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Simulation to verify the result

First try:

2010-02-

14 / Bengt Molin

In problem is given that y=A=0. Body effect is eliminated in simulation by connecting body to source
in schematic. Channel length modulation is eliminated by changing LAMBDA to zero in SPICE
parameter file (I created a copy of the original file).

Both transistors seem to be in saturation.

VOFF =

VAMPL

FREQ =

DC =0V

3.000
11
@ 50uAdc
M2 Y J1.760
nMOS
_ I Out
W =50u
L =0.5u |_._| .| vbD
3.0vdc —
v} 771.2mV T
RS i M1, |
. In AN Gl | nMOS
ov | 000 | |
=0.01V 12 |—I | W =50u
1000Hz @ L =0.5u
Vin 50uAdc
AC = 1mV J
| r
oV

Checking DC transfer function.

2.

ov

.5V

o V(0UT)

1.5v

V_Vin

2.0V 2.5

Seem to be very low gain for input voltages below approximately 0.72 V.

Checking when transistors are saturated.

VDS >VGS _VTH f

VDS _VGS +VTH > O.

Vo =V —(Vg Vs )+Viy >0, Vo Vs +Vp, >0

Check when Vp =V +0.7>0 (V;, =0.7V)
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4.0V
M2 alwhys tujate
S N
2.0V
TSN S N
 ——
5
M satiurated
&
ov
M1 in irio
-2.0V
ov 0.5V 1.0V 1.5V 2.0V 5V 3.0v
o V(ouT) V(Ml:d)- V(ML:g)+0.7 o V(M2:d)- V(M2:g)+0.7

V_Vin

Transistor M2 is always saturated, but M1 goes out of saturation when input voltage is about 0.72 V.

The active region with voltage gain is for input DC voltage below 0.72 V. The gain is very low, so let’s

see how it can be increased.

From hand calculation | derived A =—

1
ngRS

We can increase the gain if g, or Rs is decreased. For given DC current in transistor the only option

to decrease g, is to decrease transistor width.

11

Decreasing width: - () souade
nMOS ot out
w=20u [
L=05u |4 .| vbD
3.0vdc ——
RS M1
In Gl '~ nmos

VOFF = 0V 1000 |

VAMPL = 0.01V 12 W =50u

FREQ = 1000Hz C) L=0.5u

Vin 50uAdc
AC = 1mV
|
DC =0V —
"0
2.0V
o
.
<
1.5V
1.0V
0.5V
ov — -
ov 0.5V 1.0v 1.5V 2.0V 5V 3.0V
o V(0UT)

V_Vin

The gain is increased when width is decreased!
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Decreasing R:

11
50uAdc
M2 @
nMOS
_|I Out
W = 20u
L=05u | .| vop
3.0vdc ——
RS M1
—
In Gl | nMOS
VOFF =0V \1/2)/(\)/ |
VAMPL = 0.01V 12 W = 50u
FREQ = 1000Hz @ L =0.5u
Vin 50uAdc b4
AC = 1mV I J
DC =0V =
0
3.0V
[Bon
H\H“—“H‘_“‘i
\
e
2.0V LY
1.0V
ov =
ov 0.5V 1.0v 1.5v 2.0V 2.5V 3.0V

o V(oUT)
V_Vin

| am choosing to investigate gain, input resistance and output resistance for input DC bias 0.4 V.
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From output file: DC bias point and small signal parameters for input DC bias 0.4 V.

NAME M M1 M M2
_ _

MODEL nMOS nMOS
1D 5.00E-05 3.76E-03
VGS 7.71E-01 1.68E+00 " O
VDS 2.45E+00 2.23E+00 -] ou |
VBS 0.00E+00 0.00E+00 L-oss Ly P R
VTH 7 . O OE— O 1 7 . O OE_ O :I_ O0.0m s 771.2m . Mll.— e .
VDSAT 7.12E-02 9.76E-01 x%;;:og.mv 100 12 Iﬂ W = 50u

FREQ = 1000Hz ) C) L=0.5u
GM 1.41E-03 7.71E-03  acoim souade

| d

GDS 0.00E+00 0.00E+00 opc=oav =
GMB 3.33E-04 1.83E-03 o

Calculated values from derived expressions but with small signal parameters based on simulated

small signal model and chosen input bias 0.4 V.

Ffor\n Oul‘lﬂuf /3’7/6 W!(M D :\qﬂu/ bilaonr = 0.4 V
Gma= L1 m4y, Iz = FF mAYy s = /00
;R S ST

Fimz Re 7?1673, (0D
Rl\/\: RS = /OO S?.
/ / /
b =l =lew = s
gv»q 9m1 3»\.2 eS //(//m
= 1,63 kg
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nMOS

W =20u
L =0.5u

(72.2m

2010-02-14 / Bengt Molin

VOFF =0V
VAMPL = 0.01V
FREQ = 1000Hz

Vin 50uAdc
AC =1mV

Gl |
|

3.0vdc

VDD

DC =0.4v

AC analysis use small signal model

Gain

2.0

o V(0UT)/ V(IN)
190d

180d-=

SEL>>

170d

1.0Hz 3.0Hz
o P(V(OUT)/ V(IN))

Voltage gain = 1.3 V with phase 180 degrees, i.e. A,=-1.3

Input resistance

150

10Hz

30Hz

Frequency

100Hz

300Hz 1.0KHz

50

1.0Hz 3.0Hz
o V(IN)/ I(RS)

Input resistance 100 Q, R, = Rs

10Hz

30Hz

Frequency
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Simulating output resistance
Method:

Zero input small signal sources, i.e. AC ground at input, DC bias 0.4 V

Apply small signal test voltage at output. Avoid killing DC output level by either applying DC
voltage that is equal to bias DC voltage level (2.447V) in series or connect a large capacitor in
series to charge to that voltage.

3.000
11
@ 50uAdc
M2 Y [2.447
nMOS i
_|I Out :
W = 20u
L=05u [ .| voo
3.0vdc —
400.0m 771.2mV} T
RS M1|,_ VX
in G1 nMOS 1mVac
Ve =
12 | W =50u 0vdc
% @ L=0.5u
0.4vdc —= 50uAdc y
-|- J - cC1
i J aF
1-0
o]

AC analysis use small signal model

2.00K

1..8341K

1.0Hz 3.0Hz 10Hz 30Hz 100Hz 300Hz 1.0KHz
o V(OUT)/I(Vx)
Frequency

Output resistance Ry, = 1.63 kQ
Conclusion
All results are in full agreement with hand calculations. Hand calculated solution confirmed!

Comment: Strange circuit; to increase voltage gain the input resistance has to be decreased.
Input resistance is well defined by Rs.
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