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6.8 (b) First, the input impedance (excluding Rg):
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Now for the transfer function. Note that the following small signal model is very difficult to

analyze. However, we can make an observation that simplifies the problem greatly. Since we've
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already found Zy,,, we know that vy, = T Vin. Using this, we only need to find ;f;’f in order
to find the total gain (since we can just multiply this result by %Lwlw)
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{e) First, the input impedance (excluding Fg):
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7.5

somparing to Iig. (7.59}, we can see that originally we wanted to maximize gp,1 and minimize g, in
order to minimize the noise. However, In this case, we want to minimize both gm: and gma In order
to minimize the noise. This is because in the circuit in Fig. 7.35, g0 did not contribute to the gain,

whereas in this case it does.
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{h) Here is the small-signal model:
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Here’s the amplitude plotted on a log-log scale.
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6.12

{a) Here is the small-signal model:
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7.6 {c) Here's the small-signal mode! with noise sources drawn separately:
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Since the noise sources are uncorrelated, we can use superposition of the noise powers at the

output. First, consider when I3, is off and I}, and I3 are on.

o 4kT
Rp ™ RF
Vi = (T T
1 2 ,,
= 4kT (}?‘: + %’gm) R?“

Now, consider when I3 is on and /7, and 7}, are off (note that since polarity doesn’t matter for

noise analysis, I'm treating v,, 88 positive for convenience):
¥ g

o _ T
fis Ry
Ugs = ERS

Vout = gmvg.q]?-}f + 'Ug.s'
= Uys (1 + gmPr)

K’Eout = 4kT Rs (1 - ngF)2

Combining the contributions of these naise sources gives:

N /2 1 . .
VE = 4kT K—gm ¥ ___) R% + Rs (1 --s-gm.Rp)z}

ot 3 -RF
Ay = —gm B from Eq. (3.71) with Rp — oo g
T I/vf,out ;//
ndn 7;2;” S
; /
21 1 1o
a2l LR (1 v ) v
Som g Ep s Gm B

(f) First, note fhat since v, = 0 always (since we ground the input to find the output noise), we can
ignore M’s transconductance term. Here is the resulting small-sisnal model with neise sources

drawn separately:
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Combining these results, we get:
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7.9

(¢) First, note that when we short the input to ground, we will eliminate R from the circuit and cause

My and My to be diode-connected in the small-signal model, reducing them to simple equivalent
resistances (which are in parallel, since My and My share source, drain, and gate connections in
the small-signal model}. Thus, the small-signal model for calculating the noise is as follows:
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Here’s the small-signal model for finding the gain:
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Thus, the input-referred thermal noise is:
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{f) Note that when we short the input to ground, My’s drain and source are both shorted to ground,
eliminating it (and its poise) from the circuit. Also observe that shorting the input to ground
causes M to become diode-connected in the small-signal model, reducing it to an equivalent

resistance of 1/gm:. Thus, the small-signal model for finding the noise is:
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By inspection, we can see that the gain of the cireuit is 1, since [; fixes vy since it is an ideal
current source. Thus, we have:
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4.

{a) In equilibrium, My, Ms, and M5 will each carry half of Tgs (neglecting channel length maodulation).
Using a series of I'p vs. Vpg plots, we can find the widths to be;

Wy o= Wy = Wy = J

T/E;‘E,vnﬂzz: = VDD - II/;le - (!Vom‘ + IVT}M”

Virmen = Vinonm — Vs + Vs + Vieps = Vinoar -+ Vius

Iss
e = 132 MV
Y 16 Cos ()

7

Woval = [Vous| =

Wh"fﬁ'n =053V
Virgy = —0.50V

Vet naz =
i/l'l.f.,m.?,n ==

The output voltage swing can he found as follows:

V})l,'m;:ln - VT’H3 < V;)m. < M}Q,ﬂ'mm + %Vif‘f‘fﬁl;
052V < V< LEV]

{c) We can use SPICE to model the capacitance and resistance seen at the mirror node (the drain
of My} to cstimate the mirror pole. Note that in order to keep all devices saturated, I used
Wiy = Vi = 1.1 V in the simulation.

Rﬂ'zi:r'r'm‘ = 420.72 )
(jm?',r‘mr = 812.61 ‘[}F

Wy marror = 2.925 x 106 I'ELd/.‘; }é
fp,mirrm' = %ﬂ ={465.5 kHz )c
"
{d) To approximate the gain, we can use the equation from the textbook as follows:
A 7 graz {ros + (14 (gma + Gmes) To3) Ta2] | [Fos + (L 4 (G + Gmba) Tod) Tos ]}

We can obtain the transconductances and output resistances of each transistor from SPICE. Doing



s0, we have:

Gma = 1.5273 mS
Gz = 1.6336 mS
Grng = 1.0988 mS
Jms = 1.3872 mS
Gmps = 03181730 mS
Gmps = DABE0890 mS

Mg A 0.904 V!

Ag = (4097 VT

Ag 2 0,696 VT

Mg 4076V

Ty = 10.00 kO

To3 = 20.00 kO

roy = 14.28 k0

Tos = 2.44 k0

4, ~[372]

To find the unity-gain bandwidth, let’s first find the dominant pole {at the output). We know
Rour from the above calculation (R = 2:1;) and we can find the total output capacitance
with SPICH:

Ry = 66.1 k(2
Cloy = 827.619 pF
Wy our = 18.3 % 10° rad/s

fp,out = \/

Assuming that the other poles fall beyond the unity-gain bandwidth and that the gain will fall
by 20 dB/dec after the dominant pole, we can perform a simple calculation to find the unity-gain
bandwidth:

201op | Ay| ~ 202 = 0

=2

'This means that the unity-gain bandwidth will oceur 2 decades past the dominant pole, or at
=|291 kHz ’
Here is the SPICE netlist for simulating the gain and unity-gain bandwidth:

* HW4

.inc ‘21Ba.sp?
.param WN=8.587bu
.param WP=40u

.param LMIN=Q,1i8u
.param ASN=WN=xQ,6u
.param ADN=ASN
.param ASP=WP*0 . 8u
.param ADP=ASP
.param PSN=2xWN+1. 2u
-param PDN=PSH



.param PSP=2#WP+1.2u
.param PDP=P3P

IS8 vsl gnd 2B0ul

M1 vdl vipp vsl gnd CMOSN W=WN L=LMIN AS=ASN AD=ADN PS=PSH§ PD=PDN
M2 vd2 vinn vsl gnd CMOSN W=WN L=LMIN AS=ASN AD=ADN PS=PSN PD=PDN
M3 vout vbl vd2 gnd CMOSN W=WN L=LMIN AS=ASN AD=ADN PS~PSN PD=PDN
M4 vout vb2 vdb vdd CMOSP W=WP L=LMIN AS=ASP AD=ADP PS=PSP PD=PDP
M5 vdb vdl vdd vdd CMOSP W=WP L=LMIN AS=ASP AD=ADP PS=P3P PD=PDP
M8 vdl vdl vdd vdd CMOSP W=WP L=LMIN AS=ASP AD=ADP P3=P3P PD=PDP
CL vout gnd O.8pF

vem vem gnd C.8Y
vin vin gnd AC 1
einp vinp vcm vin gnd 0.5
einn vinn vem vin gnd -0.6

vdd vdd gnd 1.8V
vbl vbl gnd 1.1V
vb2 vb2 gnd 1.1V

.op
.ac dec 500 10 1T

.tf v(vout) vin

.measure ac funity when vdb(vout)=0
.option post=2 nomod

.end

This netlist gives the following results for the gain and unity-gain bandwidth:

A, = 1001475
Sunity = 203.43 kHz

We can see that the gain is very close to the value we calculated, which makes sense since we
extracted the device parameters accurately with SPICE.

The unity-gain bandwidth is alse similar to the value calculated by hand. It is slightly off, however,
since the deminant pole and gain we calculated are both a big off {according to a SPICE pole-zero
anglysis, the dominant pole is at 2.3680 kIz).
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