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A 1.8V 10b 135MSPS Two-Step ADC in 0.18um CMOS
Shing-Ming Yen*  Ching-Chun Wang**
Department of Electrical Engineering

National Cheng Kung University Tainan, Taiwan, R.O.C

ABSTRACT

Digital video applications, such as HDTYV, digital camera, communication,
and medical imaging system require various system architectures and circuits for
signal processing. Among these, A/D converters are key components in analog
signal processing, and require conversion speed 100MS/s ~ 200MS/s, resolution
8~12 bit. This thesis describes a 1.8V, 10-bit, 135MS/s A/D converter suitable for
video applications. The proposed A/D converter is designed with a two-step
architecture and is divided into two primary components, a 6-bit coarse
converter and a 5-bit fine converter. The two-step ADC with interleaved fine
conversions achieves 9.217bits with a sampling frequency of 135Mhz and a
sinusoidal input signal of 25.18066406MHz frequency simulation. The A/D
converter is implemented with TSMC 1P6M 0.18um mixed-signal process. The
chip power consumption is 108mW at 1.8V power supply and area including

padsis 1.8 x 2.3mm?.

*  Author

**  Advisor
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Parameters 525/60 Systems 625/50 Systems
Coded signals : These signals are obtained from gamma pre-corrected
Y, Cb, CrorR’, G, B" | signals. namely : Y, B'-Y, R" =Y orR’, G, B’
Number of samples per
total line :
> YorR,G,B 858 864
> Cb,Cr 858 864

Sample structure

Orthogonal line, field and frame repetitive. The three
sample structures to be coincident and coincident also
with the luma sampling structure of the 4:2:2 family
member.

Sample frequency :
> YorR,G,B
> Cb,Cr

13.5 MHz
13.5 MHz

The tolerance for the sampling frequency should
coincide with the tolerance for the line frequency of the

relevant color television standard.

Form of coding

Uniformly quantized PCM, 8 or 10 bits per sample.

Number of samples per
digital active line :

> YorR,G,B

» Cb,Cr

720
720

Analog to digital
horizontal timing
relationship from end
of digital active line to
On

16 Y clock periods 12Y clock periods

Correspondence
between video signal
levels and quantization
level for each sample :

» Scale

> YorR,6 G, B

0 to 255 (0 to1023)

220(877)  quantization levels with the black

-8-
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corresponding to level 16(64) and the peak level
corresponding to level 235(940). The signal level may
occasionally excurse beyond level 235 (940).

> Cb,Cr 220(877) quantization levels in the center part of the
quantization scale with zero signal corresponding to
level 128 (940).

» Code-word usage | Code words 0 (0-3) and 255 (1020-1023) are used

exclusively for synchronization.

# 1.2 525/60 £ 625/50 A3 & LAt £

ted 1.2 ¢ ¥ i ARGk Behd fEAR:525/60Hz ~ 625/50Hz ot 525/60 i st
oo 34T R 5 525 544 R 0 @ Field Rate 5 60 Hz - ® # 54 5 s «hB~4k & 5 858
B IV gk G
525x60x858 =27.027 MHz.
& if‘u625/50 gkem T o HEERGPHRE 5 864 B o 700 0 if & il ik ik
625x50x864 =27 MHz.
+ gL 7 i 2 (Pipeline Processing) > #7123 & chw @ #F 5 108.108 MHz(& 108

MHz) » 7 48 5 135.135 MHz(& 135 MHz) » = 4 13 5 A%+ = B N80 i i

He B 5iE T AL o

Resolution 9.4bit
Maximum Sampling Rate 135MS/s
Technology 0.18um 1 poly 6 metal CMOS
Supply Voltage 1.8V
Full Scale Range 1.6Vpp Differential
Power Consumption
Total
Analog Circuit Power 108mW
Digital Circuit Power 72mW
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(135MS/s. 1.8V) 36mW

2013 Re o BN B B A

1.3 & &% &fxit

R ERPES RS A L REE £ RS
A 5

fi i B o
ER - Fom AR AL ikt g R EY OB BER Sl A AR
{6 » #/1 % Nyquist Rate g/ #iciz ik B¢ > B AGH > - fF i i igdk BAp b

AT B g B

FEZRFBANG T DI R - BRI S N R B
%#%GQ’ﬁﬂﬁﬁ%ﬂi%iévﬂ*ﬁ?ﬁ’%§$ﬁ¥ﬁﬁ him B by

T oh e R ERE G i BB B FFT e %

ki

w A g AR ey BRpE R T a AR ORI FRRNA K
B UL ARG T IS S Bt B BT %

2 h - F o

I
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Chapter 2: #g+t #ici- 3t Bl # 4 &2

R B g B et o 5 2 BEe(R A 21) M F] P #(Low—Medium
Speed) ~ ¥ i# (Medium Speed ) % i# (High Speed) =8 - @ &% - % * {345
% 247 & % 4 (HDTV, High-Definition Television ) g f > B F @ e 2@ &
Bk A B B R R B AR - B g R4 B E e
B BOPAE > BT K R i ig i F ond I 48 (Performance Metrics ) e
TR R R Fi RS8R  Hagd o kB ERERY - Eho
A RS S A M o B3R EE (P (Flash) - R S
(Subranging) ~ ¥ ¢ ;% (Pipelined) p* & 4 3 ;* (Time-interleaved)) % fAf% & {274

7 o

2
Low-to-Medium Speed Medium Speed High Speed
High Accuracy Medium Accuracy Low-to-Medium Accuracy
> Integrating »  Successive » Flash
» Oversampling approximation »  Subranging
> Algorithmic > Folding
»  Pipelined
» Time-interlived

4021 # Her i BE A A

CEE b iy G T E AR E Tt QLR R LN
BRo Bt e A A - BRI A RE O LR AT AR
E@,%ﬁﬁﬁwﬁ’&@%a%%ﬁﬁ%@%%?Oﬂﬁiﬁ’ﬁﬂ$ﬁﬁ%%
Q&&ﬂ%’éﬁ%ﬁ”&aﬁﬁﬁﬁﬁ”°iﬁﬂﬁ+%@’i7—iﬁiﬁk
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CIRRENE R £ 20 St s TR N I A R PR R

BBEEC AL

22 B RE R SR
BTGV R EREEOLAR S 5 o 7; FLIHE T R o BT Li&g fi 2 hsg

LR EARTRY B LR e

22.1 fE247 R

LAV B g Y > hE & 3T S f347 R (Resolution) ¢ & 2.1 &7 > &
T RIS R B (o ] AR A JR Y BT B Bl R
Fobiple gL fp > - B @R EL A FF R AR (5 LR FRE
SR < ARC] ) 0 A g R AR T R H oGy ARE o H P R T e A 49 A FRD
o] T B TR B g BT R 0 A AT RIT R A L F Y 2 g
Pk AT dem iR B 10 = A (10 bit)shR, B T .20 =1024 0 1 § A 2.1 & B o
F2Ler g R S e ] 90 10 AR L R A e i BT A 5%

h] T B MR B~ B IR 14 1004 15 4 e ISR L @ 5 g 41

MR B B enf#dr B} LG 7 2~ #(ENOB, Effective Number of
Bits) o 2 #T g R fleE (R B 0 B_F] G BEAR Bk 2 o BT et e ) 1F
Bl R E AL TRORAEE WA RS e TREBETIA T ik
g BT A E R MV LA SRR e B 0 RSB B B IR T 2

kLA 3 A B ) o S0 LT e R A B e ki Al je
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FERFeE T - BATER A L enddicl gLt (SNR, Signal to Noise Ratio) °

D22 U3

ER R (SNR)?P{#éELL&fiﬁ#:%?\;m%J ML E M g £ o AR |
SPATHE o KRR MELRIEIMELA E nE B oo (T4 ST i S e g ends (T A AL
& % 1t (Quantization) > @ % ¥ - B FF A FEOHRF L i ) > B g2
FER g G A A 2 g A > B B R A
(Quantization Error) > B] 2.1(a) " 5 32 B p ¢ #iei- g & B mii-*] IS /ii-*] = e

@21(}3):; 2 5—; 7% '&}%] ‘:IA%T‘*‘F'_LL%'T'@#-’%%QW mﬁx ‘SFF'!'&‘%;@ °

Outputy

Quantization Error

NN N
NN N

I
>
i

(@) (b)
B 2.1 (a) T f8 5T+ dic i e S - 0 R S (B) R SRA A LW

L@ 21(b)¢  BERE L QM) E- B3 A F A % #ic(Random
Variable) » R 2 # 5 % & 3 #c(Probability Density Function) & & -] % ¥ = FIAp 7
AIT— ¥ Ho 4@ 2.2 5T o

Quantization Error

Probability Density Function, £(0Q)

_e &
&

Quantization Error, Q{n}
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Bl 2.2 ¢ &3t f(Q)F M B &

1 A A
fQ=ia 2 QM<3

0  otherwise

A
MR

ek

L2 X WF 2R S RMS &R 5 T 5%

Qrms :_J- Q dQ_

CRREIR AR A O = B AN L_—% %melﬁhr/{’f s BV L gD RIS

Voms =ANI2 0 2 813 e p grdiy » SUBLENIT S 8 4] 357 A0 0 @ st

7 i&ﬁ%l * B A e g BV et B2V et B 05 g 350 7 1 ttﬁ%] 2B R A

B> H RMS i 5:
Vref
IN,rms :ﬁ
AN G ek F oni & die(Bits) » Tl ek B 0TI A FRag )

\Y

T B % /] Viss &

2Vref
VLSB =A= oN

P AR LR
\/

ref

%
SNR =20log| —-™ |=20log V2 | 20log ﬁz“
VQ,rms VLSB 2
J12
= SNR =6.02N +1.76;Unit : dB

FRATE NS SNR B AR YRR ML g Y - iR
T A e R ROTRARER > E R RL o &G R RIUR AR
(Thermal Noise) > 12 2 F] 5 % B R 7 & #7ig & eh4 E (Distortion) % % otz § %
i BB T ELELRR L > 20 R VRS B i R v i o AT Bt B
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e 4 B eng ok i & He(ENOB) R - Lo i Siche B 4 B 408 41 eniie 5 > 5

FFT 4 S 035 > L3 5453 A % chSNR & > £~ 5885 3 N @i o

223 MR

\qu\
-\1'-\«
\\"‘IS‘-

Ll

N

N
~

2

- &P s F R s A® b3 L (Quantization Error) T gl BRI 5 (2

dom irit > PR e EH B AFEERF S @R kT A NG iV ERA
- fh o BE ML A - A 4 B (Harmonic Distortion) ¥ 35¢ 2 o feiup
£ RGLELARRU A 0T AR R A Bt o JRIRRRUBLI SRR A Bt pE o S
SR G SE e Y 0 IR R &ﬁﬁﬁﬁﬁﬂ%ﬁﬁﬁﬁﬁ%ﬁ?ﬂ%%m
ToomX FlARBANLE S hd B > A7 AMFH —Cﬁlj”’b/ﬂ;m VIR o d AN BE IR
ThiERTE 0 F 5 BARIE LY PR BT D] MR SR BN o T AR RE Y b oo 2 EL

g e 4 B L (SNDR, Signal to Noise + Distortion Ratio) 7 &_#-2t 514 ¢k crilg 235

BPorjeengerEp o BB B B £ B dB BT o

2.2.4 s & [F
ERLE Sl F i W R ’é?%]% WEAE - LR > R A TRE
EF o @AM AR o A B e 4 o R @ AR AT e i
FHRBOMEEMA L AR L ot LB a4 Bt 5 (SNDR) & 5231
% Ft @5 0dB 2 [ sy » JUBLEE R 0 R4 <8 i ) (Dynamic Range) « ™
TR 23 AL FlE sl e A Bt @k R o AR PREIRT 0 B
Rl % & 5 v o g 4% %m}_ﬁiﬁl » #= Fl(Full Scale Input Range)ip fr © it 2§ %
dod R R e R PR RO REIRT 2

]_%],J‘ °
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Peak SNR_  SNR(dB)

A
\’: Performance hereis
| M limited by harmonic distortion
AN
1 AN
|
Performance here !
is limited by noise :
I
|
1
Input Power :
(dB) < P ——— 5]
Dynamic Range

B 2.3 & G FE sl en 2 1 @ kR

225 @M R

A Bt e BB T AT 00K - D M T EFIRTR S e g T e

_—

BT P Meng i i £49952 9 chpct o i e i B L LA R e (T
ﬁ@*m&;ﬁ%&ﬁb”%%Tﬁﬁm&amﬂ$’ﬁﬁﬁ¥ﬁ”ﬂﬁﬁiﬁﬂ
Foor L FZ P EBO R ERE S 0 A F AR o 5 RIS

AR o R ES b BRER P IAE - T EER

il
=
4
Xy

=g
il

&
A
pou!
=3
X

na
.
&=
—=
&=
3

LRI RN QR L U8
BenZbA o AR 24 ° o Bor 0 AR EEY R DR iR Bl 2.4(a)
PoegE AL & T A% i A (Offset Error) » #7ig = e Fl &>t AR f 3% & Senid 4 0 @
FRmy REmEd AT > pL- B DCE e o @ Bl 24(b)7 45 3
# 34 (Gain Error)» # 3¢ = 0 FIR| B30 el 5% B RIZEF R L F4 %
B o] > REFAEMY M@ FRIZEF TR L o IR T AR 24(b)7 eiT

IR R R e e RS E T ‘sﬁl'ﬁ 12 e @ A AR P B HE AL (Offset

Error) & 3 £ 3% 4 (Gain Error) » 32 ¢ $ s R @ L B E F 2R L BDH L > &b 4
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AL (748 i Bk % £ (Threshold Error) » 4o 2.4(c)#77% @ 4ok F 5 - BA 5% F =
Ao G A BHEHELRLEE S - 8 @ %ﬁﬁg&gﬁ;—] IR RS 0 A0 B - PR (TP

A - 7)) 0 e fids AL (T4 78 (Missing Code) » 4e ] 2.4(d)#77r o

Ideal Outputy < Outputy o
--------------------- Actual ’ A
AT At =5 Gain Error
4 #1 4
————+—+—+—+—+> Input —+— L —+—4> Tnput
A g A
7 "i : ,.;'"M T
4 I[
11
// __ii ;"’/, T
, i
1ii +
< —i «— Offset Error

(a) (b)

Outputy S Outputy S
A__ ) 4 \ A__ 7 \
—————~—~ > Input ———— o+ +—+> Input
£l A A
et 4 1
s 1 Threshold Errors it 1 Missing Code

() (d)
B 2.4 & e B R A Y v AT R
(a) # # 3£ (Offset Error) (b)# # %% Gain Error)

(c)#% jz BL3% A (Threshold Error) (d)#* 78 (Missing Code)

d Bl 24 8 - Bepgal o T O R i A o B A ¢ I
PERMEE A TR EERY RSZERMEEFE 0 T DI T s B Sk

Differential Nonlinearity (DNL)# Integral Nonlinearity (INL) > # % & 4™ #5% :

-17 -
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UB(i+1)-UB() _,

PNLO =" s
|NL(|) — UB(i)l_LLSJS(i)ideal

bz UB() R A B i BH NS 1 B B Uit o 2k

UB(i+1)-UB(i)=1LSB - .} = ;% ¢ & Differential Nonlinearity (DNL)4e 2 3¢ #7
Ao RLTRNFREE - BHEBEFE P HEE L FELLALSB)ARL S S A
Integral Nonlinearity (INL)R|E_% 7 £ 7§ B# 4 A5 - [FE 2 gk Ao

Z§e o B 25 %5 INL &2 DNL fedgded b oo £ B ©

Output
L UL & 7
Ideal puty . 4
: ’
E"‘—P’ !
- (ol 43T | i ] INL
i
N a—
il i
| I | - La
1 1 1.7 i —T > Input
L : ‘J'I_"\k :
1 ]
-1 1
W :
i I I
| 1 I
: | _-: I
PO |
i i | ! |
..... + | 1 __: 1

1LSB.  DNL+1LSB
Bl 2.5 # ez  E 4 ¢ 5 INL & DNL 7 L. ¥

2.3 Nyquist Rate #f v* #ici i 3% 78 H = A7

2R A G 21 E A B BB T § 3 5 R AR A R
Bk hd 210 0 ke Guki R B Y St e B T A
dt A i B B A HDTV josb e e B REP 3 i
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R BB o f a0 o g 0B Ol 5 (Sampling Frequency  for) A2 i8
IMHz » jo7 A5 F @ e e i B« e Lap Henfer 1o 9" PP AL

o

10MHz 12+ - * “,% TOBRHE 5 fo o @”#Fﬂmﬁﬂ"’iﬁ-f fin Y2 E AT T RfRAT R S A
-

R4 4 R E R GE R e B R EE R A 3 L) R

B
SRR FHAG BRI DA RO o AR OER TG D
ey & o 23 &¢ > B 8E RG> - FFNEy g BAPM RPN B

ERGEINE - Ial i O Sl

2371 BN e gk B

wRE T 2.1 & ¢ egit o Aok B o g BATE (TR g V1 IFAR (- Fo ot
Bl FBAL TR R R R A R BALIE C e R e RIBCE Bk
TEHE - BARRF R RO L3 UL iR e 1 o g L S
500 G (-4 4% B (Flash ADC) e 4 o @ 134530 3 » o 5 Po PP 3N 400 dc i i e B e
M MELDPE R S <] DL FERR 0 R E BRI EPE 7 5 R
6 5 P gl o R AR R P SN e B L g Y B o

@26 npq\}; 3 N g Lugt,ﬁﬁ*ﬁggmm o

4o 2.6 #7om o - SN e @ BT RS £ 44 v & FE (Comparator)
feR e 2 24 2 Rk e h% 4§ R (Reference Voltage)#rie = chie m igd 1t

RERE GO E ) B BER R KRS - i EE S DFE R Vi {e

=

Vlnfmux ’ {‘:} %jQ w @/E" VRef min % VRef max j\ ﬁ% ° rd] } e ;7\: ﬁ;"_l’b g(fiﬁ%—‘% % et

g\x'i

PR T2 N R g Ay RS T A 30 i i g F e
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EREAOEED G BRI RE RS TR R LDV RE
F Gl A e o 2 (S v R Sl ) T 8 SUBL RS B TR
o B {859 %45 B (Binary Encoder) » 1 |40 ¥ & éf’:gtfiﬁi%] CINEEE I R rr:ﬁig,iJ
WERTEFE IR 0 A AL EHH e L BEEH D0 M) B
BB A AR - BOREUE RPN SRR TR A F A 8 EF A hk R
Flt g fh e NI ELA) S F S 7 S iR & 548 (Thermometer Code) ©

Vit iun Input
9 9

B Overflow Indicator

’ Binary

Output

Encoding Logic Circuit

VAR VAVAVAV/

[y S R o | S

®» Underflow Indicator

B 2.6 PP ok Bor LW

PP SRR o BRE AR A A P

SR

Efp o e H gt JEHET - BaX gk - B n-bit
- A e R B Ao F & (T35 E 2 4p 7 (Out-of-Range Indication) # it

B R ZE 2] BCRENE BT FARZE O] BURES R 2B
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TR o iH(E L ﬁiﬁﬁ’lfﬂ;ﬁ’(g ";ﬁf:ﬁﬁir’#‘r}ii‘g v llipﬁii‘g 4p e 3N I e B 74 &
WA o B G fhY € AP B Bk K o 2B BT ha B T T R SN B

SRS SR ST RIS LA

JE b e S - BT 0 PP S e i B i Rk M~ gL
Flr S dple | s 7% > i5r R FH- B nbit gt e En 3 0 &
- B B J 2 3] nobit el FE R (Accuracy) e dedt - kx g g S {§ e Y
FEE G AE Ty A B BfE TR G R e REBGUIRR Y EHF
F#® oo Fp - B dep ‘Eﬁﬁﬁ? (Auto-Zeroing) ek 34 $37 » & JEALH Rt L R E K
HE e fodat (Offset) srBE T o b b » d SSPEPNSE el i3 B ALY A g @ oh
TR G TG T RIF T ABEOFT L REFBAEG RRB P

} ﬂﬂ ’\%‘FLLﬁ'{lﬂﬁﬁE’ngé A Y rﬁ&’fqi\aét °

BE AR F kB B~ UBLP R - R 2 L B (Sample-and-Hold Amplifier) #t
PPN BB 2 oY - BB AR E F L CMOS 93 i# R
HEEF - BALF X BT i #1 t WEL S| 2 504 b — BEfh-1F4F
AFT O ORGL G AF A T2 TG~ AR 0 T M~ e

DT OIH A Bk S

232 RN g ®

EARERNE el R SRR PR BT AN S P 5
G I OB FFITR DR en AL c ERTEHEEREIEET &
8~10bit 14 F fa47 B et i i B o F) P 3 R LB E - fAE ’}ﬁ"‘f S QL S
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A B BBk BERL Y > TR AR 4 fRAT R Al BE > 7 R B4 Benss 5
WAE 5 e € 5’::};}@:']{3‘_% B de o

SR PR RATAE S o R wAE R S B M e e B e
W ABLE A R L R E R Al AP A R E Y o Bb
b BIE Rt ] o H AEJEELEE 0 T T EIDE T (TH AIE > B
HFBHEFEN b e BT L0 REFWTROT FERITAL A F A 24
Bl B e o 4o RGBT LB - T - M4 BB R BT R ey
RAFF A e o - R S ERERT R Bk - BAE
BRpF A 20 RE 2 MITERTE S - B FRFIMR &7 2R SR
2 £ - f\fé#ﬁf:—ﬁ—%"m%% Lok s FE LRI - f},rgir,)l.;ué B2 pEASTER

e SN gL et i i BB 2 *}?;fpﬂ?m*% o

MR RIS e 2 kB BT T E AT R enfEdr B A 2 e 3 (Coarse
Part) 2 % iz (Fine Part)® BIRi> o & — BN f}a\‘FKF @A e AP N B

ﬁg : L)E-'ﬁ Tﬁ%ﬁf}?’ﬁfﬁﬁ.ﬁ:}% ’ ,‘/d‘\;’ z’ftﬁ’»l ﬁ;?] m%%{v‘ H-ta l]"”"rﬁ})r 4 mﬁ;;wﬁ,,]

ﬂ\i—

L -4z )t E R A B i 3 B (Subranging ADC) i 42 0 15487 5
R e BALH S B FF 3 (Two-Step) #f v Bo i df 4 B & £ L P 50
(Half-Flash)#g v #ici= &4 % - B 2.7 P X 8 =~ R A g E- L H -
Havshs - B % R SURLIEP R PR - g2+ F (SHA) » » 25501
A S/Hn 4% AT AL RS de i e S R e ik B 7L R A S/Hi 2 S/Ho
L8 AR T R 12 LT WA E L B oo B o S dE 2 AT Bl

Wik BHAHR A FRORRE AR R TR DA RKI B F 4 A DfETR
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A2 BRI S F 8 A AT A ol ik 0 & S/Ha iy I T AR R
Gads (7 0 B 1B 8 dic A B A L e gLk A e 0 9 1 S/H: chfiRds B
Ao s REFDS EAMAG @R EORITAT TR A d AR i
FEERTAL DL T ABEAF R RS A S TR R

RE 0 AA TR 8 AR o

{8-bit Accurate)

=|

5H

(B-bit Accurate)

S/H 4-bit {-bit DAC —++ "._..I.H"" — I &/ -
S/H, = 4-bi ! - oy i
Coarse ADC | LN P " !

- (5-bit Accurate)
{4-bit Accurate) (B-bit Accurate)
Vim T
. Digital | Error . . 5-bit .
4 bits| Delay | Correction |5bits| Fine DAC
! | _
+ {3-bit Accurate)
B bits

B 278 A% AN ik BT LB

BRA S 0 A gt A B S e R B R R -
AFTRI27 P R A E i RiR B R 8 A i R

WAL L 0] 0 G T R RPN i B 28 2% =256 B wm

94

BUAE A RR A R B TR 21251643248 B L M EE R

TAE RGBT 5 B f

T AR 27 ¢ AERRNE R R ek H 5308 (347 B B

Po- iR < B(SHA) » 9712 — 0 F e R 58 40 o3k B4oB) 2.8 07 o H

—\\

VR 27 &Aoo 5’”1@?] > UBLE FiE O~ ofe P AR E Boi gk R e R i
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i RIEBfR e v > @ 2 B] 2.7 #5318 S/Hi~ S/H2 22 S/Hs = i P~ - dF 2c + B

(SHA) » g A s @ifends (T o g8 3 7 Boff-i%dF2a < Beng £ 2 g =
TERGET - St L FEF A E A g Bt w - Lt

WELIE > AT A A FPF L A 2.7 ¢ R i e i 0 S/H -~ S/H:

2 S/Hs = B P~fh-TRdF e Beng fF i o

Select Signal
(8-bit Accurate) (8-bit Accurate)

Reference
Voltage
Generator

dbit Coarse ADC Sbit Fine ADC

L4

Vin Coarse Reference fime Reference

‘-'II||.1F_'||'_\ voltages

M5Bs| (4-bit Accurate) L5Hs
¥ L 4

!'Jii.;lt.ﬂ Error Correction Clrewit

!

B bit outputs

B28 - BRFME=~H® NG it ®

prebd AR 28 e FEHETRE T V(I EAY = FEH)BR
27 ¢ endici st i OO F 5 8 et By (0 A A B B et R

FRAELIN8 Ak foipy L R27 2R 287G HTAR e S om BT BING

-\,

EASOEZF EF {FHanh o

- PERRF ‘**F pL ﬁ'{l“'ﬁ%ﬁ % gtl*"%] - Z“’Lg’ﬁ — 1B PR I Hp
(Clock Cycle)enae & o Fpb 5 5 7 43 soenjgdi e 0 & JF #— B ficizenf® 4%
B - B ol O oo 0 gy 3 F (Register) 2 Y o F] 5 g B LR ¥ #o
fERE FARTE T AAA DT P AT LS A ft s TR ERR

W g B e - BRI hut B FrE K TR KT R

- 24 -



Chapter 2: #f\* Sciv i Bl 4 &

g A B SRR A s B0 S R R H 0 B il

PFE oA IR T T e R

233 HH N B R
FRT LR REFEN G @R E o pRT LREE S B
SRR WA L S ok B (Pipelined ADC) 0% 1 o & | &
ARERFNGE R E > LR AR Ed BE - A F4 50 L0
{ $enE o PR IoR BH BN Boi g i B A D08 08z
%g FPEA RN S s 0 BEFL SRR S T s (T R
BHREN B B RE S S R AR BREE TS

HEREL

2.9 A7 cnE - B 10 A chih St e i B e AL R B
P e B oS PR R e B AR o Y ML R
B A NS YA B R R - R A BT B - Bl sz
o et (o5 BabH s 4 BIE Ao 0 SRl R 5 S deias Bena it it o
Wikl o FLEB A BT EETFH e o A - ER IS iR
Bo- EAEENERCEREONE AR 29 010 A N i
FooE - PARETL 15 B A LT LRAE - s magl o e Y o
~ AT - PR PR 2 Y 0 B PR - iRl s

W15 A et o

-25.



Chapter 2: #gr e Behll# i 2

+
== SH 2bit ADC 2-bit DAC g
2bit
—
-“-"'-. __..-"".'-
— lI_...--"'

\m;’@—» Stagel H Stagel 1—h- Stagel }— .}‘ Stagell ‘

| DFF | DFF |

v v

f I 1
| DFF ] | DF | | DFF | | DF |
T I ] I

¥ ¥ ¥ ¥

Digital Error Correction Circuit

iff = =======

10 bit Code

B 2910 =~ g v e B

BEE SR B R - BRI FR PR OERR o UE 29
10 A EE AT B B L b AT BB R B2 B -
S BN FALE R B 10-bit AR o 57 3 R 0 Gt BREE S
W R BL N AR RE > TS D z Bl T AF S B AR s
S BEt e ] mA o VR E - sl R & n_gﬂ&,—bﬁjﬁ;ﬁ&%ﬁ .
S0l §f R T iR R T AR A R S
n—(i-1)-"+1if LeN
Z VA
P Ndgend p fhiice @ 51 8- # i F 80 F LBl mnE

BV 5 nobit o 1 chF ot RESRE G
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(T“—Q+@—Q(ZWH—Q,WEEN

#r% oD Al x F B(D Type Flip Flop, DFF)shi¢ & » frz 5 M > ¥4k & 7 = ¢

< 1+(z-1) _P-z
iZ:l:l_—z (z 1)_—2

NP artE s v g Ak % R f %’F FUBE L i g e Bl
FA B E S S o PR R R S el g e 2 BT F 2

PRGBS Ees E o A B S e B 2 BT E

BB IR R o H SN el Ben R TR AR R BN
B @k FOri@ o ORILAPF 0 R A JRE APASA PR enfic 2 ORRE o e A v § R en
TR R A FHG AR ET R AEEF O A TR & AR
A 0 PRF AR o ki - BaE L AR 0 h B RAR B P58 el
SR

3% h gk iE § (Conversion Rate)r & 2 6 > F @ sV s ol dd i B =2 140
Hrpeg R omd 28 - FTROERECFMFITRNE Ko 3 T4 R > 817 FH
g B RO L R BRI PR R o R L N i
BEAABEP IR FO- B A D% o T8 L RS bRt ik

TR - o

2.3.4 PR & 3N o dd g B
dok B SR G ARG A B R Tl B A 4 2 B g 4 % (Time
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Interleaved ADC) e ;% %3 e d& 3% & 5 > B 2.10 T EpF A & 50 ot e i 4 8
STRT LR B FELY nefph ol g ELHA &0 & - B L5
Bt p e B B(SHA)L 4 e g4 B o AL A b 2t g 3
FE LR PRSI A R SUBL A e BT T 5 - PR )
o (e § B 210 #1w 0 F - B L B RgE A B o i e B AR
Ke- BiEF- BRppad o I *“@:l:%] DPE BT ) 1 BEH @

BETR g Ll 0 gy R R OB LRSS AL LB K3 ol

=)
=\

BHAT L KA - BT Tkl > T A v R A F PR kRS oo L

BAREE GRS X f AR 0 B T2 A A L (T

! i N-bit Accuracy CLEK
b [~ g
{ s —e<” ADC, A—— T
2 : et ™ n bit =
cKk| | | | 2
L M-bit Accuracy CLK,| 5
[ B = u
--—-Jlm o—<_  ADC, H~——» = E
§i i o~ bit 2 e
CLK i ] — - £ ——’b;
) Vin ¥ = )
o o
| )
. | . =]
M-bit Accuracy CLE., -
I R =
——4&}+{ ADC, A——» B
‘ [ e i n bit
CLK, | | I

B 2.10 PFRF A BaC A o g e R

BA - B PRSI e Boog BT IR B

e
L
ETIS
“E,,‘\
=

Bt Bk - B nobit 3t oz B A KPR A SN A i
Wk FEa T 0 F U fosnihikd o 0K AT & 2 B on-bit BAA 0 ¥ R E S

E3z - forPPP A B RS E o R ERIFRAER Rz B g iy
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)

X 5 m

=k

Lo PR E BA A AT T REERE S LR A g

B g F B4 AT o

e

iR e fH B & Sl Am~ ApM anfg v e @3 B -
B B R AR g h 21 ¢ S el BRI > RE AR
(Flash) ~ g% ¥ ;% (Subranging) ~ % ¢ 3% (Pipeline) p# /¥ 4 3 7% (Time Interleaved)
e AEHE KA LR F At ipe A% 5V R HDTV 0 3 & g 5 & 2
WRDG o Aa A 23 SFenfeif? v ildr s FMA%E5 HigR, vy § Ha
gho £ 22 W5 be fhlE f#mffi‘” oM L AL 4 f#mxgﬁﬂblé Hakah o,

B %

ln
s

A2 hp cheddofe EP A Fdoip it > siiai@d S e o #

o)

FEEDAE

Architecture of A/D Characteristics
converter
Flash ADC +Fast Architecture

+High-speed SHA unnecessary
—Large number of comparators
—Large die size

—More power dissipation

—Sensitive to device mismatch

Traditional two step +Fast Architecture

ADC +High-speed SHA unnecessary

+Less number of comparators than flash ADC

+Low latency and less digital logic circuit than
pipelined ADC

—Large number of comparators than pipelined
ADC
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Pipelined ADC +Less comparators than two step ADC

—High-speed SHA necessary

—Complex control signal

—~High latency and more digital logic circuit
than two step ADC

—~Low Speed than two step ADC

Time-interleaved ADC | +Very fast architecture
—High-speed SHA necessary
—Complex control signal
—Large number of comparators

—Large die size

—More power dissipation

# 2.2 Nyquist Rate #f " #ci= 3% B 7 - 4
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31 =% @B 4

Ex-FY 0 AHmT AR 3R R A TR (HDTV, High-Definition Television )

M FRE s L Al1287 > 2- KA ADCHZ B aipM e » 7 A% - §
¥ > /i %7 Nyquist Rate gt iz 3 B Y S ARG A BB & &4 22

PO AR R BE e AR ch- Bde o & 317 R[S B N

M ER RS A DA g R ESL R o

Architecture of A/D Characteristics
converter
Traditional two step +Fast Architecture
ADC +Less number of comparators than flash ADC

+High-speed SHA unnecessary
+Low latency and less digital logic circuit than
pipelined ADC

—Large number of comparators than pipelined ADC

Two step ADC in the +Fast Architecture than traditional two step ADC

paper +Less comparators than flash ADC

+High-speed SHA unnecessary

+Low latency and less digital logic circuit than
pipelined ADC

+Auto-zeroing technique

+Coarse block never in idle condition

—More power dissipation than traditional two step
ADC

—Complex control signal than traditional two step ADC

31 AHe o pENSE R B B N i B A

dOE SR A A 20 TR T LR S R B
R i A 247 B (Resolution) g * > F15 H 82 5 Nyquist Rate #f 1t #ici &

BEY RAABGE DS a2 R0 P R FEA R F 0 (A
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“Tig & h? 7 fe(Mismatch)azg » s # 2 3 & A MehF fom AV iz B
(FFs s BN  EFARN)Y G EFEITRTAR AR T $
FURE v o i 3% F (Pipelined A/D Converter) ¥ = [# ;% 47+t fici- 4 3 % (Two Step
A/D Converter) > @ & 1 & S (S # - FF Vv #c =& 3 £ (Two Step A/D
Converter)si ¥ » f3tid R ihy £ 0 BARAEF S @ik B F oot TR
gl oA R E R > R A EBERY o HE R F A
SRR R S S B i B (Sub A/D Converter ) o pt #hH & — %357 & -

B ff 2+ B (S/H Amplifier) » & %% B omx 4 4 7 TR SRR -

FR-FFS g R TR Og REREE S g
FroR AR L EPAE BT RSERGE (G F R A ROP RS
B EHEFAERCEETZIZE S ERRIRIEE A AR ER

SR A A B Bk 2 2 HDTV & 52973 4700 Bioi fd 3 B2LE o

=1
F_L

PR A i e B 0 B AT 5 B e BT 7 A
W™ 8 BEAR AR 4 T AR R o R AR RO E T 0 ER A SN
SRR U R LR Ll IS R St S R A
PR A B B R

s PR B B > Ak i# F (Conversion Rate)™ & 13 4 i
N o f i B A I AT R hE B o B 32 & 5 A #HLG
ENTEE U S5 23 0 Sy FORE SR ¥ FIE B OS SRR AR

REEr A k@R BN 3281 X FELAFHENIE 33 F0H
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32 FHAE
321 A~ D P e B E B 2 BEE

Bl 3.1 % 2 PE S a7l B e P A B o do o frap o @A s PSS AT
e @R R - BolEA g B (Coarse ADC)E jicsd 55 vt e i i 4 B
(Fine ADC) %72 & « 5 L35 Vin f pFiE » 4o 23 8700 et 4 B 2 fesd 80 S
# B (¥ P-4k (Sample & Hold) s i 5T Kagit 2 5LA0d 4o 38 470t He i g 3% B e
s » A2 Most Significant Bit(MSB)#8 14 2 — B4 135 o I F 3 ELhp o
TEEFTRBROFAPD > EPEEHAGP R EZ TRERF - £ S
Wi B a2t 0 A 4 Least Significant Bit(LSB) <48 - @ {5 MSBs £ LSBs £

#E o~ @Rt € B(Digital Error Correction Circuit) » 2 2 10 =7 e#ic 45 o

Select Signal
Y h 4
Reference
——» 6bit Coarse ADC |« Voltage »| 5bit Fine ADC
Vin Coarse Referencq Generator fine Reference
voltages voltages
MSBs LSBs
Y
Digital Error Correction Circuit

10 bit outputs

DR RS S s

AR 31 & iEauEer o VORGSR B B BRSO
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B TF SR Vin A pEiE ~ e A e gk FE A g E 0 A
- ij_‘_?;}i,el’/\ B OE P B i e I T e 0 B g 4k B - g{?

R AR E s DR RSk o BT o A

|

Wi BAII B s H g e Sl BEAOTRE R hiFA) o o e 2
S o BT RFEBHRAL A B 5T e - AR SR S e
BHE V- AR AH2 TR IEDEE o 4oBl 3.2 977 o dodk A pRVEE
Bl B0 0 L e BT BB R @ 0 - A e E bk
S - BB B E B A e B A e B Y -
B gLenBgf o TF oL b ehak B o AT R AR v ¢ e B S e g
B R BT RS i B el L PR A N i e g

(Time Interleaved ADC)# 4 » s}f‘% AR BT G R

322 k¥ I B AT el g B i 1

‘k-'“‘  high I | 'H'I
| = 11
Control Logic [77]
: I
2o o e — > . e ==
= 0 £ I Fine Bank 5hit1 1
= - = < B | g I
= ; = i
U = = 11 .= L 1
o | —w 2 Ei E ﬁ = --||— Fine Bank 5bit 2
o @ 2 =z [T 2
E 5 & | 32 32
2 S = =
Decode and Correct
y h""--,_ -‘L : .
v,k > 1____.-____1} ) Out 10bit
Vin o |
— T
"I kt To Coarse Bank, Fine Bank
Clock $= TI.ITI]]"IH Ciriuit ;'.".1_|hfl-'.|j| opic, Select Bank

Bl 3.2 Am~ = Pt dicin g B & SR
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w327 » Vin g Ligd & P tamagida b B (Signal driver)2 Spde vty
2 A v B g 3% B (Fine Block) e 4 371t #ic i i % % (Coarse Block) 4 4t
;¢ B~ 4% ¥ B (Distributed Sample and Hold Circuit) > % 3305 B 1S > 5d 2 dd
B ERZP AT RBRLRE ST LRI R VP ROEF L] EHTR
(Select Bank)if #1 s 4t el Benh ¥ TRE R > L3 3 e it e 4
BT F A ET R ROt B d ey o Beri I en 5 AR e e
i e 6 A gh 2 BT I (Error Correction) » 2 4 ##7 245 & 10
=7 ehz i 4148 (Binary Code) - B 3.3 £_ A& % > = FF 3 df v Bio g 3 Bk (F anps g
TAERBARY PRESI AT AT FHEATMEN AE RS - R

R B g i BB (S AT S R AR

Sample Signal # '\ Store Chut '-l.|!|h'll N
Clock _\— ,—\—//—\—/—\—4/—\—/_
Ity
. C’unm C(HI‘H Coarse Coarse Coarse Coarse Coarse Coarse Coarsae
Coarse Bank ﬂimpting. Cumpg[ﬂ_‘ Sampling Compare Sampling |.'||I1I.J".'Ifl\,'_\= Sampling Compare_ | Sampling
Fine Finel inel Finel Finel
Finel Bank ] WO I'l i Fine L. MO L o
Sampling REF Select | Compare_ | Sampling EEF Select
Fine2 ; Finel Fine2 Finge? Fine2
z 2 Ban ’ O P E B
Finel Bank Sampling W REF Select | Compare | Sampling O REF Select
Correct
Digital Interiace % Store Coarse Decision Output
5
Output Data N-3 MN-2 MN-1 L N

Bl 3.3 wim~ = Pt ficin i Bk (TR T J B

> 3221 fe 2 fEv o gk R
Bl 3.4 T 5 A3~ deih ap st ok B (Coarse ADC)ehEH Rl » & ih~ = 13
—\.Lk\Fl L ﬁ'{p"ﬁ;}f\: \2‘ m‘}E' A fk\FTLL ﬁ'{p"ﬁ;}ﬁ'@&’,ﬁip?, fk\FTLL ﬁ'{p"ﬁ:}ﬁ'@‘l" ‘17’7';'31' ]

4 - A PP N ok B (Flash ADC) %4> & 245 LHF PR

f‘fﬁ

(Capacitor Interpolation Circuit) k % = » p* 5 2% 2 - < 4FBLo JL TR

BBLs 1T A BL o (1):3 A5 3% (Offset Cancellation)sfisc % o (2):7 12 & HgiE > &
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+ % & (Reference Voltage)#c p e1g F o

PR AR Bl R A B D 1Y o S EL Vint? Vin- RGP 2 B R

FRIBLEY LI A PRIBRFFRE PSP FLRE 2T T RITILR

—N

SoEd A BERNIRE AL 2B R HY AR T 7 B BEk
- BIELE G P BRI E 3 o F]T P64 BIELEL T - Bt R
% (Comparator) % ™ 4 (Latch-up)#- it » #7 & # ¢ Thermometer Code ¥ I #&
ik 2L 1P| 7 B (Transition Point Detector)’ % # Bubble Error 7y ﬁv‘ £ 1-to-N Code
g e o 2T kiE 64 B 1-to-N Code “$ T3 %4 R RA 2 E(Reference Voltage
Generator) » F #H LAV I BB Z RO TR REF > A EiE64 B D
)+ & B(D Flip-Flop)#t 5 {& > # 3 7 - %5 B (Encoder) 2 4 6 =12 & i

# (Binary Code) » 11 3B TES7 ©

w

& 2 2 8 3

2 3 2 3 &
----- - B =3 & & 5 -
i i = = = = 0 3
s |0 O O o = B
A 2] 5 |2 3 2,5
in+—= := e e - T bl
Vin : ] 'T T ; .IIL f _.Ii.—"‘ =
Vin-—= § |i! e | £ I ! . T
[ - S el | ) | i U | iy
& | s [{] = || w 1] 2 |1 B
— e o’ LL, L} (o {
I o 'R - i R= i . [ O [ o
O - o ] s : o H c O

I | p ! [ = i i i [23] 1
2 i & [ 8 |1l e |t 2|l = |t B

= oy
= = 9O g | A =T (R
o Bl e i -+ | fyor] 1 ¥ Nl i Ll
R =) v o t, @ v, v, byt
A N a= : " — =
ot CL i = e
- 1 = ) ]
= i J : o
[ i =
e
. ¥ . >

Combined with 64 Selection Signals

Distributed Sample and Hold Circuit

DRI CELRRAE Sul g -

-36 -



Chapter 3: = FF;N v o 38 Ben g ik b 27 9 30

EFEPRITIPMIBTEAPRAGLT 2 28 £ 3 R a5 0 d s
BRNFRE 0 A4 72 BWELING > BB R 35 L T B asnit o TEPFETR
Gl e i Bendn iy > A8 d 9 BT F PR B HE ~ (Capacitor
Interpolation Circuit Unit) 8 ¥ @ = (4= 3.5 #7757 ) ° Il%] Ry B - BETFP

BLRE A - 25y TRE T AR KRR 0T T P BT

N
—\

FROOENET TR APEAF - BREIPMFBTRE AN 0 N B T RSB

e - gﬂi%] > EL(Vint & Vin-) o @ &

&
=
T

G A - BRAPMBTRE ;uiri:ﬁg?]

T

P8 A AT R A R R OT F PR T RS T2 B AR F P

LR nTRE FAR LT - &7 45

72 Culpuls

- ————————————— -
— | Fy - |
: e | l i ™ cCapacitor lZ!:: |
T ,I 1 | ] 1
| a :_____ I i Ve 9 —i- [:__!_h rrli.rJ:.l:n.m v Bbit Output Data |
. o . ircuit Unit |
Vint—p| = h3v*= Vin+t—s ! Vrefo-——tsl ', L g
\ & |H 1 HH yYY 1|
yo - i I i SR ¥
Vin- | = : i Vin- | J i i i i i— == =-Serial Connection : i
= \ X J i1 i i
& i = | vy ||
= f =] a ! e = I
i : g (14 B ' | Ef}: I Capacitor ?: I
- T [ T | 1 Inte : : : i
=R - | 5 o | mi Vrefls Inte r}“"]'ll"*m i Bbit Output Data : i
Circuit Unit | & 1
- —1 = | [ = _I_..I ?. Vref2 ircuit Uni ; ;
= T I e 1 =~ o ! 1 .4., Ic R
& :I o] LY . o o0 | i IIIt == = wSerial Connection Ii:
i v i i
+ | 5 I .- 1 I fin+ ., .
o =T = I b : :rl: Capacitor ,I: :
= ' = e 1 = . : i
- | = | - I | 1S, remm— [Et_" rp-..\].l'ihnn i BbitOutput Data |
i ircuit Unit | !
o ' = | L ! Wrefl-—mn 3 T |
L= L — e T i

Combined with 47~
Distributed Sample and Hold Circuit

B35 e - BHRITLFMFBLET LF

554 T RA 2 E(Reference Voltage Generator) > L v /1 5 #7745

REPRT - FZ 42T RRAL BHAL DT RIS LM -
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r ]
Casel: M5B-1 Casel: MSB+0 Cased: MSB+1

B 3.6 » A B PPEAL L B T RIL

d e ARl Bo i e Benal/2LSB erds i T E AT A 4 G P s i

ER

=

g g o BRI EE RS- B AT BREFAFE A
WHEFO16BTRRE L PLEI TP 4 o005 T R Bl AT de i
Wt g 4 P S 2R B PR o HORIR T R E S 5 B e B eh
TREMLAY AT 2B 12 Blaf - ek Bad BE F(T 1/2 MSB)» & Bl
3.6 i P REF T REL(Ue CAKIF HKCERBNLTTRET S
Bl) o 7 Ao Bl G AR A0 B B I A e o RO TR R -
BAL - BRAFE RS S BRESS 13 B RER RS L0 #aeP

T R A B B 0 s e IR R 1 e (Fo I Case2 ¥ o
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prv i gk F ey

Bk 3

:l‘“

=i

E1

3% A
‘'p

4o % ?,}E?FFE'F

ey

155‘:‘"’,"%@ P B TR

LT g‘i‘f—' P

FRodokp Case3? > T RERF @‘J WE- BRFER B PERT R

fate 1 s 1 o

PR e A LA R ER > R hEE

H

& - BT RE R 2445 (Binary Code)sfiy 41 - FIPp 0L b ehkit o B

3 TRA S BRI 3.7 ¢ 1kt o

-
¥
5%
Egls
-
27| &
£ A
3 5
J
U
v&"::“?*""‘l’la“:”
{sa-T: Sl U O

TR BRER S EFF -

it BB Sl i

BRIEAHEIIE 3.6 ¢ che BRIERRF

moe Sectiond

-I-'I-u.f Up

=

:

- e tiom

[ 1

e—ectiond

p—section2
EC Section]
o {iini2
psction]

g liond

e—aeCtion]

i B L/o_:“ sction]

""n of- Dhavwy
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Sectionl)s% = ll%ﬁs?] MR RE B % 2(Open Reference Section 2) % — fl%ﬁi%] 4
TRE S LTHRE36Y A AT LR 12 BleA kg BT RE F(T
1/2 MSB) ! i i SR 1 R B A b o § 854 RRS Apk efE) 5 AR T
RRA A %ijﬁﬁrlﬁl 3.6(b)B 77 o d Fxh 54 T RE M LS| (Switch Array for Ref+) &
AT TRA f B SY T RAE M L7 (Switch Array for Ref-) 2 # f =4 %

JR o

LB EA g R EREEY TR 32 BEAY TR AR 375
PEBT AP TIROFR S DZESBEIRITV(LT - F4R ) A gRt

B B (Switch) i p > £ - BT T % N BT B PER

> 3.2.2.3 M A Bl e E

Fine 1 Block:

3 A B .
3 a = =
B L 2 =
. F = = EH
= |2 2 £ o
i 3 g IS #l &8 | £
Vins—= = = 3 = [ L
et 3 H ¥ H il
+ E } " } =2 : i
Wimar—e B LR R 4] OB fe
| =2l E LI = 2 | 5 e
o Bl & 1) 2 ol 1 z E i
[ 8 ; g i o B B ! 3
i S I T S i 1 3 = |0 o
w4 > ; - i = "t o a|= =
5 | & # - L . o ® | I8 [ il I+ e
'f;'.. = mer I s - = L lir I &
—te = o ' x AN -
== i = | = |1 B
= | 5 | {| w» [1]|® B} P S
"y ] | o ' =11 I =
__________ erem et scnrent | | 2 |4 P2 Eld | o8 |4 8
..................... =44 ==EfzzzIzzzazoas, — 1 -Hrd B ¥ ! c
Fine 2 Block! ¥ o £ sl Bl g%t a |l &
B & E Bl 2 |ila2|:] £ | B
s = - =i = . - 5 b
- = =2 = = = . = ':: i = i —
: |2 2 o O = Lt B B :
' '.- = (2] = |F-' et = i & E_E
Vins—s = L I Rl = ¥, 9
i i - " 2 . 1 A
Vin—s E || £ 11| £ |1 H g
1 E R LE ] e ; £
" ; ] | ] ¢ '
= H = 1 = e 1l wad
i o 5 4 H = -~ I o R
- = - = = = '
o] R ; z | = o |4
- S T - e o —
e = ; - | -] i Error Correction Control Signal
y 4 = X ! ‘@ i i - - .
‘F\_.;‘- | iZ .-—1--= ;t-" E — -] {Tir Error Correction Circuit)
E—H & =
= | o=
Ir: Tt
Control Signal "‘

B 3.8 e i o fE e B
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Bl 3.8 & Acsd 4t B3k B (Fine ADC)en k 5Ll > 224m 34 47 v Bo i 4 B oy
i B e UTFPBTRIFCGALP G PG TERBTR AR
BLX R AR AT TRAVRE R FMEAL A0 B H Y KT g 7 By
Bb oo kb BT R A o T B2 BAMELEL T - &
et i B (Comparator) k& # P 4 (Latch-up) = it » 74 # 1 Thermometer Code
i# 3  21p] 7 B (Transition Point Detector) » % i Bubble Error rmﬁ“,f &
1-to—N Code i #% - 3T %k iz 32 B 1-to-N Code i 2 D 4|t ¥ (D Flip-Flop)

BETF 0 F AT - el o

AR BRITAPETR AR NET 2 28 24§ R s £d 2t
BPFEL > A4 40 BRELDING o KB EH 3.9 £ 1T B infit o RE P BT
B A s B @ B Ry o i d AR AF I BB EY AT AR

¥ = (Capacitor Interpolation Circuit Unit)*7e= > d 5 BT Z P HTHE ~ 8

A S (doF] 3.9 T ) e g » TN F - BREPBREE A7 - 5T LR

B ST AN B ERFOTFPBARLFESENF IR A p 2
BE - BRGABTIRE AR R ORI I - R~ U (Vi &

Vin-) o @ g et o K- B G R IETEE SR8 A St g

FPEEEOTFPABTERESED 40 B o

=

50 REB 38 ¢ s BHAG B EEEAFRETIY > FR AL Y
P UBL R F ] 0 PP EL T IE £ Rt 3225 &Y A% e Aptw A D Al

FRMAREOARENLS > 50 R ECH/ DG I/ Fhol - B 51 F

=

(Multiplexer) k3% # & FE et 5Lk BB o @ § 1 Bengp s Aok p Pk g 4
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% (Clock Generator) » ¢* 7 £33 & ¢ F ARB P/ 55 o @ (5 5 1 BEH 12 anu 5L
FELI S EANRBBEEITERI VTR A2 5 s B ST
Tt LB FIUEL -
Fine Block
——— = _I I— ————————————————————— -t
| i e~ |
| | ] 1 ' Capacitor :3': |
i 1 | . : ¥
S [T = =2 1 vesmterpoltion] | gpitoutput Data |
| o ; i : 1 ireuit Unit | ¢ i
1| g |! Yty Wesrrh T I
= . I (' [ ] :
""rm""'_:"' = I ¥ Vin- | ! il P11 Fomo== wSerial Connection : !
‘= ; ! ' Pidd &
Vin-— 2 |11 T [T 13
= il b
| L ! Py . I & ) Capacitor :'!':: I v B
1| 5 |12 I - M Interpolation| | 11 3
: = o o =t ooty nterpolation |+ g bit Qutput Data .
b | E e = I & Veeld Circuit Unit | » P I
e N i Vref2-—s 1R
.".:. - | ‘3 1 ,,g | i t::t— == =wSerial Connection : ¥,
<4 1 | 5 Y, | | Vins -t 34 |
L'-t—'—l-l-' = [T ‘éin ! Vin- - Lﬂpﬂ“h?r i I
rp—— & I = 1 i Vrelfl+ : ""_'f‘-'rlm:"'_”"?" i Bbit Output Data
;.: | | ) | 1 Vrefl- Circuit Unit ..IL.. I
L— _l P = _';;_ __________ J
Combined with 477
Distributed Sample and Hold Circuit
B39 e kB BT AT T LB
RPN TP T SRR R P E R
ES N LA ) Rl L R (T e ph R o - S IR R A - L T s g7 R
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35~ Z PR B @i O FFT g 8 5%

d 2> A #r* a2 5 BJT(& SS~FF~TT £ 3 #& Model)~Nominal MOS(%
SS~SF~TT ~FS~FF £ 5 # Model) - Medium-Vt MOS(£ SS ~ SF ~ TT ~ FS ~

£ 548 Model) » @ § & B~ 0°C ~ 65°C(& % $f (Fif & )& 85°C > Km #75 ey
& 5 E 2254 AT s &4 PR > BB BJT 3 48 Model (SS -~ FF ~ TT) ~
Nominal MOS 3 #& Model(SS ~ TT -~ FF) ~ Medium-Vt MOS 3 # Model(SS ~ TT ~
FF) > § & B~ 65°C(& % 4 T8 & )& 85°C & fAif & > £ 54 Ak ine & 7 cfiiht »
@ % 3.2 5 54 fknT A E L A(Typical) ~ # £ (Worst) ~ £ 4% (Best) = &R ™ e

FFT fof.s & 52 -

B lllald by Loy g . A -I*. o :
TR AR L'r“'”‘r"“ A ‘",J}i*:'-t_“-f-.‘ i Ll AT
] bl A L i i it

Fp—

] 3.64 FFT Pre-Simulation #i-#t % % ENOB=9.714bit
(Input Signal=25.18066406MHz -1dB Full Scale. Sample Rate=135MHz)
(Temp=65°C, BJT TT, Normal-Vt MOS TT, Medium-Vt MOS TT)
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B 3.65 Matlab £ = 4 7|

' *|

|‘ H\ U‘ \" “\ “ \“\' h IH

J_I_!_-

The ADC Simulation Condition ENOB
Input Signal=25.18066406MHz -1dB Full Scale. Sample Rate=135MH Performance
The Typical Case 9.714bit

Temp=65 C, BJT TT, Nominal-Vt MOS TT, Medium-Vt MOS TT

The Worst Case 8.76bit
Temp=85 <C, BJT FF, Nominal-Vt MOS SS, Medium-Vt MOS SS

The Best Case 9.76bit
Temp=65 <, BJT SS, Nominal-Vt MOS TT, Medium-Vt MOS FF

# 32 R Z PV g 4k E Pre-Simulation iR B % FIZ A
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%] 3.66 FFT Post-Simulation #c#t.% % ENOB=

o

9.217bit

(Input Signal=25.18066406MHz -1dB Full Scale. Sample Rate=135MHz)
(Temp—65°C B]T TT Normal—Vt MOS TT Medlum Vit MOS TT)

|H U \" “‘\ ‘

il .|.|' | "|| hlnll}J ||~|

L

il
#

t, e —a— .ﬁr
B 3.67 Matlab # 7% 4 7|
The ADC Simulation Condition ENOB
Input Signal=25.18066406MHz -1dB Full Scale. Sample Rate=135MH Performance

The Typical Case 9.217bit

Temp=65 C, BJT TT, Nominal-Vt MOS TT, Medium-Vt MOS TT
The Worst Case 7.96bit

Temp=85 <C, BJT FF, Nominal-Vt MOS SS, Medium-Vt MOS SS
The Best Case 9.314bit
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Temp=65 C, BJ]T SS, Nominal-Vt MOS TT, Medium-Vt MOS FF

% 3.3 A2 = FE A B i He B Post-Simulation fckt g % 2 4

EAEY > AHBTFEWALT RGN R EE Bty TRRT D
BHFREGERYE - BEEF - FIF =TI - ART LBFFHCSRF R
FIRBWIYE > § - BREDE - 2RT ke ARG R4 5 LRI DY
TR Awmy S A g FREE ORI A R BRI R R84
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S0 RN SRR MDA A2 $ Y 4R chk B A RRE b S b

Precision Voltage
Reference Generator

Vref_courseH Vref_course- Vref_ fineH Vref_fine-

Vdda
Power Supply [vssa

ADC Under-Test

Vssd
Vddd

Power Supply

Vin+T TVin- Clock+T TClock-

Logic Analyzer
--|MatLab Process

RF Transformer RF Transformer

i i Matlab Process y
Low Pass Filter Low Pass Filter Ideal D/A Converter
i N

Signal Generator] [Signal Generator] FNOB SNDR DNL&INL

Bl 4.1 PREARE K T LB

AMmT Z FER A ER R &5 2T h(Power Supply) 4 B BRIV R B
BHETR A AR Z RPN ARG AR - A e B R E

Ao R ARARA LY N £ 333 F Y A RN E R R 2

Q.

% (Clock Buffer and Clock Generator)# # #f ' $ci> # 4% B 97 7 & oy 4] pF g 2
B o AR AKRY DA kR E 2 EA Lol A 4 F (Signal
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WEL oMo B aE g R R M
Transformer # 3% = %

K FE %Y

(Vref_coarse+ & Vref_coarse—, Vref_fine+ & Vref fine—)# &3 A= = FF 3¢

T B A& 24 % (Precision Voltage Reference Generator)# # = ‘e

Jo it B (Low Pass Filter);‘/,%“% BAEEM (S > & RF

é—lﬁ?])‘;m%};u?; ’«ﬂif)‘d\;{rﬁ—?— Pb*‘k‘?’”ﬁ(l‘"ﬁ#ﬁwaa o m

\\\?{r

YR

J--v‘ LL' %

R E S TS TR o h v iR BT 0D 8 g R BE A 4T

REETFE £ E B AT Matlab #0488 7 & 48 % #(ENOB, SNDR, INL&DNL)

G 5 o

4.2.1 ﬁ%l)\;%%iizl)%f*:%?,ﬁ’é

A2 K+ Agilent 8644B 1T S ELA 4 B2 % 5 ZAIRLE & chf ke £ 4.1

Form Factor Benchtop
Minimum Frequency 0.252 MHz
Maximum Frequency 1.030 GHz
Frequency Resolution 0.01 Hz
Frequency Switching Time 350 ms
Minimum Output Power -137 dBm
Maximum Output Power 16 dBm
Power Resolution 0.1dB
Output Accuracy 1dB
Output Impedance 50 Ohm
Maximum Single-Side-Band Noise -136 dBc/Hz
Harmonics (noise) -25 dBc
Non-harmonics (noise) -105 dBc
Modulation AM, FM, Pulse
External Modulation Inputs(Types) No

Sweep Modes Linear, Log

# 4.1 Agilent 8644B »x it $-¥k
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M BB 47 R PR HP 16517A 2 & & sxay $Hc-FIEtT 4 4.2

Maximum State Clock 167 MHz
Maximum Timing Sample Rate Conventional: 333/667 MHz
(Full/Half Channel)
Channels/Module 68
Maximum Channels on a Single Time | 340
Base and Trigger
Maximum Channels in a System 680
Trigger Resources Patterns: 16
Ranges: 15
Edge & Glitch: 2
Timers: (2 per module) -1
Occurrence Counter: [4]
Global Counters: 2
Flags: 8
Trigger Sequence Levels 16
Trigger Sequence Level Branching 4-way arbitrary
If/Then/Else
Branching
Number of State Clocks/Qualifiers 4
Threshold Range TTL, ECL, User-definable +6.0 V
Adjustable in 10-mV increments
Setup/hold Time 2.5 ns Window Adjustable from 4.5/-2.0
ns to -2.0/4.5 ns in 100 ps Increments
Memory Depth (Full/Half Channel) 2/4M

% 4.2 HP 16517A »ci; -k

@ . RE-Transformer % 2~ ADT1-1WT 3| 5.1F 3 % < RF-Transformer 7 # 2_
* oo %?] B BRI B 42 P o oo F @?J » A ELd Agilent 8644B i
RF-Transformaer & » = £ #25LE ~ § # > H ¥ B COM e3dfin » T EEER K
¥R T ILhieE A %8 RF-Transformer fij #1 e #2558 in F i2(DC Level) - @ £

B4 fie ~ AIN &2 AIN-BAR # > £ 0l it Bl B 08 > L3~ 5 ik
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RBELRN % > gy B AR L T R EE o ARG SUPRE B AT e l—’f’kféﬁh
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*z +« B (Two-Stage Differential Operational Amplifier)s= 3% &k = = - [§] 5.4 F5_

iw,:i

I3

Frrr S fmﬁ,l frvﬁ%lﬂ:ﬁh: PeNiEE < B o B 5.5 R E_* A piF Y s

= ek o $(Common Mode Feedback, CMFB) % . °

r.ﬂ.tj'i G)m My :]'7 I-somrce ||...n-' I:"*”“ HCD 44: M14
e wo_|—

’_!_E_”l\:nf CMFBI+ CMFEL- ﬁ'}:’;ﬁr\_tu—
Vout+4— ;Km ;m:lf e
wir | ez
Vil .'..I:_H""“"

-I_[_r"

‘-'-‘“"53‘![:‘1{15 @“ {_‘._\I]'L‘l]—l[__.:“l: ”(P (pﬁ Mg ||~ CMFB2

1 1 T

B 54 - FFliFE 2+ B

(.':'I-“:H-l-_{ }5. MFE
M3 Mi W '-"'-'E Voul-

CMFB1 g — @ CMFB2
Mu’:]j——|ﬁlh1m M‘g|——|I;M':

B 5.5 v T

B 5.4 FHE - FFNEE L Bend B30 B o MI1-~-MI2-13-14-15 &
M9 ~M10 ~I1 ~ 12 * i%3 F #& 8 (Gain Boosting) x * - B 55 ¢ » f|* mﬁ%J%
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L ITEE T RTR - a Elarc s BLAREE T £ 5.1:
Best Case Worst Case
Gain 119.1dB 108.7dB
(BJT ff, MOS tt, Medium-Vt | (BJT ff, MOS tt, Medium-Vt
MOS ss, Temp 0°C) MOS ss, Temp 85C)
Bandwidth 427.951Mhz 260.226Mhz
(BJT tt, MOS ss, Medium-Vt | (BJT ss, MOS tt, Medium-Vt
MOS ff, Temp 0°C) MOS ss, Temp 85C)
Phase Margin 79.9341° 60.406 °
(BJT ff, MOS tt, Medium-Vt | (BJT ss, MOS tt, Medium-Vt
MOS ff, Temp 0 C) MOS ss, Temp 0 C)
Output Swing 1.6Vpp
Output Load C=2pt
#. 5.1 Z PR X Bk IR A
ORI 1o ) L
: :
=Vin/RL. & ~_
i 1 S 4 vout+
Vin- R1 % I /2 R2
s

A - *
i
ShuntShiintFeedback . 4. oo cnn o s
. R2 |
I AN 4
i i
i Vin- R v |
Tt em ki onll
o i g O g e T 0 = = el o e S S 4
o _ :
5:] U 1"IHII'llrl“J:ﬂ.[lllll'r + Vout-
Vin+
VW
)

& 5.6 @?J > LS BRI FR
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