an adaptive biasing circuit
and compensation impedances in form of a resistance in
series with a capacitor, this circuit is characterized by a
voltage dynamic range about +0.62 V with THD less
than 0.25 %, a low parasitic impedance at terminal X
(6.86 Q) and wide bandwidth about 558 MHz. Also, the
current mode responses of DDCC circuit show a
+0.35 mA dynamic range and a bandwidth about
560 MHz. The power consumption is about 0.472 mW.

As an application, a controlled voltage mode instru-
mentation amplifier circuit using a DDCC circuit and two
grounded active resistances is proposed. This circuit is
intended for high frequency applications. It is character-
ized by controlled gain, wide bandwidth about 83 MHz, a
high CMRR (146 dB) and power consumption about
0.492 mW.

The adaptive biasing circuit presents a typical solution
very used in the modern applications to solve the problem
of the large bias current [12], [13]. This circuit is
characterized by a high input impedance, a low output
resistance, high precision currents and the possibility to
operate with a lower voltage supply.

The schematic diagram of differential pair polarized by
adaptive biasing circuit [14], [15] is presented in Fig. 1.
This technique allows to couple the differential pair by
two DC voltage level shifters.

ADAPTIVE BIASING
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Fig. 1. Schematic diagram of differential pair biased by adaptive biasing
circuit.

The current drain expression of differential pair
operating in saturation mode is given by :

| :g(vse _IVTpl)Z @)

where g =1,C,,(W/L), Vsg is the source gate voltage

of transistor, V1p is threshold voltage, W is gate width, L
is gate length, C,, is the gate oxide capacitance per unit
area, u, is charge carrier effective mobility.

Assuming that the transistors M1 and M2 are identical,
the differential output current (ly) is defined as :

ly=1-1, :g(VSGl +Vsea _2|VTP|)(VSGl _Vsez) 2

In order to obtain a linear differential current (lg), the
term Vsg1+Vseo—2|Vrp| must have a constant value. As
solution, two floating DC voltage sources with values
Vg—|V+p| have been integrated, as shown in Fig. 1.

The sum and difference relationships between Vs, and
Vs are given by :

Vse1 +Vss2 = Z(VB +IVTP |) 3)
VSGl _Vsez = 2(V1 _Vz ) (4)

The differential output current expression has become
Id = ZﬂVB (Vl _Vz ) =0n (Vl _Vz) (5)

where g, is the trans-conductance.
The linear input signal range and the linear output
signal range are delimited respectively by

|V1 _V2| <Vg (6)
ly <2 Vg )

Fig. 2 shows different CMOS source follower
topologies. The common drain amplifier is presented in
Fig. 2 (a). It presents the simplest design of a high
linearity unity buffer [16]. This circuit can be operated
with a minimum supply voltage:

V Vg in =V

ss,min SD1,sat +VSD2,sat (8)

Also, this circuit can be used as a voltage follower
where the output voltage follows the input voltage with a
DC level shift (VSGl):

DD,min
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Fig. 2. Voltage buffer: (a) common-drain, (b) flipped voltage follower

(c) folded flipped voltage follower, and (d) modified folded flipped
voltage follower.

Vour =Vin Ve )

Regarding behavior of large-signal, this circuit is
capable to sink a large current from the load, but its
sourcing capability is limited by the current drain of
transistor M2. The major disadvantage of this circuit is
that the current through the transistor M1 depends on the
output current. Consequently, the voltage gain is less than
unity.

The voltage gain and the output resistance expressions
are given by:

VOUT — I’olroz gm (10)
VIN rol + roZ + rolroZ gm
f lr 2
Rour =—— (11)
I“01 + r02

The circuit shown in Fig. 2 (b) presents a modified
voltage follower circuit named flipped voltage follower
(FVF) [17], [18]. The drain current transistor M1 is kept
constant, regardless of the output current, through to the
use of transistor M3 as a source of bias current.
Considering that the short-channel effect Vsgwm; held
constant, the voltage gain is unity. Contrary to the classic
voltage follower, this circuit is able to source a large
amount of current. But, its damping capability is limited
by the current through the transistor M1. The large
sourcing capability is due to the low impedance at the
output node.
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The voltage gain and the output resistance expressions
are given by :

VOUT _ I’olrt)Zro:’.gmlng (12)
VIN r02 + rozrosgmz + rolroz gml + rolroz rosgmlgmz
r.r,+r,r
_ 0l'02 02703
ROUT - (13)

r‘ol + roZ + r03 + r‘olr-z)zroSg’]mlng

The minimum supply voltage used to power FVF
circuit is expressed by :
V V.

SS,min =

+V,

SDy; ,,sat + |VTP2|

DD,min SDy 3,58t (14)

The linear operation region of FVF circuit is still valid
for transistors M1 and/or M2 operated in saturation
region. The valid region of limited common mode input
voltage range is expressed by :

Vss +VDSM3,sat - IVTP1| < VCM

15
<VDD _VSDMz,sat _VSDMl,sat _[VTP1| (o)

The folded flipped voltage follower (FFVF) presented
in Fig. 2 (c) is introduced as a solution for the limited
current delivering capability of FVF [19]. The transistor
M4 provides additional current whenever it is required by
load. Therefore, this circuit is capable to sink and provide

V V,

SS,min

+VDSM oosat +[VTP2| +|VTP4| (18)

The valid region of limited common mode input
voltage range is expressed by

DD,min — :VSDMz,sat

Vss +Vps,, ,sat + ‘VTP4‘ - ‘VTPl‘ <Vewm (19)

<Vpp —Vep,,, st ~Vspy,.sat ~ ‘VTPl‘

The modified folded flipped voltage follower (FFVF)
is presented in Fig. 2 (d). The transistor M5 has been
integrated in order to minimize the output impedance.

The voltage gain and the output resistance expressions
are given by (20) and (21).

The characteristics for all voltage follower circuits
have been estimated by TSPICE using 0.18 pm CMOS
TSMC with #0.8 V supply voltage. The output voltage
variations according to the input voltage variations show
the same linear behavior over an input voltage range from
—0.8 V10 0.45 V, as presented in Fig. 3.

From Fig. 4, it can be noticed that, the output
impedance of modified folded flipped voltage follower at
low frequency is less than those of flipped FVF,
conventional FVF and common drain amplifier. The
output impedances present resistive behaviors equal
respectively to 170 Q, 461.2 Q, 873.9 Q and 4.52 kQ up
to 0.6 GHz.

large current. The voltage gain and the output resistance 0.8
expressions are given by : 0.6
S 04
VOUT rl‘lgml(gmz + gm4) @ 0.2 -
- . g
Vie (T +10) (s +102) + 100 (Irnz + G ) S 00 T
2 02
— rOZ r04 (r01 * r03) 17 §- 0.4 Common-drain
R = e ) (e 1)+ o (0t o) 7 & — Moo
F i Volt: wer
ot 03 o4 02 r¥ml m2 ma 06 Mgdifeied fzrdeed f‘I)ip?J%ii \?olltjagee! follower
0.8 1 1 1 1 1 1
where 1, =r r r.r,. -08 -06 -04 -02 00 02 04 06 08
The minimum supply voltage used to power FFVF Input voltage (V)
circuit is expressed by: Fig. 3. DC voltage transfer characteristics.
VOUT — r02r04r059mlgm3gm4gm5 + r02r04r05gmlgmagm5 (gm3 + gmz) (20)
VIN r-ozgm3 (gm3 + ro4r059mlgm49m5 ) + I'05ro49m3gm5 (gm3 + gmerZ (gm3 + ng ))
2
— roerArosgmsgmB 21
Rour = (21)
ro4rosgm5 (rolgmlgm3 + gmz )(gm3 + gm4 ) + rolgm3 (gm3 + r04r059m29m4gm5)
i
LI N\ I1l. DIFFERENTIAL DIFFERENCE CURRENT CONVEYOR
g e \ CIRCUIT DDCC
\x/ :\:/(I);’é?g;tlil Egige\éofllli?:ego\l/lglvlge follower \
8 m A. Circuit Description
% l The differential difference current conveyor circuit
8 I was introduced as new active building block in 1996 by
3 il W. Chiu et al. [20]. This circuit has three voltage input
g m terminals (Y1, Y2, Y3) with high impedances, a current
ﬁ N input terminal (X) with a low impedance and a current
100k 10G output terminal (Z) with a high impedance. The
Frequency (Hz) relationships between voltage and current terminals can

Fig. 4. Variation of output impedances according to frequency.
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be expressed in the real case by (22).
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1,7 o 0 0 0 0]V,
I, 0 0 0 0 0]V,
l,|=[0 0 0 0 o0V, (22)
Vx 161 _:Bz ﬂa 0 0 I><
1, [0 0 0 #a 0]V, |

where g=1-¢,; for (j=1, 2, 3) and a=1—¢;, whereas ¢,; and
& (lejl<<l and |gi|<<1) represent voltage and current
tracking errors of circuit, respectively. There are two
types of DDCC depending on the sign of a, namely
positive-type (DDCC+) or negative-type (DDCC-).

The overall CMOS circuit of the proposed DDCC is
shown in Fig. 5. The input stage is composed by two
PMOS differential pairs (M1, M2) and (M3, M4) biased
by two adaptive biasing circuits, composed by CMOS
source follower shown in Fig. 3 (d), and three current
mirrors (M5, M6), (M7, M8) as well as (M9, M10) such
as the drains of M6 and M8 are connected respectively to

M9 and M10.
The offset voltage expression among the input voltages
(Vy1, Viyo, Viy3) and the output voltage (V) is given by

AV =V, VYl VY2+VY3

~22, |V, f _ tes f'ﬂ_"ﬂ (23)
~ Dl
\}ﬂs B N\ B

where Ap is the channel length modulation parameter.
(Vb1, Vb2, Vs, Vpg) and (Ipy, Ipz, Ips, Ips) are the drain
voltages and the drain currents of transistors M1, M2, M3
and M4,

It is clear that the offset voltage is null because the two
pair differentials M1-M2 and M3-M4 have the same
characteristics and the sum of drain currents I,+l; and

I,+14 are equal since the drain terminals of transistors M6
and M8 are connected respectively to the drain terminals

of transistors M9 and M10.
M17 Ejls

[ w3}

M19

[ | |[m13 [M14 |
LT

L

VSS
Fig. 5. Proposed differential difference current conveyor circuit (DDCC).

The output stage composed of transistors M11 to M20
is constituted by two current mirrors and two offset
adjustments. The current mirror M12-M15 has the same
current drain than the two current mirrors M5-M6 and
M7-M8 since the drain terminal of transistor M11 is
connected to the drain terminal of transistor M13.
Moreover, the connection of two drain terminals of
transistors M14 and M15 respectively to the drain
terminals of transistors M17 and M18 check the second
property of the DDCC circuit.

Iy =1; (24)

According to the small-signal equivalent circuit
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analysis, the expressions of g; are given as following,
while taking into account that the transistors of NMOS
and PMOS current mirrors are characterized by same
trans-conductance (g, , 0,,») and same resistor seen at

the drain of transistor (r , 1, ):

ﬂ _V_x_ rr\:irsnggmN (gm2+gml) ~1 (25)
l_V - 3 3.3 =
% (rp+rN) T Omp O (gm2+gm1)
vV 1% 9p O (e + Ioa)
ﬂ _Ix _ NP ImP ImN mé m3 ~—1(26)
, = — =

Yy, (rP+rN )3+rl\?rsnggmN (gm4+gm3)
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V_X_ rl\gjr:gmpgmN (gm4+gm3)

By=—= 3 ~1 (27)
Vs (rP +hy ) + 1100 O (9m4 + gm3)
The current transfer ratio « is equal to
axl (28)

The parasitic resistance of the X terminal is given by

2
e (N + 1)
(v +1) + 1850 (9p s + Iy O

In order to stabilize the bandwidth of proposed DDCC
circuit, compensation impedances in form of a resistance
R in series with a capacitor C have been integrated as
presented in Fig. 5. By considering the compensation
impedances, the voltage transfer expression of proposed
DDCC circuit is characterized by seven poles (wp, wpe,
Wp3, Wpa, Wps, Wps, Wg7) ANA SEVEN Z€I0S (w1, W2, W73, Wy,
Wps, W6, Wy7), 8S given by

)
@

o

By substituting s=jo and at w=wy, the squared
magnitude of transfer function is given by

(39)

z7

[1

i=z1

_ VX _
VYl _VYZ +VY3

A (30)

p7

I1

i=pl

z7 2
. i=z1 ),

A (Jo )| ==L => (31)
p7 W2 2
1|1+
j=p1 ;

The expression of wy can be given by [21], [22]:
o = L (32)

)45

By considering these approximations (wpi<<wp<<--
<<wpr aNd w1 <<w;,<<--<<w,), the cut-off frequency of
proposed differential difference current conveyor DDCC
is roughly equal to the cut-off frequency of the first pole.

3.3.3
fH — fpl — 2rN rP gmN . (33)
27{(5Rr,, +5Rry +3r,1, ) (ry +15) ]C
+14r3r3gs R

TABLE |. TRANSISTOR ASPECT RATI0S OF PROPOSED DDCC CIRCUIT
Transistor W (pm)/L(pm)
M1, M2, M3, M4 5/0.18

M5, M6, M7, M8, M12, M13, M14, M15, M20 3/0.18

M9, M10, M11, M16, M17, M18, M19 10/0.18

M1la, M1b, Mlc, M1d 2/0.18

M2a, M2b, M2c, M2d 40/0.18

M3a, M3b, M3c, M3d, M4a, M4b, M4c, M4d 0.27/0.3

Mb5a, M5b, M5c, M5d 0.4/0.18
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Fig. 6. DC transfer characteristic for voltage transfer.
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Fig. 7. DC transfer characteristic for current transfer.

02 03 04

0 [ [ [T [ 1
— Current gain
—— Voltage gain (Vx/Vy1)
Voltage gain (Vx/Xy2)
— Voltage gain (Vx/Vys)
-5
~ -2.90
m
A 295
c
E -3.00
01014+ s0s
-3.10
3.15
549.541 562.341 575.441 |
-15 PP — J
M 10M 100M 1G
Frequency (Hz)

Fig. 8. Frequency responses of current and voltage gains.

B. Simulation Results

The performance of the proposed DDCC circuit is
verified by performing TSPICE simulations with supply
voltages #0.8 V using 0.18 um TSMC CMOS technology.
The transistor aspect ratios are given in Table I.

The DC voltage characteristics between Y-terminals
and X-terminal are presented in Fig. 6. The output
voltages obtained to X-terminal according to Vy;—Vy,+Vy3
show a common dynamic range extended from —0.62 V
to 0.62V with offset voltage less than 12 V. The
variation of output current 1, versus the current Iy is
shown in Fig. 7. With grounded Y terminals and a load
resistance of about 1kQ, the current follower
characteristic presents a maximum offset current of
12.2 nA with the boundary linear range from —350 A to
350 PA.

The frequency response of voltage gains (Vu/Vyy,
Vu/Vya, Vx/Vy3) and current gain (I;/1y) are plotted in Fig.
8. The cutoff frequencies of the voltage gains obtained
without load are about 558 MHz and unity gains at low
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frequencies. The frequency response of current gain
shows a unit gain and a cutoff frequency about 563 MHz
with load resistance about 1kQ. The frequency
characteristics of parasitic impedance at X terminal are
presented in Fig 9. This circuit shows a resistive
behaviors about 6.86 Q up to 10 MHz. The power
consumption of DDCC circuit is about 472 |iAWV.

Fig. 10 shows the variations of total harmonic
distortion (THD) of output voltage Vy for different peak

800 wil
700 A
c f
< 600 fme
o Il
5 500 ———m
1%l
g 400 W
o 300 Lt
.é
[
o

L

0 L
1 10 100 1k 10k 100k 1M 10M 100M

Frequency (Hz)
Fig. 9. Frequency response of parasitic impedance Z.

{

-
®

0,30 . , . .
—m— 10 kHz|
0,25 —e—1 MHZ‘
0,20 ¥
— T
& o015 /£
’ /
’ ]
~ 0,10 —
0,05 ——F ]
ll//|
0,00 = =

0,0 0,2 0,4 0,6 0,8 1,0 1,2
Input voltage (V)

to peak differential input voltage amplitudes with 10 kHz
and 1 MHz frequency.

Table Il shows an impartial comparison between the
proposed DDCC circuit and other proposed in the
literature. It is obvious that our circuit is characterized by
a large dynamic range, good accuracy as well as low
parasitic resistance at X-terminal.

IV. CONTROLLED VOLTAGE MODE INSTRUMENTATION
AMPLIFIER (VMIA)

A. Circuit Description

The schematic diagram for the proposed voltage mode
instrumentation amplifier circuit is presented in Fig 11. It
is composed of one differential difference current
conveyor circuit (DDCC) and two grounded resistances.

Considering the ideal case for DDCC circuit, the
routine analysis yields the following transfer function:

Vour =A (VINl _VINZ)

where the gain Ay is equal to the ratio R,/R;.

(34)

Ving Y
Vour
Vinz Y2 DDCC Z
Y3
L] X R.

R1 -

Fig. 11. Voltage mode instrumentation amplifier circuit (VMIA).

Taking into account the non-ideal gains of DDCC
circuit, (34) becomes:

Fig. 10. THD of voltage follower with 10 kHz and 1 MHz. Vour =ah, (:81V|N1 - IBZVINZ) (35)
TABLE |l. PERFORMANCE PARAMETERS COMPARISON OF PROPOSED DDCC CIRCUIT WITH OTHER REPORTED IN THE LITERATURE
Differential difference current conveyor DDCC
Parameters Units [23] [24] [25] [26] [27] [28] Proposed
2012 2013 2010 2010 2016 2011 circuit
Technology CMOS pm 0.18 0.18 0.25 0.25 0.25 0.25 0.18
Supply voltage \Y +0.9 +0.3 +15 +15 +1.25 +1.25 +0.8
DC voltage range V +0.15 +0.9 --- .3 +0.62
Voltage offset mV <0.093 1.36 0.012
Bandwidth of voltage MHz 588.84 27 120 80 291 100 559.12
transfer gain VX/VY1, 312 - 558.54
VXIVY2, VXIVY3 558.30
Voltage gain 0.99 1 1 1 1
DC current range mA +0.008 +1 --- +0.1 +0.35
Current offset nA <3 | - 6.02
Bandwidth of current MHz 605.86 27 85 80 513 100 562.85
transfer gain
Current gain 0.99 1 1 1 1
Node X parasitic Q/uH 150.2/4.16 1600/270 | 9/--- 600/-- 3/1.8 1-12k 6.36/237.9
impedance: RX/LX (0.1-100pA)
Node Z parasitic MQ/pF | 5.03/24 10.38/0.13 | ----- 0.014/-- | 0.2510-3, 6.23/31.5
impedance: RZ/CZ 50
Node Y1, Y2, Y3 parasitic | GQ/AF | 29.08 103/3.86 | 130/5 0/15.5 - 0/12.4
impedances: RY/CY 119/5 ©/21.5 0/12.51
119/5 0/12.68
Power consumption uw 462 18.6 1740 2000 930 1350 472
©2020 Int. J. Elec. & Elecn. Eng. & Telcomm. 137
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From this expression, the differential-mode gain
(ADM) and the common-mode gain (ACM) are
respectively given by

Pow =5 A (B +1,)
Aoy = a A, (ﬂl_ﬂZ)

The common-mode rejection ratio CMRR is computed
as follows:

(36)

37)

CMRR = |Pom | _ 1|+ 5|
A | 2|8 -5
It is clear from this expression that the CMRR is

independent of gain, which is a desired situation. The
active and passive element sensitivities are evaluated as

(38)

S, =L S =g S =
VINl _VINZ VIN2 _VINl
S\;lom -1, SVﬂOlUT _ BV ,
PV = BVi2
BV

VIN2 j—

SVOUT :BZVINZ _ﬂllel

The presences of parasitic impedances include effects
not only on the gain but also on the value of the
bandwidth. The proposed VMIA circuit considering the
present of parasitic elements is shown in Fig. 12.

If only parasitic impedances of DDCC are considered
into account, the expression (34) is become

R, /IR, 1
T R +R, 1+sC, (R, /IR,)

(VINl _VIN 2 ) (39)

where the gain Ay of instrumentation amplifier as well as
the bandwidth w., where it equal to infinity in the ideal
case, are given respectively by
_R,IIR,

R, +Ry
o - 1

° C,(R /IRy

A (40)

(41)

In the order to make the gain of proposed VMIA
controllable, the passive grounded resistances R; and R,
are replaced by two active resistances structure based on
MOS transistors, as shown in Fig. 13.

Vint Y1
Ving Y, DDCC z Vour
e IS X c —L——
— R2 Rz z
Rx |
Ry

Fig. 12. Instrumentation amplifier circuit considering the present of
parasitic elements
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M1 [:Mg
Voo Ie
——{——— R
L]
| —
° 'V'E] [jlvm
M7 M8 M9 M12 }_
L
1
Vss
Fig. 13. Active resistance controlled by bias current Io.
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= |
£ 104+
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0,0
0 50 100 150 200

Bias current (V)
Fig. 14. Variation of active resistor values according by bias current Io.

The active resistance circuit is composed by a mixed
trans-linear loop (M1, M2, M3, M4), two current mirrors
(M5, M6 and M7, M8, M9), two current sources (M10,
M12) and a bias current I, [29]. Assuming that all
transistors are operated in saturation region, the
relationship between current I and voltage Vy is given by:

Ve 3 1

a0, L)

In the above equation, the resistance variation is
inversely proportional to the variation of bias current 1.
To confirm this result, the active resistance circuit is
simulated by #0.8 V supply voltage and the aspect ratios
(W/L) of the MOS transistors were taken as 30 pm/0.18
pm  for M1-M2, 60 pm/0.18 pm for M3-M4,
0.27 pm/0.18 pm for M7-M9 and 10 pm/0.18 pm for
M5-M6. Fig. 14 shows the variation of the resistance as a
function of the bias current I,.

The proposed instrumentation amplifier is simulated
for differential voltage gain by fixed the bias current of
resistance R, to 5UA and varied the bias current of
resistance R; by 5 pA, 10 pA, 20 pA, 40 PA, 60 PA,
80 A, and 100 A, respectively. The variation of the
differential gains as a function of frequency is shown in
Fig. 15. It is clear that the simulated gains are equal to O

(42)
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dB, 4.95 dB, 9.73 dB, 12.46 dB, 15.01 dB, 17.67 dB and
19.15 dB, respectively. Also, these variations have a wide
bandwidth equal to 83 MHz and independent to gain
variations.
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Fig. 15. Magnitude frequency response of VMIA.
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Fig. 16. DC transfer characteristics of VMIA.

Fig. 16 displays the DC gain of the instrumentation
amplifier where a bias current of transistor R; fixed to
100 A and the bias current of resistance R, varied of
40 PA, 60 A, 80 A and 100 pA.

The CMRR frequency response is shown in Fig. 17. In
this figure, we see that the CMRR has a high value equal
to 146 dB for low frequency at 100 kHz.

To observe the incompatibility of active resistance on
the instrumentation amplifier’s gain, a Monte-Carlo
analysis is performed by selecting the bias current values
of two resistances R; and R, to 100 pA with a 10%
Gaussian deviation for 100 simulation runs. The

statistical result in histogram is shown in Fig. 18 where
the maximum, median and minimum numbers of circuit
were found as 1, 0.98 and 0.97, respectively.
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Fig. 17. CMRR frequency response of VMIA.

A comparison between the proposed circuit and others
structures of instrumentation amplifiers presented in the
literature is given in Table I1I.

Our amplifier has remarkable advantages over other
circuits at the wide bandwidth, and the low supply
voltage while maintaining a simple structure and a
current controlled gain. Also the CMRR of the proposed
circuit is higher than those of [30] but it is smaller than
those of [31] while keeping a low consumption power.

N of sample

Fig. 18. Statistical results of Monte-Carlo analysis for VMIA with 10%
deviation bias current .

TABLE I1l. COMPARISON BETWEEN PROPOSED INSTRUMENTATION AMPLIFIER AND OTHERS PRESENTED IN THE LITERATURE

Reference Technology Supply Bandwidth CMRR Power consumption Nr. of active Passive
CMOS voltage (V) (MHz2) (dB) (mW) devises component

[30] 0.35 pm TSMC +3.3 70 142 0.519 2 Cccll No

[31] 0.35 pm TSMC +0.75 90 200 3.5 3 CCCll Yes

[32] 0.25 pm TSMC +15 8 1.74 1 DVCC Yes

[33] 1.5 pm AMS +25 0.11 150 3 0OPA Yes

Proposed IA | 0.18 pm TSMC +0.8 83 146 0.492 1 DDCC No

V. CONCLUSION

A new CMOS realization for differential difference
current conveyor circuit DDCC has presented in this
paper. By using adaptive biasing circuit instead of use
simple the constant bias current source, this circuit is
characterized by large voltage mode and current mode
dynamic ranges about =+£0.62V and =+0.35mA
respectively with low parasitic resistance Ry (6.86 Q).

©2020 Int. J. Elec. & Elecn. Eng. & Telcomm.

The frequency responses of DDCC circuit show cut-off
frequencies around 560 MHz with unity gain. The power
consumption of circuit is about 472 .

As application, a voltage mode instrumentation
amplifier circuit composed by one DDCC circuit and two
grounded active resistances has proposed. This VMIA
circuit is characterized by controllable gain, wide
bandwidth (83 MHz), a high common-mode rejection
ratio (CMRR) about 146 dB for different values of gain.
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The simulation results of proposed controlled VMIA
are verified with TSPICE using 0.18 um TSMC CMOS
technology. It has a good accuracy with the theoretical
results where the power consumption is about 0.492 mWw.
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