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LNA driven by a source with impedance Ry and impedance matched with a resistor to ground

Since the LNA has a high inpus imp(‘dznncc, we can model the input-referred nolse with just a
2 . From Fq. {2.81), we know that NF) (the noise figure of

voltage source V.2, as shown in Fig.
the LNA itself with respect to Rg) is:
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From Eq. {2.84). we can find the noise figure of the overall civeuit by finding V7 ous- Fivst, note
see the same voltage gain o = 1/2 between the inpuv port and node P,

T e 2 . 2
that Vig, and Vig,

Vn}out - A‘EVRH et Av h‘»’ lnvn)
= 0l AZ4KT Ry + o® AL4KT Rg + ALVE
— A2 (a‘lsst_Rg + f—) '
v V’: ot { - o
NF = (Fq. 2.84)

A? AKTRx
A? (a’—’akfmﬁ- VI
ol A2 AT R

V2

=" WTRs

= 4Nﬁ i -2 \/ ‘
Let NFy = 2 be the noise figure of the resistor to ground at node P {in general, this is 1+ Rg/FRp
where Rp is the resistor value, but since Hg = Rp, this reduces to 2). -
We can see that we'll necd to reference the noise figure of the LNA to the output impedance of
the previous stage (let’s call this result NFY). We can see that the impedance driving this stage

is Rg/2, so we'll veference NF| to a source impedance of Rg/2.
Finally, we need to find the available power gain of Ap. From Eq. (2.104), we have:
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We can see fchat Ry = Rg, Ay =1, and Royy = Rg /2. Thus, we get Ap = 1/2,
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This matches the noise figure calculated in part (a).

2. The SPICE netlist is listed at the end of this problem.

’ (&) From the SPICE model, we have:
A’ Hn == 316.235 C]’[;Q/V' .5

for = 4.1 nm
Cozo— 0.8418 |.LF/(~m2
pin Clop = 261.2 pA/V?

From the current mirror that biases M), we see that:
Iy == Ipy =815, =25 mA

Since the SPICE modol doesn’t provide ¢p or 7. we'll have to assume a reasonable value for
for this calculation. then adjust the width in SPICE until gy + gmp = (50 Q)”'l. Let's assume
7= 01

H"r]

Q}Mll'n(juw I (.}- + 7'])
fid

Gmi (1 + 7’]} = (5[] f)) b

gm1 = 16,7837 mS
mpr = 30483 mS

Thus, we have gy + gmp = (50.42 Q)Al, which matches well with the calculations.

(b} We want the inducior to resonate with the capacitance at the output at 5.2 GHz. SPICE reports
the total capacitance at the output due to transistors My, and Ay, and we can calculate the



parasitic capacitance due to Lj based on the inductor model provided.

Op1 o = T1.8427 {F
Caztor = 36.8818 fF

Cp =L % 10° x 1071 = 107714
1
f=5h2GHz= = = =
27/ L1 (Cprtor + Cazgor + Cp)

1
" 2m /Ly (Cp + Cesg + 10-5L,)
e
C'p = B6.65 F
Rp
whs
Rp
S 9nfl
Rp = 21f1,0
= T40.36

Using these values in the SPICE simulation and performing an AC analysis produces the gain vs.
frequency plot shown in Fig. 2. The plot shows a peak right around f = 5.2 GHz,
{c} Ly will present a very different impedance at 5.2 GHz than it does at DC, meaning that looking

only at (g, + g.m,g,}mi as the inpus resistance neglects the inductor’s impedance at 5.2 GHz.

f Using SPICE, we find that W, = 71 jun givesw 49.80 0 ot 5.2 GHz.

w However, since wo changed Wi, Cpy poe will also change. This causes the resonance frecquency to
shift as well, meaning we need to recaloulate Ly {causing Ry, to change, and so on). Iterating
over these calculations a few times produces:

Wy = | 83.0 LT

Fy o= 442 nH
C'p o= 442 1

Rip = 4875 Q1

The new AC response is shown in Fig. 3.
{d} Performing an FFT analysis in SPICE {using a 8192-point FFT and. & Blackman window for
weighting} gives the output spectrum shown in Fig. 4. The two primary tones are located af
{ 5.2 GHz and 5.3 GHz, and the I M3 products are located at 5.1 GHz and 5.4 GHz. The amplitude
of the input tones was chosen to be 10 mV to ensure we do not experience any gain compression.
From this plot, we can find 7TP; as follows:

AP
II-PﬁidBm = 2‘(1]3 + -P?"n-idBm
P o= -i%m,rms - Vzi
" 4Rg 8Rg

Vi = 10 mV
Py = 0.25 UW = —36.0206 dBm
AP = T7.0807 dB

LIP; =12.51975 dBm



We can read the gain off of the AC response in Fig. 3.

Ay = 54785 = 14.77 dB |

First, we necd to caleulate Ly for resonance at 5.2 GHz.
Craior = 23.8202 fF
1
274/T2 (Cpz o + 60 OF 1 10 °Ly)

Ly = 6.3558 nH

Plofting the AC response of the circuit in SPICE shows this value of Ly to be a little too large
(i.c., the resonance occurs slightly below 5.2 GHz). Using L, = 6.3 nH puts the resonance at
5.2 GHz. Fig, & shows the AC response of the cirenit, from which we can obtain the gain.

Ay, = 43442 =

Fig. 6 shows the output spectram for a two-tone test, which allows us to calculate ITF.
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Vig, == 10 mV

Py = 0.25 uW = —36.0206 dBm
AP = 81,5554 dB

11Py = 4.7571 dBm

When we cascade the two stages, the capacitance al the gate of My will change (it will increase due
to the Miller effect acting on Cpz ), meaning the resonance frequency of the first stage will change.
We must adiust Ly to compensate for this increased capacitance in order to retain o resonance
frequency of 5.2 GHe. Using Ly = 3.3 nH maintains the appropriate resonance frequency when
the stages are cascaded. Fig. 7 shows the AC response of the overall LNA.

The overall voltage gain is < This is substantially less than the product of the voltage
galns measured in parts (d) aud (o). However, this is expected, since cascading the stages will
decrease the gain of the first stage due to loading (and due to the smaller value of L,, which forces
a smaller fip in order to maintain the same @). The loaded gain of the first stage is 4.2973, which
gives an overall gain of 17.81 when multiplied by the gain of the second stage, giving relatively
good agreement with the measured overall gain.

The overall /7P can be found from the spectrum of the output (shown in Fig. 8) as in previous
parss of the problem. Doing so gives [Py = . We can calculate an expected I'1F;
based on the result from (d) and (e) as follows (Ief subscript A indicate the first stage and subscript
B incicate the second stage}:

Pin =

IIP; 4 = 251975 dBm = 0.845313V
ITP; g =4.7571 dBm == 1.09367 V
Ay g = 4.2673
I ‘4%,/—1

TP T IR, | 11PI,
TPy = 0244V = ~8.98 dBm

This agrees relatively well with the value measured directly from the LNA.



S8

When we cascade the two stages, the nput resistance drops to R, = 43.67 Q. This is due to
the increased capacitance at the cutput of the first stage and the decreased value of Ly {which
decreases fp). The impedance at the drain of M is lowered due fo these effects, causing the
input resistance to decrease.

The second stage limits the I7P; of the LNA. If we look at the two terms in the equation for the
ITP; of a cascade, we can see that in this case:

1
LIS 4

v _
e 15434
TIPS 5

= 1.39947

Clearly, the sccond term dominates. Qualitatively, wo can sce that the TTFP; of cach individual
stage is similar, but the moderste pain of the first stage causes the 7TFPy of the second stage to
dominate. ‘

Here is the SPICE netlist used in this problem (the first and second stage were simulated inde-
pendently before being combined in this netlist):

* EE215C HWi Problem 2

.imc ‘215a.sp’
.option post accurate nomoed

.param Wi=83e-6

.param L1=3 3e-9

.param CP=‘Lixle-5’

.param §=4

.param PI=3.141582653580679
.param FREQ=5.2e9

.param RP=‘2xPI+FREQ*L1+Q’
.param L2=6.3e-9

.param CP2=‘L2%le-5’

.param RP2=°2+«PIx[2*FREQ*Y’

vad wvdd gnd 1.8

* Used for AC analysis
*% vin vin gnd AC 1

* Used for FFT
vinl winl gnd sin(0 10m 5.2G 0 0 0)
vin2 win  wvint! 2in(0 10m 5.3G ¢ 0 Q)

* Comment ocut ri when finding R_in
rl vin i 50
cl 1 vda 1uF

m3 vd3 vd4d gnd god  CMOSN W=25u L=0.2%5u

+P3=2425e-6+1.2e-6' PD='2x26e-6+1.2e~6’ AS=‘2Ee-640.6e~8' AD=‘25e-640 . 6e-6’
m4 vd4d vd4 gnd gnd  CMOSN W=bu L=0.2Bu

+P8="2%be-6+1.2e~6’ PD=‘2%5e-6+1 . 2e-6’ AS='he-6%0.6e-6' AD=‘Ge-6%0,6e-67

c2 vd4d gnd  0.2p

il vdd vd4d 6.5m

ot



ml voutl vdd vd3 gnd  CMOSN W=Wi L=0.18u

+PS= 2%W1+1 . 2e-67 PD= 2%Wi+1, 2e-6" AS=‘W140.8e-6° AD=‘W1%0.6e~6’
it vdd  wveutl L1

rp vdd  voutl RP

cpl  vdd gnd CP

cp2  wvoutl gnd CP

w2  vout  voutl vs2 gnd  CMOSN W=15u [=0.18u

tP8=2+%152-6+1.2e~8’ PD="2%15e-6+1.2e-6' AS=‘15e-6%0.6e~6’ AD='15e-640.6e-6’
12 vs2 gnd 2m

c3 vs2 gnd 1p

12 wvdad vout L2

¢4 veut gnd  B0OF

cp2t vout gnd CP2

cp22 vdd gnd (P2

rp2  wvdd vout RP2

* Used when finding resonance fregquency, gain, and R_in
.ac Iin 1000 1G 106G

* Used to measure gain

*#* .measure ac¢ gain find vm{vout) at = 5,2e9
* Used to measure RB_in
**  measure ac itest find ir(vin) at = 5.2e9

*¥* measure ac rin param = ‘~1/itest’

* Used to plot the spectrum of the output to find IIP3

* Use a 8182-point FFT with a Blackman window

.tran O.1p 100n

JEft v(vout) fmin=4.756 fmax=5.75G np=8192 format=unorm window=black

.end
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