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Solutions — Day 1
1) (a) Thelength and widths of M1 is 2um and 10pm and of M2 is 2um and 20pm.
Therefore,

Cyqy = 220x10°1210x10°6
Cyar = 2.2fF

Cydz = 220 x 1071220x10°6
Cga1 = 4.4fF
Next, we must find the area and perimeter of each drain.
AD1 = 60pm?2 & PD1 = 32um
AD2 = 120um2 & PD1 = 52um

. ClADI CISW-PD1  770x106.60x10-12 380x10-12.32x10°6
bdl = EH 2.5VDMJ+ %‘+ 2.5V [isw SH_ 25V s R 2.5V p3s

2|¢F|E 5 21 0.80 0.80

Cpqy = 22.75(F + 7.10fF = 29.84fF

___CJAD2 CISW-PD2  560x10-6:120x1012  350x10-12.52x106
Cod2 = 28V T 0 2.5V msw 25V05 T 25V 935
e S He T 070 070

2|gl o 0 2l4lg ' '

Cpqp = 3L43fF + 10.69fF = 42.12fF

(b.) Assume that the equivaent bulk resistance for the sources is found by the area
defined by the rectangle between the edge of the polysilicon and the closest edge of the
contacts. This assumption ignores the fact that current at the edges of the rectangle will not
be the same asthat in the middle. For M1, thisrectangle is 2um by 10um and for M2 this
rectangleis 2um by 20um. Therefore,

Rg = 35Q/sq.X(2Um/10um) + 4Q/2 = 7Q +2Q = 90

and
Re = 80€¥s0.x(2um/20um) + 4Q/4 = 8Q + 1Q = 9Q
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2.) A smple first-order filter shown is to be built with a Rooly vyt
polysilicon resistor and a MOS capacitor. The polysilicon

resistor has a sheet resistance of 50Q/sg. + 30% and is 5um

wide. The MOS capaditor is 2fF/um2 + 10%. The -3dB " \ Cmos]:
frequency of the lowpassfilter is1IMHz. (a) Choose the size

of the resistor (the number of squares, N) to minimize the tota . =~ FOOE2P2
area of the filter including both the resistor and the capacitor.

Find the area of the resistor and the capacitor in um2 and their values. (b.) Using the
worst-case tolerance of the resistor and capacitor, find the maximum and minimum -3dB
frequencies.

Solution

(a)

Valueof R =50Q/sq.xN sg. = 50N Q
Vaue of C = 2fF/um2xAc um2 = 2A- fF
Areaof C=Ac

Areaof R= Ag = 25um2xN = 25N um2

Total Area= At = (25N + Ac) um?2
We know that the RC product is given as

RC=o— % = (50N)(2Acx10-15) = NA-x10-13
0 Ags—L
21mx10-7N
dAt 1
Thus, AT:25N+m - d_N:25'm:0

1
U N=—F—— =252 [J AR = 252x25um2 = 6308um2 and Ac = 6308um?2
‘\/ 50mx10-7 T -

Also, Rpoly = R = 252x50Q = 12.6kQ  and  Cyios= 6308um2x2fF/um? = 12.6pF
(b.)

: _ 1 _
Maximum -3dB frequency = 270.7)(12.6kQ)(0.9) (12.6pF) 1.6MHz
1
Minimum -3dB frequency = =0.7MHz

27m(1.3)(12.6kQ)(1.1)(12.6pF)
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Solutions — Day 2

1.) A transmission gate is shown. If Vpp = 2V, what is the 1um/1Mr2n]'{__L_
highest possible large signal ON resistance of the transmission I B
gate. Ignorethe bulk effects and assume that vps = OV. Ao_
Solution 1Lelm1
_ 1 _ 106 T 1pum/1pm
RNMOS = RNWILD(VGsVTN) ~ 110(2-VAg-0.7) EVDD
106 I D2P1
= —110(1-3'VAB) 0 Gnmos = 110(1.3-VaB)US -
1 106

RPMOS = KWL (VsezVTH) ~ 50(Vag-0.7) 0 GPmos=50(Vap-0.7)uS

First, plot the sum of the conductances to graphically locate the minimum value of switch
conductance.

G(uS

150'___I—___I—___I—___I—___I—___I—___I—___I—___I—___I
430

0O 0204 06 08 10 12 14 16 18 20

D251

We note that the minimum value of switch conductance occurs & V,p = 1.3V. This

corresponds to 30uS. Inverting this value gives the maximum switch resistance which is
33.3kQ.

Therefore, the maximum ON resistance occurs at 1.3V and is 33.3kQ.

Ron(max) = 33.3kQ at V, = 1.3V
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VbD
2.) (a) If all W/Lsare 100um/1um, find the value of Vg
that will give aminimum value of V. *
(b.) Find the small signal values of R, Ry, and i /i, 100pA lout
——o0
Solution: T'L—’MA'
2:100 =
=070+ 2 \/ “2A = 0.835 R
110pA/V4-100

O
VM|N = 2(0135) =0.27V FO7E2P4

(b.) Rout = Omaldsa’ ds2 and iout/i in~ 1
Small signa mode! for R, , calculation:
Vin= (iin B gmsvgs3)rd53 + (iin B glegsl)rdsl

Vgsl = Vi and Vgs3 =-Vg = '(iin'gmlvgsl)rdsl

= '(iin'gmlvin)rdsl

G3=Sl  Fo7E2S4

0 Vin = llinfds3 * 9mal as1’ds3 - I 9ma dstasal * [infast - Imal dstVinl
or  Vi[1+09ma ge1’ds3 * Imalast] = finlMast + a3 + Il dsal

. R = Vin _ _ "ds1"'ds3 ¥ MImafas3 1
m -l 1+ 9m19malasi’dss ¥ Omildst ~ 9ma

Oy = V2:110:100:100 = 1.48MS = gy, Tge1 = M2 = Mgs3 = Mg = 0-25M Q.

1 1
in ¥ gy ~ 1.48mS = 674Q

UlR

Royt = 250kQ(1.48mS)250kQ = 92.5MQ

1

i
out
and| 7 =
n
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Day 3 - Solutions

Problem 1

A MOS cascode amplifier is shown below.
Assume al transistors are saturated and the K’ =
110pANV?, Vo = 0.7V, and Ay = 0.04V-1 The
value of Vg, gives a dc bias current in both

transistors of 100pA. (a) Find the value of
Vggy Which gives a minimum output voltage

(same as V), (out) for current sinks). What is

the small-signal output resistance, R, ;. (c.) Find

Page 5

M2 Vout

—IIZ 10p/1p

(G 1S i M1
the value of miminum output voltage? (b.) Find YGG2— I@.{l__’ 10p/1
+

the small-signal voltage gain, v ,/V; ..

' Yout
Solution

o[ ZFo _ [zI00pA _
(@) Von='\K (WIL) = 110uAN2-10 = 0.4264V

0 Vgs=Voy + V= 04264+0.7= 11264V [

- l —  SOOE2PL

Voca= 2VontVy = 1.553V

W
(b) Ryyt=20kQ|lg2rgs  9m="\/2lpK T =42100-110-10 = 469uS

1
r s = TOOPA 0,04 = 0-25MQ O |Royt = 20kQ[29.3MQ = 20kQ

(c.) Thesmall signal voltage gain can be expressed as

Vout

n

V= “OmRoyt = -(4691S)(0.02MQ) = -9.38V/V
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Problem 2
A push-pull follower is shown which uses an NPN BJT oy
and a p-channel MOSFET. In this problem, ignore the
bulk effect, the channel length modulation, and the Early
voltage. The parameters for the NPN BJT are S = 100, n Q1
|s= 10fA and V; = 25.9mV. The model parameters for =\, iouT
v —Vi I]l —, Vout
the PMOS are Kp' = 50pA/V2 and Vyp = -0.7V. (a) IN oi
Find the value of the dc batteries, V1 and Vo, which will +V izl R =
cause 100pA to flow in Q1 and M2 when the dc value of 2 1000
viy = O0VDC. (b.) Find the small-signal input resistance, I'_|l‘_‘ M2
output resistance (not including R, ) and voltage gain L_ =100 =
when the dc value of v = 0OVDC. ~ -2V SOIE1P1
Solution
(@) V4= Vag1 = V4 In%%%z o.ozsm%mg_ 05964V - [V;=0.5064V
2lp 2-100
Vo=Vggo = Ko (WIL) *+ Vtpl=\/50.100 + 0.7=0.9V - |V,=0.9V
(b.) Small-signa model (simplified): Bl G2 + Vn - Els 52
lc1  100pA T |

Om1 =V, =259mv = 3.86mS ; Vou

1+BF _ gml Tt gm2ng 1OOQ
rm= g = 26.159kQ C1=D2 SOlElSl

2Kp'Walp

o2 ="\ T, = V250100100 = 1mS

Rin® Vin =rmiin* (iin + 9mVrt 9m2 Vge2)RL = Mmlin + (in + 9mal miin + 9m2 Fmlin) R
Vin

Rin =7 =Tm* RL+ OmifmRL + 9m2 TR = 1 + RU(I+BF) + O TR

O Ry = 26.159kQ + 101-100Q + 1-26.159kQ -0.1 = 38.875kQ |R;, = 38.875kQ

1 1 1
ROU'[ . Rout = Imi ” [ = 3.86mS+1mS = 205.8Q Rout = 205.8Q
Vout  Vout V_outii_n __ R(A+Bp)+gmarmRL 12.716

Vin * Vin ~ in Vin " r 4 +R (1+8e)+gmpl mRL 38870 0.3271

?”t = 0.3271V/V
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Day 4 - Solutions

Problem 1

A two-stage, BICMOS op amp is shown.
For the PMOS transistors, the mode I‘J
| " 20/1

parameters are Kp' =50pA/V2, Vp = -0.7v 1071 |

and Ap = 0.05V-1. For the NPN BJTs, the 501A M8

mode! parameters are B = 100, Vcg(sat) = v

0.2V, Vp = 25V, V; = 26mV, |5 = 10fA and 1

n=1. (a) ldentify which input is positive 1 O_l 101 107

and which input is negative. (b.) Find the ; MTl 125uAl M2 —) |
WI/L ratios

numerical values of differential voltage gain
magnitude, |A,(0)|, GB (in Hertz), theslew ' oo
rate, SR, and the location of the RHP zero. nm Q3 Q4 ™
(c) Find the numerica vaue of the

maximum and minimum input common
mode voltages. SO1E2P1 -1.5V

Solution
(&) The plusand minus signs on the schematic show which input is positive and negative.
(b.) Thedifferential voltage gain, A,(0), isgiven as

Om1 Im6
A/0) = 902947075 947+ Jop Om1 = 9 = V2-50-25:10 = 158.1uS
1 20 Va 25V lc  100pA

) :_/\p|D = 250A - 0.8MQ, roa =Tc ~ 250A = IMQ, g = V.= 26mV = 3846uS

Br 1 20 Va 25V
6= 9mp — 26KkQ,  rys7 :E: TO0pA = 0.2MQ and r g =Tc = T00pA — 0.25MQ
O | AJ(0)] =[158.1(0.8||1||0.026)][3846(0.2||0.25)]= 3.888-427.36 = 1,659.6V/V

g 158.1uS
GB = (r:r::l = 5p|l:J = 31.62x106 rads/sec - GB = 5.0325MHz

50
R = 5p—“|é = 10V/ps

Ome 3.846MS

RHP zero = C. - BGpF - 769.24x106 rads/sec. (122MHz)

(c.) The maximum input common mode voltage is given as

250 225
Viem* = Vee-Vpss(sat) - Vas = 1.5-\5.15 - 0.7 -\/50.15 = 0.8 - 0.447-0.316 =

O  Vigyt = 0.0367V

5
Vigmr = -1.5 + Vggz - Vg = -15 + V, |n§ﬁ—“AAg- 0.7 = -2.2 + 0.5626 = -1.6374V
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Problem 2

A CMOS circuit used as an output buffer Vin = 3V
for an OTA is shown. Find the vaue of DD
the small signa output resistance, Rout,

and from this vdue estimate the -3dB 10/1:||——| 10/1 10/I_> |——|r__100/1
M | 500uA

bandwidith if a 50pF capacitor is atached vs| M3 lSO“A
to the output. What is the maximum and

41 M6

Page 8

minimum output voltage if a 1kQ resistor Rout

is attached to the output? What is the M1 150UA M2

quiescent power dissipation of this o—p——I| 10/1 10/1 |—<>z|—9r

crcuit? Use the following modd + 50UA
parameters: KN1:110HA/V2’ KF” — Vin l H M5 SOO“Al Vout

) g ) _ 5 [Mo| e, |woua M7 o
50UA/V?, Vo = -Vqp = 0.7V, Ay = ilO/}—_]I " Il__,100/1 i
0.04V-1and Ap = 0.05VL, ] Bias
Solution WL valuesin microns Vsg= -3V SO1E2S3
Use feedback concepts to calculate the output resistance, Ry

R0
Rout = T-LG

where R, is the output resistance with the feedback open and LG is the loop gain.

- G == g = 22220
Ro = Gass™0as7 — (An+Ap)lg  0-09-500 ~ <=

Theloop gainis,

_Vout'  19m29me N Im19ma[]
T Vout 20 9ma Om7 70

Om1 = 9mp = V2-110-50-10 = 331.674S, Om3 = 9ma = V2-50-50-10 = 223.64S,
Ome =V2:50-100-500 = 2236pS and g;,;7 =V/2-110-500-100 = 3316.7uS

Vour  1/3331.67-2236  -331.67-3316.7[]_
O L=V, ="20 2236 *+ — 3367 - 368NV

R, 22.22kQ
Rout =TLG = 1+73.68 = 294.5Q
1 1

f = =
"30B 7 2TLR,-50pF  21-294.5-50pF

LG

= 10.81MHz

To get the maximum swing, we must check two limits. First, the saturation voltages of M6

and M7.
2-1000

2-:1000
Vass(sat) =\/5p100 = 0.6325V  and  Vygr(sat) =\JTT0.100 = 0.4264V

Second, the maximum current available to the 1kQ resistor is+1mA which means that the

output swing can only be £1V. Therefore, maximum/minimum output = +1V.
Pgiss = 6V(650pA) = 3.9mW
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Day 5 - Solutions

Problem 1

A comparator consists of an amplifier cascaded with alatch as shown below. The amplifier
has a voltage gain of 10V/V and f_3yg = 100MHz and the latch has a time constant of 10ns.

The maximum and minimum voltage swings of the amplifier and latch are Vo and Vg, .

When should the latch be enabled after the application of a step input to the amplifier of

0.05(Von-VoL) to get minimum overdl propagation time delay? What is the value of the

minimum propagation time delay? It may useful to recall that the propagation time delay of
Vo

thelatchisgivenasty =1 In %Vogv_ll_ where v;| isthe latch input (AV; of the text).

Vin = 0.05(Vor-VoL). = Voa :
in \( oH-Vo ). Amf)llfler ‘/ L atch ' Vout
« [ o— AJ0)=10VIV s 2

=0 ! |f-308=100MHz| ./ L= !

S 99@.9%@@.--@ _______ ;
Enabl SO1E3P1

Solution
The solution is based on the figure shown.

We note that,
Voa(t) = 10[1-e @-3dB10.05(Von-VoL)-
If we define the input voltage to the latch as,

vit = x(Von-VoL) Vo
then we can solve for t; and t, asfollows:
x-(Von-Voo) = 10[1-e@-3dBt1]0.05(Vop- VsV
VoL) — X=0.5[1-ew3d8t1] X(Vor-VoL) |
This gives, :
1 nl g VoL - >t
t, = In t 1E3S1
Wy F2X0 SO1E3S
From the propagation time delay of the latch we get,
_ rYoH- VOLD GO
L= Ing v o= LIngxg
1 gl o Y% _ o T
O to —t1+t2— OaE 'n[l2xm+ T In 2x] — dx -0 gives X_1+2n_0'4313
10ns A+2mn]
t] = 2—In (1+2m) = 1.592ns-1.9856 = 3.16ns and tp = 10nsIn BZ_E
1.477/ns

O tp =ty +tp = 3.16ns+1.477ns = 4.637ns
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Problem 2

A 4-bit, binary-weighted, resistor DAC b1/ R1=2R R Vout
isshown. (a) Assume that GB =« and b Ro—4R MW ©
find the minimum differentiad gain, +1 1%

A,4(0), required for the DAC to have an C) bx  Re-8R

INL of +05LSB. (b) If the differenidl — \_J [ > _RAA~

gain is very large, find the conversion by =16R

time of thisDAC if GB = IMHz L _/_R?\/\/\,_ L sorepy
Solution

(@) First we need to find vy (ideal)
and v t(actual) for the worst case condition which is when all switches are closed (closed
loop gain is highest).

AR
. Re R+Rg
Vout(ideal) =R Vrer and  vg(actua) = - AREq [ REF
BJr R¥Regg
) R 3R
where REQ_l ]; ]; i =30
2t 2+t 8+1
VREF +REQ E REQ,, VREF
Now, Vou(actudl) - Vou(ideal) <735~ 0 -~ AReo g EF * R VREF ST32
R+REQ

A 32R AREQ RtReqrgoR |
Which smplifiesto, Reg 1—R+REQ O Az Reo (Reo ~ D

15R+16R
A>sr % 0-17= 16 29 =56.2V/V

30 30
(b.) Inthiscase, voy(ided) = -35Vrer and Vg (actual) = -35 [1- e0H [Vpep

GB-Rgg 21x10*6(32/30)
where wy =R¥RZ o - 1+ (3230) - (32/31) x10*6 rads/sec.

VReF 30 . - 30 VREF
Now, Voui(actudl) - Vou(ideal) <35~ U -3 [1- &7H [VRer + 3VRer <732

1 31
which becomes, 30 eHT = 1] T= E In(30) = In(30) S

J T=1.0488us



