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Abstract: With the evolution of electronics today, a MOSFET transistor is useful in many applications
such as computers due to several advantages. In this research, an NMOS transistor differential amplifier
circuit with passive load that uses a modified Wilson current mirror as a biasing circuit is analyzed,
designed and implemented. The width-to-length ratios of transistors are calculated by considering the
voltage and current values at the output of the biasing circuit, and parameters such as conduction
parameter, base width modulation parameter, and threshold voltage. A MATLAB version
8.1.0.604(R2010a) programming tool is employed for calculations and the simulations are carried out via
Multisim 9 software tool. The output resistance obtained for current mirror is 2.297 MQ. CMRR, output
resistance, and power dissipation for differential amplifier circuit are 33.351dB, 61.274kQ and
6.66 mW, respectively. The results show that the width-to-length ratio, differential gain and common
mode rejection ratio are decreased with decreasing applied voltage at the output of the biasing circuit
while approximately same values obtained for output resistance and common mode gain. The results
show a good agreement between the measured values from simulation and the calculated one from
design.
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1. Introduction

In integrated circuits, p- and n-types MOS (metal-oxide-semiconductor) current
mirrors can be used as biasing and active load circuits. This circuit consists of a diode-

connected and perfectly matched transistors operated in saturation, and also at same
temperature. A reference current is injected in the input and the output current is taken
from the output of the mirror [1-3].

Different values of these currents can be obtained by designing width-to-length ratio,
(W /L), of the MOS transistors. A high output resistance is an important parameter for
these circuits; a value of 4.5 M [4] is obtained for modified Wilson current mirror. The
differential amplifier is an extremely common circuit in integrated circuits. The MOS
version of this circuit consists of two transistors biased by current source, the sources of
these transistors are connected together and the drains are connected to two resistors as
passive load. The resistors operate the transistors in saturation and the whole circuit is
biased from a current provided by current mirror circuit. The power dissipation of this
circuit is 6.04 mW [5]. Active load may replaces resistors by transistors and the
differential amplifier then has both p- and n-types transistors, i.e. CMOS amplifier (C;
stands for complementary) [6-7]. As known, the differential amplifier has two inputs
and two outputs; signals can be applied at its inputs. The output signals are out-of-phase
and the amplified voltage values at outputs are according to difference between the
inputs. The circuit operates from two supplies or even one supply. For high
performance, suitable differential amplifiers can be analyzed, designed, and simulated
for numerous applications [8-9].

2. Biasing Circuit Design

An improved NMOS Wilson current mirror is used as shown in “Fig. 17, transistor
T; is to provide reference current and the circuit is biased at +6 V.

V=6V
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V=6V

Figure 1. Biasing circuit.
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The specified parameters for designing NMOS transistors are;
- Conduction parameter k!, = 80 uA/V?>
- Base width modulation parameter A,, = 0.02 V!
- Threshold voltage V; = 1 V.
The biasing currents are;
- Reference current I = 800 uA
- Qutput current I, = 812 uA
To calculate (W /L) for the transistors, consider first the voltage at the drain of Tx to be
V; = 2 V. Let the drain to source voltage of T, is Vs = 4V, SO

Vi —Vpss —Vpsa +6 =10 €Y)
VDS4 = 4‘V

Transistor T, is a diode-connected transistor so gate-to-source voltages are Vg, = 4V
and V53 = 4V for matched T; and T, transistors. The ratio of output and established
reference current is given by [10]

Io 14 2Vpsa @
Using above values

812 1+0.02(4)
800 1+ 0.02(Vps3)

VDS3 = 3202 V.

Assuming that T; and T, are identical, S0 Vg1 = Vg = Vis. From Kirchhoff’s voltage
law

V* —Vis1 = Vesz = Vpszs + V™ =0 3)
6—2Ves—32+6=0
Vesy = Vg, = 4399 V
Vs is found from
Vpss + Ves2 = Viss — Vgsa = 0 4)
Vess = 3.601V

The obtained voltages set all transistors in the saturation region, (W /L) for
transistors can be calculated as;
i- ForT,and Ty: Vggq = Vo = 4.399 Vand Vg = Vs, = 4.399 Vso (W /L) for
these transistors are obtained from
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I —E(Kﬁv — V)21 + A, Vps)
R — I GS T nYDS

2
L 1 L 2 )

(W) = 2.0885
L)s 7

iii- For T, and Ts, (W /L) is determined from

Ky (W ,
Ip = 7(?) Vs = Vr)*(1 + A, Vps)

)

(6)

SInCE VGS4- = 4 V, VDS4 = 4 V, VGSS = 3601 V, and VDSS = 4 V, SO

(W) = 2.0885
L), ~

and

(W) = 2.7783
L)s 7

The calculated values above are obtained from MATLAB programming tool version
8.1.0.604(R2010a) [11] according to the specified parameters for design. The biasing

circuit with Multisim 9 [12] is simulated in “Fig. 2”.

3. Differential Circuit Design

The differential amplifier circuit consists of +4 V supply at the gates of identical
transistors T, and T,, and two load resistors of 5.1 kQ each shown in Fig. 3. The
differential pair is biased by constant current source I, that is divided equally between
T, and T,,. The quiescent current in each of load resistors is the given by

I
Ipg = 70 = 406 uA

then voltages at load resistors is Vz = 2.07 V. The drain-to-source voltage at T is given

by

Vbse = vt -V

(7)

hence Vpge = 1.93 V and V5 = 2 V. From symmetry, the (W /L) ratio for T, and T+,
which they are biased in the saturation region, is found from (6) as
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Figure 2. Biasing circuit simulation.

4. Differential Gain, Common Mode Gain, and Common mode Rejection Ratio

The differential-mode gain is [10]
Ag =—— )
where g, is the transconductance given by

ki W
gm =2 |5(7) Ioo ©)

Therefore g,, = 1.1 mA/V, and A; = 2.87. The common-mode gain is

_ng

= Im 10
1+ 2g.Ro (10)

Ac
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where R, is the output resistance given by

1

R, =
© Anlo

(11)

SO Ry = 61.756 kQ, and A, = —0.0411. and the common-mode rejection ratio,
CMRR, is

CMRR=20 log —& = 2010g 22" — 36.88 dB
Bl <V %0041~ 0™
Vvt=6 V
R R
T A
e T T7
lﬁl T
4V 4V
Tz :g I |!: Ts 1
g
= B T

Figure 3. Differential amplifier circuit.

5. Results

The complete designed circuit values are also accomplished with MATLAB
computer program and it is simulated as shown in “Fig. 4”. In this circuit, STP32NOGL
power NMOS transistor type is used, an input dc common-mode voltage of 4V is
applied to Ty and T, for specifying V;gs and V;s,. The measured reference current is
804 pA and the current source transistor Ty supplies a current of 816 uA. For the
current mirror, the output resistance is 2.297 MQ compared with 4.5 MQ in [4]. For the
differential-mode gain measurement, an input signal voltage of +4 mV is applied, this
given in r.m.s values as 0.0028 V. The measured output signal voltage is about 16 mV,
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so A; = 16/8 = 2, for the common-mode gain measurement, an input of +4 mV is
also applied, and the measured output voltage is about 173 puV, so A, = 0.173/4 =
0.043, hence CMRR is 33.351 dB, and the output resistance is 61.274 kQ. The power
dissipation of the differential amplifier circuit is 6.66 mW compared with that of
6.02 mW [5]. The results obtained from simulation are in good agreement with the
calculated values.

XMM1
XSscC1l

T

13 R2 R1 =
5.1k % S $5.1k‘

U11- :

‘ u10
DG 10MI vi
U9 =

DC 1M 5 7 A
STP32NO6L V6 STP32N06L* STP32N06L*
0.0028 V
1kHz '
‘ 0De

]

_va pe oM U6 + oDeg

—av _DC 10M| | 1
T U _1.V3

9

¥F

IfL

V5

0.0028 vV
1kHz

i —4v
T2 JTS XMM2 DC 10M|
o - A
el o I
STP32NO6L** STP32NOGL*wex =
u2 us =
4.397 DC 10MI DC 10M| BRY
‘ — 6V
LE T4
U3 L, P
DC 10M | o
STP32NOBL**** STP32NOBL e
U4
4.001 DC 1pMI

|

Figure 4. Designed circuit.

6. Discussions

The voltages in the circuit can be varied according to the changing of voltage values
at the drain of transistor T5, which is V;, and changing I, /I value to show the effect of
I,. So two cases are considered, the first, is illustrated in the first two rows of Tables. 1,
2,and 3., forV; =25Vand1Vatl,/I =812 uA/800 pA. The second is shown in
the third row of these tables for which I,/I = 612 pA/600 nA at V; =2 V. The
(W /L) ratios for T, and T,, the differential pair transistors, shown in Table. 2, is
decreasing with decreasing V;, this is due to decrease in gate-to-source voltages. Both
the differential gain and the common mode rejection ratio are also decreasing, with
decreasing in V;, as shown in Table. 3, and this because of decreasing in the
transconductance parameter which in turn related to (W /L) ratio. The output resistance
and common mode gain are unchanged in this case. The values in the third row, are
compared with the calculated values obtained from design. Approximately, same values
obtained for (W /L) ratio, differential gain, and the common mode rejection ratio with a
decrease in common mode gain when output current decreases, but the output resistance
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(s

is increased in this case due to inverse relation with output current. The amplified output
voltages together with the input voltages obtained from the simulation process of the
differential amplifier are shown in “Fig. 57, “Fig. 6, and “Fig. 77, respectively.

Table 1. Voltages Values of differential amplifier circuit.

Vl VGSI VGSZ VGSB VDS3 VGSS VDSS VGSG VGS7 VDSG VDS7 VR1 VRZ

2.5V 4152V 4152V 45V 3.696V 3348V 4V 1.5V 15V 1419V 1419V 2.081V 2.081V
1V 489V 4.889V 3.002V 2.222V 4.108V 4.019V 2979V 2979V 2.899V 2.899V 2.08V 2.08V
2V 4441V 444V 4001V 3.119V 3.558V 3.999V 1.999V 1.999V 2433V 2433V 1556V 1.556V

Table 2. Width-to-length ratios of transistors’ circuit.

Vi W/L)y W/L); W/L); W/L)y W/L)s (W/L)g (W/L)
2.5V 18579 18579 15203 1.5203 3.4114 39.4716 39.4716
1V 12029 1.2029 4.7877 47877 19454 23971  2.3971
2V 11624 11624 15689 1.5689  2.159  7.2696 _ 7.2696

Table 3. Performance parameters.

A Im R, Ay A. CMRR
2.5V 00023 61576kQ 5774 0.0413 4291
1V 0.00055 61.576kQ 1423  0.04  30.84
2V 0.00084 81.967kQ 21479 0.0309 36.84

7. Conclusions

For MOS differential amplifier circuit, the biasing circuit considered is modified
Wilson current mirror with four transistors architecture since this circuit provides an
increase in the output resistance for better performance. The analysis of width-to-length
ratio, common-mode gain, differential-mode gain, and common-mode rejection ratio are
performed with MATLAB computer program version 8.1.0.604(R2010a). The circuit is
implemented in Multisim 9. Both, a change in applied voltage at the output and a
change in output current, for the biasing circuit affect the performance parameters. A
better (W /L) ratio is obtained when the voltage at the output of biasing circuit is
decreased but this cause a decrease in differential gain and the common mode rejection
ratio. The output resistance for current mirror is 2.297 MQ and it can be enhanced by
decreasing the output current of the biasing circuit. For differential amplifier circuit,
CMRR is 33.351dB, output resistance is 61.274 kQ, and power dissipation is
6.66 mW.
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Figure 5. Output and input voltages of differential amplifier circuit at V; = 2.5 V.
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Figure 6. Output and input voltages of differential amplifier circuitat V; = 1 V.
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