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2. [10] For the current mirror shown here, ‘5

/\’ a. Draw the small signal model of the circuit, assuming that the amplifier is an ideal op-amp with a large
positive gain A, and that V . is a constant voltage.

BTN

’5 b. What is the minimum value of Vref for which transistor M1 will remain in saturation? If we compare
this circuit 1o a typical simple current mirror, which has a lower mmlmum input voltage? Why?
St Iy r.
ek PNov, | wohich & \w *‘M ”‘P fnined

c. Write an expression for the small—sxgnal mput lmpedancc gf the curre\rft mirror. How does that compare

to a simple current mirror? \ k ~ A \
ol g s A TesY 6‘"‘1 A /3M
,C‘f"-"“ (omPore o

L d Wme an exprcbsmn for the outptt lmpchz(ance of the current mirror

Ro = ((?1 f\aMM"j [N aed \V"‘

‘,\ﬂ"-
o g/,,
? -
3 []()] You are designing a single-stage CMOS op-amp to be used in feedback to achieve a gain of 5. The

gain must be accurate 10 1% from DC to 1 Mrad/s (including any 3dB losses). The load is a 10pF capacitor.

You are restricted to bu.sm;, 3 your transistors with overdrives between 100mV and 1V, and they look

reasombly quddram, in that range, m‘c JC = /¢

U thi is the minimum opgen-loop gain and dominant pole location of the op-amp?

' R o ol
A§ = S' (-OO = SOO .

§E b. What is th(, mmnmum mly gain frcqucncy of the op-amp?

= GBI = S0 - Mgy, 8 [pom radls
'} c. What is the mmxmun" %nbwnduclancc of the input transistors? Eh ‘o

\ -3
od
WM Waz /e 3 Jm= = Yomed , (6 = (0 §.T

YV d. What is the minimum current in each of the i Input transistors?
sm’_m 3,_7\fcu'l°0m\) Hun && = (o

5\0/3 = G Brpss
2 150 ph

e » |M

-3

Scanned by CamScanner



T e e R

[16] For the figure below you may assume that the switches and op-amp are ideal. ¢;and ¢2 are non-

overlapping clocks. Assume all of your capacitors are initially discharged. . .

a. After the first round of ¢, and ¢, (we’ll call it cycle 0), what is the charge, Qr[0], on the right side of !
v interms of that cycle’s input, Vin[0]?

QsTel= Que)= Cs (°’V«NC°J_) = C¢ (6- Voot 103) =-agldl \;Eo]= Cs‘thPj l

¥ b. What is the corresponding voltage, Vout[0]?
_ Qeilo
Vout U)] = %Vm&j = _FC_(\:_]_
¥ c. Now the input voltage has changed to Vin[1]. What is the charge Qg[1] on the right side of Cr after th
next cycle in terms of Q¢[0] and Vin[1]? .
Qsll-@ ¢ (—Vm[\]) — Qrlil= gl - Qsii]
Qxld= axle]+ ald ——-l lQFC\] = Qe ol v csNimDl
%»d. Write an expression for Vour[n], the output voltage after n cycles.
= _Q¢nl (@
VooEgl Vserln)- cF - G Vil
L=e

Pe. What do we call this kind of circuit?

I l"\‘&,é carov i

Same circuit, different types of questions:
Yf. During ¢ what is the feedback factor for the amplifier?
CF
]{: - Cs+Cx ‘

¥ g. During ¢ what is the total capacitance at the output of the amplifier?
Casra = Cur (1-F) C,Fl_% =

% h. If there is parasitic capacitance Cp on node V-
what is the new feedback factor?

» does that change the feedback factor during ¢, , and if s

ET—

Cr G+ Cp
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[15] Given the cascode amplifier below, gn=1ms and rs=10k. CL=2pF, Cg=100fF and you may assume

hat all other capacitors are zero. The current source has an output impedance of 1M.
\ On the next page, plot the magnitude of the output 1mpedance Zow , vs. frequency. LABEL AXES
/)CLEARLY;? = 9o 1M = (07 107 Him ¥ j0%
3\’/ What is the output pole frequency?
{

P~ oo, = L I
‘“" C. What is the low frequency 1n1pedance seen looking into the j Zout
source of M2? 4. ( L+ MY ] 5
;° = 10° (1+r00) g o 3
v M2 !
to = 0°Q), I J
iip\-! d. What is the low frequency gam from Vin to the drain of M1? < y k
) 3"‘1 (r°‘ L 0252}' ' '0 = “ID\//\/ 232 %
€. What is the low frequency input capacitance if Cgg=20fF? [w c ‘\
Miller Cap! Gy (1+10) = 22.fF . A’%Cﬂ: ,q,,r;:mw.v M L
M o] .
¢ Cie= 23off + 10085 = 2n0te ol cer { 5“—
f. Plot the magnitude of the im

pedance looking into the source of MU\‘\'\Q\C -\\M s here MM\ mpedance

20 hare M2, Zsy , vs. frequency. LABEL AXES CLEARLY [ Somn \ vsg, ))’& 2a,
\oé.g;@ What is the second pole frequency? Za s 5%9 13 (‘ Sen e e
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.[2Q] For the figure below, Vin=-
1gnore body effect, and assume {
a. Assuming lambda=
b. Assuming lambda=

Vip=1V. The overdrive voltage on M3 and M7 1s 100 m\". You may
hat the devices all look quadratic.
0, estimate the currents in on the transistors in the table below

-~ Tr 0, estimate the bias voltages on the gates of the transistors in the table holow
o € Square root of 20 is approximately 4.5
A )
EVEY -
DS ML M3 M35 M7 M9 Ml1 M16 | M17
D
2 A
00 ) Jooxft | 200uA | 200uA poouA | 1osud |90 wA sooadd
.\:
Vg 3V
3 .
3.9V ’5Q\/ [V LV 1. 48N 3]\ 3.8\
c. Estimate the input common mode range (give a voltage for each)
09)“ Viem, min = / =
ol » min @ ~0 WS ' iem, max _@ 3.’@\f
d. M . . . . . . .
Estimate the output swing for which all transistors will remain in saturation
Vo, min = V
0, min W’ adsy Vo, max = w. W
_ 455 ®.
¥ o0 = i3S
hd ) T 2 .;,\ 3
[ [ 5 5\‘1
Dl M5 omg T ) Mt . 3 .
ﬂ ¢ o | T l)Q.\\} ~ WS W < ‘ \
W=200u |  W=200u ~ e ‘ . >
L=2u L<2u } VLV=‘2L?0U W=ty I oo
3.9v | N =
[ -
. , R U v
v proe e AR
Mt T“ e wm W=1dy f R e
’ vii ! ® L=y NN =y T
 vop | via b o
S /‘l. © 1 W=100u W=1004 i *
H\,,D 200uA L=2y L=2y * * =
-l [ T—
‘ M6 A&
W=5y ;
e Ny .
L= ® \ L)
| 2l 1dsy o W "
‘ i Q ~ =dy ' i~ Ay \
i LN Q88N v
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| Mj !
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LO%R sranee > 178 X Vov m’ju‘ ad I 220
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. . Tino | OS process with
For the following problems related to the project, you will be working in a CIZI 51 Wi =Lmin=lum. Note
HaCox=200uA/V2, pyCox =100uA/V2, Viu= -Vip= 0.5Vand A = 1/(10V) (lum/L) w1 min

that this is NOT the same process as you used for your project this semester.
The supply is 2 alkaline cells, s0 Via = 1.6..3.2V

You will design parts of the following analog blocks
o A low voltage bandgap reference

o an analog regulator with an output of 1.25 V
. an ADC reference voltage of 1V
. a digital regulator with an output of 1.5 V .
. a 2-input analog multplexor with a single control bit . ' '
. a programmable gain amplifier with one gain select bit, and a gain of either 1 or 5' .
J a 10 bit switched capacitor ADC. The ADC has an input range from 0-1V. This is less than
Vbpa.
op-amp topologies for parts “b” below: N or P input; 5 transistor, current mirror, 2 stage, folded cascode
7.

[8] To get started, carefully sketch the drain current v

s. drain voltage for an NMOS transistor with
W/L=10w/1u, Vgs=0.7V, from Vbps=0 to 1V. Label t

he axes. Label the transition from triode to saturation.
Tps o LA °2 data pUHS fiv cat (2pt each
e nEK..maces A3 Sab) 40wdt ot eook ,
REL T -
\P(,y? | Perend Haarc
44 , i« a sir agixt
A R s T S N ‘- Hine.
@ T B et [T
.............................................................................. ;5.;
° ﬁs\o.h;\* 5 \\__\/"S V]
ID:%M:JZMQI(%)(\IQS Vt)?.(“2 ‘ ' o1 . ho
- Vg _ o4
. ) @ Vo= g4 . (200 44 (.0)(0,92(
Qs=o3V=y Nevz 0.2y H 0.02)
oy — \oo-(o.oq. o -
<Py @vbr_\_m{: |_(u )(I )().ol) = ‘io(l.oz)
L 2229 (10} (.0q) () = 4.08(0)
== do(1n)= 4404 = 40.3.040
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Low~vohiaae Bandoap
- For — .
D ' M2
e
i B &
—O
-1 i } L+ l
- ‘ /4 |
FA
R

E. 2,
S
B

. @ s :

T o fu= saove cirouil zssume that the op-amp is high gain and the transistors are identical with high output
~ 2 Zamizn win (prove) the three currents labeled “,+I,”” must be equal, why the two currents labeled 1>
— s D2 =guzl znd why the two currents izjge]ed I must be equal.
=5 4 Tp= g, Gerlethsidee
L s s due to micmT M| YANYH
g}; Wz 3s The voltage across Rj?

| e = 1dN) - geed

;l_"\f“

- ©) Wrnz expressions for I) and 17 in terms of Vewz (the right diode voltage), Vi (thermal voltage), R1, N,
4 mdR2 .
T,z Sbe PTAT
_ 7 Neea

——
-2 -

Forl; and Iz, which one is PTAT, which one has a negative temperature coefficient?

I 1, Gps
£) Put 11 4] sogether: Find the equation for Vs

Nef . -/Imjl')%g - %3.(\/4,@ *(%\\V\/\I-\/n,>
2 %) Roughly what should the ratio between R:'and Rz be to "
77 : et zero t Tont .
RE 28 23 meger times the other, & \ha; % -2 [, g\lm ul;(:) .?:gf\? t/‘;:e coefficient on Vee? Write
%z' . oeplE

. . 0. 03Swlic » WnlND
T Rougaly what should the ratio between R; and R; be to

the ofher. o Bordeop o | . get Vier=0.6 V? Write one as an integer times
/Lb) Give the % R3 1Ry of (&9 = \3_
#ve e minimum reguired supply volta his cf >
| ~ e for this circuit j i :
208 Vi = 0,65 0.5 2 his circuit if the mirror transistors have a Vo, of 200mV
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Segulators. You decide o

reststors, clearly indicate what their ratios should be.

x%qhg

EM 1.6V

—] P

L - Vamley 2

TohD _1- 1S

I
B
4—])
9
p
)
N

=Sk

B [S-I for the_digi:ta[ regulator Op-amp:
L what is the commop mode input?
-6\

0. what is the OUtput swing needed?

VEO‘ th - Va ~
. ) W ~ Vno - Vﬂ\ ,
o what is the voltage supply?

LoV - 3y
. which topologies wijj NOT Wwork, and why?

LG Loerfe

ADC ,-mrM =

——E{i}—{g l Voryul \_\

Ot to use the fancy low-voltage bandgap, and go back to a traditional one.
L [9] draw the schematic for the analog regulator (1.25V), digital regulator (1.5V), and AD
=egulator (1V) using op-amp symbols. assuming that the bandgap is producing Veg=1.25

C reference
V. If you use

Vot

Scanned by CamScanner



e R T TR R T T

Gain of 1 or 5 PGA

a. [I 0]t draw the schematic using an Op-amp symbol, transistors, and capacitors. Assume that the gain
contro

c 1 bit G al?d'two non-overlapping clock phases ¢1 and ¢, are in the analog power domain (0, Vppa)-
you need a digital gate, draw tl:ﬁ schematic using transistors.

—_— ‘

Co
Voon

i
AC \ V) ‘U’“
03 ¢:—T_{"‘—’ﬁ-JL Same Mux A5 (’MW
\Vin ! /‘—,a

b. [5] for the op-amp:
1. what is the common mode input?

ov
1i. what is the output swing needed?
0- Veoa or  0- Ubowsf
lii. what is the voltage supply

VDOA .
iv. which topologies will NOT work, and why?

(> NS il\fl«t not  oork
2) 57

3) w:—f'm a Old:Pi g-hzje s
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ADC. Vin=0to 1V, Tbe reference voltage is 1V. The analog supply is 1.25 V.

' a [10]drawa sche'matlc of the {XDC using an op-amp symbol for the comparator, and transistors and
capacitors. Don't draw anything for bits 1 through 8, but do draw bits 0 and 9. Assume that there is a 10
bit digital SAR controller supplied to you.

Vast 5 ,
Vg — T — j> she

C
A
LO

b. [2] if the unit capacitance is 2 fF, what is the total input capacitance of the ADC?

Cz2°.2 = 2" = 2068fF

c. [10] sketch the waveforms for the first two bit decisions (b9 and b8) for an input of 0.4V. Specifically,
sketch LD, b9 and b8 on the lower axes, and both V+ and V- of the comparator on the upper axes. Clock
edges correspond to the vertical dotted lines. LD goes high on the second rising edge.

1.2V
v @

Ve : L0V
V+ 88V 08V
V- '

- 06V
~ 0.4V
---------- 02V
LD
: )\ »
b9 @ ; —
et 5 | —»

v
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b. [2] estimate the MUX "

\ ] (
Ren = .

on" resistance for an input near 0OV (I want an answer in Ohms

and 1V (not 0 and Vbpa)

or implementation, Label W/L values. Assume that the control bit
DDA). 1f you need a digital logic cell, draw the transistors

—X

, not a formula)

¢
= 3K %= 3kn

A€o 1 (Voo V) WprSx o5y 3
input at 0.5V, is drivin

c. [4] The MUX, with one input at 0V and one
the voltage waveform when the input to the MU

X select switches from the 0.5V in

g a IpF capacitor. Carefully sketch

put to the OV input.
Label the axes. Label the times when the settling accuracy is at 95%, and 99.9%
A
T s — e e e
&'V B A R N T
99.9/
1z tor
13K (PF = ‘0505
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