21

=& 02-01-03
3¢ 749 tjAd DLL 3=
All Digital DLL with Three Phase Tuning Stages
Kb E RRE EE OB
Chul-Woo Park*, Jin-Ku Kang*
e o

£ =FdAe AF Uxd 2=z 74" 2 49 DLL(Delay Locked Loop)E #¢Halgith. #ictd g+

AL A&7, AA A9 B2, Jglu Zhzhe] Xd AU 7} E Coarse, Fine 123 Ultra Fine 9423 B E9]

qe 25

ol ot A WA ©2 Ultra Fine A4 Z2AHEF02 1 A EE 97 9989 Vernier Delay
Lineg AM&atich F WA Al HA &8 Coarse® Fine YA ZAEZ 02 Zzto] oy XA AL o]RE @
A AD 249 A= HF HA Aog A HY, F gL AFE vy TRE o)F1 Y. IJEE
HSPICEE ©]&3td &3 Aol 33vel 035m CMOS o2 AEHoA HUT Agdold Ax 3z
ANEEE oF 10psE FY & YReH, T2 HYE 250MHzol A 800MHz |t}

32

Abstract

This paper describes a high resolution DLL(Delay Locked Loop) using all digital circuits. The proposed architecture
is based on the three stage of coarse, fine and ultra fine phase tuning block which has a phase detector, selection
block and delay line respectively. The first stage, the ultra fine phase tuning block, is tune to accomplish high
resolution using a vernier delay line. The second and third stage, the coarse and fine tuning block, are tuning the
phase margin of Unit Delay using the delay line and are similar to each other. It was simulated in 0.35um CMOS
technology under 3.3V supply using HSPICE simulator. The simulation result shows the phase resolution can be down

to 10ps with the operating range of 250MHz to 800MHz.

Keyword: all-digital DLL, phase resolution, vernier delay, CMOS

1. Aq] 2 (Phase Locked Loop)3 DLL(Delay Locked Loop)
vto]lA= Z 244} SDRAM(Synchronous Dynamic ol AF AHEHeAT12]. 2, A2 Y &
Random Access Memory)®s Z& 149 tlzd Eo AHEY Frhe o9 2& &9 713 3
Az"a e A A AX Y Aol ¢35 PLL 29 BT F2s g oHy e A
© CRABE TFUALEHS 585 W locking N2& zt= PLL# DLLe) 4
(Dept. of Electronics Engineering, Inha Univ.) A7Y FaAH1 ).
B H:20029F 3/ 6H, BIESET H:20024F 7H 24H PLLOIANE BFA xo|=r7} 27188 VCO 9
¥ B dae 20008k Qsidlawe] xde) s} A . i
&3 5191 -&-(INHA-21372) d mol=t FUlsle £ 459 A xolzvt

@1



22 TR eta =

27hshe @ael Qe W, DLLelAE VCO o)
A VCDLE Ag8Bs FFAY wolzrt Zla
5 &3 N59 94 wolzst U2 A gt
ol AGBL e FFAY wol27 AstHH,

positive HE® Fgg ZAR LA (oscﬂlator)?l

VCO9| &z F7)(oscillation period)E vl W2 A
¥ %& @A, inverter chain® 2 ?/}jﬂoi gz
327t ofd VCDLY A QA (Delay time)d 2

FFE EA 7] gEojrt. ol FAH wEe 2
gel FAol 8F7HAZA TEEotA M=
VCOe| 71%2& & PLLRWE DLLo| ©f ©o] o]
3 ot

DLL&
A=,
locking A]ZFe] g

-
e

oldza, YAY, EAREY F
ol g2 DLLe
i, wojzo] ®zaich
g DLLZ ¥§ d¢d $o288H #7
ol =9
327} static CMOS 3 =z=2 FHo govz, DC
a8 3 VCOE AMg3stE PLLoY
VCDL(Voltage Controled Delay Line)E A}&-3t&
DLLe] Hl3), standby &2 227} o9 e A
He rhag.

a8y vA4E DLLe JEE A &3E o}
Y23 DLLe] HI3} resolutiono] V& ko] ld)
o] YA DLLAAM AAAztY sjd=E Ade

=
=)
resolution®] & #4g

o
r
i

r~1n

73 (Insensitive) £ A&

= 2
AFE

=
T

A9 @9 AP LAH(unit delay element)?] =] AA]
7 27 WEd, delay line?) @9 2 4xle
AR A FFAYGe) HAAR 9AF BFE& 2

=

Agtdte =2+ 3¢ tyxd DLL E2& 7|20
Z 3}o, Register Controlled DLL(RC-DLL) 7% &
o] £33 Vernier Delay Lineg #H71gtezs g
AL AT @A I EEY dAdg
DLLE &34 tH5][6][7].

WA 71&9) DLLY) wjAolgg 7e3)
ol HolMw Atst= DLLIZY 728
3R] 2¥ENE HAE oo

O} -
o=

(22)

& Xl (Journal of IKEEE) Vol. 6. No.1

. 44 = DLLe| ¢tug|&= of7|EH A

Agtste IRE
Line(RC-DL)#} Vernier Delay Line(VDL)2] F* =
7t Delay Lined Al&dtoz 4, Wi 9437 A
{Phase Locking Time)& z'= tjx¥ DLLe &A
I, 4 E7 AddY @ AXTeE nAFHY
71&9 "AY DLLY @& IFE3o 1 dis
9 YAY DLLE F#EsHT

B =EqA AgstE DLLY F+ZE Coarse 9
JEHEEZ(CB)F} Fine YAZAEE(FB), 2
Ultra Fine $)4%%3 2 2(UFB)g 39 F4odh o
FolA CB FBE= w2 437 ANE 47198}
4, RC-DLLY F&8 A WAoo g FH3GH.

w8 53 HA Fa£d 250Mpel 4 UFB/L fe

7158 ¢AeHE wEA AW, RC-DLo| 19l
2 64rhe] Aol "adtAg, CB9 FBY 2%
T4E& Bt 169 AdAwg AMg3le UFB7)
#3228 BEE 4 UEF Y. RC-DLLY
T4 49 243 29 ZEH 44 Helg n
mated, zolo] upgl Shift left/rightE WX 1o
Shift Register2 3} Delay Line®.2 Select A%
g Huo] A4 Xeolg AAsE W2elth UFBe
Vernier A g2tdE Abgstd FEFHAT. By
Ad AL F Ao AdHAe FAH F AA
AQe] &N AAAZ Zolzk A% HEEIF =Hof
DLLY 94 =8 3F =9 & Uk

Absle 2 2149 o] 3 stageRE TAHE
Closed Loop #4jojtt. Z+ & 944 Hde 94
A7k FHEEE o83t ExHoz AYHx
g AAsRRS

AA @& Ultra Fine 9423 EE(UFB)Co.&8 7)
FEY3 ¥ FY(External Clock)#e] fAatol=
%3 DLLY ZE Aol VDL(Vernier
Delay Line)¥} &= 2 10ps o|3te] 94aE 2
Fotel 7P 3 ARLAAA A5 ¥
VDL& UD1(Unit Delay), UD1+A(10ps)e] 97455
2= sub delay element2 AT oA A
Aol e F o9 Adztejql 10pso] "l o

Register controlled Delay

O

A= 7



3¢k Mol C|XY DLL &

g 5o} Int CLK7} Ref CLKRX Tt} 35ps W=rhH, 3
hg Sub delayZ R}A 34(30ps)E RY3HA
Ref CLK#}9] 949 xE 5psE Z0Erh B4 ¢
2 Coarse AAZALZEoZ dHPx o] 500pssl
@942 8/ME FAE UDl(unit delay line)d}
unit  delaywrEel  9AHE L AAE
PD(phase detector), A1&tle] select NFE F
Selection blocko 2 T4 = o] @)= d(500ps) 2
oz i o rte L Ik
A @& Fine $4zFEZoZ doAd]
70ps(UD2)Q! @94x 84z T4"E Adedd
PD, selection blocke @ FARUoW, T WA
I Ze wyom U A(W0ps) A2 A4
o1& £43ch & ©A Coarse $| 42 EF0l
A AZFT. J1EZ Y ([Ref CLK)H WF Y
(internal CLK)#¢] $)44A%E& 53 500ps 4
Aol & A HA Coarse AFz=FEE 9
AHAE71 A LockAl 2 & 2A8le Fine 94x4
Fo2 HYo=zH Fine PFZAHEFIA A4
zAo) AlZEth Fine YAFZAHEZM = 500ps
0|39 YA ole S 70ps o|F2 FoFt. ¢4 o
g7k 70ps ol3E FoEW FBY HAHE7S
Lock 4157 UFBe) #44 A& FFeA 34
€ 2R gEA
CB->FB->UFBS] #A 2 40 402 9
AR

=R
=

Ref_clockl

Phase
FB_locke{ Detector

™ FB_lock
p/Dowl
Counter
Decodel
External cl 6-Stage B-Stage 8-Stage Internal clock
Vernier Delal Coarse Dela) Fine Delay [~ >
(ub1, yooe | ) (uot) {UD2)
UFB cB B8

a3 1 MAsz B85
Fig. 1 Block Diagram

4477 daEe 39 29 £AEe) U

2 23

o

Art. 94 AL CB->FB->UFBY &AMtz Uo)
UAw slE2do] UFBE WA Faste AL Al

oo dZd AT EEES BYTh

Phase error
occurred

No

Phase error > 70ps)

Phase error > 500p5 d
Yes

ouTPUT

Ultra Fine Tuna P.D
detects the Phase erfor

Coarse Tuna P.O
detects the Phase ercor

Allows the Selection Block
to select its select signats

Allows the Selection Block
to select its select signals
UDL selects the next clock VOL selscls the next clock
or the previous one or the previous ane

No

Phase ewos > 7005

Yes
Fine Tune P.D
datects the Phase error

Allows the Selection Block
to sslect its select signals

UDL selects the next clock
or the previous one

3.2 UEY di2E IRP ME
Fig. 2 Algorithm Flow Chart

a® 3= AdeAst £AHC e AR 2
go] @gelr 49 slojth 289 (a)& Intclk
7 Ref clk#el  fdAtels  uded  Ao:,
C1,C2,C3 - To2 JUeld AL Coarse g4 A
EEZ(CB)Y ZHAdeH, AAFEE 500psolth.
ol 2 So| Int_clkE Ref_clkit} 873ps 452 =7
Y, Coarse Y4 AEBZ2dME UD stuetE o
ol 2le Clocks M3 o =M 500ps 9 YAiato]
S £33, Ref clk®} 373ps =% Coarse_clkk&
3lA A, Coarse Tune-S £+83tA ot olw ¢

= Aagdd

(b)2] 1WL Fine 94 24 Blocke] AEE2S uh
Ebd Ao, FLF2F3 - %<& Fine g4 %4 A4d
2hele] B9 AR uAE Fojn, (A=
= 70pso|t}. Coarse 4 =AHE vXn &3=
Coarse_clk®} Ref_clk9}9] A AAol& 373pso] o).



4l

24 7| ™ Xt ehg| =2 K] (Journal of IKEEE) Vol. 6. No.1

Fine #4274 5 T oA 4
oZHE UP A&E wolr 350pse] 9azto
A Astal, Fine_clkg Ultra Fine 94 %A &
2 HJith

(c)2] 138& Ultra Fine 914 24 229 Al
Uetd Zeln, ULULU3 - & Hi 9
2" o] oF 10pso|t}. Fine_clk2 Ref_clkH.t} 23ps
=y A3l s glemg, UBE 2clock
cycle B¢ A EEozRE UP 25E Wolr F
Z A4 AAE &, Int_CLKL Ref ok A %
U AFQ 3ps AFH AzER DLLY 94 A
o}7} At}

i}
E'H—é‘

}Oll
M o
tilo lo ot

oy
BN
ol

A3

:C1.C2.C3:C4.C5:C6,C7.C8:
R e e

Ref_clk

Int_clk

Coarse_clk

(1. F2, F3; F4, F5. F6, F7,F8,

Ref_clk

Coarse_clk

P
Fineok | i i f @ i}
;o

~

/ ~

; o ()

: U1, U2; UB: U4; US; U, U7, U8,

Ref_cIkJ

Fine_clk

—
Int_clk

(c)

3z 3 fA laEd oy

Fig. 3 Process of Phase Locking

(24)

7t o] AAdFL FHz: 4AA 250MHz 53 29
& 102 syt FBS CBYY 3o Aax
Q1 500pse 8709 stepo 2 Alo)slr] 3] 70ps
2 A3tdy, HF UFBA = #4 resolution 10ps
2 Fstarh

. ®otot ClX|Y DLLO 3=2MA

1. Ultra Fine 9)4} %34 B2 =& .

19 4% Ulira Fine 914 ZA(UFB)E HoAZ: 1
k. 87h2] UD(Unit Delay element)?} UD+4
(10ps)9] & delaygE zte 77019 Sub Delay
element® A% VDL(Vernier Delay Line)# 4
A& 7| (Phase Detector), Z12]31 VDLE] AT AZE
AAGSAEE select NFE Bury] 93} Selection
£%& - Up-Down Counter, 8bit-decoder, Registers

o2 FAHAY. H FEL Vernier Delay Line
Lz2A F Y AA AA F AF A AAYY o
¥ AASub) & oldFH A AJQY Wy A
(UD)E ot <%zt & e Zed. A9 Aol
[t_Sub- t UD |& AoEH 10psz2 YAHAG w
gA Hae 2 A5H Y94 28 F A9 Ad
Apole] o) AAE o uMd fde Ao stF
3lth,

Hueol [ AAY FFL g o] pEy
of A o select 417} ¢I7}5 o] Ext_CLK(External
Clock)o] UF_CLK(Ultra_Fine Clock)®.2 &3 Ht}.

ny-tr < tx < (nx+1)- g
e 713 ZY(Ref CLK)3 92 2 (Ext_CLK)9)
94 veldt. nxe 499 A gheln.
A4 =48 CBY FBY 4ol f4xza F4
EZo] doJuE 2 FBY Lock 4l&7} UFBe] 94
AZES 4E=o o 2z 4328 @ UFB
9] f)4 zAo] A AHT} Vernier Delay Lineg 0|
Al Y 2R ERE AN FAEY Ext_CLK7h
VDLE AXHEA wiA] 4ol 2AHTA A @
A A (Unit Delay)g 8/ E33t2 2 8*UD Aj7hwt

tr2

Hole



3¢t ool oixjgl DLL 32 25

o

y

El A AR Ao] AT o)A
A} A7) A]{}g oF 4ns A AA 7T &
=]
2]

cyc]e Al 7o) T},

:\9

250MHz &

o
o}iﬂ
—

Ultra Fine Block

ExLCLK

Rot_Ctx

ok

Logk from 8

URCK

38 4 Ultra Fine 14 =d
Fig. 4 Ultra Fine Phase Tuning Block

g=

UFBo| Al A}8-3 Phase Detectorg 28 59 B
t}. Phase Detectore] &2 F 8 AlZ 9 Phase
selo] s NES VASHE Rolrk 1Y 6
(a),(b),(c)= UFBo]A A}& =t Phase detectoro]
ved ¢ e J8 3388 el Aol Fine
Blocks]l 4] FFH¥= Lockal&yt 'ON'Y o 5%
Eigo

‘Lock' from FB

Lock

slow/fast

T8 5 Uttra Fine HI&4=TEE2 &HE7]
Fig. 5 Phase Detector in the Ultra Fine Phase
Tuning Block

29 69 (@) AYdE ik icdkn)y =
o] ref ckBo} 9A L ASE & F Aot o)A
Ao 28 1YL Fasts: WOIRWA HolA, H
Yol A AdY n+vl WA AR 2xE JHFA

gozM A zolg ZolA Hr}

3

(25)

i_clk{n-1)
i_elk(n}
ref_ck

(a) Fast case

i_chkin-1) I
L_ck(n}
ref_clk

(b) Lag case

ictkin-1)
Lokin} i_ckin)
ref_clk ref_clk

(c) Lock case

i_ck{n-1)

13 8. Phase Detector® /2 mt& Hej
Fig. 6 Input Waveform of the Phase Detector

(b)=
A2

A4

i_clk(n-1)3 i clk(n)2) o] ref clk Bt} H
A% £9 53L& Slowr} ONo| =i, v
A (n-1) WA Ad £245 AYsA Fo
Ref_clkete] R AolE ZolA Hdh. (99
Ref_clko] i_clk(n-1)3} i_clk(n)9] ZF 7ol A
He ZA$EMN XORE F#3l9 £¥dEe
Lock 41&7} ONe¢] =eof, Hiyo] A F<A9 n W
A A5 AYsA Hol, dAT ickE HERUWA
€} Flip Flop& A}43} Phase Detector= 43
A% 9 Duty Cycledti= A3glo] A& 9] Edgeol gt
4 WAk, Delay timeo] & RS2 CMOS D
Flip Flop-& AM&3lH n&Ead PAFS @y&
=tk 225t D Flip Flopdl 918 AAATS
Z0]7] 93 Yuan/Sevensson Type®] D Flip Flop
= ’\}%?5]-935]'[4] F 18z ddtelvl U
22 AL d & Phase Detector?} Detector2 A1 2] Al
93 'oa‘ 314 E3= A7 A sted Dead Zone
o] ¢9)4atole] A X+ Phase Detector
< Fvaes 2 H5FY sdoltt. B =
BollA] 29l Phase Detectors st Fx9 D
F/Foz FA=Hol iz, Ag#HolMd ZA3} Dead
Zoneo] %f5ps YEo|m =, 10ps ©|ste] )&l E
#A &7 A FES

24

[e]
3

lo,
o

2. Coarse ] =R B 23} Fine S| A} ZAELE
F WA @ Coarse 94 =4 ZFE(CB) +42
a9 73 o] FAHO Aok gl o] 3}



26 M7 ™R &3 =

o]l 500psq!  87F¢]  UD(Unit
element)2 T4 % UDL(Unit Delay Line)%}

Delay
-r] Al

A% 7|(Phase Detector), 22|32 2] g2l Selection
EE - Up-Down Counter, 8bit-decoder, Registers

oz FTAHADG F WA 92 A WA oA
VDLE AXEAM 2719438 Delay9} preset®

VDL x4¥9&
AdeAe AAstE

AZ UF_CLKg wola UD o]
q4gs o

UK
aPLIY
s1 sz \] W s7W
Tanse
select
signs
w
o | e [ 2] oo [
| comer der bIb

1% 7 Coarse 94 =3 ESET
Fig. 7 Block diagram of the Coarse Phase Tuning

Coerse_Ctit
»

Re’_CLK

i |

L LK

€ Lock

Coarse YA ZAS 93 UDL(Unit Delay Line)2
500ps @9)el fdA g st AlgH oA 87
9 g9 AA £A4F 7HALR Ut @9 AQ 5\—;{}
= 500ps9] AAL AAEE dAHYeH, F=
AND B3 ¥4o=2 Ho gl
A #W# @ Fine Block(FB)e] 2

Bt Adde UDLY &9 AAk(70ps)S A<
3ty F WA Coarse XA BEE3 2 3+x%
ot} 70ps © 9o YA AE A3td AR HA =
UDLe 8709 &9 Ad £4F 7HAx ok

H
S‘W 521 SJW 54\} SSW 55W SV\1 SEW
A Fine

select
signals

= LTI

=HESE

ExE 297

Coarse_CLK

Fine_CLK

Ret_CLK

it ClK

"Lock” trom Cf
—

22 8 Fine 14
Fig. 8 Block Diagram of the Fine Phase Tuning Block

(26)

2 X{(Journal of IKEEE) Vol. 6. No.1

CB¢} FBol A= AL8-¥ Phase Detector[9]L-
d H4d. 9% R
Window>} 2tz} CB9} FBel w9 94 23 @<
500ps, 70psS} F+& 7+A7] Y& 2o A Aol
o, Ztzte] UDLeY 99 Ad7d 2& e AEA
A R

Phase Detector®) E2-& 28 1094 ABCDS 4
A2 AdEe Ak A9 E$ Int_CLKo|
Ref CLK® t} m-& = A7 windowe] &
of Int_ CLK®9] Real edge’} $JX3l2 2 Fast 23 E
gaﬂu} Be] 7% Int CLKo| Ref CLKM T} oz}
me Aee 9447 windowd WHEe Int_CLK
2] Real edge’} 9X3ta) Lock 21&7} 28

1¥9
A2

=

A2z7

¢

71 A

Ref_CLK —
Int_CLK

Unit PD Slow / Fast

LOCK

CB2t FBoliM 29l Phase Detector
Detector in Coarse Block and Fine Block

¥ 9.
Fig.9 Phase

Ce] 79% Int_CLKo] Ref CLKETh ofzt - 7
22 A7 windows HEFol Int_ CLK2] Real
edge’t 9123t Lock A&7t &¥drt. DY A4
Int CLK©] Ref CLKHT =7 7%= 94737
window?] F o Int_CLK¢] Real edgest HA3t=2
2 Slow A3 E &Yt

E 1 AdAETIel &Y
Table 1. Output of Phase Detector

Region X Y Z Slow / Fast Lock
A 0 0 0 0 0
B 0 (] 1 0 1
C 1 0 1 1 1
D 1 1 1 1 0




3¢k 7o CiXiE DLL B2

Ref_CLK

i delayed edge
i

— =

Real edge

Fast

Fast in Lock

Ti b Slow in lock

Int_CLK

L Slow

O 10, AMdEE0(e sHE
Fig. 10 Waveform of Phase Detector in CB and FB

298118 7 BEEJ A& 3 Selection Blocks] &
ExE HAEL
counter$} 3-to-8 decoder, ZL2]3l 87 9] Register=
T4 A

Selection Block2  Up-Down

A
— RO~R7
o UD | &| 8-bit

Detseor o, | GOUNtER decoder
C

s0~s7
8-bit
Registers

a8 11, Selecton 8%
Fig. 11 Block Dijagram of Phase Selection

IV. Simulation 23} ¥ nxt

=EA AtH 3w all digital DLL 82&
HAAE = Simulation T3¢ HSPICEE o] &34
Al 0.35um CMOS p-sub T3 9 24 H&vel &
AbESte FRFAY 33VEA ZIAPL 543
k. A Edeld #yFR s FF FAsyE
250MHz@ o™, H1 % Fu4¢ S00MHzz ¢
€ AFsA Add sy FF Fnp
250MHzo) 4 2] worst caseo) A&l 47 time
Coarse Blockol A} 8 Clock Cycle, Fine Blockell A 8
Clock Cycle, Ultra Fine BlockolA] 8 Clock Cycle
7 Pre_delay9] Hdlx& 2 Clocks @AM 26
Clock Cyclee]t}. (104ns)

@7

27

a3 129 External Clock?]
Clock® ™ 33ns A E 7o) tg AlEdolA
Holn 250MHzo A P H et Ao o388 ny
13 Clock Cyclettoll 943 e] HolgdE & 4 3l
t}. ojwf A4 resolutiong 13psoE UEMNTE 2
¥ 13& & Fa4 500MHzol| A External Clock
of 71 Z¢xtt 5 A A9 Ref clkdt Int_clk
9] A Ed ol HFHo|t) Y47 time 53.2ns0|
1, resolutiond 24pso|t}. 18 148 HI TR F
52 800MHzol A Clocko]
Clock®t} 5 2 A9 Ref_clkz} Int_clke] A
ol Fyoltt. n&o 2 Esy] R, %
d& Intcke] As7 EFEHAW A& 4T
He Ae B F AUt 94437 timed 47nso]

resolution-& 42pso|t}.

A= Reference

External Reference

N

2
H,

=

A rme e

ails

A

H
'
P
|

Vonages (iny

-
1
§
'
¥
i
i
e
'
«
'
2
P
i
i
i

3
;

!

!

|
Pt
i
i

|

1

!

!

!

i

b

!

=
i
i
i
.
|
;
i
P
|
N
i
!
i
J\
D
Ll
|

e

H
!
i
!
:
i
1
!
{ i
| :
; i
;
iy B
i - i

e
S B Iﬂni

T T IRAARAERRAE]
W e 4m S

Tine (i) (M)
J8 12, Ext_cko| Ref_ck=ct 3.3ns leadsts
Z 22| Ref clk2t Int_clki} el (@250Mb),
Fig. 12 Waveforms of Ref_clk and Int_clk
when Ext_clk is leading Ref clk by 3.3ns at 250MHz

T e
[LL I (R

Logking

|

r('r;‘('}c"‘(f

T
VLT

I T T T T T T T T e P T T e e
) B o W % W™ R M & W 0

—
l

VoltEges ainy

Eﬂﬂﬂ' s

Ting ) (G}

J8 13, Ext_ckO] Ref_clk=2Ch lag®) 359
Ref_clke} int_clkz} s (@500Mz)

Fig. 13 Waveforms of Ref_clk and Int_clk

when Ext_clk is lagging Ref_clk(@500MHz)



28 I A &g =
Lockig

3 ST VR A TR A ST T S O
A BHI R b e
< 7 TR R R e T A D T A T T
= 5 :l.,lglu.,xmlu‘i‘,l,.w,llln.,llll‘.l,“,i‘,Hll.nq.,lm
NS I B RS
] IR I R A T R T T
IR IR I R
2 R R S R
A st I R
e SRR T R
(R R ST HE R

a 0 Zn 4'1 E's Bn 10 12n tén 16 180 20 ZZ» ZAn ZEn 3 30 W 3o e dln 42n Mn ABn ¥ iz%

T i) (W) ]

222 14, Ext_clkol Ref_clk2ct Jage! & $2
Ref_clk®t Int_clk It (@800Mk)

Fig. 14 Waveforms of Ref_clk and Int_clk

when Ext_clk is lagging Ref_clk(@800MHz)

E 2 71E9 OXE DLLZtS| H|R
Table 2. Comparison with Previous Works

=2t A¥ | Locking .
u S OURS
T & e ro fime resolution
Wuelxad | 25~ B B 30 ~
A 300Mt 250ps
Phase -
250~ | 340mW
Inter- 1 ooy | @aoouy | < 2048 | 40PS
polation
] ol 1257 | 30w B
Register-Controfled B0 | @300M: 100ps
Low 1006 | 41mW | < 2us | 400ps
Pow er[8] 1 P
Aok 250 = | 94~ | L ] 107
3z S00ME | 252iW S 45ps
Agzse oz A 3z FIYde
250~800Me7l A2 AEHUNoH, Ha 4 HAHLe
941 (@250M) ~ 252mW(@800ME) S T} resolution 3
T 10ps(@250Mp) 2 719 =& EH vudAE 7

2 AR A 7tF} resolution WA T AAE
JehgAch 2y 155 A¢s 329 Layouto]lt).
0.35im CMOS technology® Abg&stgon, 2 sz
= @A A A= Fol ok Core sizew 780 * 510

ym?} T},

(28)

" 15 Metst S22 Layout
Fig. 15 Layout

v.d &

Aotd DLL 3z x 44 222 Digital Mode®
tuning3}= 3@ Register controlled DLL F#+ZE u}b
goz 3. W HAEsE dHeld dAE
DLLY A =E =°|7] 98] Vernier Delay Line
< AHRIHN AAEE HTE 10ps AEE ERoh
250MHzo| A Coarse $14 =4 EEL 500ps9] 3
AEE 7}IAH, Fine Y4ZHEEL 70pse) 94
|AEE zr3, Ultra Fine YAZRAZEE L
Y=g Zerth o9 o] thE
Al Ee 93 Ao EES ARToEA AT
94 24 T g A4 APARALE AE
2 AAsYG. AA% DLL &2+ 035 m CMOS
technology® Al E# o]l HYrh A EFH ol A,
% Fo 250MHzl B3¢9 B f-3Aoiad
¥ 13psoln], 500 MHz¢l A$ols  24ps,
800MHz<] #A$-dl& 42psHth. 3 FHAF7} =
o} A& resolutiono] “Folx]&=
ol T Fuosvt Fold4E
THol WrkA Ryl o ¥

EE AA 2 945U 250MHzoﬂA1 7V A%
A A H ATt power dissipationd 250MHzo)

resolution-&

&
3=

iz 2



3¢k Mo C{X|E DLL 3|2

Al 94mWo] 11, 800MHzof| A 252mW7t AR 5 it
AAZ 329 A477 ranges 250MHzol A Haz
800MHzelt}, A|¢t3l 2+ 142 CAE A|AH
e BET AAATY AE 3 AgHAR

& 3g Aol

VI. ZhAtel

ul

AT AH&E CAD §& A4¥$ s|& IDEC

of AAr=dy

B
T
7

o3

Fm 28

[1] M Johnson and E.Hudson, "A variable delay line
PLL for CPU coprocessor synchronization", IEEE
J.  Solid-State vol.23, Oct.1998,
pp.1218-1223.

Atsushi Hatakeyama, Hirohiko Mochizuki, "A
256Mb SDRAM Using a Register - Controlled
Digital DLL", IEEE ] Solid-State Circuits, vol.32,
Nov.1997, pp.1728-1734.

A Hatakeyama et.al, "A 256-M SDRAM Using a
Register Controlled Digital DLL", IEEE ]SSC
vol.23,n0.5, Oct.1998, pp. 1218-1223

R. Rogenmoser et al., "1.16GHz Dual-Modulus
1.2um CMOS Prescaler." IEEE 1993 CICC Proc.,
pp 27.6.1-27.6.4
Dudek,

Circuits,

2

—

3

-

(4]

Piotr CMOS

[5] "A  High-Resolution
Time-to-Digital Converter Utilizing a Vernier
IEEE J. Solid-State
vol.35, Feb.2000, pp. 240-247

Brono W. Garlepp, Kevin S. Donnelly etal, "A
Portable Digital DLL for High-Speed CMOS
Interface Circuits", IEEE J. Solid-State Circuits,
vol.34, May.1999, pp.632-643.

[7] Feng Lin, Jason Miller, Aaron Schoenfeld, "A

Delay Line", Circuits,

{6l

(29)

29

Register-Controlled ~ Symmertrical DLL  for
Double-Data-Rate  DRAM", IEEE ]. Solid-State
Circuits, vol.34, April. 1999, pp. 565-568.

[81 "100MHz

Bum-Sik Kim and Lee-sup Kim,
all-digital delay-locked loop for low power
applicaion”, Electronics Letters, vol.34, Sep.1998,

pp. 1739-1740

(91

Tae-Sung Kim, Sung-Ho Wang, Beomsup Kim.
“A low jitter, fast locking delay locked loop

scheme ,

SSMSD. 2001

control

2001.

using  measure and

Mixed-Signal ~ Design,

Southwest Symposium on , 2001 pp. 45 -50

RN

BAEoE . CMOSIEE R AA,
VLSI, Al & 3 2] 3] 24 7

1983 M&tisa &8}
1990 New Jersey
Technology HAAF 8 A AL

Institute of

1996 North Carolina  State
University, A2} % HFEF 8
AL, 1983-1988  AMAJUREA),

1996-1997 W= INTEL 4147

A7, 1997. 39 - @A A& gu AAAYNF
SR Zug

ARl 14 CMOSI2AMA. EFRE FHEA
A, T3 24



