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Problem 1 (FOM:)

(a)~(b)/ 42> & A HW2. xlsx # » B] 1 % simulation results. FOMI % 0.217

(C) el Volta gamliUV/V) - £ £ = * S # = =
*%%% mosfets W
= ‘\ }nall signal voltage gain

subckt . \

element 0O:ml ; \
model O:n 18.1 \

region Saturati 5 \

id 6.1784u . \

ibs -1.048e-21 }

ibd -298.555%a : \

vgs 451.5000m ST 4 DU -————
vds 554 .69%4m

vbs 0. 1 frequency response of FMO1.

vth 449.135%5m

vdsat 71.4434m

vod 2.3601m

beta 4.5681m

gam eff 507.4460m

gm 128.1826u

gds 2.0262u

gmb 24.8738u

cdtot 9.0578f

cgtot 16.6235fF

cstot 19.76597f

cbtot 15.0138f

cgs 11.0421F

cgd 2.4655fF

(d)In Common source, Av = -gm*(RL//ro)= —128.183 x 107° x

153000%493534.696

=14.971. The simulation result 1s 15.

153000+493534.696
14.971-15
Therefore, Error rate = ——jﬁ;——==(11996
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The 1th iter
>temperature = 25
poles (rad/sec)

real imag

-8.45860x 0.
-6.03668y 0.

zeros (rad/sec)

real imag

49.7205g 0.

3 DC pole zero analysis

poles ( hertz)

4 part of *.pz0 file

real
-1.34623x 0.
-%¢0.766x 0.

zeros ( hertz)

real imag

7.91326g 0.



hand calculation: @ * high frequency model of Common source, (Notation:R= R;//7,)

Vout (Cp — gm)R where {a = RsR(C4sCep + CppCep + CisCpp + CepCr + CGSCL)}
Vin aSZ + bS + 1 ’ b = (1 + ng)CGDRS + RSCGS + R(CDB + CGD + CL)
There is a zero FREE mosfets
w, = Im £ = 128.183 x 107
Z7 ¢cep 77 2.470 x 10~15x 2w subckt
element 0O:ml
There are two poles , supposed wp, > wy,; (dominant pole approximation) model 0:n 18.1
1 1 region Saturati
pr1 b 1+gmR)CepRs+RsCgs+R(Cpp+Cap+C
(1+gmR)CepRs+RsCGs+R(Cpp+Csp+CL) ibs —1.048e-21
b (1+gmR)CepRs+RsCas+R(CpB+Cap+CL) 1bd —298.3533a
Wp2 = T RR(CosCan+CorCan+CasChp+CanCLtCasCL) vas 451.5000m
S GS“GD DBYGD GS“DB GD“L GSt“L vds 554 . 6994m
Using the value from [ 5, | can get two poles : (Note: C;, = 1pF - R; = 10kohm) vbs 0.
vth 449 ,1395m
f, — Wp1 _ vdsat 71.4434m
PL ™ on vod 2.3601m
beta 4.56681m
f, — Wp2 _ gam eff 507.4460m
P2 ™ o gm 1268.1826u
g 2% : : o phe s e nm 3 - AP gds 2.0262u
7 g T simulation results B8 B 3FaREL 0 F oy ok p At S BiEAR gmb 2487381
et - LdF S A wyy D Wy ie B BEK 0 BwpyhE AR Wy, B 5y 4o o1 cdtot 9.0578f
o i R o . . . y , cgtot le.e239f
34 o 2 EEFMAE hand calculation ¥ simulation results e#ic® i & & cstot 19.7697¢F
¥eno fu £ 7 ??KQ_IME%@:&&;fﬂiZ ?‘FKEIOOOME%&;&&;E# 27 5B cbtot :1_9-013_8f
T~8G = + & % o cgs 11.0421f
v £ cgd 2.4695f

5 small signal parameter list

(g)The followings are my observations of how to maximize FOMI.

1. -3db bandwidth in CS is —

PR So in the only thing | can change is R.Therefore, | try to make R, small.
L L

. VDD—-Vout .. .
However it cannot be too small, or the current would be large because | = ——assume NMOS is in saturation,
L

Vout and R, decreases so current increases)

2. The bias current is proportional to % ~ (Vgs — Vip)- | try to minimize % ratio and avoid the NMOS to

be in cutoff region at the same time. Also | want to make sure is equal to 15. So | decrease the (Vg — V). And try

to find a balance point between these influences.

(The reason why | decrease (V5 — Vip,): without consideration of ro, voltage is gm*RL. gm = VID/Z, VDD-lg*RL >

Vov to make sure NMOS is in the saturation region. So, RL < w.Voltage gain =gm X R, <
D

2(VDD—V,y)

” So the smaller Vov is the larger voltage gain becomes.)



Problem 2 (FOM2)

\ .
O Voltage gate(V/ V) 100 Tk 1ok 100K M T0M T00M 1G 10G 1006
1

Hin)

Max VoItagZe0 bain: 24.7(V/V)

” Small signal voltage gain

10
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B] 6 frequency response of NMOS

The followings are my observations of how to maximize FOM2:

Av = gm X (R,//7,)

1. I noticed the Vi can dramatically influence the gain. As initially I set
Vs at around 0.45V. I try my best to maximize the gain, but gain was
always around 16~17(V/V). And when I set Vs at around 0.35, the voltage
gain increased dramatically. So I try to make the V;s as small as possible.

2. By decreasing Vgs, it also reduced current but increase 7,. So the
difference between R; and 7, becomes larger. Therefore I can increase
R;,the value of R,//r, will be close to R, as long as 1, is still very
large. In my design 7, is around 6.37Mohm, and R;=880kohm.

3. Also I try to make Vgs as close to Vth as much. According to my analysis

in (g), the smaller Vov is, the bigger the voltage gain becomes. So in my



design Vov 1s only 3. 5bmV.

Hspice code

ek xxkekekekek

. prot
.11b "c1c018. 1" TT

.unprot

. temp 25

.option post

Ml Vout Vg gnd gnd n 18 w = 6.6u 1 = 0.47um =1

vl Vdd 0 1.5

v2 Vgs 0 DC 0.4515 AC 1

v3d gnd 0 0

Cl Vout 0 1p

Rs Vgs Vg 10k

RL VDD Vout 153k $gain = gm*(RL//ro), but ro > RL, RL < 19076 to be in

saturation, RL the bigger the better



.DCv2 0 1.5 0.005
. probe DC

t+current = (M)

+vth = vth(M1)

t+vov = par( V(Vg)-Vth(M1)’ )

tvsat = par( V(Vg)-Vth(M1)-V(Vout)’ )
+slope = deriv( V(Vout)’ )

.AC DEC 10k I IT

.probe AC

tgain = par("V(Vout)")

.pz V(Vout) v2 $pole zero analysis
. Op

.meas AC Gainmax MAX vdb(Vout)

.meas AC bandwidth WHEN Vdb(Vout) = ’Gainmax-3’

.end

Xkxkk ekskkekekekek

. prot
.1ib "c1c018. 1" TT

.unprot



. temp 25

.option post

Ml Vout Vg gnd gnd n_.18 w = 49u 1 = 10um =1
vl Vdd 0 1.5

v2 Vgs 0 DC 0.32 AC 1

v3d gnd 0 0

Cl Vout 0 1p

Rs Vgs Vg 10k

RL VDD Vout 880k

.DCv2 0 1.50.1

. probe DC

tcurrent = I(M1)

+vth = vth(M1)

.AC DEC 10k 1 IT

.probe AC

tgain = par(C V(Vout)’ )

tedb = 1x29(M1)

.pz V(Vout) v2 $pole zero analysis

. 0p



.meas Gainmax MAX Vdb(Vout)
.meas bandwidth when Vdb(Vout) = ’Gainmax-3’

.end



