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ABSTRACT

An analog/digital mixed mode ASIC for network synchronization of ATM switching system has been designed
and fabricated. This ASIC generates a 234.7/46.94 MHz system clock and 77.76/19.44 MHz user clock using
46.94 MHz transmitted clocks from other systems. It also includes digital circuits for checking and selecting of
the transmitted clocks. For effective ASIC design, full custom technique is used in 2 analog PLL circuits design,
and standard cell based technique is used in digital circuit design. Resistors and capacitors for analog circuits are
specially designed which can be fabricated in general CMOS technology, so the chip can be implemented in 0.8
‘ym digital CMOS technology with no expensive. Testing results show stable 234.7 MHz and 19.44 MHz clocks

generation with each 4 ps and 17 ps of low rms jitter.

key Words : Frequency multiplication & distribution ASIC; Mixed mode design; Clock generation;
Jitter '

interface) = ol A|2"E 79 F7] 9 AlA

L= 93 ARl 578 AT e 289 2

2 A 32 5e) "asieh 1 F daxH]l A

ATM @7 5 2348 B4 A2de) 3 5 sd 9 slgx 29 04 32 F9 Ax
7| (network: synchronization) -} 741t % 3h(user A3}, Yol SRIAE 2@ 3 Ao

* Fha| ok AAlEEt} (khkwon@hanseo.ackr), ** A&t A28t} (shehai @hoseo.ac.kr),
o FEAAREAIA T HbE A LA DTA AHH AT (hhjung@etrire k)
=EWE ;0 0303550814, H5AA} ;20031 69 159

929



FmFAs =4 '03-11 Vol.28 No.llA

AL #A53] dEel ] g4 FE
stz of$- F2F 4EE Db v o]
Axd 233 sijial 28e Faavt AR
dolstrz shtel A Al AAsrlde e
Hog we FAE e

odmbd o 2 100 MHz o149 314 = A
3] 2+ (phase locked loop) 7148 443 3=
%o] u‘-o] A}. =t} PLL -Tllit %1—?} _1_—;1_,%]0]

] ol kL. 75_} ]
A Zq?il’?f}‘:}[l][z] PLLE % fﬂ g 29
A 3ZE PLLE TA=
detector), Z 9 A] o1 521 7] (voltage controlled
oscillator), *|<Hej(low pass filter), FF7]
(divider)§ z B3Fo] & 4AER ¥od drn
A(harmonic)HE, AYAE § AF Aseol 2
Asol olze AF 2 Wl dqal A
Gitter) el 2 viehde} o] Abelqt F 71|
29 fzs} st A Al AAH T, A7)
YAY sedd 248 AsE 2 s 2d
AR A9 2 AR FeEl 4z 2
(intereference) A& oA ¢ F 3&
Z7122 2 BA HeY Azeh 2z
d 23 2o TAE 2AEl= B AladH
A Az Ae EAL B9sn
asbste o] WaHoltt,

B AT ATM Z87]5 §4 A 4
ad WEA ¥ 0 A Ay A8d 2
Mo R, 2347/4694 MHz Al~® 22 g
STM(synchronous transfer mode)-4/1-8 77.76/19.44
MHz 7}]z} 28A35E EA o #A4A7]7] $)
3 Fd4 Aw] ¥ BEul(FMD: frequency
multiplier & divider) ASICE- 0.8 /m CMOS t]#]
g 3 7|Es o83l e Hoz AA
ART g 54 BAd ke A AR
ASICE A 4 A Aad B A 29
Aok 1y 29 Az A Ady2 24 7R
"Helh dA 288 Eol7] szt 2s 2 A
g 2L 83te Eé""”ﬂ Aol A2
optga HEZT EUE  3l9  AHFE(full
cwsor) 4 te2 24 sde 99 g
< "AH 3
2E 7|Hte g st BF E(standard cell based)
HAlg Al8-sle] old Ryt A Y E3§H3 (mixed
L8 MAs. o] AL ohdRy

tAe &3 51 ol UAY 327} 23}
WA AR 7 A AR o8 oldEa
PLL 3|2 7+ & 4 Fag zpold| o olr)s
= =S mEo 2 239 AEE A
A 7hsAdel sieh whebA, B AdACdAME ol
2aReg B3y wd3 AL 98t
2] AEE #43kslr] $1g EWe A
<+ A= st

o.{', MLU
rE o

I1. FMD ASIC9 A A

O3 12 B dyelA AAlstazt s AR
ol MNHAQ F2E vehd EFTolrl ek}
o] Al AAElogHE] qlEE 4694 MHzo) 2
2 A B g XA Ax® Hzo AxE s|E
(reference) 222 w3 3]2E Es PECL(pscudo
ECL) 413 m& TIL Al3old CMOS A3z

CkA  _] 19.44MHz
ik —s| Mot CLK CGLef‘z > Clk Output

Buff. Checker Vb 7776
Ref.Clk —* (PLL) -76MHz
. ? Cik Output
234.7MHz
CGLKn1 ™ Clk Output

en.
(PLL) > 46.94MHz
Clk Output
LOS LOS
Detector | * Output

% 1. AAE FMD ASICS] E8%

A Wgte] o] Fojzick ofrj FH A, Be A
i Azgleog e delelet @A AFH FHol
o, 71% FL AA Ax"legye] AFd by
b= AA 2 (ocal clock)ell shgich. wvF o}
+ @ells ey HEE 371 F-F 3

T A9s) FE OAY 29 A= 520} eAs
of itk o] 29 Az FHAME ST 2UE ol

a3le] qladg 2] A BE Safyoz AlF Ea
£ A=zsted o FEd FHS sy, S8 A,
B 2% 3 w= 7|E F9E Addgo) a8
T MUXE s A= slte] 2elo] 234.7/46.94
MHz A% 2] uy 3zg AL 29 A
=z 2 A" BE3 MUX EE-2 tRA" 25 A
£ o]-g-3te] At

2347/46.94 MHz A28 22 Hb 3|2 2|x]g
F(charge pump)’} WA=l m&olx] AF BAS
Zre opd®a PLLE 71Eog sl AdAsksin



e

1o

BIAIS]. 28 2% & el AHSS PLL 3]2e)
2252 ekl Aol

Phase
e |
Detector

46.94MHz 1;5
Clk Out T

234.7MHz Loop
Clk Out veo Filter

2] 2. 2347 MHz 22 WHy] 32 BEn

PLL 3|2& == Alse} A4 al7]edlA
WA e wlmekt f4la), 5le )]
29 Aolen wold Fe AR,
F5 A AA 2 PLLY WA FASH] A
S, Al wel B4 T4} uhae A
Aodzl7] & Fup 5EF 22 FAS £
AellrE 2347 MHz2] 3, AAE S WA
g slslol PLLY 7t 23& %% 9@ 243 BAo|
b sz ddasc. e 27 4 A
Y AA A w23 A3 ) ocking)S

s it FoaE A o

AAf-F=ub=0) 27| (phase frequency detector)

AAERATE. Aoz e 2347 MHz
314, AAE] BAL Slste] ZhebsiRiA st
2 o] HAHE IHEE 59 xRy
522 AUsisickle] FEAL] A2 9K e
A% QA7) Al 3 2 Aol Bahshe
AEE A =g 5+ e =Y-EA
(leader-laggen s F+Z& AAIsly) o, Helo] F3}
& Aandwid)e HL ALY 5 Uk
A2 FHAgsige) £ AACAE AEHolAdE
Eajo] $4G A3t Fudt BAAE ehhE A
SFaape] oF 172090 12 MHz tf9e] R, C T
e ARgERl o, Al F F Ale o] IAES
AR Al BA Q3 24 e,

77.76/1944 MHz 7}sl2t 29 A H 2 0¥ 3
oirel zlo] Aladl = b4 el LA
4694 MHz 235 32 ¥5%}F 147 MHz S3& ¥
ow Apgsl, AlzE 29wy slEels wWEE
AR shie) opdma PLL 32E AREsd
AASIT:  csleldlsh 2] Al 2R e

o
3

g

>

&

oﬂl‘-‘;}io%l']r
RT3

o o

/234 TMHz &3 T34 Au] ] ASICY +8

Phase
46.94MHz 1/32 Freq. ,| Charge
Clock in Detector Pump
1/53
19.44MHz Loop
Clock Out A L VEO Filter
A
77.76MHz
Clock Out

T2 3. 1944 MHz F2 wbilly] 32 B2

PLL 3|2+ A6 29 28 PLL 3|29} v|&
g F22 o)Feix, Akl xlz|e] Sl W
27} STM4 7}]1AF 29 Fulel 77.76 MHz B2
ol A3, STM-14 1944 MHz 7}s]#} 29 uhye
A 43T 32, o FH9 naE 93 147
MHz 3¢ THE7) 93 5385 3= Fo] v
ol ApejAelr}. o] PLL 32 Az S 44
71olA AR FEle gl AMEiRE AlxE
2 234 A F ASE A me Fsle
HE 7oL Tl o] PLL 3lge] AT
sbalay) AA g)Ee 4694 MHz9} 77.76 MHz2)
ok Fo4ql 147 MHzo| B2 T oJEAlE
9} wla 7ol welA HAgt 77.76 MHz E4 F
2] gkgAde] Helal S girk o7t HEL
gk vkedsle PLL 3|29 7} 53558 AASI
th 11 FelME 53] g S0l 2A) 9 Fule
o] s sk FZEE 3t A g
FE 7€k £ A AEHedS E3)
o] A A 33} S Ve A
9] <F 1/100Q] 100 KHz i<} R, C He] k& A}
SoEn A4S F5 2 TS oA S04
2 B4E 28 4 Ao, AR 24 Ale
o] 5 AA Aslel] A ol A HE
1944 MHz S AgAPzlr|28e whygt
7176 MHz £3-& 485310 Al431c]

Txte]] @l S} 3224 FMD ASICo= A)A
Hof] olijo] WA} 7]E Fo] qlHEA] W
AE dmiste] JlE 29 78 wdshe
LOS(loss of signal) 3]2% EJ=e] glch o] 2
ANE 299 f7ol Wt 0 w5 Ve Aol dt Al
& Y3 "k Al2ES o] LOS 32o] £¥8
Hobx] P agh 245 FshA "ok Uiy 9 A
32 9 LOS 38 552 1 BEA4 R C 3=2E
X3 ohdR o FBE o83y AFE wpoR

931



I
A
ot
r
1ok

}8] =82 ‘03-11 Vol.28 No.ll1A

Aslich Aol AR R PECL )
9 avos #Hz wase g W 5zs),
Py CMOS 9Me) Zehe PECL M H
FE 29 i 2 349 48 AR
W4 o2 AASIeHE)

e

[ R [T
jN%{m
p

la}

II. FMD ASIC9] #olokx 2 A%

a3 4= AR 39 ARlegA =271 4.0 m x
38 mrolch o] A2 opdEytAE ¥ FHE9
Al o2 2709 opd® o PLL F-E3 VY
9 oAg g2 AL webd dAE FEs)
FAElEA BAE A A2 A, AR e A
2 E 719e Esle] ohdEa R R A=
4] 53], VCO 5 PLLej) WAMH 3|20 F3E v|H
o] 3|2E 3o WA FH AelE FFMIAIC
w3h ME & FF9 ohdE 1 PLL 3|27} A
s s 7ke] 29 Falg Aol 2@ ZHiARE
&l ZF = Ayt Svkck £ EAjeAe
299 A& Ha3R Ay S A3k 5
g #lojol A W ALt & A= ok
F5F0 32 AloollA] defvhz AV)1H AeAts o
28 FI Aol o3t A5 TS Hashpl
sted 7t =27k wixE FelHom sk Hels)
Aok A ZelA BRe] 3& Asl 2709 ohd R
o BEF 7R RS tAE AR drelA
EelH o2 ME Tl 7 de] gelsle] w3
t}. olo) ujz} 5 322 ALU(VDD) 2 AH=(ground)
Aqee 74 vE H2 o EeEck & 294
Bk ohet Hr)Hogw opdRn RE txdE
TES 9 Resisich 53] X 329 FAb
we} s AU Ahgol Ikt ohdE
SRl B2 g vAuZ A EEle S W
A ol & A} g ALE 7| 4 vk
Zh 2E Apoldls Adol) 2= n-Y(wel) D A7
of Q4% p-EAka(diffusion layen) o2 7AE o
(strip) BoFe] Az|AbH(solation wall)g o]F o2 A
Zzlel 7z} 3|2ofx] HAsE 7]HAR{substrate
noise) % F¢ ZLukKinjected minority carrier) &
A7 e Frsled oA F 32 Adwzhe
A3l wzto] A3 dofubx] W=E A3lgict. vk
o2, §jHue, FEzly] 5 Feg 3= 2
" BE52 pn 7= (guard ring)g 0]83le] o)
23] AejAzlozs rd ghgdl 3 s A
< sl ARddachup) e WA EE sl

932

olslel 7 BF SINE AMgeks A9 2 AH] B
A pEwze s peeld e wAld A
sl

2 Q7 el Sla) A FMD ASICE ohdE
2 Rz7} 2] SOl ek Ao At
g ) B8] A 08 m TINY CMOS 7|%2
AL o12 $isto] opdza Aol AHe
£ AY 0 ARAIEE TRD T WA AR

odrk & AL P+ oA =L YAE] $I3

EERXFONEEEIXEK. ")

e

Y e T o

F o InaRa FUL

e

a8 4 AR Q8 A

P+ Ehildiffusion)Z] & Sresistance)& AHE-3}
dor, AdAEl= Allr Alstetst ZejAeEs
o83 Ao|E §¥FdR(capacitance) & A3
o] why-& Ao ay ohdRa 329} t]Xd 3
27t 2Pz Reje] 270 o|e] HoR A= A
Sl vla) PCB B A9 HAEE Fd 5 glon,
it Al opdR . FA | HlE Axlzt A
#gk tiAE CMOS A& ARl o224 A
Aol HollHx 2 FHE 7|dE 4 gk

V. 54 4%

A2 BVD ASICol disled 4% A7) S4E
248 nokek WA 29 A= 32 5 oY H
& A A AR daE wElE olgae] TxE
AE 24 Azd(Tliumo SYsiom, o)
Esja qe) 29 24 H2E TP ohdma ¥
2o G HaE weS A og e 2



=E/2347MHz E98 F3b5 Al B ASICe) 73

Asle] EAsigict a8y opdRoaxdS 2§
she A Aol gt Bk AA ATM 287 A~
H Res Azt ohE ATM #47)@analyzen s A
B3] Aes 3 BAslgen, A¥S ATM =
rlel A AFsl] AAAH(feld tesh = 533}
et

AAE FMD ASIC 5 3 4 Yio o
24 Az gext zoh a8 5E 2347 MH:z
A Z9 LA R LAY FHANZE
ZA8) £ Ao, dolE A (storage) 7] 5
Zte YA E RAZAITE AMEsle] 13 o4
dole]l & & 3le] A FASA FozA
Az B Ay BNz AR oE & & 9)
A etedch Y¥E w3 FMD ASICY 2347
MHz &3 Z¥Al%0]x o}a) 73 & 46.94 MHz
9 9y FYANEE HoFy gloed, oY

KM 5.00GS/s
h
£

109 Acgs
T

".,.

Cl1 Fre'a
234.620MHz
Low signal
} amplitude

R

e ol ow
3.20v

C4 Fre
46.904MHz
1 Low signal
amplitude

......

.

200mve

T8l 5. 2347 MHz 39 WA7)9) ol A

29 m138¢ Exjalse AMsisich o] a3eR
e AAS A2E ZE 27 3les 2347 MiHz
o ksl m< FE WAL U & F 3
th =3 A A 2= e A AL %
Aoz & 4 st ol tAHE 329 F
Ao olqt ALPgHeol B vlHaeE A )
WS Esle] Ao R 297 o Feo el
= 4oz Folxich AA 24 Az Y
32 BRoAE 200 mVelArel HYatge]
FE 9oy, oldga 32 REAE 50 mV
olste} AMUAFSol TAHUL vt 2 3
o] F¥sl(square wave)7t opbd Fi]Zsaw-tooth
wave) ¥ Mol 71 A3y} didels, &4 A F

4wy Hze) 29 AeRAs} S0 QU WAl %

olr eAlRAmE W Z3 Foldwle] 50 Q ¢
T2 wjAo] o]FeiR|A] ol Yehle FAoR
Zolich

o8 62 YAY REe 9 A Ao 4
3S TAF Ze2A CSE tIXE EEod 44
A A 3cell sync) A% 3L, SCPE ohda
Ft Al2aE] 29 dAr)e] 2347 MHz 29 91
£, NCPE olZ SEF3l 4694MHze] 29 H38,
UCPE o]Z oA w tl2 PLLS %3 A3 71iAF

o, JLT

T

‘8¢p ,
{2347MHz)

- uCP
{15.44MH2)

s a b A td a g LTSI}

T3l 6 A 3] 24 gie 54

29 1A712] 1944 MHz £ 9138 737} RofF
3. 9lek o] 2® g4 diely AA 715-& 2= o
Y ARAFIIE A}83le] 1R o] dHlolElE
sl s A FoFA] 43 HHe
e BAE MR ¥ 4 A & Aoz B
Az A AFAEE AMgslich & A
2347 MHzE u]&3 1944 MHz, 4694 MHz9] =
94357 A Q335 F)EH " 2
3 ole-& I 4 gloick 23z s
w3o] R1ejx Hole A& AR ofE Ful
= Al3Ee] 4 HAeA AR T do
171 wel] vehhs o BM=, 72k 5y
g i FAYE we Kazge] AlERlE
£ g £ qlodvh

I8 7& 2347 MHz 9] AE EAS BT
I glew, dubdo g oA E Fulpolde] S A
A A|(ms) AEJ7}F 20 ps o]l Z& Zielshd 41 ps
olsle] Wi AL T eIl =EZ HoH
(peak to peak) e} Uubd<ql 3k 120 psell B]sj

gt 2 o o

Ny

o

N

933



FZA8 8 =84 '03-11 Vol.28 NollA

L [ T
Infintte
ant inuou

24.1 psEa] G4 g 2R ZhE vebligic ol
A=gl 27 A7[e) $ak-Falenlsey], AgAle]
W207), 9P F PLL 7t £-50) A A=
& B0 oheh obdEast tE HR-g A
gt Eelobkdle T AAY AHsiE ] o
Fol] 7hzstch guisicl 19 82 1944 MHz &
el Aaa Ay 542 2ejFa glck o] Y
oln] AElE EF3kw e 2347 MHz 284 7|5
qHoE slo] FHE URATIRE AR R %)
Bl7b 2 aulel ok et Al 34 An AR

324m

ns pd .70
pt2o  96.344%
230  99.682%
e 3851

934

2] 165 ps o]sle] 2k Ae) ghE vhehlisich wd
FHoiz] A= 116 ps2a BlaA 22 he viehd
sk ol Axdl 29 Al7leixe}l o] PLL 2
5ol HA AAENS Bub ovel, ohdE ) ¢
A" ¥ B Tatsle} Hololedhe 5 A
7b HASFHG] wtel] hssteha augch w3
FZ PEj9 R, C 3 AEE 5578 5 ole 22
L2 A g o8 kad AH FE
DE 5 3k AAZ R C e uPreld Aw
A 300 psolyt B2 #lel =] Flo] BaA=

ok E 1 A ASICE) F8 B4 BN e

F 1 A3 ASICe F2 B4,

g = w2

&3 J12(0r2Z0)] 0.8 m CMOS Full Custom
&3 Ji=(CIXIg) | 0.8 /m CMOS Standard Cell
RIESSTES 0.8 /m Digital CMOS Tech. |
g 3JI| 40 mn x 3.8 an
SUXLH + o 4,000 ]
TETPY 80 B TQFP
EEIESTES 234.7/77.76/46.94/19.44 MHz
PYTEE 7400 mW
XIE(234.7 MHz) | 4.1(tms)/24.1(p=p) ps
XIE1(19.44 MHz) | 16.5(rms)/116(p-p) ps

_

st 2R FMD A& ARl ATM Y=ol b3t
& o2 ATM 2A47]5 AR83le] ods5at Al
s}k 2 A3} BERGit eror rate: B]E o#]-8)o]
10E-150]8}24] E4X13 7|52 10E9E gA A}
3k okmet AFE IS F AUk

V.4 &

B-ISDNel| 0] 2347 MHz ATM 8b7] 28)
Al #=8- FMD ASICE AAslich o] ASICES
4694 MHz9) )% Q]3] Z2)e o]@-3lo] 234.7/46.94
MHz] A2} 223} 77.76/1944 MHzS] 71903} 2
e AT g sH, o oY F99 A
a2 Y A9 7l FAel Eeet 5849l ASIC
TA3E Slste] srfe] 2 WS 2% FaE of
R0 A AeR, o8 qld 29 Am Y A
29 A 32e dAY 25 A wrloz AdAs



=E/2347MHz £%83 Fu4 Au] ) ASICS ¥
3 Z S (Kang-Ho Kwon) 3]

odck. AR ASICS 2347 MHze] w408 Ezhs)
of ¥al ohjel Ajzgle] Ak HHH T F 4
A W 2 AEE shel gk o]E $isked
AR ASICE 3%ellx] AAE BAE ZE ok
23 PIL 32E 7|eE FAslE ohdEyriA
o w5 wixg HAs] sle] bz 7rel AR
& HUg Fole TEE A=sialck ot Al
] o EE] A AMGeEZRN AE TS
gt AAEAck £ = el os A A
% FMD ASICE opdR 329} v 3258
1R8] A g2 A3} spodom, Ak ot e
08 /m t]x|& CMOS FA o2 AdF 5 A 3
o} mebr Zpzh Relse] 27 olakel o' st
= Al vlsl PCB = Akl AEE A
U, Ak DAl A Helw & 53
7} ek o] A A 4¥ 2 F3 ATM 23b)
of &li=le] Aladl 29 8 7ijixk S A A
2 solm ek

kil

M

3L

=Y

[1] B. Kim D. Helman, P. Gray “A 30 MHz
high-speed analog/digital PLL in 2 um CMOS”",
ISSCC 90, Vol. 33, pp. 104-105, Feb. 1990.

[2] D. Jeong, G. Borriello, D. Hodges, R. Katz,

“Design of PLI-based clock generation circuits”,
IEEE JSSC, Vol. sc-22, No. 2, April, 1987.

[3] F. Gardner, “Charge-pump phase locked loops”,
IEEE Communication, Vol. com-28, No. 11, pp.
1848-1858, Nov. 1980.

M AgE =9al, ATM 2&)4 sl 2 F
2 B 3R] AAY diAbEEE =i,
A 32 9, B, A 4 3, pp. 46 - 51, 19954 4
4.

[5] WE DAE, 94, “155.52Mbps CMOS d]
ole] Eglixvle|e] A" HAAFEE] =F
], A 33 #, BH, A 8 &, pp. 62 - 68, 199614
34

(6] A&, A3, F44, “ATM Z37]E
2347 Mbps CMOS &33 ASICe] A"
FagdshE =4, A 24 A A 10 3,
pp. 853 - 856, 199913 10%.

85 d 29 ¢ aE st

A7)&sta sharEy

- 874 29 mE g

y A7) S
e 9349 2%zt

A7)-gst7 whabEy

95 34 : A AEA]

9% 39 - A @At
A A &(Sang-Hoon Chai)
g EAlEs =53] A23d A2z #x

A 3| Y(Hee-Bum Jung) A 3
g2 A18s] =74 AH248 Aes Az

A3

935



