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1. Consider a common-source amplifier with resistor load (R) of 600Q, Vpp =
1.8V, Viupc = 0.9V, temp = 27°,k = 1.38 x 10723 J /K

a.

b.

Consider only the thermal noise of Ry,

Calculate the output noise power (in terms of V2 /Hz).

Svr, = 4KTRy, = (3.15nV)?/Hz = 9.94 x 10718 V2 /Hz

Calculate the total rms output noise voltage over the frequency range
from DC to 1 GHz.

9.94 x 10718 (V2 /Hz) x 10° (Hz) = 9.94 x 107° V&

With load capacitor (C;,) of 100 fF, calculate the total rms output noise

voltage over the entire frequency range.

kT 82
Poout = <= 4.14 X 107° Vips

Hspice

With dc analysis, report the following of your final design.

Gain = —2.27, 3 — dB bandwidth = 2.6G Hz

(W/L); = 10u/0.2u, Power consumption = 2.15mW

Voutpc = 1.0851V

With ac analysis from 1 kHz to 100 GHz, plot the frequency response
from Vi,, to V,,¢ over 1kHzto 100 GHz.
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With noise analysis from 1 kHz to 100 GHz, report the following.

Specification Result
Min ‘ Max Value ‘ Mean
D0:1_a.ac0 integ(abs(0lnoisefoumoise)y, 1k, 100g) 98n

File Equation Pass/Fail

® The total rms output noise voltage over the frequency range
from 1kHz to 1GHz is 98n V2
® The reason why there are difference between hand calculations

and the result of simulation is that we ignored the effect of flicker
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noise, which plays an important role on the low frequency, and
this will, and the noise come from transistor. Moreover, the
frequency range in hand calculation is from DC to 1 GHz, and the
frequency range in simulation is from 1kHz to 100GHz.
| also Integrate the above waveform (output noise PSD) over 1
kHz to 1 GHz, and the result is 23.1n V?2,,., which is closer to the
result of hand calculation.

® The total rms output noise voltage contributed by the transistor
is 98n — 9.94n = 88.1n V32,

® V2 =AIVZ =VZ =.,98n/(-227)2=138X 10* V.

nout —

2. Assume A =y = 0. Consider the following circuit

(Ignore channel-length modulation & body effect)

a. Calculate the dc voltage gain.
A=0—>1,=0> Vot = —VingmiRp ® Ay = —gm1Rp
b. Calculate the output swing.
Vout = V0v1 + VOVZIVOI.lt < VDD
= Vout,swing = Vbop = (Vbn1 = Vin = V1) = (Vonz — Vruz2)
c. Calculate the input-referred thermal noise voltage (in terms of V/vHz)
and input-referred thermal noise current (in terms of A/+/Hz).
i Input-referred thermal noise voltage
SV,Vout = SV,RD + SV,Ml + SV,M2 = (4kT/RD) X Rlz) + (4kTY/g;.112) X RIZD

Sv.vout ( 1 ngY) - ( 1 Y )
Sy yin = —U — 4KT +2220) 5V = |4kT +—
vvin AZ glzanD gxzm i gﬁuRD 8m1

i. Input-referred thermal noise current

When calculate 13,,, we need to open the input.

Sv,Iin = Sv,Vout/R%ut = 4'kT(R_D1 + ngz) = m = J4kT(R51 + ngz)

d.  Use ppCox = 303 pA/VZand p,Cox = 91 nA/V? for the calculation. Set
Vpp = 1.8V.Ipm; = Igp = 1 mA and (W/L); = 6 um/0.18 pm. Design
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Rp and (W/L), so that the dc voltage gain is at least 3 V/V, output swing

is at least 1.2 V, and the input referred thermal noise voltage and current

are minimized. Describe how the circuit is designed.
DC voltage gain is at least 3 V/V
Ay = —€m1Rp, 8m1 = MnCox(W/L)1 Vou1
Ipm1 = 0.51,Cox(W/L)1VZ,1 = 1mA = Vi = 0.445 = g = 4.5m Q7!
= |Gain| = g,1Rp = 3 = Rp = 666.67Q
ii. Output swing is at least 1.2V
Voutswing = Vop — Vovi — Vovz = 1.8 = 0.445 =V, = 1.2V
= Voo < 0.155V
Ipmz = 0.5p,Cox(W/L),VE,, = 1mA
Input referred thermal noise voltage and current are minimized
SnvinRp = 4kTRD/(gm1RD)2
= My design is that V5 (= Vypz — Vouz) = 0.122V,
(W/L), = (70u/0.18p), and Ry = 1500Q.

e. Hspice

i Keep the device sizes unchanged. Adjust the bias voltages
(Vin,poc Von1, and Vi 5) so that no DC current flows through Vj;,, and
the bias current is less than 1 mA while maintaining all transistors in

saturation.

subckt

element 0:ml 0:m2

model 0:n 18,1 0:n_18.1
region Saturati Saturati
id 704.4097u 700.5893u
ibs -1.685e-19 -1.45 9

ibd -374.6739%a .

vgs 90 )OOm 00m
vds 543,3855m 00m
vbs C

vth

vdsat

vod

beta

gam eff

gm

gds

gmb

cdtot

cgtot

cstot . .
cbtot 14. ¢ 178.5529f
cgs 12201 6.5888f
cgd 2.1988f  25.8128f

small-signal transfer characteristics

v(vout)/vin
input resistance at vin
output resistance at v(vout)

subckt

element 0:vin 0:vbnl 0:vbn2 0:vdd Q:vss
volts 2 O0O0m 1.1000 577.0000m 1.8000 0.
current 3.8204u 0. 0. -704.4097u 704.4097u
power  -764.0811n 0. 0. 1.2679m 0.

total voltage source power dissipation= 1.2672m




EE4280 HW1

105060012 EAFA

With dc analysis, report the following.

® Vi,pc=02V,Vy,; =1.1V,and Vy,, = 0.577V

® Power consumption = 1.2672mW

® Vouepc = 743.38mV

With ac analysis from 1 kHz to 100 GHz, plot the frequency response
from Vj,, to Vy,¢ over 1 kHz to 100 GHz.
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With noise analysis from 1 kHz to 100 GHz, report the following.

absiOjnoiseioutnarse) [ - . —
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o Vgput::A%V&mivém':'J4kTRD/(gm1RD)2
® At f=1GHz
By simulation, V2., =547 x 1077 = V2, = 2.46nV/VHz

By hand calculation, Vi, = 1.73 nV/vHz withy = 2/3

10G

10G

50G
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® At f=10GHz
By simulation, V7., =4.12 x 107'7 = V2, = 2.13nV/vHz
By hand calculation, VZ,, = 1.73 nV/v/Hz

® There is error between simulation and hand calculation since we
ignore flicker noise. If | replace the value of g,,,; with the real
value, g = 2.5mQ7%, then we can get VZ,, = 2.48 nV/+/Hz
, Which is similar to the result of simulation.

® VZ cuislargerthan VZ ..y, since flicker noise plays an
important role on the low frequency.

3. Calculate the input-referred thermal noise voltage (in terms of V/+/Hz) of the
following circuit. Assume A =y = 0.

Voo
Vino— M,
Vout
Rg
_ gm1Rs
Ay = gm1 X (8milIRs) = m ~ 1
m

(Rs||gmi)? _
SV,Vout = 4‘kTR—Sml + 4KTygm1 (RS”gmll)Z

1+gmiR Rsllgat)? _
Von = \/Sv,vout/A\ZI ~ ﬁ\/ﬁlk’r(% + Y8m1 (Rsllgmll)z)

mi1RS

4. Assume A =y = 0. Calculate the input-referred thermal noise voltage (in terms
of V/+/Hz) of the following circuit with and without Rp.

a. Without Rp

Ay = —8m1(8mz2To2T01/IRp) = =gm1Rp (A =10)
Svvout = 4KTRp + 4kTyg 1R (Due to Vi, s is a floating point)

Vn,ln = \/ SV,VOut/A\ZI =~ \/4kT((g12n1RD)_1 + Ygr_nll
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b. With R,
Ay, = _gml(gmzroz(roll|RP)||RD) = —8m1Rp O\ = 0)
Use Superposition to get output noise (Sy yout)
i. By RD: Sv,voutl = (4kT/RD) X Rlz)

i, BYM2: Syyou = (4KTY/gr (g#) (Rp)?

+

- R
. ByMl: Sv,vout3 = (4‘kTY/gm11 (R +P ) (RD)Z

2
. R
Iv. By Rp: Sv,vout4 = (4‘kT/RP) (R P—1) (RD)Z
P+8m>2
= Sv,vout = Sv,voutl + Sv,voutZ + Sv,vout3 + Sv,voutél-

2

= 4kT(Rp + (vgm2R} )( gmz—l) + (vgmiR) (R +gmz)2 + (%) (Rpgiﬁqlz) )

Sv,vout
2
Ay

= Vn,ln =

2

s T ) () ) )+ (2 )

5. Assume A=y =0.

Voo
Rp
v,

out
I|I,in °_| M1
Rs

a. Calculate the input-referred thermal noise voltage (in terms of V/+/Hz).

- _ gm1Rp
v 1+gm1Rs
=1 N2 4KT[ Rg
Suvout = (4KT/Rp + 4KkTygms () + 10 (=0 _Es V') (Rp)?

8m1tRs Rs \g8m1t+Rs

1+gmiR -1 \2 Ry, R 2
Vn,m = \/SV,Vout/A% :ﬁ\/L}kT(RD +ng1( —% . ) +_D( —1s ) )

b. If the thermal noise contributed by Rg is the same as that contributed
from M1, how is the dc voltage drop across Rg compared to the overdrive
voltage of M1?

1 \2 2
g 1 2 _ 4KT RS 2 _ ZID
4KT ( m ) Rp)2 = T R -
vemi (ig;) (Ro)* =3 (g;) (Ro)%gmi =~
_2lp _ v Y
8m1 v _R_:>IDRS __Vovl
ovil S



