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Abstract

This paper designed a efficient 8-bit CMOS analog-to-digital converter(ADC) for an SOC(System On Chip) application.
The architecture consists of two modified 4-bit full-flash ADCs, it has been designed using a more efficient architecture.
This is to predict roughly the range in which input signal residers and can be placed in the proximity of input signal
based on initial prediction. The prediction of input signal is made available by introducing a voltage estimator. For 4-bit
resolution, the modified full-flash ADC need only 6 comparators. So a 8-bit ADC require only 12 comparators and 32
resistors. The speed of this ADC is almost similar to conventional full-flash ADC, but the die area consumption is much
less due to reduce numbers of comparators and registors. This architecture uses even fewer comparator than half-flash
ADC. The circuits which are implemented in this paper is simulated with LT SPICE tool of ‘computer.

Keywords : Flash ADC, Voltage estimator, SOC, Thermometer code, Comparator
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Fig. 3. Proposed 8bit AD converter.

EEH0l gHIE CMOS AD 81E7] MdA

(1156)

ol>
1

ADHEV|E HE=R 2136}71 o 71Ee] FHA
AD Hg7|s} A 22 WAL EE Mt

o] 32 E7I(dividen A FRANZG AY
A Hwale £33 E AA A0 &
47le 719 B9 A& AT FY=
U, 292 A4S T AFRE
ANAD ¥E7|(N2)l |dstdn. 2 2% 9448 +
o HE F AN L AY A3V A T
Ao XFE 29X AZHEE A d37e
A4 N2 EMSB) €331, 24X & 5343
#HA ADHEE7IE &9 N/2¥E (LSB) dHelgE
&3}

e
kil

L
LN

=
=

4. AD HETJ|E9| HluT|2t MES

2o 4 HlW

7} NHIE Za{A| AD W&| 2%

Z YA (Full-Flash) *Zo1X NHIE £¥& 93*
2o A 2V — 1719} wm7|7F Badt of
FA o2 Yehd

)

WY,
glo rlr

N.(N)=2"-1 3

o714 NE& ADHEYY ST ola

o Zolek.

N, & H]17]

L g BN TE

b & A (Half-Flash) &£
sl AP 58 29 + Yk
£ e A% 2o,

NA(N)=2+ 222 (4)

o174 N& AD W79 saEolth o] FEE ]
@7l AR £8 AWt 2ol 29 5 ot ¥E
ol 262 Aelay) Mol B A7ke] 7t @b

wg|o 25
9 AD wyu FaE GINE(V, )0l 4
AEICEEEER ECISIRE RN
N/2—§— Frol A= H2E TA
g4 47

z;:]l,.
E9 34
%t ol W AD M#7lE Bz 2718

@ +4" N2 HIE B4 ADEB] 248 AHEEd
T 7 AW 29AF clgde] WaR QA
A7) . of 72E Aoz Yeud e 2o,



20084 128 ®Xt&

3]

E 1. 8 HEADHEI|EQ| H|WT|2} Ngel 4 b1
Table 1. Compare of the number of 8 bit ADC.

22 | Flash ADC Half Flash | Modify Flash
B] a7 255 30 12

A% 256 32 32

N(V) =222 2 +2) ()

7l N& AD W39
N.= ¥37)9] Folnt o]#jdt We A9 N2HE
dE3te Helshke BAY 29XE o] sty
N2HEE A & 5 g

o] AD ¥igl7]= 7|& 8H|E ZuA] AD ¥ME7|Hr)
HI7|E A FAE FRE HASPed dHE9
AtolE& AREEEA] ghokom @ dk ZA] AD HB/E
o owEn sjEY] ZYA AD W39 A9 e W
FETE /MY ® 12 7 AD ¥3r)e] wmr|e A
ae] 4 vlag Ao}

a4+ = (resolution) ©] 2

EE
=

3]

[

ﬂ:fti o= %wo}aaoua opdEa
AZEG Q] LT- SPICE2 A& 1
sset.

A
ae

YE 4H|E AD HES|Z
= A Xﬂ"&ﬂ AD

e 8 N2REE
6H“E(N)

R

i, W

2

SR=Ne}
=

Lk
=
A7) wzt ?4_24 HHE Fatx °
of f1xg vlwr) e} proizl #
3 AAg) o] AL Mg Fdo
z‘sM N2HEE £3A)7] 3,
32 AAAZI o]

e A7 o] 9l F ke
Agstez ZPA AD fﬁ;
A mEA 9 2
AAEY EA] M7 R Hlﬂﬂ T
29 A71E AN ¢ 5 AATh

A HE uieh Zo] 7|& FYAl AD HEE

Rl
O

]

ilhiA
m o =

4 e o iz

12
tlo ug Mo

1>L

, —L
o ]

o4z Lo o

jcl

S

==X H 45 3 SD H

(1157

H12 = 25
266 Mol Hw7)7F BospAR, A2 WHeE AD
Way|2 dARTE 12 e wurijttes: SHE
AD ¥#7|e] dAZE 7hsdith o debrt wiar)s

AAE =
a7l 9

dacist tad 32EE FojEE2E 32
=d T At

7t. H|127| (Compartor)
Hu7|= Jd8AE Aty Fzn AFZALY 2715
Hlusted 1o W& A A5E YAY 324 st
7] 9% s zelth YHANE A V0l wlay] Zai
?(1 b} Vref E‘E} == _(_)_Df]

}op

o] 2297 Wz 7|FAE Aol YAUS AR
o g 0" (ow)el 28 =2 HARYT 19 5
= A5 715E 71 wsrleld,

£ ZYA AD HE|dA e Hlur]e] FE8Ago] A
A A Fasich webA BlEr|e] I O FES F
oz el AV|E Fo|7] At AT G 7eg A
439 IRE AHESHA] Foith

A 3z ACEES Hlmwy|e] o] A ¥
HE o] YHEE 5 vurldA AgsiA A
=g AR Agdrh AN AF
e, WA =Y
e dstd sean¥ oy 4= B
83 2E 9 71%S 7K YA QA" v Rl
o}, 37F 2V v
Zgefel whet “07 3% “1”01
ZA3 Xﬂ‘i}iﬂ} R

T

== —

oug AE

o
T

SER

B o

N

—_
—

>

o P
ku

=

fr 2

=TV
N

j——Vout

I3 4 CMOS H{m7|2t ef x|
Fig. 4. CMOS Comparator and Latch.



26 SOC 888 ¥ 58%
F2A5% JGN5 277} weld AR 0ol
U UAsE d4doz FYan,

L. A9I%] (Switch)

HatE dadds 285E Az F o] 28

A A5V 2EEEE AABIAL 17 4& ol
718 o83t o7 E¥HE vIY Rolt) ¥
HEE ¢l CMOS A= NMOS®H PMOS ¢ EdX|AH
o] &3l taHE HAY + YA EARA2EHY
£ Zo)7] 98k NMOS EdA 2t 7kx 1 ol

13 AABH

l-n o%x' mlm g rE. rlr

Ct. M3 (Encoder) & C]EC (Decoder)

78 B8 olgREa N 254
g0l it} B =FdAMxt o] 358 AHEE ‘0"
o AR & Mg N9 4 %lEf'f' B2E T4
Aok dzde dadels SE€5HE 45 F 17 &
gHe Mol 2YHRE éﬂlo}‘ﬁﬁ}. g4 CMOS
o] A= NMOS$ PMOS ¢ EWXAEHE o] &3l ¢
FHE AAY F YAV ERNAHY & FE Fo|7)
#13k) NMOS EWA 2T 71X dzdg A
At

o s
HEE o

2. H|QHEl 8—H|E ADHED|

B =dA AAS 2844 8]E EejA] AD BE
7)(Efficient Flash ADC:EFADC)e] AA|gl2: 28 5
o} 2t o] 2+ &R $AHE E94A AD HEY
g o83 B-H|EE £Y3te &&X<l ADWEV] Y

AA 32olch 19 59 HEL 4 HE FHHE A
- ST

18 5 8d|E EFADC 8=
Fig. 5. Circuit of EFADC.

ol gHiE

(1158)

rH
ofy
.

CMOS AD 7| dA

AD ¥@7|3]2o|n 9] 4HEE EYEF HEE
TASE I, okl AZE 16719 AE Abo| Aold £
A 4 HE ZgA AD ¥E7]E FZ3}0] 39 4HE
& 23RS B9k 5 o] A2E 74 294 59
ol wet FA HE CAE HolEst EHHES
AAS R

IV. AlE8|o1d &3}

=

E87¢ 89| E CMOS ADH¥3/| & Hw7] &
#9 EE fIyg 8 294X £8§ FoE T
gom 329 #ZL LT SPICE® Electric’g o]
s

2%, A
4

o]
€

1. 8@ ABa ol

29 6¢ oz JANEVinsh FEAZVIH7
B ERdA L8R WEy|82E S F ulu 22
of wel '3} “0'el 98 Ag BAFD gtk
29 6914 Vioutls Wuslsh dX 328§ 53 &
Fo) golth gl 93 Axst FuAsE BA
22 (VckD)el 2 Vibouol ARHE R I
¥ % gt

Viek1)}1.1 Wy Vibout}42

Vieka)2.2 Vising

1 N N S B e
N NS N N\
UL UL

T T T T T
one A2es t4ns 1608 18ns.  20ng

3.5V
3.0V~
2.6V
2.0v+
1.5V
1.6v+4
0.5V~
0.0V
0.5
~1.0vH
1.5V
2.0V~
2 8Y-
Gns

T L ¥ H
2ne &ns Bns fng
J8 6 Hl&Y| &

Fig. 6. Output of comparator.

2. 2 2% A3H ME0lH

Aoz Bt € Hol dZ29 i warlg 42
st ANgdolA st 2 79 ot} HER 2 2H
E A3tk 29E B 179 ATt Alzkel Agdl o
g eAHez FhEe Ag #1305 2
EARSI 2EHE AS A & 5 Y o] =R
AZHE FAst] NEH|AEE 19 AFA B
£ ouhe 2ol SRARIEL 747 F A9 17 &9

g AL 89 8+ A



20081 128 MXEZE3

V(vout0) Vivout)+1.1  Viou)+22  Yiout3)+33  V(ioud)+4 4
90V VioutsiH55  VioulBHe6  Vivoul?)+7.7
I —p——
g .
- / L
4.0v+ 7 — \
/ \
l \
|/ L
09V - - - -
Vving) Vivin)+1.1 VEin+22  VEn3+3.3  V(vind)+d 4
Y ViinB)+5.5  ViinB)H6.8  Vuin7)+7.7
. ]
7.2v+ ]
5.4V ; L
3.6V 7 i
1.8V ]
0.ov T T H T T T T
Ons 2ns 4ns Bns Bns 10ns 12ns 14ns 16ns

a3 7. 22AHES daf Algso|d Bl
Fig. 7. Simulation Result of Thermometer decoder.

3. Cl2H AlB3o|M

19 8¢ £ ¥3 davd 3 ¥E dads
Adto NEHolA 3 Aot 1™ olule By
A dolE(000—111),7} €48 eE 28 HEe A
g ¥+ ok

o
|

o
=

<

Vivin0)
Viwnb s

Viintj
VivinG)+6

Vivin2p2
Mivin7+7

Viin3Hd  Vivindied

7.0V ;
5.6V

4.2v
28V
1.4V /
0.0v-E

gy V(22

2.7V |
v IR S W B
15v-

0.9+ f (|

0.3y T T T
2.1ns 2.8ns 38ns

Vib0}

f0ns 0. 7ns 7 Ons

a3 8 3H|E C|ZH AlgolM
Fig. 8. Simulation Decoder.

Im

(5
et
N
lo, M

329 N2

& B =i
719 A& o]
& 7 opd2a HelHE 94F
dlo] € (0000 — 1111),7} A& &
g 5 stk 29 9 ME 34

dol A Aot

ot
~N

= 4

BN

rir

r>4

9

Tﬂi Jl)p

4 rE
rit,

A ARSEE 4n)
A Agoltt, A
gt 4HE TR
gy A g
ADHE719 A

fm

o,
ra

it}

A

I

ol

i rz

S
12
e

rke
lr pob
2
X

=AY 45 HSDHMIZE

(1159)

27

Vo) Vibtp#1 1 Vih2y2 2 V(b33 3

.44
6§ 0V
58V
5.2

4 8\"‘———_1_—_#—‘-]___
4.4
ot IR VR T
3844
3.

24

T T T T T
Orts ns dns Gns 8ng 10ns 12ns Mns

a8 9. 4H]E AD #HET| AlEE0|M
Fig. 9. Simulation of 4-bit ADC.

VDL Vit Yih2isZ 2 Wib3ed 3 Vibdpd 4

L
;;J‘{lir aSaininiinip
Wwwmm UL
IR
AT T S A

305

ViESiR S, VBBNEE  VTHIT

4

8.1V

T2

8.3V

27V

=z

8.8% @

iOns *Sns s 25ns 351\5 ﬁﬂns

k= |
Fig.

10, E8M0l 8H|E ADC AME#jo|M 2
10. Slmu ation Result of Efficient 8 bit ADC.

NEH o AE = 19 103 2ok ofdEa 438 ¢
#ste) LT-spice® &9 &8 219 99 Zo] gH|E
2= d]o] € (00000000 — 1111111),7F EHS &
0% 4 A

o

VA

KR
=S

Ak

R0

&719) 72E A
oA dAF ADH
Ag71e] wwrle
91211 AR £ 266
f%:'ﬂ LA

Ex Il
%&E =4 gz
L}%Cﬂ o] +

&3 CMOS®E 78
#7le 71 8 HE
26NE 1202 A4 &
AdA 2AE 29 F 3
Fo1E7] "o tho] ¥
9\}\‘:} E{t‘?} O] ‘TL:-L%::‘ 1‘}4‘-

4 HEE AT

e A 7] o] Exe f"}‘”]%
A= g AHgsh7] AEd 719 E
& A £28 2 dASA

HEy] 5o A2 g vl

L
5
KR
=



28

AR oU WS sE g4 wE A drh
£ =74 78 2 o8 e opdza A3
FH3 n&02 gAY A3z w3 948 A
A e fea AR Aoz Jgan.

=
=
=%

=

P ?I_

i
Mo

[1] Sherman, L, “Fast CMOS A/D chip samples
inputs,” Electron. Design .pp. 149-159. July §
1982.
Michael J. Demler, “High-speed Anoclog-To-
Digital Conversion” Academic Press, pp. 24 - 67,
1901,
R. Jacob Baker, “CMOS Circuit Design, Layout,
and Simulation,” IEEE Press, pp. 932-1015, 2005.
C-W. Hsu and T.-H Kuo, “6-bit 500 MHz
flash A/D  converter with new design
techniques,” in Proc. of IEEE Conf. on Circuits
Syst., pp. 460-464, Vol. 150, No 5. October 2003.
Marc L. Simpson, and Ronald D. Williams, “A
Simple Design Methodology for Table Flash
A/D Converter Output Encoding,” IEEE Trans.
on Instrumentation and Measurement, Vol 37,
no. 4, pp. 606-609, December 1988,
Marcel J. M. Pelgrom, A. C. Jeannet v. Rens,
Maarten Vertregt, and Marcel B. Dijkstra, “A
B-Ms/s 8-bit CMOS A/D Converter for
Embedded  Application” IEEE  Solid-State
Circuits, Vol. 29, no. 8, pp. 879-836, August
1954,
C-W. Hsu and T-H Kuo, “6-bit 500 MHz
flash A/D  converter with new design
techniques,” in Proc. of IEEE Conf. on Circuits
Syst., pp. 460-464, Vol. 150, No 5. October 2003.
Michael K. Mayes end Sing W. Chin , “A
Multistep A/D Convert Family with Efficient
Architecture,”, IEEE Solid-State Circuits, Vol.
24, no. 6, pp 1492-1497 December 1929.
Bruce Peetz, Brian D. Hamilton, and James
Kang, “An 8&-bit 250 Megasample per Secoung
Analog-to—Digital Converter: Operation Without
a Sample and Hold,” IEEE Solid-State Circuits,
Vol. sc21, no. 6, pp 997-1002, December 1986.
[10] Steven M. Rubin, “ Using Electric VLSI Design
system,” http://www.staticfreesoft.com/
(111 Mike Engelhardt, “About LT  spice/Switcher
CADM,”
http://www.linear.com/designtools/software/

(2]

(3]
14]

(5]

(6]

(7]

(8]

(9]

SOC €88 98t H8HQ BdE CMOS AD #ED| 47

(1160)

A A

H & B3I
19873 A3 oistm
gA} 4.
AE o) su
AL &4
A5 gt
L 1A} £4.
3 ~&A Mg
AFEFEFAGH] ug
20063 3¥ ~20083 29 Boise State University
(vl=) LAy

<GFHARR BEA 32 A4, AR B4, Y=
[ AE>

4783

19893 A28t

1997 AAZ o3

1992



