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Prob.29.5

in Yo
Y- P, D, é
L = Vol = Ugital (T actuad) — (= o ieal) Lus)
Vo, ided \ o207, = #0| \'ﬁ""ld-l-l \ BOD,= oo

L = <V0M‘\“'\; o,o\d‘ﬁla»lpp (\)O,u‘ln\‘(— OI\MH) ( \Td'LAc‘t‘uY": ‘Tv‘rpdhl‘}" ‘Tleo(a\lI

""Tcﬂ:\db-‘l
Banp, = oo
! { Lem2
ol +ie o eV LW . 24 3, WV, = U+ Uge
6 \-,_+\;- - 3 +2R-+5F. S <+ 1+AV’~ 1 i+ UFEF w
Wl . W -v. U - J,
3\‘+-/—_\“+»->2—f W, = Vgt oy 3
\ P R R4 ( "V ‘ ©
W= ok = W=V, v,
r~ L& +—.,p\+°2‘>(},‘v 2o P/&)\% ~ % =

with Hahcso, Wpeyease sR *o ma\t& JNU oy D'JL 20 s g +
L . 3-€ .
whn OR = 305 LNV o = \wl»7\ = 0.4496 (5§

. (O Ly = | onlg) = 0. 24 LSB
%o, B8R Q‘..,@?:X ty the

Vref =5 DR :=.305 R:=1

upper \i wit +o \eur e DA have 3 bk yaSolutiey

DRR = 2R
R
3 1
alfa = 1.5+
2 + DRR
VO = Vref V0 =0.705

((0.5 + alfa)-((0.5 + alfa)-alfa — 1) — alfa)

V1 :=alfa-vVo V1 =1.364



D2:=0 DI1:=0 D0 :=0

iTACO :=D0—Y2 _ ¢ D1—YL _, po_ V2
22R+DR " 2.R+DR 2-R+DR

iTIDO :=0

D2:=0 Di:=0 D0 :=1

{TAC1 :=D0—_"0 +D1 vi +D2 V2
2-R+DR 2-R+DR 2.R+DR

iTID1 :=.3125  iLSB:=iTID1

D2:=0 D1 :=1 D0 =0

iTAC2 :=D0 vo +D1- vi +D2 vz
2-R+DR 2-R+DR 2:-R+ DR

iTID2 :=.625

D2:=0 DI1:=1 DO:=1

iTAC3 :=D0—2__ ;DI vi_, v2
2.-R+ DR 2-R+DR 2-R+DR

iTID3 :=.9375

D2:=1 D1:=0 D0 :=0

iTAC4 :=D0—Y0 Vi pp_ V2
2-R+ DR 2-R+DR 2.-R+DR

iTID4 :=1.25

D2:=1 D1:=0 DO :=1

{TACS :=D0-—"0 +D1 vi +D2 V2
2-R+ DR 2.R+DR 2-R+DR

iTIDS :=1.5625

D2:=1 Di:=1 D0 =0

iTAC6 :=D0— Y9+ p1— YL D2 vz
2-R+ DR 2-R+ DR 2.R+DR

iTID6 := 1.875

D2:=1 DI =1 DO =1

iTAC7 :=D0—9__ . DI- Vi b2 vz

. 2.R+ DR 2.-R+ DR 2-R+ DR

iTACO=0

iTAC1 =0.306

iTAC2 =0.592

iTAC3 =0.898

iTAC4 =1.134

iTACS =1.441

iTAC6 =1.726

iTACT7 =2.032



INL and DNL

INLO:

INL4 :

INLS6 :

INL7:

DNL1

DNL2:

DNL3

DNL4:

DNL5

DNL6

DNL™T

_ iTACO- iTIDO

iLSB

INL | -= iTACI - iTID1

_1TAC3 - iTID3

iL.SB

iTAC4 - iTID4
iLSB

_ITACS - {TID5

ILSB
iTAC6 - iTID6
iLSB

iTAC7 - {TID7
iLSB

.. iTACI - iTACO- iLSB

iLSB

_iTAC2- iTACI1 - iLSB

iLSB

_1TAC3 - iTAC2- iLSB

iLSB

_1TAC4 - iTAC3 - iLSB

iLSB

_ITACS - iTAC4 - iLSB

iL.SB

_IiTAC6 - iTACS - iLSB

iLSB

_1TACT - iTAC6 - iLSB

INL! =-0.021

INL2 =-0.106
INL3 =-0.127
INL4 =-0.37
INL5 =-0.39

INL6 =—0.476

INL7 =—0.496

DNL1 =-0.021
DNL?2 =-0.085
DNL3 =-0.021

DNL4 =-0.243

DNLS5 =-0.021
DNL6 =-0.085

DNL7 =-0.021
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Prob.29.6

D=000

VS2:=0 VS1:=0 | VS0 :=0

Vo :=%-(0.5-vsz +0.75-VS1 + 1.375-{150)
V1:=2-V0-0.5-VSO

V2:=2.5-Vi- V0- .5-VS1

D=001

VS22 :=0 VS1:=0 VS0 =5

VO ::i.(o.yvsz +0.75-VS1 + 1.375-VS0)
V1:=2-V0- 0.5-VSO

V2:225Vi- VO- 5-VSI

D=010

V8§82 :=0 VS1:=5 VS0 :=0

Vo Z=—};-(O.5~VSZ +0.75-VS1 + 1.375-VS0)
V1:=2-V0-0.5-VS0O

V2:1=25V1-V0- .5VSl

D=011
VS2'=0  VSI:=5  VS0'=5

VO :i(O.SVS?_ +0.75-VS1 + 1.375-VS0)
Vi:=2-V0-0.5VS0
V2:=25V1-V0- .5-VSI

D=100
VS§2 =5 VS1:=0 VS0 =0

Vo :i-(O.S-VSZ +0.75-VS1 + 1.375-VS0)
.4

V1'=2-V0-0.5-VS0O

Vo

I
o

Vi=0

V2

]
(=]

V0 =1.719

V1=00938

V2 =0.625

V0 =0.938

V1=1.875

V2=125

V0 =2.656

V1 =23813

V2 =1875

V0 =0.625

V1 =125



D=101
VS2:=5 VS1:=0  VS0:=S5

\4¢ :=%-(0.5-V52 + O.’}S-VSI + 1.375-VS0)
V1:=2-V0-0.5-VS0
V2:=2.5VI-V0-.5VSsl

D=110

VS§S2:=5 VS§1:=5 VS0 :=0

AAY i=%'(0.5-VS2 + 0.75-VS1 + 1.375-VS0)
V1:=2.V0-0.5VS0

V2'=25V1-V0- .5VSl

D=111

VS2:=5 VSl =5 VSO =5
VO ;:%-(o.s-vsz +0.75-VS1 + 1.375-VS0)
V1:=2-V0- 0.5-VS0

V2:=25V1-V0-.5-VSI

V0 =2.344

V1=2.188

V2=3.125

V0 =1.563

V1=3.125

V2=3.75

V0 =3.281

V1 =4.063

V2 =4375
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29.13

29. 3%

Input D2 D1 DO Vout,ideal(v) Vout,actual(v) Vout,nogain(v) INL(v) INL(LSBs) DNL(v) DNL(LSBs)
0O 0 0 o 0 g 0 0 0 0 0 0
1 0 0 1 0.625 0.455625 0.536119516 -0.08888 -0.142209 -0.08888 -0.1422088
2 0 1 0 1.25 1.0125  1.191376702 -0.058623 -0.093797 0.030257 0.0484115
3 0 1 1 1.875 1.468125 1.727496218 -0.147504 -0.236006 -0.08888 -0.1422088
4 1 0 o0 2.5 225 2.647503782 0.147504 0.2360061 0.295008 (047
5§ 1 0 1 3.125 2.705625 3.183623298 0.058623 0.0937973 -0.08888 -0.1422088
6 1 1 0 3.75 3.2625 3.838880484 0.08888 0.1422088 0.030257 0.0484115
7 1 1 1 4.375 3.718125 4375 8.88E-16 1.421E-15 -0.08888 -0.1422088

MAXIMUM 0.147504 0.2360061 HSELEEEE 022088

Transfer curve

Vout

0 1 2 3 4 5 6 7

—o— Vout,ideal(v)

Input code
—8— Vout,actual(v)

o K - A=o.ck
Viut, acta| = Vaze z 4" Dy = Viee [/}.Dl_‘./ﬁ D+ Al DJ]
OH'M = 0
GTOA\Y\ LYYy = GM‘I\,\'D{.Lﬁl - G{M'u,u,‘luﬁ-*
LsB
= ﬂi_.__;wfr-_ho.g;:o‘;r -

A’]QV f%r\/l‘nj, 9<Hf(+;f‘ , f)m’n ATOY
I]NL]M = 0236 5B 210.114-73'\/
ML) o = 00472 LSBs — 0258 v



29.14

2[4
Input D2 D1 DO Vout,ideal(v) Vout,actual(v) Vout ,nooff(v)  INL(v) INL(LSBs) DNL(v) DNL(LSBs)
0 0 0 O (o] 0.175 . ) 0. 0 0 0 0
1 0 0 1 0.625 0.8 0.625 0 0 0 .0
2 0 1 0 1.25 1.425 1.25 4] o 0 0
3 01 1 1.875 2.05 1.875 0 ] 0 ]
4 100 2.5 2.675 2.5 0 0 0 0
51 0 1 3.125 3.3 - 3.125 (4] 0 0 0
6 11 0 3.75 3.925 3.75 0 0 0 0
7 1 1 1 4.375 4.55 4.375 0 0 )] 0
MAXIMUM 0 0 0 0
Offset=0.175v
Transfer curve
3
>
0 ' 2 3 s 5 6 7
—o— Vout,ideal(v) Input code
—8— Vout.actual(v)
Assume . \/v{{-— 0.2V /
ot — n;,)t ."DK -+ 2 A fo V,(f — 0V

= Vier [A-D;+A’~D.+e” b) -+ Vgt 1A+ 4A%)
= Vowt 1dosl 4 017V
plfset = o WV
70.{“ rryyr =290
Mter ooy’ offset, gain oy
[N, =

\V”lewx <o



- 29.15

29.1¢ _ ,

Input D2 D1 DO Vout,ideal(v) Vout,actual(v) Vout,nooff(v) Vout,nogain(v) INL(v) INL(LSBs) DNL(v) DNL(LSBs)
0 00O 0 0.148725 ’ 0 0 0 0 o 0
10 0 1 0.625 0.60435 0.455625 0.536119516 -0.08888 -0.14221 -0.08888 -0.14221
201 0 1.25 1.161225 1.0125 1.191376702 -0.05862 -0.0938 0.030257 0.048411
301 1 1.875 1.61685 1.468125 1.727496218 -0.1475 -0.23601 -0.08888 -0.14221
4 100 25 2.398725 225 2647503782 0.147504 0.236006 0.295008 0.472012
5§10 1 3.125 2.85435 2.705625 3.183623298 0.058623 0.093797 -0.08888 -0.14221
6 11 0 3.75 3.411225 3.2625 3.838880484 0.08888 0.142209 0.030257 0.048411
7 1 1 1 4.375 3.86685 3.718125° 4.375 0 0 -0.08888 -0.14221

MAXIMUM 0.147504 0.236006 698888 0:142209- -
Offset=0.175v 0-275'008 042012
Transfer vurve
4.5
41 ]
3.5 -
3+
5 251
S 24
1.5 +
1 4
0.5
0 : ; ; ; : ;
0 1 2 3 4 5 6 7
—o~—Vout,ideal(v) Input code
—8—Vout,actuai(v)
Vowr = Vigg [ d+ 220+ 280 = Vo (4R ™) A=res

< 0,2V
ok = % 14878 V = 023754 LgB, Vo< 00>

‘ 18125,9.628
jfﬂn%)’w =\ - 2_7____,—7{——/—:. =03 = a.1F L%g

o"f(”’/ f%ﬂwvfﬂé offet, gevin L

\WLIM: 0.1&71‘\/;0136 LS
‘b“'%mm= 02)5 v=°.472 L56s
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2] 0

- A\ZAI':AS:A t;'_'
Vewt = (Do Vizs + V) Ay

e _
%vt‘f‘_)_: (Dl \/&EF - CDO‘ Vu.EF + \/O-ff)A\ ) Al
Vout3 -——( D_-.'\/PEF + (P \&EF +{ Do VRep + \/.{f)ﬂﬁAL YA

= %GFCPL‘A}"-" DrAzAs ~ Dot Arhahyd + Vogf ArAz Ay

= }&F-(Dz‘Ai‘ Dy A"‘i"Daf};) + 003128V = Vnc(u\ +o.5126V
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