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The circuit parameters for differential amplifier with active load shown in Figure 1 are V' =5V,
V =-5V, and lg= 220 pA. The NMOS transistor parameters are Vrn= 0.4 V, k’, = 100 pA/NV?,
(W/L), =8, and A, = 0.018 V'*. The PMOS transistor parameters are Vrp = 0.4 V, k’, = 40 pA/V?,

(W/L), = 10, and 4,=0.02 V™.

a) Determine the output resistance (Ro) of the differential amplifier. [4 marks]
b) Calculate the differential-mode voltage gain (Ag) and the common-mode voltage gain (Acm)
if CMRR of the differential amplifier is 55 dB. [6 marks]
C) Draw a differential amplifier with active load that has a higher differential-mode voltage
gain compared to the differential amplifier shown in the Figure 1. [2 marks]
Answer:
N—-—MOSFET
Vps (Sa) = Vs =V
: 2
Ip = K, [Ves —=Viy]
k W
K, =—".—
2 L
Uy O—| M,
;P—MOSFET
Vsp(Sat) = Vgg +Vip
: 2
Ip = Kp[VSG +VTP]
Vv
K = k_p . Vl
(@) Io =1g/2=220pn/2 =110 pA [1] P 2 L
Fo2 =1/(Anlp) =1/[(0.018)(110pn)] =505.05 kQ [1]
Foa =1/(A4lp) =1/[(0.02)(110pn)] = 454.54 kQ [1]
Ro = To2|| Fos =505.05k || 454.54k =239.23 kQ [1]  :Small signa|
) Re  =roz| Fos = 239.23 kQ On = 2K, 50
Om2 = 2V[Knlp]l =2 [(k’ 12)(W/L)(10/2)]
=2 v [(100p /2)(8)(110p)] = 0.4195 mA/V? [1] 1
Ad =0mRo=(0.4195m)(239.23k)  =100.35 n L= TR
DQ
CMRRgs =20 log [Aq/ Acm] = 55 dB [1]
Acm = Aq/ [10°%°] = 0.17845 [1]
(© A drawing using cascode or Wilson active load [2]
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The circuit parameters for differential amplifier with active load shown in Figure 1 are V' =5V,
V = -5V, and Io= 230 pA. The NMOS transistor parameters are Vry = 0.4 V, k’, = 100 pA/V?,
(W/L), = 8, and A, = 0.02 V. The PMOS transistor parameters are Vrp = 0.4 V, k%, = 40 pA/V?,

(W/L), = 10, and 4,= 0.018 V.

a) Determine the output resistance (Ro) of the differential amplifier. [4 marks]
b) Calculate the differential-mode voltage gain (Ag) and the common-mode voltage gain (Acm)
if CMRR of the differential amplifier is 45 dB. [4 marks]
C) Draw a differential amplifier with active load that has a higher differential-mode voltage
gain compared to the differential amplifier shown in the Figure 1. [2 marks]
Answer:
. ;N —MOSFET
: 2
my [ F—=—| ™. Ip = K, [Ves =Vl
L
"2 L
no— [ w | fov,
| | :P-MOSFET
, Vsp(Sat) = Vgg +Vip
Q
: 2
Ip = Kp[VSG +VTP]
Vv \
K = k_p . Vl
(@) Io =1/ 2=230pn/2 =115 pA [1] P 2 L
Fo2 =1/(Anlp) =1/[(0.02)(115u)] =434.78 kQ [1]
Fo4 =1/(A4lp) =1/[(0.018)(115pn)] = 483.09 kQ [1]
Ro  =rollfes  =434.78k | 483.09k =228.83 kQ (11 :Small signal
) Re  =roz| Fos = 228.83 kQ On = 2K, 50
Om2 = 2V[Knlp]l =2 [(k’ 12)(W/L)n(10/2)]
=2 v [(100p. /2)(8)(115u)] = 0.4289 mA/V? [1] 1
As  =0mRo=(0.4289m)(228.83k)  =98.145 n L= ETIR
DQ
CMRRgs =20 log [Aq/ Acm] = 45 dB [1]
Acm = Aq/ [10"%°] = 0.5519 [1]
(c) A drawing using cascode or Wilson active load [2]
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The circuit parameters for differential amplifier with active load shown in Figure 1 are V' =5V,
V =-5V, and lg= 240 pA. The NMOS transistor parameters are Vrn= 0.4 V, k’, = 100 pA/NV?,
(W/L), =5, and A, = 0.018 V. The PMOS transistor parameters are Vrp = 0.4 V, k’, = 40 pA/V?,

(W/L), = 10, and 4,=0.02 V™.

a) Determine the output resistance (Ro) of the differential amplifier.
Calculate the differential-mode voltage gain (Ag) and the common-mode voltage gain (Acm)
if CMRR of the differential amplifier is 55 dB.

b)

[4 marks]

[4 marks]

C) Draw a differential amplifier with active load that has a higher differential-mode voltage
gain compared to the differential amplifier shown in the Figure 1. [2 marks]
Answer:
y ;N—-MOSFET
: 2
M, |—-—| M, Ip =K, [Vgs =V ]
L
Vo n— 2 L
Uy O—| M, M, I—O Uy
| | ;P ~MOSFET
Vsp(Sat) = Vgg +Vip
fQ . 2
Ip = Kp[VSG +VTP]
v .
K = k_p . Vl
@ Ip =lo/2=240p/2 =120 pA [1] P2 L
Fo2 =1/(Anlp) =1/[(0.018)(120pn)] = 462.96 kQ [1]
Foa =1/(A4lp) =1/[(0.02)(120n)] =416.67 kQ [1]
Ro  =re|ltw  =462.96k| 416.67k =219.29 kQ [1] ;Small signal
(b)  Ro  =rozf fos =219.29 kQ On = 2K, 50
gm2 = 2V[Knlo] =2V [(k’n /2)(W/L)n(10/2)] [1]
=2 v [(100p /2)(5)(120m)] =03464 ANV [1] . o 1
Ad = 0m2Ro = (0.3464m)(219.29k) = 75.96 [1 07 )
DQ
CMRRgs =20 log [Aq/ Acm] = 55 dB [1]
Acm = Aq/ [10°%?°] = 0.13507 [2]
(c) A drawing using cascode or Wilson active load [2]
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The circuit parameters for differential amplifier with active load shown in Figure 1 are V' =5V,
V = -5V, and o= 260 pA. The NMOS transistor parameters are Voy = 0.4 V, k’, = 100 pA/V?,
(W/L), = 5, and 4, = 0.02 V. The PMOS transistor parameters are Vrp = 0.4 V, k%, = 40 pA/V?,

(W/L), = 10, and 4,= 0.018 V.

a) Determine the output resistance (Ro) of the differential amplifier. [4 marks]
b) Calculate the differential-mode voltage gain (Ag) and the common-mode voltage gain (Acm)
if CMRR of the differential amplifier is 65 dB. [4 marks]
C) Draw a differential amplifier with active load that has a higher differential-mode voltage
gain compared to the differential amplifier shown in the Figure 1. [2 marks]
Answer:
y ;N—-MOSFET
: 2
M, |___| M, Ip = Kn[VGS _VTN]
L
Vo n 2 L
U] O—l MI M‘3 I—O Vs
| | ;P—MOSFET
Vsp(Sat) = Vgg +Vip
: 2
Ip = Kp[VSG +VTP]
v .
K = k_p . Vl
(@) Io =lg/2=260u/2 =130 pA [1] P 2 L
Fo2 =1/(Anlp) =1/[(0.02)(130un)] =384.61kQ [1]
Fo =1/(A4lp) =1/[(0.018)(130pn)] =427.35 kQ [1] )
Ro  =rollfe  =384.61k| 427.35k =202.43 kQ 11 ;Small signal
®) Ro  =roz|l s = 202.43 kQ O = 24/K; g
Om2  =2V[Kalp]l =2 [(k’ /2)(W/L)n(10/2)] 1
=2 v [(100p /2)(5)(130p)] = 0.3605 mA/V? 1 ==
Ad  =0m2Ro = (0.3605m)(202.43Kk) =72.97 1 ° = -
CMRRgs =20 log [Aq/ Acm] = 65 dB [1]
Acm = Ag/ [10%°%°] = 0.04103 [1]
(c) A drawing using cascode or Wilson active load [2]
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