CHAPTER 9

Successive Approximation ADC
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SAR ADC

Vin ———»
Sample & hold +
N-b; DAC Comparator
Clk > SAR Control <

 SAR ADC is composed of sample & hold, DAC,
comparator and SAR control logic

* Conversion procedure
— Sampling phase
S&H sample the input and reset DAC to initial value
— Conversion phase

Comparator compare the input signal and DAC output, then control the SAR
logic to perform the binary search from MSB to LSB
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Single Ended SAR ADC

Sample Vin Sample&hold

Vref +
Vref —CJ_C VDAC —

N-bit DAC
A

Ck —L——>{  SARControl |«

8C 4C 2C 1C 1C

S N N N
T 1 1 7 7

sample
Vin
A clk
' ' ' ' ' sample
invert
VDAC
: 1 1 1
: ; ; : : Vin=b0(—=)Vref+bl(=)Vref + b2(=)Vref
Vref e e e S 2 4 8
' ' ' ' ' 1
Vin fp— ¢ & b E + bB(E)Vref-l-Nq
VDAC=Vref
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Single Ended SAR ADC

Vin
Vref-Vin Vref —+
8C ac | 2C 1C 1C _

J J J Ck —L——>{  SARControl |«
invert c/’ — — c/’ —~

Sample & hold

N-bit DAC
A

A - clk
: : : : sample
invert
VDAC :
. 1 1 1
; ; ; ; ; Vin=b0(—=)Vref+bl(=)Vref + b2(=)Vref
Vref S e 2 4 8
Vin . . ' . + bB(E)Vref+Nq
VDAC=Vref-Vin
T Vref-Vin§
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Single Ended SAR ADC

Vref-Vin+(Y2)Vref Vref —1+
8 4 2 1 1

C
Vref

A

VDAC

Vref

Vin

JJ.

le

i MSB |

..........................................................

b Vrefé
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Vin Sample & hold

N-bit DAC
A

Ck —L——>{  SARControl |«

clk

sample

invert

Vin:bO(%)Vref+b1(%)Vref + bZ(%)Vref

1
+b3(— )Vref+N
(35 )Vref+Na

VDAC:Vref-Vin+(%)Vref
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Single Ended SAR ADC

Vref-Vin+ (¥2)Vref + (¥4) Vref

Vref —

8 2 1

1

)1

Vref
A
i MSB { MSB-1 i
1 i 0 '
L Vref |
Vref
Vin

le

>

.....................................................................

Vin Sample & hold

N-bit DAC
A

Ck —L——>{  SARControl |«

clk

sample

invert

Vin:bO(%)Vref+b1(%)Vref + bZ(%)Vref

1
+b3(— )Vref+N
(35 )Vref+Na

VDAC=Vref-Vin+( % )Vref+( % )Vref
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Single Ended SAR ADC

Vin
Vref-Vin +(¥2)Vref+(1/8)Vref  Vref —1+
8C | 4c | 2c | 1c | 1c _
2 ) ) ck —L——  sARControl |

Sample & hold

N-bit DAC
A

Vref —  Vref e
A } B clk
MSB | MSB-1 { MSB-2 i
1+ 0 0 sample
VDAC : ' invert
, {1/8Vref | | 1 ) )
Vref I _|.$_ _______ Vln=b0(§)Vref+b1(Z)Vref + b2(§)Vref
Vin + b3(%)Vref+Nq
5 VDAC:Vref-Vin+(%)Vref+(%)Vref
>
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Vref-Vin +(¥2)Vref+(1/16)Vref Vref —

8C

Single Ended SAR ADC

+
ac | 2c | 1c | 1c _

4

Vref

VDAC

Vref

Vin

.

Vref p—

i MSB : MSB-1 : MSB-2: LSB

1 {0 { 0 i 1

1/1 6Vref§

......................................................

..........................................................

>

Vin Sample & hold

N-bit DAC
A

Ck —L——>{  SARControl |«

clk

sample

invert

Vin:bO(%)Vref+b1(%)Vref + bZ(%)Vref

+ b3(%)Vref+Nq
VDAC:Vref-Vin+(%)Vref+(%)Vref

b0=1, b1=0, b2=0, b3=1
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Sample and Hold

Clk ——

L

/
Vin @ Cload — V+ . /I J
out Vin
% _

N4

S/H

* Simple S/H concept using a NMOS and a capacitor
 When Clk is high, Vin is sampled on the sampling capacitor (Cload)
* Clk becomes low, Vin is held on Cload to perform conversion
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Sample and Hold — On-Resistance

Clk VDD — Vign
- ] Re E i
| E\‘ PMOS switch :
_I_ i\ (gate grounded) INMOS svelich
—— ! (gate at VDD)
. n V!THP
Vin @ Cload —— Vout
ou < 5
! _ == _CMOS, TG N
v 200 400 600 800 i.({gg 5 Vin, mV-
* Because of threshold drop, NMOS only can pass the signal from 0
to VDD-Vth
L 1
* Rop =

w ﬂnCox(Vgs_Vth)
* Onresistance is signal-dependent, which leads to non-linearity
error
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Sample and Hold — Charge Injection

Clk

L

@ « Charge _, _1_ +
|nJect|on - Vout
Cload -

N

* When MOS turns off, stored charges are injected into Vin and
Cload, results in voltage change across capacitor
Q=Cox'W'L'(Vgs_Vth)
Cox W-L-(VDD — Vi, — Vi)
2Cload
* \Voltage change across Cload is signal-dependent, which leads to
nonlinearity and harmonic distortion

AV =
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Sample and Hold — Clock Feedthrough

1> Cox I 2 Cox

Vin 1 +
-1 Vout
%7 Cload -
N

 When Clk goes from high to low, the capacitance between the
gate and source or drain will couple the voltage onto the loading

capacitance

AV = Covertap * VDD

B Cload + Coverlap
Coverlap = Cox "W -LD

* LD is the length of the gate that overlap the drain/source
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Sample and Hold — kT/C noise

Clk | V kT/Cload

=
Vin @ ®+
<

Cload

kT
V2=

Cload

* To achieve higher precision and lower noise, larger sampling
capacitor is better

Larger sampling capacitance needs more settling time
* Trade-off between speed and precision
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Sample and Hold — Bootstrapped

VDD

* Under low voltage operation, the gate-source voltage of sampling
switch is limited and increases the on-resistance

* The on-resistance results in sampled signal loss

By the bootstrapped technique, the gate-source of sampling
switch is boosted and signal independent
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Digital-Analog Converter

D Vrer Output Vout=KD Vrer
R DAC | Amplifier [

* N-bits(b0,b1,b2...,bN-2,bN-1)
* Reference voltage Vrer
* b0 is most significant bit(MSB)

* bN-1 is least significant bit(LSB)

b0 b1 b2 bN-1
e D —;+2—2+2—3+“'+ ON

b0 b1 b2 bN—1
* Vout = KVREF(—+—+—+ - +—)
2 2 2

2
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Static Characteristic of DAC

* |deal input-output of a 3-bit

1.000
% 0.875 DAC
S 0750 Vref
E 0625 - LSB=-%
é— 0.500 — Full scale(FS)= Vref — LSB
o 0375 v 1 1
= 0250 = Vref 2N
C
< o125 — FSR = 1\1/im FS =Vref
° 000 00T 010 011 100 101 110 111 _ FSR
Input code — Dynamic range(DR)= <5 =
FSR N _
FSR/2N) 2" =6.02N dB
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Static Characteristic of DAC

e Quantization noise

1.000 | | | | | | |
o 0875 bt —r—d-———+-J | — Analog output of infinite-bit DAC
f_gm 0750 ___il_i__i___i__i__ 21 minus the output of finite-bit DAC
9 | sE . . .
ST T AT * Signal-to-noise ration(SNR)
S 0500 = tlommr Ao
o PV N I v S N N — Ratio of the full scale value to the rms
R 1 1| N 7 S S T value of the quantization noise
& o ALl -
CRATTITTTT - mms= 2T LsB2¢E - 0.5yt
000 001 010 011 100 101 110 111 r T
Input code :LSB _ FSR
Quantization Noise V12 2Ny12
4 __ FSR/(2V2) _ 2NVe

— SNR

"~ FSR/(2NV12) 2

+0.5LSB / / / A A A
N
7@0 7@1 7«0 flVbOVbl /Jom’ Inputcode _ ¢NR(dB) = 201og (2 f) = 6.02N +
-0.5LSB 1.76

SNR-1.76
6.02

— ENOB =
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Static Characteristic of DAC

1.000 | | | | | | 1.000 | | | | | |
I N I R e
8 750 |L_1 characteristic == _ 8 o750 bt v 1 L
o ’ I I I I o ' I K>1 >
> 0625 - hee b / - > 0625 F—q—a——r—1 / -
= Offset error ;/ C e R / C
2 0500 |-4+-—-—F= —b—d—— 2 0500 fp—4——d——b— —b—d——
S I / I B 5 I =
O 0375 F-1-4== - _L_1__ O 0375 F—4--—— 728 P
o | / \ T o I~ \ T
2 o250 F-47 —+ Ideal 3-bit  _ 2 0250 F-+-f-¥ S
c / [ I characteristic c [ [ K=1 [ |
< 0125 F= S R < 0125 |- —L_ —L_d__
IR IR
0 I N N N 0 I N N N
000 001 010 011 100 101 110 111 000 001 010 011 100 101 110 111
Input code Input code

* Integral nonlinearity(INL)
— ((Vi-V, 1geal)/V5)LSB  V is the ideal change of bit-to-bit

* Differential nonlinearity(DNL)
— (((Vi-V. 1)/V,)-1)LSB V. is the ideal change of bit-to-bit
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Vout

Charge Redistribution DAC

[ F =

N| O

Vrefo

 Operate by binary dividing the total charge applied to a
capacitor array

* By charge conservation

— VrefCeq = Vref(b0C+b£+ + .- +bN -

bN-1

) CtotVout = 2CVout

—Vouteref(—+ + + vt )
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Comparator

vp O—

vn O—

VO

VoH

VoL

P vp-vn

* A comparator is defined as a circuit that has a binary output
whose value is based on a comparison of two analog inputs

. Vo=V
¢ Gain=Av= lim {9k
AV -0 AV
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Comparator — Input Offset

VOH

Out

VoL

* AS; , is the dimension mismatch between M1 and M2
* AR is the loading difference induced by M3-M6

 The input common-mode varies the input pair effective voltage
which results the dynamic offset and degrades the performance
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Switching Energy

* Assume that at time O, the input voltage has been sampled on
the capacitor array and all switches are open. At time 0, the
bottom plate of C, is switched to V¢ The capacitor array is then
charged to reach the final value. If the capacitor array settles in
time T, the total energy drawn from Vg, is

Tp TP
Vaip /( Eo_1 = / iRer(t)VrRERdt = I}g};p/ irer(t)dt
i 0+ 0+
[V Tp
) 10c, ) Qcy (Tp)
% — ,% Eo—1 = -1 REF/ i & dt = -} REF/ dQc,
C,=2C, C,=C, Co o+ at Qc, (07)
?——éf .L—_Lf R = —Vrer(Qc,(Tp) — Qc,(07))
S,* . st .8t : Ll g - o
AR A = —Vrer2Co ((Vx[1] — VrREF) — VX [0])
l Ssa nple Ss:mpl Ss:i ple
- -
<

An Energy-Efficient Charge Recycling Approach
for a SAR Converter With Capacitive DAC, ISCAS’05
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Switching Energy

* The capacitor switched from ground to V. consumes E, .,

Lo 1 =CVapp Vegp =AVy) (1)

* The remaining capacitor connected to Vg, consumes E.;
Lrop=CVpgr (=AVy) (2)
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Example

* The first step switches 4C

CVipr Vg =V, )¥4=2CV o
to Vger and consumes e Uer =Ven) REE . Ve
Tele
* The second step switches av=114 Jele >
I
1C from Vg, to ground on ave i Toke ¥
_3 H : Q) (1) A2 Vref Vref
non-inverting input, and P e oy g
1C from ground to Vpg; on o BV (Wyvir
- o vomaed T 20 LTI b vipVin>02 Vref Vref
inverting input. That e }AV—_;/Z - Ve A
consumes T [y v Vref .
o e T S dolo
OO — >
1
1 1 c
CVrer (_(_4VREF)):4CVREF2 . V-I"_ef

1 %"

1 1
CVrpr (Vrer —( 1 Vaer DHCV ppp(—( 1 Vapr))x2= 1 CVREF2
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Reset Energy

Vref Vref

VinVin
Lele 1
. Vref Vem
Vin Vi SAR lele
Vomas L TTC I3 > 11 +_|_V'|
= > >
Vom —e—s — 1
fege I
Vip Vip - Vem
VI' \-fl'_c N IC
ip Vip
Reset

 Reset energy is defined as DAC energy consumed before the
next sampling

* Some switching method consumes zero reset energy. Ex: Vcm-
based and set-and-down switching method

 Some switching method consumes reset energy. Ex: CAS
switching method
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Conventional Switching

IVrt;f me vmf =
laclzc|cc
114)CV> <1 1 1 1 |
o Vem 070 +J Vio- Vin> 3V, /47
Viet Viet j: j: chw— P
ac|2c|c|c

Liel Yes TecT2cTcTe
Vf.m M"' = = IVr!af

Vip - Vin> Vier/2?

Vier = Veer =

VoS- VoucTee e T

; No acl2c|c ] c

e e ab s
Yes

+
T[> Vips Vo> Verla?

Ve Vi Vi Vi Vit = = = [(13m)cVi|  Vem <
lacl2c]c]c JacJc]cTc (13/4)CV et em f“c %zc fc __ch
Vem ﬂm+f _chm-a/o-M'ﬁJ' Vo> V.2 = Vir =T Vi
Ven =411 Ven o1 e Tac 3 Te
TacT2cTCTC 4acT2cTCcTC
Vin Vin vin ‘/in ]T: vraf vlsf ‘/raf * (5f4)cvzref ch ;m-l-J' Vi - Vi, = -V, fj4'?
— wa — = ch _ ip in re [
5CV3, acl2c]cec L L L L
f l2clcT 4 TacTcTCTC
Vf_m M'l' vref = - vref
N [ > Ve -Vi> V22 20 T 5 2
1T
ac[2c| c]c
TacT2cTCTC *‘ (II II J‘I II
Viet = Vier Voot 2 Ecm_( +J Vip= Vin> -3Vier/47
(9/4)C V2 S s SN S R
TacTc[cTC
vref Vref = vref

3-bit Conventional DAC switching procedure
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Split Capacitor Switching

Vo
7 —oVy
|
| e e e L?VREF oV REF
C,.=Co C,0=Co C,=C Co C=L= =Gy, —Cyy
-
PR e R R +—1Vx U
+ - + - *—0 o
Sﬂf ° 743; Smj : 7;; 51+ o fs - 50+ : js i .
2,1 z( 2.0 /{ I ‘/‘( 0 == 0C .= =
l Ssu mple ‘ S:m mple S.'Ef.l mple Ssu ple _ 21 _ C 1 C{}
EREF o— = . . ~ <~
IN © ¢ Time 1 Time 2

(a) (b)
Fig. (a) 2-bit Split capacitor DAC (b) MSB capacitor C, has been splitinto C, ; and C,,

* Split the MSB capacitor into sub-array which is same as the
remaining capacitor array

 “down” transition is power-efficient
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Set-and-Down Switching

Y/es'

e
*

(314)C V2
e

= Viet Vier
Jeclc|c
Vpsod—d 3|
i e o gy
CV2iy T2cTCTC
Vier Viet Vier
Vref Ivrof Vref Vrel Vrei vref Y
l2c|c|cC l2cjc|c es
VAP Gl Gl Gl P e e Wl
Ve Voo Y
T2¢TCTC T2¢TCcTEC No
vral Vref Vref vrel Vrsi vre[
2 vrai vnel vraf
L2cl"c "
V|p-(°m
Vs ot
IZCT cTc
= vref Vrsf

e
ﬂ‘

Vip - IVin > Vrafl'z?

Vip - Vln > 'vreffZ? =

Vip s o
Vi

n'(n I I I
I2C—|_ cTc
Vref vrer
vruf Vref vref
l2c] c | C

Versd T T

>
([
> v
>

Voo
l2cl c _‘lf_ c

ref

Fig. 3-bit set-and-down DAC switching procedure

* Reset to reference high, Vi, then monotonically switch down

« Common mode voltage varies with every transition

- Vin> 3V,er147?

- Vin> Viail4?

- Vin> -Viat/4?

- V> -3V, /4?
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VVcm-Based Switching

Vref
Transition A 2 c
T | Vo[,

1
Vref J e N\ Veme
DAC 1 \\‘l';c' 7 ot\\q'
p 2C== DACp ‘9\?\

26=CFCVorlll 1720V, [eTeT vop(2
Vem — " Vv D_A_'H op — N
26’%9 Vop[1]<Von[1] |':Tg c=c==1 Von[2] More efficient step
T~ 7171 Von[] ~Tr rr-T 55 Vref
DAC 2C— DAC v, Cy ref -
n ; n Opiej.‘u Voref«? ) C_T_ c +
Charge Recovery "f] -‘-—W
Vop[3
Transition B Veme I Pl
. Von[3]

— Vref
Less efficient step

Fig. 3-bit Vcm-based DAC switching procedure

e Additional voltage source Vcm is needed
e Common mode voltage is fixed
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Capacitor Average Switching

PDAC-I PDAC-H Vi, oy T E=5CV.. /16

| c c 2c [c | C | 2c
I 'LI I Lo FE s el ¢l i e Lolad
223 Uref Vref Uref : E=CW ..~ _"‘-"'_ T T Veer V—,E; T
"‘rre-f I""Ir'-\:f Uref -~ — o=l Weer Wit VWier Wi ':9
i i I : —— g T T T i1 G
T : T CTCT2C T CT CT2C
c TC Izc Ic ]c [2:: Vie-Vin>V, /2?2

™y 1-— T ‘1f’ i Uin

p y sov.ifie %cf . % = %
el e E=CV,./4 g it viee 1]
U.p_v;n}D F l / Vnuf Vr,.f I ij Eil: Frrf :@
T T

<
o

1
<
E]
v
0
<
3
S
@

v

Fig. 4-bit CAS DAC switching procedure

* Efficient switching energy but has reset energy
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Switching Energy Comparison

Switching Energy

1800 T T T T T T T T T
1600
=—8— conventional
1400 |- —8— split cap .
—E&— set-and-down
—=— vcm-based
1200 —E&— CAS w/o reset energy |
CAS w/ reset energy

400 -

0 100 200 300 400 500 600 700 800 900 1000
digital code

10-bit DAC switching energy
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Switching Energy Comparison

Conventional Set-and-down e
based

Normalized

Energy(%) 18.75
No. of switches 6n+6 12n-2 4n-2 6n-4  8n-8+2m
No. of binary I+2 . - on ind
caps
No. of unit caps 2" 2" 201 2n-1 2n-1

T “m” depends on how many steps using CAS technique

Table. Comparison of switching schemes for N-bit SAR ADC
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Single-Pole Amplifier

* The comparator amplification gain is
C

0,
* The relation between amplification gain U and time t, is
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Positive-Feedback Regeneration

* The comparator amplification gain is

Vo (ta)
dv., V dv, \/ U=_0" " _¢gl/n - g R
C Ol 01 + V — 0 Ab gm
at R OnVo2 C ot R +90,.V, =0 I:> V, (0)
C dVo, V, RC m — g

1 _ V.=V, -V =
it + > +0,.Vo, =0 0 o1~ Vo2 T, = A — 1 1- 1/ A T 0

* The relation between amplification gain U and time t, is

t, 1
z_m_l_lxln(U)
Ao
+ Vg -

Vo1 Vo2
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Offset of a Source-Coupled Pair

* The equivalent input offset is

0'2(\/05)=0'2(AVt)+(VC2’ j o (4p) _ 1 ('AV +V02V xAzj

52 WxL
W A B A
=uCoy — o (AV,)=— =7
f = 1Coyx L o (AV,) W L 5 W x L
ld1 ld2 ld1 ld2
Voo Voo
Vii— L m m2 Vi1 [ L.m1 m2 1
m—
Vi2 Vi2 @
Vos
M1 & M2 M1 = M2
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Comparator Typical Architecture

* The equivalent input offset is

o’ (VOSL)
A2

V
Vos =Vosa + (,)A\S_L o’ Ves) =0 ? (Vosa) +

* The preamplifier provides:
— Input common-mode rejection

— Kick-back noise reduction

Preamplifier Latch
y P }
Vi1 — —_— — Vo1 —Vo
1 —I I— I 1 I Latch
[ I [ I
1 I 1 |)<_{ I
[ I [ I
| I | I V
Via — — é — Vo2 OsL
1 | 1 |
b e e e e = = = = I b e e e e = = = = I
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Regenerative Latch

* When CLK=0, latch is disable and no power dissipation.

* When CLK=1
— The M1-M2 pair is activated

VDD
. -2 ® 3 * 9-
first E{ sl e l]j
— The M3-M4 pair is then C._lK me M7 | >< i LC CLlK
activated t "V, - !
— The M5-M6 pair is last e >< IC s
activated. ! :
+ — [ m1 M2 ]
V; ®
CLK — [ m11
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Kickback-Noise

e After comparison, one of the comparator output would
force to ground and the other to supply voltage

* The comparator inputs coupled with different voltage
resulting a equivalent noise source.

* The coupled value is ”qv
[RTE]

corresponding to the ratio of
parasitic capacitance of Thévenin IS0

t . t devi d equivalent of /n___
comparator input device and | cqing circuit .. e,
the loading capacitance of A X | N

. _\U" |

comparator input |

Mixed-Signal IC Design for Image Sensor - Chih-Cheng Hsieh



Comparator Trade-Off

* For a MOS pair, mismatch and input-referred offset are
modeled as

o (Vos)— ('A\/ +\%2VXAZJ

* For a comparator

2 Vozv 2
+ -V A
Speed ocC On ~ 21 /VOV 1 5 (Vos) A/t 4 P
C (2/3)-WL-C,, Accuracy (VA WL XV,
Speed x Accuracy? 1 \%
Power oc | -V, = ¥ o 2 v
Power Cox [ A\f VZV v Azj Vov

K. Uyttenhove and M. Steyaert, “Speed-power-accuracy tradeoff in high-
speed CMOS ADCs,” TCAS-II, 2002/4, pp. 280-286.
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Variable-Offset Regenerative Latch

* Comparator offset is adjusted by varying C, and C,, or |,
and [,.

m3 JH 11 HL ma
|1ﬁ> C@"/ Vi1—||:IM1 M2|:||—Vi2 i{;z ﬁ)lz
VSS CK_”EILW VSS
VSS
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Comparator offset Calibration

* During Calibration, V, = V,;-V, = 0.

V¢
l CK
v }CAL | —l_l_l_l_‘
Vi1 -/t +
:F 0 | o e

v v, et
i2 ¢

R
WCAL Vos
V¢

M ‘ Up/Down

Counter
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Outline

Basic Operation Principle of SAR ADC

Block Introduction (S/H, DAC, Comparator, SAR)
DAC Switching Energy Calculation

DAC Switching Method

Comparator Requirement (Matching)

o oA e

. SAR Logic Implementation
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SAR ADC Architecture

* The SAR ADC is composed of a sample and hold (S/H), DAC,
comparator and digital SAR control logic.

e N comparisons per conversion

* DAC voltage is converged to input voltage by SAR Control, which is
determined by comparison results

Vi A Sample | MSB | MSB-1 | MSB-2 LSB

1 4+
7/8 +
Ve —»
" SM * 3/4 +
_ B f 5/8 -+ y
N—Ent DAC o L DAG
+ N-bit Digital Output 3/8 4 Vin |
1/4 4
CLK > Digital SAR Control ~ sl
0 >

Dout D3=0 D2=1 D1=0 DO=1
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Traditional SAR Logic

e The function of SAR is determined

oy - RESET
by the value of each bitin a Thwoxa | :
: SHIFT |
sequential manner, based on the o 1 Q
' |
D" D 0 o
output of comparator. comP | 1y o |
' 11 ] |
* Minimized the amount of DFF. f/ - 0 i
CLK | |
A B DI_ |
1 - | Memorization Y U
0 1 Data load 0 SAR Block
0 0 Shift right
bit7 bite bits bit4 bit3 bit2 bitl bit0

SAR
7] Block
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FSM of SAR Logic

Conversion step Input D/A word Comparator output

o 1. 0 0 0 0O O O o0 a7

a/ 1 0 0 O O O 0 ab
2 a/ a61 0 0 O O O a5
3 a7/ a6 a5 1 0 0 O 0 a4
4 a/ a6 a5 a4 1 0 0O O a3
5 a7 a6 a5 a4 a3 1 0 O a2
6 a7 a6 a5 a4 a3 a2 1 O al

/] a7 a6 a5 a4 a3 a2 al 1 a0
result a7 a6 a5 a4 a3 a2 al a0l -

Rossi, A., "Nonredundant successive approximation register for A/D
converters," Electronics Letters , no.12, pp.1055,1057, 6 Jun 1996
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Full Custom Register Logics

Resettable shift register Switch drive register
—+- Vdd
START Lis EN
_ﬂs CLKG||:M1 q[ M, Q[Mg e Oy y‘dd‘“’“ v —
_G”:1M2 LMo L L . S FSAMP
C—i| M Ci“iM y

Ei I:Ma I_“j\’h M PE'— SAMP
_[MM LI_”:M a 1 M1‘ﬂb—
—[ ™, —[ My, i _”:Ms M1][:| A M)[:”—'

e

B.P. Ginsburg, A.P. Chandrakasan, "Dual Time-Interleaved Successive
Approximation Register ADCs for an Ultra-Wideband Receiver," JSSC,
vol.42, no.2, pp.247,257, Feb. 2007.
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SAR ADC Flow Chart

* First, SAR ADC samples input signal on DAC by the S/H.

* Next, after the S/H is turn-off, the comparator directly performs
the first comparison.

Start
e According to the comparator output, the 1

digital output B, is determined and the DAC =" le 220 =
voltage is switched to converged. Ye T >

* The ADC repeats the procedure until the 5=1] (311 [B-0
MSB to LSB is decided. v v

V.V, -V /2 V.2V,
V.oV V.SV -V /2

Stop
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Asynchronous SAR Logic

* To avoid using a high-frequency clock generator, the asynchronous
control circuit uses to internally generate necessary clock signals.

Clks © T T

VaﬁdD—L‘n LJ, L,, T->“ LJ, Ln L" T_,“ T_,“ T_;,n

DFF| |DFF| |DFF| |DFF| |DFF| |DFF| |DFF| |DFF| [DFF| |DFF
D VDDrCHe QID QID QID QID QID OID QID QID QID Q

Clk, Clk, Clk; Clk, Clks Clkg Clk; Clkg Clkg Clkyo Clkc

1

Cks I |
Clkc
Clk, I [ I
Clk, — | J I
Clky, | [ L
Clk, ~— | [ |
Clks ~ | | L
Clkg | [ |
Clk, — | [ |
I

I —

[

CLK, : sampling clock

CLK, : control signal of comp.

Valid : NAND of comp. outputs

CLK. : CLK to store comp. output
& control SAR

Clkg I
Clky I
Clkyo 11
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