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1. {a) 1i. First. let’s find V;f‘,om. The noise contributions from Rg, Rp, and A all appear as uncor-
related current sources flowing through Ag || Rp || R (where Ry, is the input resistance
excluding Fg and Rp), which then experience a gain of 1 to the output (since My is hiased
by an ideal current source). The noise current of My flows to the cutput directly and gets
converted to a voltage via Rgy;.

VZoue = (Ths + Thp + b ) (B |l R || Bun)® + TBg Rl
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We can see that Ry = 1/gm1, since vgs2 = 0in the small-signal model means Afy is effectively

diode-connecied for small-signal purposes.
Fig. 1 shows the test setup we'll useto find Ry
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Figure 1: Tost setup for finding Rour
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As we let Rp — oo, the contribution to the noise figure from Rp goes to zero, and the
contribution to the noise figure from My decreases. Intuitively, we know that the noise current
squared from Rp goes as 1/Kp while the input resistance (which the noise flows through) is
limited by (Rg || 1/gm1). Thus, as Rp increases, the noise current drops out while the input
resistance stays finite, causing the noise contribution to dvop out.
Similar intuition applies to the decrease in noise from Mz, We see that Ry, decreases as Bp
inereases. Since the noise current of A, flows through R,..p, we can see that as Rp increases,
the noige contribution from My will decrease.

ii. Let By, be the input resistance excluding Rg, Ryur the output resistance excluding Rp, and
A, the gain excluding Bs (i.e., from the source to the drain of Af;).
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We need to find Ry, oy, and A, Let’s use Fig. 2 to find R;,.
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Figure 20 Test setup for finding R
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Let’s use Fig. 3 to find Ry



Figure 3: Test setup for finding Foy
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Figure 4: Test setup for finding A,
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Now we can write V2
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As we let Rp -+ oo, the contribution to the noise figure from Rp gees to zero, while all
other terms remain bh(‘.‘. same. Intuitively, the noise current squared of Rp goes as 1/Rp,
while the output resistance is Bmited by R,y;, which is independent of Rp (note again that
Ry Tefers to the cutput resistance neglecting Rp, so the total output resistance would be
Rp [} Raue). Thus, as Ry goes to infinity, its noise current goes to zero while the resistance
it flows through approaches a finite value, meaning its noise confribution goes to zerc.
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As we let gn0 -~ (3, the noise figure goes to infinity, Intuitively, the noise current squared
of Ay goes as gme, bub the output resistance goes at 1/gmq. Since the noise contribution of
My is obtained by multiplving the square of the noise current by the square of the cutput
resistance, the noise contribution of Ay goes as 1/gmz. Thus, as gma goes to zero, the noise
contribution of My goes to infinity, causing the noise figure to go to infinity.
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As we let gmy ~» 0, the contribution to the noise figure from Ms goes to zero and the
contributions froxn My and Rp decrease. Intuitively, the noise current from Ms flows through
a finite input resistance, and since the noise current from My goes to zero as gms — 0, the
noise contribution from My goes to zero.

We also see that the output resistance will decrease to Ep as gpme —~ oo {note that it actually
is a decresse, not an increase, since Ry < 0, where again B, is the output resistance
neglecting Apj. Since the noise currents of My and Bp flow through this output resistance,
their noise contributionygwill decreass.

%

{2) Using | Wy =13.7 }.Lm] causts-fie drain of M; to resonate at 5.2 GHz. The AC response of the
circuit Is shown in Fig. 5.

(b} Let R,..1 be the output resistance of the first stage at 5.2 GHz, F;. be the resistance seen at
the source of M at 5.2 GHz, and A,; be the gain from the source of M, to the drain of M.
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We can use SPICE to measure R, Fou, Avr, and gz We can estimate ~ using SPICE as
well by taking the noise measured from M, and dividing it by 45T gm1.

Ry = 48.8700)

Roury = 2.5872 k0
A = 27.5236
Gl == 18,1324 mS

v = 0.81819
Rpy = 1.3069 k02
T'=28815K

k =1.38065 x 1071 J/K
= 1.0570 x 107° V*/Hz
VZoae 1

NF == n,oul "
A% 4kTRg 7

A = 27.708 “ .
e

VZ

1, out

Using SPICE to find the noise figure (by dividing the total outputé;mise by the output noise
cantributed by the source resistance), we get NJF = [1.78516]. The caleulated and simulated
values differ by about 6.75 %, which is relatively good agreement.



{¢) The nocise figure of the overall amplifier is . The second stage increases the noise
figure by only about 1.32 %. This makes sense intuitively because the gain of the frst stage is
relatively large (A == 27.708). This reduces the contribution of the second stage to the noise figure,
as can be seen from the Frits eguation.

fL::,E/} This is the SPICE netlist used for this problem:

-
pe
* EE2156C HW2 Problem 2

Jinc ‘ZiBa.sp’

.param W2=13.7u

.param PI=3.14159265358979323546
.param (=b

.param FREQ=5.2e9

.param Li=8n

.param RPI=‘2%PI=[1*FRE(*(’
.param L2=6n

.param RP2= 2xPI*L2*FREQ*{’

vdd vdd gnd 1.8V

vin vin gnd AC 1

rs vin 1 50

cl 1 vsl  iu

il vsl gnd  2.56m

ml vdi vdd wvsl gnd  CMOSN W=50u L=0.18u

+P3=‘2#6e~5+1,2e-6’ PD="2%5e-5+1.2¢~6’ AS=‘Ge-5+0.6e-6’ AD=‘Ge-5x(0,.68-6"
11 vdd wvdi L1

rpi wvdd wvdi RP1

m2  vout wdl vs2 gnd  CMOSN W=W2 L=0.18u
+P8=24W2+1.2¢~6° PD='24UY2+1 . 2e~6’ AS="W2%0.6e-6’ AD='2%0.8e~6"
i2 vs2 gnd 2m

c2  ws2 gnd 7h0f

c3  vout gnd 80f

12 vdd wvout L2

p2 vdd  wvout RPZ2

* Used for finding the resonance frequency.
.ac 1lin 1000 &G  5.4G

* Used for finding the noise figure,
*# .noise v{vout) vin 1

.0ption post nomod accurate

.end



W Pouly
||
o

g

Tog | —

0T

VAT 9Ug jo ssuodser Hy g amBig

ZHD ¢4

{
\ZH

)4

/

—

01

0¢

169°4C

0¢

v

0§

T8'gs

09






