Chapier 13 - Problems

3.0 The longest dwration fir Phase T oturs when
Vin = Vref in whith The reguired. nuwmber of
Clothe cycles is

g
254 = 2627210 cycles

Vo Ta= 2062500 Tl where Tk = Vsmue
= S1.4 msec

and T, = 2"%Tuk = T2

o thetofal conversion time (s T, 17, = (05 msec
m X m

13.2)

'r—; Find R,

“Nin 0——&'\)_/5‘1—_—
Vrep 0—0 } Ny ’~>_
=0y = | -

Worse case situntion is when Uin = 10V

{ [
Now 7,21 ch//g = 2% Tmde = 0.2623sec

At the o Of Phase I, s¢et Ux= 10V,

gy = YinT o g = Mal _ 19<0 262
R, C, UXC, T\QK/U())‘I()Q

Riz2e200
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[3.3)

A Derive Bont
”C' accomv‘/‘nﬂ fr
~Nin SR, ‘ otfset Vo/f‘ztge;_

o ’ Volk, o, -
Vrel + X B
=tov Yokt :
! /UOHL

During Phase T the input voltuge s eflectivel,

_(/V{y\""/UDM()
and M = Win ';/UOH,)Tl at The el of Phase T
IC]
t=7,

Dwring Phuse T, the veftrmce volfage is effectively
Vet = Vol
oo N (A) = - (Vrep - Vlol’fi ) (+-T,) + %

l . 0

- - V"” VinT, Vot
(f )+ R, € ’ R,Cllt

The cmmmv‘w now Wiggers when Wk = Voltir

Uin
- (TL’T: )t '{—al '{é"ﬁcpr T. = Ul

Vred 4 -
( R':‘C( —ﬁ%{é}) TL - M’ —_— /VO-”?_
1y
T, = _Un _ Vol R(,
Vref - Vot Vired - Vot
Now 7, = 2" Tcik
od T, = 2Y Bout Tk = T, Bout
o Bout = D= AMia  AbHy RGO
' | T Vrel —Vott, Vire} -VoH T,
Bont = AUin terr

' _ R.C
U\)l"” ey;f" R Poa)
Vret - Vo T S Vol

\/\,WW\AM’__’
o Vot s eguuvalent o ervor i The veference vpl
whz[le VoMx s equivalent fp an o ?he% M e inpyit Srgnw(



3.4) Find otset error iven Vo, = 20mV,
tut
\

01

- (ignore the % Vi offset that i hf)r/m@p
N present)

From the above tramstor chwracteristic we expect /'dud/iy
that it VUin = Visp , The 0%1;5&% 3 0000 H(Hex)

ov Bout = 27" = Ta = Ta
T 2N Telk

TL = Tﬁik

3 0 P e

With the offset, however, from Problem 13,3

A _ okt O 7 W, =0
T = (hpg T, - Ll 0"

o
A~

= Viss N = _Vref
Vra v F T kU " Telk
= _7%%"/0__0’2—). Tl = M

As Cavh Tek rorresponds fo LB, the oflset voltage

has areatrd an offset error of 1002 -1 Lsg= 0072
N

3.9 The trequencies that are completely attenuated ore
those with periods That are a nultiple of the
integrution Time | T,

! —
T, = W = Z(éx'fb—rﬁz = 65. 5% pmsec
- {
= 51 ke
V\W

Jooall multiples of 15, 3Hz are Completely atteruated,
At bOHe  the alenuation is
lsin@fT)l_ Jon (7e6045,3) | _
T, 7760///5.3

= =2%dR

SN e

[ 4 x0" %




13.6) Rep&a'f/'ng Problem 13,5 with fuk = loo0kHz .
T = 2N Tl = 2%% 7554 = 655.4 mgec
= U 53 He
Sooall multiples of 153 He are attennated

At 60 He | The attenuation 1y
M.(_Tzf_/ﬁ—)—}—— = /S}‘h(ﬁéO/l.FB) } S.09 x/p” 4
T, T 60/1,53
= -46dB
e
13.%) |
|
> | f ! |
of 4 f—J4v | l '
D/A I T B A L_ _ Vin=3.333V
3 5 3¢ f— S0V |
i | |
2 2 b—] { I
| | ! l
| | ' | i
| | | :
e l : E i >
[ | i ] o Trme
| Ontput is | Ondput 1 lOM#pm‘ 13 IOMPM 51 Final O{r'grm(
i too HIGH | Too Low ' Hp0 Low | fpo HIGH ,
| o _) | " | ontpunt
: = Set bguo; et b=l Set b= : set b =0 { Bout = by by b, b,
3 | | | Bz 0110
| i I

] |

Final dagital owlpul Bowt =0110



13.8)

[

Vx <O Vx >p

uSefbcf O Set bs=I! Set by=], (et b=0

|
Final output Bout = bybs b b

=010

| 1 | 1 | |
L] Sample Hold | Bit% | Bit3 1 Rt 2 | Bit | IFMM

| - | l

; | 03V i [ L 0. lb67y |

] o i
<t ’ }-{1 [ l-o.m\/

i re# |

VW] I

‘ .

2 | |

| |
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13.4)  Repeat Problem 138 nsSumidng 0 pavuSitic Cophlitamge
of 8C.
Wk

Hold mode - M‘y\ 7[12—1 o
1
L

Before After
Charye conservation Q= Cv =C

160V = 24 C Ux

. Nx = =% Min = "%« 3,333)
= -2.222V
Bit 4 cycle 9c
oy DAxpy = 1(#(/ Vrelzf/)‘//z Vref «/;xgl/
= 2. 667V '

g(/"i’ @/I I 8

Vr
ny ! (cont)

0



13.9 (Cont.)
Bits wycle:
Axbs = ch_ Vred = % x ﬁl/rc/ = Vxsy

l l ?_c—h] %0 = |. 333y

Vre}
OVJ—

S)‘i‘v‘:i/ﬁ/f/x/ P()‘f
Bit2 oyele, Baxbe = S5 Veef = %> Yl = 0 667)
Bit | cycle, Avxb, :/ Vred = B x Y Vet = G333V

Nole : All woltuge swings are % The origiul
yudmts  but the Enal But result WM
rLmmn (/WléhW@d‘

| |
|
Sample | Hold ' Brte | Bits 4 Bit2 | mitl | Fnal
2 ! | | | l '
! | | | | |
| I | | I I |
! R | | |
I 0.4%5V N\ | | 4~ 121/
0 1 S S 23 T _
;u\f%b |'(W3\7/%f R Time
- %Vﬂf ! 7% | | -0V
> T
g\)m | | |
-7 J y | ‘ |
-2V | I
i | Uxdo | WD + V<D I Ve >0 |
5 n A B I A

Finad ontpuk | Boult = bybs b by =0 110
Looul = oyosn & =010



bc‘W’Zk‘}-%izc -l-c :(-[.C % [ ‘
N 1& Eb Ak '3‘]% ety
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Chavge redistribution /D with offset

Explimation of operation:
At the end of the Swmple mode , we have

o M zov
Vin == Ib(#8CH¥CF2C ==
;) 40t =320 V;':& v
(b‘hbz,bz,la;,bols;) g Sobpset
3[ Vin —f— Vref

Duwring the [old phase | switches by, by, b2, b by, 53 o
Cobket 90 T /7)/02/‘4/\47( rmm’r/mf I

Uk

"—f— 32hC

By (h wrye unStyyntion

BEFORE AETER
32{/‘(’1//34) + ’/zg/(‘l/re“ = 37,’/7,/%< Vx
Ux = "2 v, = Waveet
3L 22 /2
- - "S'Z.

31,/ ( Vlh -+ /6Lf Vrf!)

Thus we see that we huve oreated on offset in U, |
of oy Vet which s equiyalent to % Lsg, AHWW&L&/
the ol cap. a,oh as & parasitic (ap. to grovmd,
W&mgﬂ small deqrudatipn m The S'g/mc( g (= 1.5% ).



1310 The output code from The Signed ChMgC’&(fﬁ/l'/ﬁﬁfm’l
Alp converter Com be mverted o a twos Lonplement
Code by simply invtriing the M38,

Expnple A Y-brt Conerter with Vet =8V g

Vf“’l :‘—/‘/
! l ’ |
2| Sample | Hold | l !
| | I ‘
| | ! | !
I | | ‘
108V \ 1
0 l . o)
l - 0.%v
., | a
| I
ERYAYy! R | .
. l v : Vi €O : Vx CO | Vx &0
L Biti=D ) mita=) | Brf3s) | By =)
. { 7
o Bout = bibubsbe =[Ol 11 represented

while in s Complement code =Ivis, |11

[3.12) Finni lx Goad Show Ve = 1 Vx
| ‘ : Cp:’OpZ:
| vesov_ | The voltryc levts ung
0‘;/ ,L c V- c \//\Iopr+ SW!‘TL(,)/L;'V% dl'r\%'fim
4 \ f*l RACIE corre spongl to The end 01[
p the reset phase .
‘ LTJ Constrvation of Ghmfi betvrten
Vel reset and alibration stages gives

C!}“(f\/ + CaNg K(Vm,t) “’ml/ = (i ( Uk, - eral)*Cz,Ng Vx, +[P l/x/
Vied (=Cang TC) = U (Gt Cumg +Cp)

Bt (1 = Ci+Cang tnd G = %—hﬁ,(,

. “Cayng tC = 'C%”ACJ’* %*L\C, = 20 (,
C (ont.)



13,12 Ceomt)

9 © er#KZAC{ = VXl((')‘#CP)

= 2A4(q
Vxi (r+(p Vret

e

Here nc, =¢-% =

. 2 ¥(<0.5) _ -
oo Mo T o ek SIS0 Vel

2.8 '32pF = ”O.SPF

To determine Ver, note that dwring bit | of The
Conversion process, only G is switched from gromd

o Vret . All other swidches pre Wnoh&m?ed. Hence
the voltaye chamge in Vx, AV, is given by a
capacitive divider rule

- C
1% _ !
Jn'to___“.____.[wﬂl/&’, AV)(, — C—l'fC?INB-fCP Vr’(’(’
oV Cp+(y,
I e = (/5 +00C,
' e

=y L, BG
[/L it T TG, | Vet
I&{(’/m,{[y AL =0 amd
Ay s —_— L C v/ ]
LVx), — 2 C7T4c/> Vet
\ _ _ bC
s V{Z, = AVX, —AVKIIH@IL/ T (7 *+Cp V/€1l
Q__)f V&l = ’/l VX;

e



13.3) Frnd Vo amd Show Ve, =14 (Uky ~Ve,).
Comf/'m(/u'ng from Problem 13,12 we now mulyze the
calibration of Ca.

Vx =0V ‘
e Lo+l - :
ov I‘ ¢ Q’\/}'Cl ViePIL(»Ng 0}«? [0pF
£y £

S
J“T

Vref
As in Problom 13,12, the diagram shaws The volfuge lovels
and switching That occurs ot the end of The reset phay,
Chowvge conservation gives

C("OV +(, 0V ‘C}}Ng VreP "'CPXOV = Cr Vx. "C),( VKZ'VY’GVC)'(CL/VB VXL "LCP V)Q
(Ce- Cina ) Vrep = CC:*Cz*C;,/vg +C,>) Vx, a

Now (= G+Aac

ﬂl/ld Ci tCytCyng = (r

o Cang = Cr -G - )
= r - (00 - (7 +06)
=2 oag -a

el~>0 [(CTTL +0(o) —(%~AC, "ACL)] Vred = ((71 +Cp> Vi,

— AC: + ZﬂCL

0 — | 20 e
Vi, = /2 Vxy Cr#c, Vref

v M—M—\,—M
MS;'M@ (, = /6.¥/JF oamd Vey = =1.35 x5+ Vred frim

Problown 13,12
Ve = [ -1asxip vred) + 200% =18) 1y
6#+10
Vi, = - 2.3 x10 2 Vred
- (cont.)

v\’_wﬂv—"\/



(2,13 (cont))
Duving bit v of the comversion process only ¢, i
switched frovm grownd  Veef, Thus The thamge in
Vo, By 1S givin by

Ca

T AVx, Wi, = GrtFComg 30, Vred
Vf?? —— _ CT/I +ac
- TO et = T = Vref

— 1 Lz ACa
4 Cr+(p Vret t Crlp Vet

| deally 2¢.=0

S BV idel = % T Vit -

Vo Ver B AVky - AVirdeal = —%%%f; Vet & and Ve, :'/zi/x,
AE = 3] k. = Ve, + 2 Ver

P

3.1y) Find the settling time.
Given . Rw = Ry, = R = Ry, =lkn
From E@.( 13.27)/
Teq, = (R, +R+ R )2V = 3xRay xCr = 3x/000% [25x/07"
= 0.38% umiec
From Egq. (13%.29),
Settling Time | T= 064 (N+1)Tey = 0064 %137038¢usec

=l e

7



13,05) A [0-brt, L-step A/p Converter.

(10-bit Gelwrily)

SHL
L

UY-bit LN TRV

Uim SH, 1 AD | D/A " P S/Hz
L i ~brt | i
(é?mljf‘ujfy) Qtfmi G‘%C”ﬁ[’w} (ga%fwy)

N

/
?
U

L\ L\ Error %;t7‘bf+
—QI Delay|[—/— Lorrectim AID
U/ (?-bn‘s )

Accuraty
10-bit worc(
out

|

2.16) The fmpmf‘ Capacitunces of The latihes wre shouwmn
explicitly here

Assuwme nodes Vi omd Vs
e driven by low

imp edante op-tmps
(ie., AsSwmmdl 2erp
impedance outpufs)

(cont, )



13,16 ( (ont.)
From the diagram | it s clear that ¢y sees an impedimce

R to node Vi .
(3 jees
R R Rin = Rly + (R 3R)
= R/L; -+ __72,&‘:.,
R N &R
Rl'h —
=R
R
R
> (e Sees Rin = QR 2R
= HRA
20 L
R =R
R ﬁkm
R

0 Cs sees The rdentical resistor netwirk as (o
Rin = R,

v o

o Cy Jees the Same resistor netwirk as Cs and the
entire Structwre is repeated .

Jo All Itk capacitamees have an impedance of
R associated with them

IF we wsswme all Capatitmnces ane equal to C

thwre all time Constants are ehual fo ke



13,17)

0?( UO?A.T
. Vout =S (Ot %é % Vos1// Vs,
tin [;I Q > QM’VMH =Sokn
kN =~

QW’H = - ( g”n + gmz,)x Vosi // Vs

G = MalocWALVeR = 10p M4« | < (a5 1)
0. /S /"}’iA/V

1

i = MpCox (W), Vel = SO M%7 x (25 - 1)
= 0,15 Al
Jo giin = T 0.3mAN xS0 kn
=~ |5

SN~

oo A o fTmy difterentinl rapat Js required 10
product o 1V outpul change.

1 A Vi = 6Fm V. or Visg =133mV,

thon The maximuwm Puwmber of brts This Comparutor
Can determine (s given by N where

—~ Vref
VLSB -—-2’7\“
N = Vet = SV _ -1
< LB 0,133V .5

N =52 brts -:7%



13.08) For the minimuwm linewr region, we Can thrmy g
Simplitied |ine diagram reprisinting the linear
nd. Suturated regions of oplrations of the [npul
dmplititrs. The solid lines represnt o linear region

D3125V Fron 0.25 00,5y,
ey The dotted [ines represet
Hhe minimumn lineay
VC@[U‘V\

Latch threshold

minimia, lineay 04335y

) region
Cothe trrent between Vioand Vo s
[ = 0A-V)/e
) Vza:‘/"‘/“R:V'jLV%!L)
= Yy v Wy VRN A R R
IV\"{/I/OUI/U((C/(L Livtc)

5»’m{l’ﬂvr/y betnttn Vi oyl Vo
Vo = I/’L(Vr'“/LJ
Ve = (Vl)cf + 3/‘{» Vo

These limes are shawn (n the above diggram fud
e marked 0,5 amd ¢ We Cmn see Thal The
[ines e euenly sprced oeross the threshold
crossing o long s the linear region Covers
the crossing points of Vaa aud Vac
Thus the Winim [inewy /”%/'Un» 3

0.5+ 08 Ly, < o5 - 0

03025V < Vin < 0. 4315V



13,14)

13.2.0)

5. 21)

The key limitation to the speed 0of G A/D
converter s its ability fo Swmple the inpul signal
7LO withrn V2 LSBZ{O{CCMVM}/,

For & clocked Hlash or interpolating Ao converter,
this lwrgely relata to the abilty fo synchronize
the Sampling times of the ind wdual “compoents.
This (i be” M((Omp//'shw( by matthing impedmnins
omd clock skow within the C/'V(/t/ti"?‘m/_ With Swmple -
and -hold circurts, however, we are faced with
multiple challenges Such as charge injection,

S/gnm( ~dependent Jiker and parasiiic Capa/fimes
which Com came S/'gmd_ f(éo(z‘hfrmqh al hz"gh
Fr%m&nc/‘es‘ Combrned. ﬁ)ge ther | These problms
can often prove mare diffrwlt fo resolve thun
thow assodated with flash o interpoluiing designs,

folding rate x # fo/p{ing blogk

= 2" . L Lakh _ ,
# [atches # bl T x # Fol, " blovk
= "

Givon © N-bits with JLD/d/nﬁ rate of 2F

- 2M
Now FRrR = # latihes

A A

Hlatdhes = 7 =

FRr 2F

°

= ZN"F




[3,22)
Design @ . 8- bit %/yiz‘nﬂ//‘mf&rpo/m/'nj A/D
. Y ?o/ofmg blocks
0 g—b/’fg MEB , 3-brts /I/77LW/J0/&&7‘/'07/\

S vsfmzighf interpolating 4/0
» Same inpul capalit)ve load as Design (B

Design ©: -« 8-bit flash A/p

Let Cdp be T (nput Capacitance associated with
o ditferentoal pair

The input Capacitance of dé&[gn @} Crn (s
Cing = 2* Cp = 256Cdp

For DLSIgn @, 7 'PO(O(/'I’% rate of 9 @/'005 Y-brts, ol
4 fO{dz'VLg E/MA ﬁ/'(/'e 2-brts

So R iaterpolation by §0S requared fo obtain The
remaining 3-bits nueded for an §-bit Converter.

s Cl"n@ = #'LO}O‘!’AV%} blocks x C%/ﬂ/'nj blyk

#K(#Oc’dihﬂ rate x Cdp )

S2cp

Vo Betwenn the folding / interpolating design @ omad
the Hash desipn ©, thore 1s a_velutio fuctoy of

, _ 8
P
In order for design ® tv have the Same /'/’?/Mf
Caprcitance as Design @, o interpolatiom futor of
T panst b wied. Thus we rud § resistors between

Wl



13.23)  Asswme that sampling occurs signad is HioH,

o 1 1L L
o 1

. |
Qs
Py

:
1
j g
l
i
;
;
|
1

1

| |
|
[ I |

Note © rdeally Phaje 6o Should s/rjhf/[ /% behind
47 o SR | /3 / J
(e other phases to thsuwre Thal The scuond
Stage S/H Circnits havt the most
Stuble inputs from the first stage.

x
|
I
|
|




