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A Successive Approximation ADC based on a
new Segmented DAC

ABSTRACT

A successive approximation analog-to-digital converter (ADC) based on a new
segmented digital-to-analog converter (DAC) architecture is presented. A more
efficient method which is the bi-direction segmented current-mode approach is
proposed to implement the high-resolution and high speed DAC. This DAC has the
maximum integral nonlinearity (INL) error of 0.47 LSB, and the maximum differential
nonlinearity (DNL) error of 0.154 LSB. Based on this new DAC, a 3-V, 8-bit, 2-MS/s
ADC is realized. The whole circuit is implemented by the TSMC 1P4M 0.35 ym
CMOS process. The experimental results show that the INL of ADC is less than 0.82
LSB. Meanwhile, the DNL is less than 0.31 LSB. The power consumption is only

2.6mW with the effective number of bits of 7.
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Chapter 1 INTRODUCTION

1.1 Motivation
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1.2 Organization of the Dissertation
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1.3.3 Sigma-Delta Converter
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Chapter 2 BASIC CONCEPTS

2.1 Successive Approximation ADC Architecture
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2.3 SAR ADC Techniques
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2.3.3 Resistor-Capacitor Hybrid Converter
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2.3.4 Current-Mode Converter
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Chapter 3CIRCUIT DESIGN OF SAR ADC
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Bl 3.1 Double sampling S/H architecture.
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Bl 3.2 Execution period of the double sampling.

oA B 171 & 0 B2 58 Sample-and-Hold circuit »% it & 2 & ¢7%]% 5 Charge
Injection fr Clock Feedthrough » 41 * Transmission Gate (4~ ] 3.3 #777) B~ % H 4f

MOS B B » % *% i1 Charge Injection 8. 55> 2 K32 § 2 PMOS ¥ NMOS % & >

A
= CLK % CLK %?l » & s ¥ PMOS 22 NMOS ¢ channel >c & > §1* channel * =
RREOTIT AL AQiE 73 pF4 o e 3 % 83 3 MOS #hgate-source overlap
capacitance I % € = 2Apf 0 A iv R 2 ) % Charge Injection ° ",’T‘ gz ¢higy
OPAs =7 Offset Error #2 % Sample-and-Hold circuit sr#cic > #7120 f OPAs 338 3+ F

ﬁw ¥ Offset P 324w/ 7 o

B] 3.3 Transmission Gate circuit

3.1.1 Clock Divider

AHRESHTEATREZFES » B AR a2 APT L DAEF B A

ifiéi']",érf Zp s - B DA R BT Y ",41:? 20 # % XupFr% 16MHz “,% 16 0 "
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B 4B DAL FE B> 7 FAPME G IMHz PF¥% 0 4o@] 3. 4 #77 o H itk

%%@35%%’%Dﬂﬁﬁ%ﬁ%%ﬁﬁéﬁﬂ@%i~&fﬁﬂ%§%%%

—
]

| lock out
P T T o
. g g g g (to S/H)
clock 1n — iDL FF @' -1 D-FF E 1k D-FF O L1 [LFF
{system clock)
B] 3.4 clock divider circuit
1MH=
H dock | |
Z:21H=z

Bamiz [ [ | [ [ [ |
e apipipininpinlininl
L

l161IHz

B 3.5clock 2 7+ % B

3.1.2 Simulation results of the S/H

@%ﬁjﬁﬁﬁﬁ%%@&6%ﬁ’?ﬁéyH%ﬁﬂ’ﬁﬁ%ﬁ%pr
62.5KHz &+ 524 » S/H éh1 ¥4 & 5 IMHz > <P B 07 fo 3t — 42 S/H > @?] R
€ 3 tracking A7 o W F I B - BEER O E - BRI E G A SR LD

REERN REERILNTRY L h- BEY A TEE o
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** doubla sampling &t dmulabonrasut =+

18

17

15

Vahkegem(lin]

12

1.1

L I e e e e L B e e e e LI B e e e
a 2u du u Hu 10u 12u 14u 16u
Time (lin] (TIME]

B] 3. 6 Simulation result of the S/H circuit.

S A MR REE A 8 AR A L o A s S A e
BREFIER R S/H a1 4% 5 IMHZ’%]%— 1-Vpp 62.5KHz i+ 3% 4 »
FH R 3230 HP-1024 80T T & 2 gk | (FFT) » 7 82 FHAE3 B 4o

B 3.7 #77F o

EHERESET R BT F * ) 5 500fF pFo 2 Signal-to-(Noise + distortion)
Ratio(SNDR) ¥ £ 59.35dB > S/H 7 & erfiZ47 R 3% & < PR B ap v i g e B en

f247 R B % KT UL T B C AZiB 8-bit ehE R o
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The Power Spectrum density

T T

-20+ -

Amplitude [dB]
g

_80 =

-100

T

-120

T 10
Frequency [Hz]
& 3.7 Output power spectrum density of the S/H.

FotF T FER 51 450 T 2 NG D10k -
KxT

C=—"" 3.1

Vn(rms)2 ( )

Bt T E Voemg s 1/4 VisgElmV)engezn 3 /& » K 5 Boltzmann’s constant
(138X102JK!)» T 4 28 300K » 3* 5 &% 5 > 2 & 414fF 11+ » A er® &b

B % SO0fF » #7102 322U $ T B 913 & s

g

FALAE o R R S/H iR ¥

Ergen> B3 Hvave TR FA G 4ot at o
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3.2 Compar ator

v di BB § BB successive approximation ADC & & & e it 2~ > HBE R F g
Vel B i R R fRTR 0 AR PP R A4k T2 R < 3 16MHz -
fR¥T Rl 3T 12LSB e #TiE @ cnZE 4 5 7 7 Latch et B » ¥ 5 Latch ¥ 3% i
* A 2o e gL 0 LG % g Latch fhEAE 0 v U i ! 1)I£»/§'J§
ok e i (i 4 OV-3V)s § ) » SURLACIMY se $ FI+ImVo o fUB 7 & 63.5dB

S o wEF @ % Laich o B e F & F 2 Lach i TR 0 0T HHH E

ik foo
phi
v . f1i
o ] PR
C

- - v
2 ' P> | Lateh < pr2| |
n- I
in _ o [—\_

! — — ¥ ph2
phi

Ao

o
5
(V]

o

Bl 3.8 Comparator 2. = 5. [§]

AEE R L R B S BB 4B 3.8 %7 0 d 3 3R % ~— 1% Differential
preamplifier # — & Latch “7H= - d = @ 7 I i dd] o 5 & & PR F DjiT

B > ¥ 003 4 preamplifier 53 F 2 4o xR FE o £ F MIRITHER o

3.2.1 Comparator Circuit

4@ 3. 9 #t7 » % ph2 5 high FF > % &4 M1 > M2 > M3 > M4 4o M7 2 &
Differential Preamplifier > * 2. § ph2 % low F¥ > T & 48 M3 > M4 > M5 > M6 v

M7 A = Bistable Multivibrator [11] ©
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&uto- ¥
e o ing

T phi
@ vl M:a;ll—i@mﬁ [ WA
c2

pha [ 51 pha [ 52
ph3 ph3
Tl B
¥ ¥

Vs ==>—— MI
GND

& 3.9 Circuit design of the comparator.

- B a3 7 fends FpF > phl s ph2 ~ ph3 I PF 5 high > preamplifier B 45
TF>C1~C2 A8 2F IVN.-VCIoVin-—Vo > A 1s phl# i 5 low & ¥ Cl ~ C2
2 node C ~D s g ph3#EL S low ' Cl~C2 T F A=A W7 T Vi
e Vipy > 18— B L3 ehd T 5 4opt ¥ #-node A~B BFen B L B3+ » 2 & ph2
# i 5 low > Multivibrator #: 1% > 34 {7 latch =% it » H e fid (Va—Ve ) B % 3

TR E KA (Ve VIn>0=>Vour=high ) » 24 7 = 200t fahds iF o

#. 1 Size of the comparator

T MmEL | T A T (W/L)

M1 (1.1/1)

M2 (1.1/1)

M3 (7.5/1)*2
M4 (7.5/1)*2
M5 0.9/0.35
M6 0.9/0.35
M7 (7.6/1)*2
S1 0.9/0.35
S2 0.9/0.35
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RV REOFRPIELS WP EAF R HELE SOuA =+ MR
#259(3.2) ~ (3.3)[12] k& 3+ > #gt * & 3 J& Channel-Length modulation »& i » #714
TP E R DT X o - A AR ERG I T =2 > @t Latch 3 B M
AT H Bl A E o F TR TR 1 A 0 H P gpkenimas £

M multiple fingers | e#cp o

Ip = % ,unCofoV(VGs—VTH)z (3.2)
o = %ﬂpCox% (Ves—VH)’ (3.3)

K RES T o B £ F 5 208 W 247 A 5 2mV (0] > 172
LSB) o >t vt B enip 45 (Offset) WAL 7 ¢ BB Lt R - 7 ¢ 13
ﬁﬁﬁﬁﬁﬁ%ﬁéi%ﬁ’%&”@$$?&$ﬁﬁawﬁﬁ’ﬁ%QW%%
BAOTREN > LD RI R > VAT LFEREP Al e s o VHE
FAL O RFOI N > TR P fORBOR AL A0 NI e g
IR B4Rl 3. 10 #for 0 ¥R node A~B i f faple oo@ T LA A2

Auto-zeroing =5 ¥ > i fiy 1 { e P AEAR T

ﬁ? "~ Vnw!

] 3. 10 Auto-zeroing circuit.
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3.2.2 Clock of the Compar ator

EOAAP LN FRBLWRER T > AP T clock delay A 2 7

B 4ol 3 11 977 o RlY 24 hE AR B LAt B chE R T & hd
1 ,gﬁggﬂ;%ﬁq;#gﬁo

T — oo ooy a
o e it

—PoPoPpoPpo—Ppo—poPpo-

Bl 3. 11 Clock circuit of the comparator.
1l
A P~

=H

PR RSB SGLEE NHEIEF pE RS B AEHE RC

Rde@] 3012 477 o BlP Ry& Ry A W 2 PMOS 22 NMOS 7 & 18 3 {2 5
o CLa T — %K pBer1Cyet? Cygo 5d i T2 8(3.4)~ (3.5)iF 4
e L P AR I A B Y RC R R 4

—-£

e e R A
bk LEar BRI BHEUMERR > 7 21G.60E 7 o

L

B

|
o
Il
A
e

@ 3. 12 Simple RC model.
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1
Ro= W (3.4)
IUpCOXT (Ves—Vm)

1
Rn= W (3.5)
,LlnCoxT (Mes—VH)

fa= Z RiCl (3.6)

WHF Sk &% 4@ 3.13 %77 - CLK 5 16MHz = & > phl £ ph3 4p £ 3.2ns >

ph2 £ ph3 4p £ 12.5ns °

= 16 ] 1
= LI |
2 16 _| H
2] 1| .
CLK % 600m _| '
- 0l 0 heeamiaacmeaad e
L e e e B s —
- a 7 ‘i
= 2 i : i
P 16 i i
phl § 1 i i
S soom | H i
> LI | I | — imieed
B g mrmemrmrmrmemmmrme rermrmmm e =
2 15 -"! 1 1
= 2 I i
h2 P 16 i ;
p -] 1] i :
!3 soom | i 1
- o 4 L ! _______ | I— —
z ] e e -
T n i ! 1 1
- - L]
g 5] ' i . I I
ph3 £ i ! ; ;
a 1 ' 1 5 1 []
o &00m _] 1 N 1 L]
= LI P [P I —
[ T T T T T T ™1
] amn 40n #ln z0n 100n 1200 1400

Time (iin) (TIME)

@ 3. 13 Clock simulation of the comparator.

3.3 Segmented Current-Mode DAC

% % % successive approximation ADC % tv® »DAC 2 E e i a7 &
B ADC 7 gaufir i > #7121 DAC gkt Etb:i‘.}‘u% i E & o ¥ successive

2

approximation ADC ¢p 38 DAC @ 3 » F 37

e

HHT PR H ¢ segmented

21



current-mode [3][13][14]:078 & — fEif * ** § j247 & DAC ihf 22> & » pRs
i# %" Current Switching Matrix | #p #22_ T $#274 & F[11]- B 3.14 % - 75 & & N-bit
segmented D/A converter > ¢ m 1 coarse current source (I)fe = o H L AL 4 F 8

& R (coarse current source) (Im)* current divider 4 = # B4 w7 /5 (fine

‘*.E_'“% hooE

currents) > d @?‘J e B R A I B M e e > R o §F 50T

N o

VZ@
1 )
. !

1 = [

k[ Fine cunent
Cument
divid er

Coarse ourrent

B] 3. 14 Basic N-bit segmented D/A converter

vtk kI DAC v fedeed 7 nReni®a (4 MSBs #”%H))I* Nt
thermometer £ (1= ;% Kk Fx i%-H H 24 4 (monotonicity) » ¢ thermometer %5 % #7741
> MSBs 4 ]ehH ¢ — Bget F k) 0 ¥ 54 current

b H

‘&,«}E’ﬂx ?_, P2 S /Eh H

PR ERIE B DAC

ek {8 - ket R
PR Er R ES

204 (4 LSBs 42 41)7 ¢

divider & = #f fo 3 i 6032
RiFRIAPT R A DR IART R A B Vis SR
24 (monotonic)si7 % o NP E U — [ H 7 3B k2 > 4oB) 3

si‘&;l €73 ZrH:
15 #75% » & % — B ROk A e R 0 #7283 DAC i G -

H T feex 8

c}
S
k=
IR

DR HY RRE - kaE TILRILG &
L

=
T

SEERTEY
K ,T}L,g d1 322 H 33 (Non-monotonic)e1{7 5 »

BT jﬁa(ﬁ:— B Vis 2
FuE I e A0 fRAM - % o ¥ 24 » = w BB (three-way switch) A& — fev:

ko he Bl 3016 Ao e
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Analog g Mon-tonotonic

output H
F==] Coarse current %

A Fine current %
Mismatch %
PR

=1 LAE e, Digital
-'in t code
1otl 1100 1101 P

B] 3. 15 Non-monotonic behavior of the DAC.

Fitie current

ouf

* 3oway switches

Coarse current
=

8] 3. 16 Monotonic N-bit segmented D/A converter

F=a Coarse current
FFd Fine owrrent

Analog g Monotonic

Ea
i)

o1l 1100 1101 inpt code

B] 3. 17 Monotonic behavior of the DAC



F* 2w BHT G T RFLOEF 57 BETHE > L~
227 CRAERCHPINS Rl ﬂi%] D@ IR € 73 I fine current divider o 3% if# ¥ 1 % %
LR OkfEE o 4oB 3. 17 57 o “i{‘,fﬁﬁi@?}% TR 0 M B F A e andeed TR Rk
KR S I R T}“” 7% DAC thi75 - T Z EAEH S E A LR > dopt 7% 18
T R NREF T fe Foo AT EAER Pl TR T |mfﬂ-y PER
n-(segment current) | sog

Btz A TEF R B 3.18 711 o BN B =~ o = CiB MSBs i~

A% F i LSBs A5 84 o

Digttal nput ot

Il - A

Iouf[ﬁne,]
! \ ¥ i
dump(fing) ¢ > oy
fine ra
o rerm Lutiooarse)
an o eORrse
AR ) 5 = 5 2
R Bimary=sreizhted I
E oment divider 7
e gekliss y dunpfcoar )
%{. BN Bin./ BN el :
= - [;l"herm. m— 3-wray current switches
ecoder 1 7 3 T
MSBS) w ? coarse current source
- GND

Bl 3. 18 Segmented N-bit inherently monotonic current DAC = i ]

% MSBs e384 » i * 1 [ Binary-to-Thermometer | f##5 % f% = thermometer
B o REFIeeE TR S i o H Ak LSBs 3R A 0 BlE B kEdH T
TR T R 0 1 8 AL B0 FH-H 4 MSBs 5 4 - ~LSBs & 4 =0 i

N P S Y N N K - N1 2 v h R g N 4’,;1 =
=R i B ;,.L;}Erﬁfu% 2 2*® > & current divider ,TMQ BRI mAs R 2 BT

e lout (:lout(coarse)+|out(fine)) d @?J 4 ;‘1‘#,‘,‘, ’ qJ@ TR @ﬁgﬁ-’ %(I—V COl’lVGI‘teI') ’
ﬁ%] FILTR o Fla R okone 4 H 2 e g ”Lr'}gi*] ?L”Eﬂl—’?ﬁ‘; & Vig 2+ o
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e Vg 4r 3t = > 32d § Vgl * OPA @RI > F EHBET AT
FLRBRIMEFIDETRY THMI Vpsi-| » EFRTHMI FfrFer 1=
ﬁ%%oﬁﬂiﬁﬁﬁﬁﬁéﬂit%%o

RO A APBRG AT RER ) oB 3. 19577 o FRERT

Arme o K R4 B AIRL Pchannel 2w R UnR f FRIETIET T RER
%5 T LML N-channel 429 Rinik > § FAR T RER BXBT 00 o (WP &

S ET Y EER LTRSS LY L Y ik

V
T T -1
! < A3 P-channel coarse
N CEDiaIfS;E GD GD GD %ﬁ current source
Therm. 3-way current switches
V] decoder ::>| |
(MSBs) +
boarse)
I +
fine F-outfooarse) &
o g
. 2 [ (L8B3, I P
Dngital o e, — l
input i —" Vou
(LEBs) X i
outfooarse)
COarse ]
Bin.f
$ Therm. ::>| 3- Waji’ n::urrent switches |

current source

decoder s
(MEEs) GD GD GD _#} M-channel coarse

—= GAND

& 3. 19 N-bit bi-direction segmented DAC = . [§]

At 8 ALK AR A3V WATRERFS IV-2V o
8 B i~ = 1 B+ 5.1~ (sign bit)~ 3 i 42 % (coarse) =7 % 4 B #F ‘m(fine) i~ o
FELE AR RATHW TR RER FZHTIE S w03 Bieeg (T MSBs)i
d 3 % 8 binary-to-thermometer f%£5 B4 F et R aE S e 0 @ 4 BF

fm (T LSBs) P £ E B4 #E e 2-way) B M Ao wm T IS e o
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5] L EFIE A S A R4 5§ — FR 0> P-channel 42 v T i iR4E iR R ( | out(coarse)
fe Iout(ﬁnef)’ﬁ%] N B 5 1~Viers % = 54 N-channel e vg T 75 i e B~ 2 75 (out(coarse)
ﬂf‘-" Iout(fine)_) ’ @?] A %’ Bl 5 Vit ~2V > 2 i Vi 5 Vop/2(3K 3+ &7 ik eh- BN

A FERE) e R - L8 AT xR A (TR R )R Lo
P-channel # T X% N-channel § 8. ¥ f& 3 =~ MSBs 384 ¢ LjZ7E =
thermometer #§ » i+ % 7 m-1 Bdevs T imihr 3 3 ﬁa?l o Pt i 8 5 lout(coarse) (3%
% 2 loutcoarse) & it = ] E_d MSBs #7474 > § AREH I e TR T A T %]
) B PEES M § otk T binary-weighted current divider § % % T
(lseg) > 35 d binary-weighted current divider 2 # binary-weighted 34f o & /i » LSBs
¥4 F g B M E# N binary-weighted i %J FAREF RTINS
Iout(fine) - DAC rﬁ“.& é\' ;{F’, -,‘ji |out 7;-* ﬁ‘E ‘1%. ?, '/‘:TL |out(coarse)4‘? s ﬁ: fm ;{F’, -,‘ji |out(fine) ’ ﬁf—@ ?, ‘},'ﬁ
TREREEESGYE PTRE -

S ST AR R o B AE T T () 2 Ve € TR

FRE NEFET - LT Ak T RS TR 0 oW 3.20 FF

3-way switch controller
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7 g6 18 M, 1~M,g &_P-channel fev2 3 ik 5 7 & 88 Mpi~Mppg 2.0 = & B B 34 BB
AFIOT M T S Mo~Mes £ 5 0 B A R A D B AR
T oo B8 Mg ~Mgs * %k 3 1% current divider - m DAC & £ Rz N |2 mih T 8 » 4P
yxs b 2 2r o, v gE 44 P-channel # = N-channel ¢ o

R Am T RO E G2 T A TR T 4L > F P-channel
¥ N-channel § in% i ™ fe > € i qkﬁz,?l V45 [F] 7 $+4L > Integral nonlinearity (INL)
error § % =~ o Ayt @ * 1 i H 0T Ji 4k (current mirror) sk i3 & 0 4o B 3. 21
S FR TS MOS A BT > 241 % 48k 1 Vps#® Vasir DAC 7 i
TiRAR R T IR0 > ER TR T RGP e A AL RALHE TR

fﬁ;'ﬁ’_é’ﬁw %E °

B 3.21 MOS » & 3 i

3.3.1 3-way switch controller

aiz— & 4 % segmented DAC pf 3047 Z e T Z » B M ITEH|BP & 2
7 MSBs #7 % & e = T B —  binary-to-thermometer 2§ % |- thermometer 75 #
SRR 5 U 2 ’f{ﬁ*“ 21 BE o~ A2 2VB T enf IR A
2T o 2 IR E N By o T A PR R R (ol

Blap > F NE3pF s HE B &40k 2977 o
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+

% 23 % 8 binary-to-thermometer decoder

Binary Code Thermometer Code

B3 B2 Bl |T7 T6 T5 T4 T3 T2 TI
o o0 o000 O O O 0 0 O
o o0 1}J0 0 O O 0 0 1
o 1 o0j0 0 O 0 o0 1 1
0 1 rfo o o O 1 1 1
¢! 0 00 O O 1 1 1 1
1 0 10 0 1 11 1 1
1 1 0|0 1 1 11 1 1
1 1 | 1 1 1 1 1 1 1

# % thermometer £5 kK i B> - @ % Z 2B R K57 T A KA Rk

1. # i«  Differential nonlinearity (DNL) error

2. %% H A 14 (monotonicity)

3. " Glitch sz

It

v BB R SUEANE I TR R RS A HEE 1 4 % 16

binary -to- thermometer 245 % 5 A#H L v b - L e TR A o cho 1 H

FEARg Aok 304 40 0 dert it AT @av e & P-channel 314 5 K2

TR A R - R it e B E0 PMOS k2 3 5 @ - N-channel 3% 4 B £_

1 NMOS %5 3R -

L3 BB E

2_ P-channel Z & % (B7=0)

B¢ | Bs | By Sw8 Sw7 s Sw2 Swl
0O(0]O0O(1]1(0]1|0]1 1]0|1]1]0]|1
O[O0 10|11 ]1(|1]O 1j0|1]1]0]|1
O(1]0(0|1|1]0f1]1 1j0|1]1]0]|1
o1 ] 1(0]1j1]0f1]1 1j0|1]1]0]1
100 jO0O|1[1]Of1]1 1j0|1]1]0]1
10| 1(0|1(1]Of1]1 1j0|1]1]0]1
I {1 ]0j0j1|1]O0|1]1 I{1{0]1|0]|1
I |1 |j1j0j1|1]0]1]1 oj{ry1rj1111]0

28



% 4 = w B M 4] B2 N-channel Z & % (B~=1)

B¢ | Bs | By Swl6 Swl5 Sw10 Sw9

0[0]0O(1|0j0O]|1|0O]O 110]0]0]|0]1
001 (1|0j0O]|1|0]O 0j(0|j1]0]|1|0
0O(1]0(1|0j0]|1[0]O0 0j1]0j0]|1}0
oOo(1]1(1|]0(0]|1[0]O0 0j1]0j0]|1|0
10| 0|1|0[0]1|0]O0 0j1]0j0]|1(0
10| 1]1|]0(0]1[0]O0 0j(1]0]0]1]0
1 (1]0(1|]0(0]0O|O0]1 0j1]0(0]1}0
1 (1]1]0|j0[1]0Of1]O 0j(1]0j0]1]0

2P BBAERd 2345 laumplou lseg B B eror 3 (8 £ 2 R en T IRBL T -
BT ZanBis: 23N EG Al AhZn BRI BY £ E 48 BRM ki
F
L BA A > Foudk* LSBs E dRiyd] 0 4Bl 3. 22 77 o lgg it &
Binary-weighted current divider A& s & L G < /] 2 e enT o0 5 0 WAL LS E e
BR T ] 7 digs BB Vpg 3 - ko iEa 5 Binary-weighted current
divider #Thm & N NP in AR > s B M KPR T L B e

Bt T d I KR RF A TR AR

%Iﬁfg Binary-weighted current divider
T Taad Taal | E
= 1

4 II—E ||_1

AR A

Do Do Do o L

B B

Mt

ref

1
1
15
T
1
Ly
rir
T

F -

1 1]

Bl 3.22 2-way switches circuit
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3.3.21-V Converter

e

BRI DAC ¢ FRAETIEEL TRLEEITRCRE  EFRE
ERNTREHT - AH Y R DT RRTREHFALL LRT OPA £7
Pt s e % OPA f w32 (l “B8:) > 4 » Vi & LSV IR SR 1L A 4 &0
TR Ap i FER LR o LA L kT (7)

Output range
T (it )

Rout = N

; (3.7)

# ¢ Output range £ T ik TR E i % i ARG 5 I TR e |

s AL R R AL SN 5 TR R DAC (i e o g AT lynicen
EZFEDUT MRS At - RFELE Al 2 EF f1* HSPICE #.#t
@ #-EF ~ (N, Output_range, lunit, A)=(8, 1V, 1A, 23nA) > 7 FE Ryt = .9
% 3.83k m¥* =+

3.3.2.1 Operational Amplifier

OPA - @ {E & i i f3F 580 RBEE S
@M AF TR A - BT A DT R OPA R AR LT T
BeEMORH o F R OPA SR HEF (L3 B0 B kihe ¥ SRE SRS Ttwo -

stage | 3 B IET BHE BB

bl

NG ANEE JECh PRI SN

H 2 BBl 4o B 3.23 Ao e
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Differential mecond
input stage Zaln stage

Bl 3.23 Two-stage OPA 2. = . [§]

OPA % DAC ¥ & F 5@ B Flo @ & S/H £ 7 Bett » w3V i 12 DAC
PR R T RE R BT KRR KK F ¥ B 05 M % (Bandwidth) slew
rate ~ E ;n3 & (DC gain) ~ Phase Margin % > &3 B 2 & e (TR pFF)7

(3.8)5% k35 LA % -

Vou(t) = Vae(1— €7V7) (3.8)

HY Vagi— HIFETERA ] > Vou) 5 B ERTT R 7 2 REPFR ¥ o N
PR Vag 2 1V + B SR RTRF 2 5 0.999V(+ 3L 1/4 LSB) » v L% DAC
Bt B(I6MHZ) & k% > S5 7 5 ML PR~ G/ 77 > 11 OPA F 53
& 112MHz 2} - 2 /i3 £ 2F 60dB 12 1 > Phase Margin & 4+ i+ 65 14 F »slew rate
3 G4 o FFTEAR 3.24 %57 o

Y|

fa® B

¥ ains

&
:
L
i1
=
5 1
]

Bl 3.24 Two-stage OPA z_ 7 § [§
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#* PMOS = ﬁa?l » % fs R #c 3 $&if 0 Slew Rate ~ Unity-gain frequency ~ $&-|
e Flicker 3231 - A BB T RO B> 5 Bl d chAe i sl A TR T B DR
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3.3.3 Simulation results of the DAC
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B] 3. 25 Simulation result of the DAC
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3.4 SAR Controller
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Chapter 4 EXPERIMENTAL RESULTS
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4.1 ADC Test
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2. Differential Nonlinearity Error (DNL)

- 4@ 7% DNL %] % 0.5LSB > B] %7 % ADC 5 monotonic o @ % i P& &



% > DNL &% ®-] 3 031 LSB > % % 4-® 4.2 %77 o

DML TEST
03
0.2
a1

-0.1 1
-0.2 7
-0.3
-0.4 . . . . .

1 51 101 151 201 251
Chutput Code

DML{LEE)
]
|

Bl 4.2 ADC 2z DNL g8 % &

¢ Dynamic test

£ KBIE ADC e g »zie 0 3% ADC ﬁig?l %i%’,ﬂﬁ%lﬁ - TR 1Vy, P HEFG
62.5kHz it 32 5o & — (¥ Hp B~ 32 8L s B~ 32 i > £ 1024 ghendg 3 2 %
#-%% % * MATLAB #1024 2. Fast Fourier transform (FFT) > H 3 % 4@ 4.3 #r1

7+ » H signal-to-(noise and distortion) ratio (SNDR) 5 43.4dB -

The Power Spectrum density
or . ————

Amplitude [dB]
g
T
Il

L n n P S S |
4 5

10 10
Frequency [Hz]

8] 4.3 Output power spectrum density of the ADC
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4.2 Layout Arrangement
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Bl 4.7 Layout view

K # 8-bit successive approximation ADC e#75 BliE % % 73t & 8o

% 8 Experimental results of the proposed ADC

Supply voltage 3V
Total power dissipation <2.6mW
Technology 0.35 £ m CMOS
Sampling rate 2MS/s
Resolution 8 bits
Input swing 1V
INL <0.82LSB
DNL <0.31LSB
SNDR@ fi, = 62.5KHz 43.4 dB
ENOB@ f;, = 62.5KHz 6.9 bits
Active area <0.15mm’
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Chapter 5
CONCLUSIONS & FUTURE WORKS

5.1 Conclusions

AR Y o H AT - BeciEZ w segmented current-mode DAC 4% BEe3T

4] segmented current-mode DAC » i #-H & * 3>~ 3V 8-bit 2MS/s successive

approximation ADC z_ b o £ i F g i 42 7 5[ 3% 2.6mW > offset & & 5 2mV >
ENOB = 4 & 7-bite o #fg i % @4 A ADC if & % 30 M S0 42 + ¢ 1245 4

B¢ IR R LY o

#-24 i e ADC 22 H U successive approximation ADC £+t i b i & 4r# 9

DT o
% 9 ¥ H ¥ successive approximation ADC 2_ }* &

Process | Resolution | Sampling rate | Supply voltage | Power consumption Active area
1.2um[1] 8-bit 50kS/s v 0.34mW 3.24mm’
3um [8] 8-bit 1.3MS/s 5V 70mW 3750mil?
3um [9] 8-bit SMS/s N/A 50mW 0.903mm’
*0.35um |  8-bit 2MS/s 3V 2.6mW 0.15mm’

* 1 A< 2 ADC

5.2 FutureWorks
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Low voltage design (Voo <1V )
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2. BEMAR
3. BIST (Built-In Self-Test)

4. Programmable resolution
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