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uestion:

Consider the MOSFET differential amplifier in Figure 1. Constant current in the current source
is I; = 0.6 mA. The transistor parameters are: K,1 = K,» = 0.1 mA/V?, K,3 = K,4 = 0.3 mA/V?, and

for all transistors A=0and Vzv=1 V.

The maximum common-mode input voltage, vca (max), is defined as the voltage at the input vy
when M, and M, reach the saturation point, while the minimum common-mode input voltage, vy
(min), is defined as the voltage at the input v, when M, reaches the saturation point.

Determine the maximum range of common-mode input voltage, i.e. find v¢y (max) and vy, (min).

[10 marks]
V=10V
o ;N-—MOSFET
vps (8at) = vgs —Vpy
Rp = Rp= . 2
o | 218 mlks.zg Vox 1] 2R ip =K, [ves =Viy]
Vo Voo Kn :?f
t |O—| M, M, I—o v
— — 'P— MOSFET
o] Ve (Sat) = vy, + V5,
. 2
M, '—;—l M, Iy —KP[VSG +VTP]
e Vese —“I .
| k
I K, ="z w
V =-10V 2 L
Figure 1 . ;
Answer: ;Smallsignal
_ —
IQ=11=0.6 mA, ID1=IQ/2=0.3mA [2] O
/I {O.3m
VGSl = KLV:-‘FVTN = m+1=273zv [1]
vor=V'—Ip; Rp =10 - (0.3m)(16k) =5.2 V 2]
vey (max) = Vgi(max) + Vesi = (vor - Vpsi(sat)) + Vest = vor - (Vesi - Vin) + Vs [1]
vew (max) =vor + Vyey =52+1=6.2V 1]
vey (min) = Vg(min) + Ves1 = (V™ + Vpsa(sat)) + Ves1i = V- + (Vesa - Vin) + Vst 1]
I 0.6m
Vegs = /K—iwm = ‘/W +1=2.414V 1]
vey (min) = (-10) +2.414 -1 +2.732=-5.854 V  [1]
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Consider the MOSFET differential amplifier in Figure 1. Constant current in the current source
is I; = 0.62 mA. The transistor parameters are: K,1 = K2 = 0.1 mA/V?, K,3 = K,4 = 0.3 mA/V?, and

for all transistors A=0and Vzv=1V.

The maximum common-mode input voltage, vca (max), is defined as the voltage at the input vy
when M, and M, reach the saturation point, while the minimum common-mode input voltage, vy
(min), is defined as the voltage at the input v, when M, reaches the saturation point.

Determine the maximum range of common-mode input voltage, i.e. find v¢y (max) and vy, (min).

[10 marks]
V=10V
o ‘N —-MOSFET
vps (8at) = vgs —Vpy
Rp = Rp= . 2
o | 218 mlks.zg Vox 1] 2R ip =K, [ves =Viy]
o o—1{ k. W
Vo Yoz Kn :?f
vy O—| M, M, I—o v
e B P —-MOSFET
o] Ve (Sat) = vy, + V5,
. 2
iy | f—a— [ an iy =K [Vse + V]
- Vese —“I .
I k
I K, ="z w
V =-10V 2 L
Figure 1 . ;
J— ;Smallsignal
_ —
IQ=11=0.62 mA, IDl =IQ/2 =0.31 mA [2] O
/I [0.31m
VGSl = KLV:-‘FVTN = W+1=276V [1]
vor=V'—Ip Rp =10 - (0.31m)(16k) =5.04 V  [2]
vey (max) = Vgi(max) + Vesi = (vor - Vpsi(sat)) + Vest = vor - (Vesi - Vin) + Vs [1]
vew (max) =vor + Vey =5.04+1=6.04 V 1]
vey (min) = Vg(min) + Ves1 = (V™ + Vpsa(sat)) + Ves1i = V- + (Vesa - Vin) + Vst 1]
I 0.62m
Visa = /K—iwm = ‘/W +1=2.437V (1]
vey (min) = (-10) +2.437-1+2.76 =-5.803 V  [1]
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Consider the MOSFET differential amplifier in Figure 1. Constant current in the current source
is I; = 0.64 mA. The transistor parameters are: K,i = K2 = 0.1 mA/V?, K,3 = K,4 = 0.3 mA/V?, and

for all transistors A=0and Vzv=1 V.

The maximum common-mode input voltage, vca (max), is defined as the voltage at the input vy
when M, and M, reach the saturation point, while the minimum common-mode input voltage, vy
(min), is defined as the voltage at the input v, when M, reaches the saturation point.

Determine the maximum range of common-mode input voltage, i.e. find v¢y (max) and vy, (min).

[10 marks]
V=10V
o ‘N —-MOSFET
vps (8at) = vgs —Vpy
Rp = Rp= . 2
o | 218 mlks.zg Vox 1] 2R ip =K, [ves =Viy]
o o—1{ k. W
Vo Yoz Kn :?f
vy O—| M, M, I—o v
e B P —-MOSFET
o] Ve (Sat) = vy, + V5,
. 2
iy | f—a— [ an iy =K [Vse + V]
- Vese —“I .
I k
I K, ="z w
V =-10V 2 L
Figure 1 . ;
J— ;Smallsignal
_ —
IQ=11=0.64 mA, IDl =IQ/2 =0.32 mA [2] O
/I /O.32m
VGSl = KL}: 4+ VTN = W +1 = 2788V [1]
vor=V'—Ipi Rp =10 - (0.32m)(16k) =4.88 V  [2]
vey (max) = Vgi(max) + Vesi = (vor - Vpsi(sat)) + Vest = vor - (Vesi - Vin) + Vs [1]
vew (max) =vor + Vey =4.88+1=588V 1]
vey (min) = Vg(min) + Ves1 = (V™ + Vpsa(sat)) + Ves1i = V- + (Vesa - Vin) + Vst 1]
I 0.64m
Visa = /K—iwm = ‘/W +1=2.461V [1]
vey (min) = (-10) + 2.461 — 1 +2.788 =-5.751V  [1]
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Consider the MOSFET differential amplifier in Figure 1. Constant current in the current source

is ILi=
for all transistors A=0and Vzv=1 V.

0.66 mA. The transistor parameters are: K,1 =

K2 = 0.1 mA/V?, K3 = K4 = 0.3 mA/V?, and

The maximum common-mode input voltage, vca (max), is defined as the voltage at the input vy
when M, and M, reach the saturation point, while the minimum common-mode input voltage, vy
(min), is defined as the voltage at the input v, when M, reaches the saturation point.

Determine the maximum range of common-mode input voltage, i.e. find v¢y (max) and vy, (min).

[10 marks]
V=10V
o ;N-—MOSFET
vps (8at) = vgs —Vpy
R 5 = R y =
o | 218 mlks.zg Vox 1] 2R ip =K, [ves =Viy]
*— O—e k W
Ven Veorz n ? f
vy O—| M, M, I—o vy
— — 'P— MOSFET
o] Vsp (sat) = Vs +Vip
. 2
o | f—— | ip =K [ve +Vpp]
e Vese == .
| | K kp w
: s
V =-10V
Figure 1 . ;
Answer: ;Smallsignal
_ —
Ip=1;=0.66 mA, Ipi=1Ip/2=033mA [2] bO
/I {O.33m
VGSl = KL:]: + VTN = W +1= 2816V [1]
vor=V'—Ipi Rp =10-(0.33m)(16k) =472V  [2]
vey (max) = Vgi(max) + Vesi = (vor - Vpsi(sat)) + Vest = vor - (Vesi - Vin) + Vs [1]
126,74 (max) =y +Ven =472+1=5.72V [1]
vey (min) = Vg(min) + Ves1 = (V™ + Vpsa(sat)) + Ves1i = V- + (Vesa - Vin) + Vst 1]
I 0.66m
Visa = /K—iwm = ‘/W +1=2.483V (1]
vey (min) = (-10) +2.483 -1 +2.816 =-5.701 V  [1]
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