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Notice:Notice:
Homework 4 due next FriHomework 4 due next Fri. 

(Oct 9)(Oct. 9)



Problem 1 Circuit 1: (a) first determine V (V = V )Problem 1, Circuit 1: (a). first determine Vin (Vin = Vout)
For NMOS:

Vgs,1 = Vds,1 = Vin
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For PMOS:
Vgs,2 = Vds,2 = Vin -Vdd
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Circuit 1 Netlist:Circuit 1 Netlist:

.title hw4, 1: circuit a

.OPTION CONVERGE=4 

.op

.model nch nmos level=1 vto=0.7 gamma=0.5 phi=0.9 nsub=9e+14 ld=0.08e-6 u0=350 lambda=0.1
+tox=9e 9 pb=0 9 cj=0 56e 3 cjsw=0 35e 11 mj=0 45 mjsw=0 2 cgdo=0 4e 9 js=1 0e 8+tox=9e-9 pb=0.9 cj=0.56e-3 cjsw=0.35e-11 mj=0.45 mjsw=0.2 cgdo=0.4e-9 js=1.0e-8

.model pch pmos level=1 vto=-0.8 gamma=0.4 phi=0.8 nsub=5e+14 ld=0.09e-6 u0=100 lambda=0.2
+tox=9e-9 pb=0.9 cj=0.94e-3 cjsw=0.32e-11 mj=0.5 mjsw=0.3 cgdo=0.3e-9 js=0.5e-8

vdd vdd 0 3

m1 vout vin 0 0 nch w=50u l=0.5u
m2 vout vin vdd 0 pch w=50u l=0.5u

vin vin 0 1.254

.probe vout = v(vout)

tf v(vout) vin Av = Vout / Vin.tf v(vout) vin
.alter
.tf v(vout) vdd

.end

Av = Vout / Vin
Av = Vout / Vdd



Run simulation and check xxx lis file (using WINSCP)Run simulation and check xxx.lis file (using WINSCP)
hspice xxx.sp > xxx.lis



Circuit 2: (a) Av: E i l t i itCircuit 2: (a). Av: Equivalent circuit
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Circuit 2: (a) R :Circuit 2: (a). Rout:
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circuitcircuit
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Circuit 2 Netlist:Circuit 2 Netlist:

.title hw4, 1: circuit b

.OPTION CONVERGE=4 

.op

.model nch nmos level=1 vto=0.7 gamma=0.5 phi=0.9 nsub=9e+14 ld=0.08e-6 u0=350 lambda=0.1
+tox=9e 9 pb=0 9 cj=0 56e 3 cjsw=0 35e 11 mj=0 45 mjsw=0 2 cgdo=0 4e 9 js=1 0e 8+tox=9e-9 pb=0.9 cj=0.56e-3 cjsw=0.35e-11 mj=0.45 mjsw=0.2 cgdo=0.4e-9 js=1.0e-8

.model pch pmos level=1 vto=-0.8 gamma=0.4 phi=0.8 nsub=5e+14 ld=0.09e-6 u0=100 lambda=0.2
+tox=9e-9 pb=0.9 cj=0.94e-3 cjsw=0.32e-11 mj=0.5 mjsw=0.3 cgdo=0.3e-9 js=0.5e-8

vdd vdd 0 3

m1 vout x 0 0 nch w=50u l=0.5u
m2 vout x vdd 0 pch w=50u l=0.5u
r1 vin x 1k
r2 x vout 10k

vin vin 0 1.254

probe vout = v(vout).probe vout = v(vout)

.tf v(vout) vin

.alter

.tf v(vout) vdd

.end



Problem 2 (a): calculate VProblem 2, (a): calculate VDS

Solve iteratively to find VS, 
then VDS =Vo1 -VS



To verify Vds:To verify Vds:
problem2_dc.sp

.title hw4, 2: diff pair dc analysis

.options post=2 nomod

.op

.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6

vdd vdd 0 1.8

* set up common mode and differential inputs
vic vic 0 0.9
vid vid 0 0

VCVS: Exxx n+ n in+ in gaine1 vi1 vic vid 0 0.5
e2 vi2 vic vid 0 -0.5

rd1 vdd vo1 100k

VCVS: Exxx n+ n- in+ in- gain
V(n+, n-) = V(in+, in-) * gain

rd2 vdd vo2 100k
m1 vo1 vi1 s 0 nch w=10u l=1u
m2 vo2 vi2 s 0 nch w=10u l=1u
iss s 0 14u

.end



Check lis file:Check .lis file:



Problem 2(b), differential mode:Problem 2(b), differential mode:
problem2_diff.sp

.title hw4, 2: diff pair differential mode

.options post=2 nomod

.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6

vdd vdd 0 1 8vdd vdd 0 1.8

* set up common mode and differential inputs
vic vic 0 0.9
vid vid 0 0
e1 vi1 vic vid 0 0.5
e2 vi2 vic vid 0 -0.5

rd1 vdd vo1 100k
rd2 vdd vo2 100k
m1 vo1 vi1 s 0 nch w=10u l=1u
m2 vo2 vi2 s 0 nch w=10u l=1u
iss s 0 14u

probe dc vod=v(vo1 vo2).probe dc vod=v(vo1,vo2)

.op

.dc vid -1.8 1.8 0.01   DC sweep on Vid

.tf v(vo1,vo2) vid

.end

Aod = Vod / Vid 



Check .sw0 file in WaveViewer:

There are three breakpoints. Explain what causes them and 
calculate their positions by hand.



Problem 2(c), common mode:
problem2 comm spproblem2_comm.sp
.title hw4, 2: diff pair common mode
.options post=2 nomod

.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6

vdd vdd 0 1.8

* set up common mode and differential inputs
vic vic 0 0.9
vid vid 0 0
e1 vi1 vic vid 0 0.5
e2 vi2 vic vid 0 -0.5

rd1 vdd vo1 100krd1 vdd vo1 100k
rd2 vdd vo2 100k
m1 vo1 vi1 s 0 nch w=10u l=1u
m2 vo2 vi2 s 0 nch w=10u l=1u
iss s 0 14u

* set up to measure output common mode
e3 voc1 0 vo1 0 0.5
e4 voc voc1 vo2 0 0.5
rcm voc 0 1

.probe dc voc=v(voc)

.op

.dc vic 0 1.8 0.01.dc vic 0 1.8 0.01

.tf v(voc) vic

.end



Check .sw0 file in WaveViewer:

There is no breakpoint.



Problem 2 (d) (f):Problem 2, (d)-(f):
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Problem 2 (d) (f): HSPICE verificationProblem 2, (d)-(f): HSPICE verification
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Problem 3 (a): calculate VProblem 3, (a): calculate VDS

To get the same current,

ΩKVVR S 516231.0

The calculation of VDS is the same
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The calculation of VDS is the same 
as in problem 2.



Problem 3 (d) (f): the calculations are alsoProblem 3, (d)-(f): the calculations are also 
similar, Acm is slightly different:
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HSPICE verification:HSPICE verification:

You only need to do following modification:

iss s 0 14u

rss s 0 16 5krss s 0 16.5k

The remaining part is the same.


