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1

(@)

At time ty, transistors M1, M5 and M9 have the same biastpdihe drain-source
voltage drop is therefore equal for all three tistoss. The source-gate voltage for
transistor M2, M6 and M10 are therefore identi®dith (. =y =0), the current through
the transistors M2, M6 and M10 will therefore berntcal. b for M10 = ke => Ip for
M2 = Ip for M5 = let. In a similar manner, transistor M4 and M8 willveaidentical
bias points at timeé,, resulting in identical gate-source voltages fansistor M3 and
M7 giving that b for M3 = Ip for M7 = Ip for M6 = .

SO byt at time § = -lef = -10 pA anddy; for time § = ler = 10 pA.
(b)

When the down signal is high, transistor M1 will inethe linear region. From (a) we
know that the currenglwill be 10 pA.

Transistor equation for a NMOS transitor in theetinregion:

a W VDZS _ _ 5 21, _
I D — ,UnCox T (VGS _VTN )\/Ds _7 _>VDS = (VGS _VTN)i' (Ves _VTN) —— =

W
C _
lL[n [0)4 L
_ | 083mv
s |(579%)
Transistor M10 is always in saturationsMs then given from:
1 w 2 — | 2 - —
o =g o Voo Vi F LAV} =g, = J G o W e T
n - ox L

which is also the ¥s for transistor M2.

Transistor M2 is in saturation as long ag€¥ Vi) and (\bs > Ves - V1n)
VDS = VGS _VTN =0.4683V - 0.4V =68.3mV
The minimum output voltage is themdfs + Vosmz = 0.83mV + 68.3 mV = 69.1mV

The same calculation as for transistor M1 givegrmsistor M4:

W VZ 2|
ID :/'IPCOXT((\/SB _IVTP|)\/SD —?SDJ :>VSD = (VSG —[\/TP|)._|. (VSG _[VTP|)2 _ DW
IupCox
L

D

o [1897mV
| (5498/)

The same calculation as for transistor M10 givesV@
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Vg =0.6466/ which is also the ¥ for transistor M3.

Transistor M3 is in saturation as long ag£W¥ |Vre|) and (Mp < Vsc - |Vre|)

Vsp = Vsg —|Vrp|= 0.6466V — 0.55 V = 96.6mV

The maximum output voltage is theRgV¥ Vspma - Vosms = 3.3 — 1.697mV — 96.6 mV =
3.202V

The output range of the charge pump is thus 69.¥nW;; < 3.202 V.
2)

Start by deriving an expression for each outputagd, \buu and Vourp, @s a function of
the input voltages M and V..

outl gmlRD( |nl )
out2 ngRD( in2 )

The voltage at node P is equal to the voltage dva@p Rss generated by the total drain
current of the two transistors.

V ( +|D2)RSS gml( il )RSS+gm2( in2 ~ )RSS3

gml inl + gm2 in2
" Ot G R L

The voltages at outputs ) and by, can then be found by substituting #r the
expression above and simplifying:

outl gmlRD( int ):_(gml +ggn:1|j;RSS+l(\/m1 ( int |n2)gm2RSS)

out2 ngRD( in2 — ): _(gml +95:]SDR$ +1(Vin2 +( in2 ml)gmlR$)

Now we need to find the gain for the two differemgut configurations shown below:

Differential Mode Input Common Mode Input
vdd vdd vdd Vvdd
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. . V, A\
Differential mode: Ay, _py =20 = -—ouL _ouz
\/idm \/inl _\/inz

We insert \h1=Vigm/2 and \f,2=-Vign/2 into the expressions for,y: and Vb above to
get:

_Vodm —_ gmlRD Vidm
Voutl - 2 - (gm+gm2)Rss+1(1+ ngZRSS) 2
— _Vodm — ngRD Vidm
Vout2 2 (gm+gm2)R$+1(1+ ng:LRSS) 2

Now we find the differential gain as:

AD - Voutl _VoutZ - _& gml + gm2 +4gmlgm2RSS
M -DM

Vidm C2 (gm + ng)RSS +1

V AV
Common mode: A, _py = —2m =—oul
M -DM V V

icm icm

V.

out2

We insert \h1=Vin2=Vicm iNto the expressions foroM; and Vb2 above to get:

_ 9mRo

Vou - \/icm
" (g * Ore)Rs +1
— ngRD

Vou - \/icm
? (g * 9o )R *1

Now we find the common-mode gain as:
Vour Vouz - _ (9= 9m2)Ro  __ AguRy

Ag - outl ~ Vout2 —
M -DM

Ve (m + 9mo)Rss +1  (Grg *+ O )Res +1

So the common-mode rejection ratio is:

oMRR = | Pon-om | = G * Gz + 49T Res
Aou-ou| 21g,

3)

(a) Small-signal model:
VOUI

 Yx
? Im1Vin ? Om3Vx —T Cx OmsVx —T C_ R,

Write the nodal equations for the circuit:

_ _ _ g
KCL @ Vx: OmiVin t OmaV/x +SCyVy =0=V, =— Oms +mlSC>< Vi
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V g.:R
KCL @ Vout: ngVX + $Lvout + out — O :>V0ut - — m5" ‘L y
1+sC R

The transfer function is then found to be:

H(g) =vor (9= mImsl g L ;g 1

Vm ng 1+ Sc:LRL 1+ Scix
gm3

(b) We rewrite the transfer function in terms of the B&n, A, and the two polesp:
andwmpz.

H(s)=AB— 3T
1+i 1+i
Wy Wy,
where A = ImOnmsR 6000y, @, = L -2 Gradss W, = 9ms = 328Grad/s
ma C R 30 Cy
The unity gain frequency, = 2 Grad/s, occurs wheh (jw, ) =1.
H(a)=A0— oY =

] (s

2 2
A= \/1+(@j R/1+ (ij ~ 351> g,, = 585MS

2 328

The phase margin is defined BM =180 +UAH (j«,) =18CF +0OH (ja,) if p=1.

OH(jw,) = -arcta Y |- arctan A | = —arctarEZx?’oJ - arctarEij ~-1195°
Wy Wy, 328

So the phase margin is

PM =180 -1195° = 605°

4)

2
The total delayD = mt, +n'{038(%)2rc} =mt, + 038% rc

2
For optimum delay we should ha\vgeD— =t,— 038d—2 rc=0

dm m
_ | 038rcd?
My = B
p

Replacing the values foc, d andt, results in:
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4

_ \/ 038x960x10°(2x107%)? _
pt 12 =5
50x10

Since the line is non-inverting then we choose 6.

5)

a) Initially we assume that §/=0 and there is no charge on C; M off and M is on
and M, charges the capacitor. Thepa¢/=3 and \&sr|Vi=1.5 and M s in saturation:

l, :%XSOX4O><10‘6>< (2-05)* = 225 mA

M, will be in saturation region until ps:=Vssr|Vi{=1.5 V or the voltage on capacitor is
1.5 V which is the switching threshold for the camistage. To get this point:

_CIAV _150x10™x15

I 225x107°
From this point on, after 200+225=425 ps,\joes 1. Now we should calculate the
time in which the output of the first stage react®ed/pp. When M enters the linear
region, to have a rough estimation about the chgrgime we can assume that the
capacitor is charged with a constant current wisctine average of the currents in the
beginning and end of the transition. Then:

At

=100ps

2
1V, =18 =50x40x10°* x 05" - 17-) = 225 mA

2
I,(V. =3) =50x40x107° x (1.5><0—%) =0 mA

_CIV _150x10%x15
| oy 1125x10°°

Since 200 ps is less than the total propagatioaydel the second and third stages (425
ps) then the voltage at the output of the firsigstaeaches M before the next
transition.

At

=200 ps

When V,,: goes high, Mis on and Mis off and C is discharged by MTo reach 4p/2
which is the switching point for the coming stage:

l, = % x 200% 20x10° x (2— 05)2 = 45 mA

M4 will be in saturation region until p4=VsssV=1.5 V or the voltage on capacitor is
1.5 V which is the switching threshold for the camistage. To get this point:
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_CIAV _150x10%x15

At -
l, 45x10

=50ps

From this point on, after 425 ps,ygoes low. Using a similar method we can be sure
that the capacitor is completely discharged bettie next transition. Then o\ is
425+50=475 ps at high and 425+100= 525 ps at Idwe. @eriod is 475+525=1000 ps=1
ns and the oscillation frequency is 1 GHz.

6)

V;)ut

3V

o —7 I ™ 2 '(b




