Solutions to Homework 3 of Guangyao SHI, Fall 2017
1
a. (10 points)


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. 1 Common source NMOS amplifier



Fig. 2 Small signal model for NMOS Common-source amplifier 
The low frequency small signal model of this circuit is shown in Fig. 2.


	 	


Where ,  
Pay attention to the reference direction of ids! According to Prof. Newcomb’s lecture on 28, Sep., we should choose the direction where current flows into drain as the reference direction.
b. (10 points)


Fig. 3 Common source PMOS amplifier

The low frequency small signal model of this circuit is shown in Fig. 4.


Fig. 4 Small signal model for PMOS Common-source amplifier


	 	



Where ,  , 


c. (5 points)
For PNP transistor, the small signal i-v characteristic can be described by (3):

	 	




Where , (can be found in the model denoted as Bf), , (VA can be found in model, denoted as Vaf )

	 	
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For PMOS 4007, gm =0.0107, go=0.00012	

For 2N3906, gm =0.32, , go=0.00043	


Fig. 5 Small signal model for PNP transistor
2.  (25 points)
Ignore the early effect.
The circuit is shown in Fig. 1. 
To keep NMOS work in saturation mode, (4) should be satisfied.

	 	
For this problem,

	 	
Thus, load resistor should satisfy the inequality combining (4) and (5)

	 	
Where VGS can be obtained by (7)

	 	
Thus, 


Thus, the range of gain is 

	 	







Common-Source PMOS amplifier
Calculation for PMOS is similar. 
If we define the direction where current flows from drain to source as the reference direction, for PMOS, ‘ID = 8mA’ actually means ‘ID = -8mA’
To keep PMOS work in saturation mode, (9) should be satisfied

	 	
For this problem,

	 	
Thus, load resistor should satisfy the inequality combining (9) and (10)

	 	
Where VGS can be obtained by (12)

	 	
Thus, 

	 	

3.  (50 points)
In problem 2, we get the gain of NMOS and PMOS amplifier are -0.3648 and -0.3903 respectively when RL is 150 ohms.
When input is 5 mV 2kHz, the amplitude of output voltage is expected to be 0.3648*5mV=1.824mV and 0.3903*5mV=1.9515mV

To use a single MOS in CA3600E, you can first choose a MbreakN or MbreakP model from BREAKOUT library, then add the model description to Mbreak N/P, which can be found within model description of CA3600E

.model nch nmos(Level=1 Tox=300n Uo=600 Kp=20.54u W=144u L=8u Vto= 1.3
+		Lambda=15m Cbd=4p Cbs=4p Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1)
.model pch pmos(Level=1 Tox=300n Uo=300 Kp=10.32u W=328u L=8u Vto=-1.5
+		Lambda=15m Cbd=8p Cbs=8p Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1)
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meEm e B E_AeE
£x10 P10 10 r_zap 1 ; input protection on pin $#10

dxlp plo plé d_zap

dilp 10 pl4 d_zap

diln po7 10 d_zap

a1 po7 pl4 d body ; supply protection diode (DS in Fig. 34)

* MOS characteristics derived as follow

1d vs Vgs from Fig. 3 and 6 (using Parts as an aid)
output capacitance hand adjusted using simulations
Miller capacitance and output impedance hand adjusted using

simulations to match Fig. 10 and 11
[(Fodel nch nmos (Level=1 Tox=300n Uo=600 Ap=20.545 W=1443 =83 Vio= 1.3

L Lambda=15m Cba=4p Cbs=4p Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1)
-model peh pmos (Level=l Tox=300n Uo=300 Kp=10.32a W=328u L=8u Vto=-1.5
L Lambda=15m Cbd=gp Cbs=gp Cgdo=1.7n Cgso=1.7n Rs=1 Rd=1)

WGEL T_zap TES(E=IITIET
-model d_zap D(Is= 1p R: Xti=3 Eg=1.11 Cjo=.0lp M=0 Bv=20 Ibv=.1u)
.model d body D(Is=15n Rs=1 N=1 Xci=3 Eg=1.11 C3o=10p M=.5 V3=.75

+ Fo=.5 Isr=.15n Nr=2 Bv=20 Ibv=100u)

.ends





image32.png
v





Microsoft_Visio___11.vsdx










image2.emf
gs

v

ds

v

gs

i ds

i

mgs

gv

o

g

Drain

Source

Gate


Microsoft_Visio___122.vsdx







