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ABSTRACT

This paper describes the design of the Register Controlled DLL(Delay-Locked Loop) that achieves fast locking
and low power consumption using a new locking algorithm. A fashion for a fast locking speed is that controls
the two controller in sequence. The up/down signal due to clock skew between a internal and a external clock in
phase detector, first adjusts a large phase difference in coarse controller and then adjusts a small phase difference
in fine controller. A way for a low power consumption is that only operates one controller at once. Moreover
the proposed DLL shows better jitter performance because using the lock indicator circuit. The proposed DLL
circuit is operated from 50MHz to 200MHz by SPICE simulation. The estimated power dissipation is 15mA at
200Mfz in 3.3V operation. The locking time is within 7 cycle at all of operating frequency.

I.ME ASL HA Sl a0 wE &5 T EalEle
i 28¢ Fu daa g i AR B o}
A WA PolNY wlolzz mzaldel 2 Ue} FHUE e S8 FobE AT Y

< vvxz] HE57 DRAMT e F wlza]e] 4 Hzzle] W %ﬁli ool dwt ud-g AR
A e - o E ke s dbds] ghe) LSI e} ol ME o wekoge] wWale A
* (F)A B4 KA 2 H(kyung @gtis.co.kr) *x Aoietn A (mun03 10 @chongju.ac.kr)

wak NI AR F4] FE{(shson @chongju.ac.ka)
l.E-E"Hj. K01157-0702, A<l : 20019 79 24
#* g vl AT JuEa G74ee] Qe Ad) e 3 Hus
# Eﬂ":—{"% =M A 28 AEfe] PRl A9E e} 1R A

255

www.dbpia.co.kr



F2E A 85 =5 *01-12 Vol.26 No.12C

oA F S A HRd dAd AlE 2
o] A A AR ol mge)
dlele] AE-g fldiA= YA dHeoly EFH7A|
o] 7S Sodof sh=wl, ol HelEZF 9F W
& A Wi S8 5] EHol 289, fF o
HE AR WE g4 & ¥3) AYAH G FF
sl gl e} F9 -5 reje|wdl LA
Bl AlE AdL wlofe] Al AZEe] &R v}
elir] wielch wlepd] Wl FH AL AAs
7] Sl % F93t o SR $lide] dAske
2 o} sl olF A3l $s 2 W o]
B 232 (clock recovery circuit)7} | AMLE
2 vk 28 AFE Ak B2 g A
=27 PLL(Phasc—Locked Loop)3 o]&£3% A
DLL(Delay-Locked Loop)E o83t Ze=m &
= Sivv] DLLS PLLEFR} App7} ol $)4F 23}
o) *4o] §l7] Wl DRAM} o] Fpg A
o & et s A9l AHeske Ze] o)

t}?, DLL& delay timeS W3tAA W 2
R ZYe o3t AF|ER delayd: 2AY F

S)v¥= VDL(Variable Delay Linc)o] HQas3lc}
VDL$- DLLY| A%5-& AR 7P $ad 85
oleh

VDL$®| Z-Fel ujz} DLLE Analog DLL(Z¥ 1
(a))#} Digital DLLZ v}& <5 $)iL, Digital DLL2-
t}A]  Measure Controlled DLL(ZH 1 (b))}
Register Controlled DLL(ZL¥ 1 ()& g 4> 9]
t} Analog DLL-Z delay cell®] delay time-g& 3}
Aoz AA delays WIAFIA Fvh 2@z
2 F A delay timeo] oi&2]e]7] wiiol| S ~F-
2l jitter7} 2h& mbw, locking £57} -ela A=
427} & o] it ¥y, Digital DLL2 delay
celle] £ W3l AA delay timed FAEA
el 7222 delay timeo] AEHe]R] Ssle]
2 AE7} delay cell®] delay time® 2 AFHdc)
1% Measure Controlled DLL-2 locking &k
w2} F= dW] FZ(feed back loop)7} ¢17] wli-
o] lockinge] =i v} 22 A77) =A LAsP
olol thaflx whg-slA] Xk wiitel 2% 277}
& ti#o] gIti®. Register Controlled DLLE
phase detectorS AR2go = 2B e oz
AeAor ZAF). T2 FE Measure Controlled
DLLHc} 22 257} 2t 22 lockinge] &
WAR Sl gda Wy ZHe wasy =
2 Ey| u]®o] Measure Controlled DLLXrt}

256

locking &7} 2o}, VDL#} 3 wes)Fol
of & EA|= locking timeo]c}. o] DLLO| S-&
Aol a}z} locking timeo)] AMgte] gl AS7} 317)
dgolct A& &9 A A3k 4l DRAMSE
74+ 200cyclestel] lockingo} ool qhet & =i
o]A}& Register Controlled DLL2] ol A=
locking twe]E&g AR&3le] wE locking times}
Ao 4nlAHE AARg Aol Wid AgHom
Aeke #2E AR,

(a) Delay Line

Internal
Glock

Extarnal r ] 1 1
Clock Phase
r.]DGthtor Voltage Controllar

(b) Delay Line
..... |_____internal
Clock
External
Clock Time Interval Maasure
Delay
Monltor
(c) Delay Line
..... Jnternal
Clock
Extarnal ___| | 1

Shift Register l

Clock — Phasa
Detectur

O3 1. 71 DLLe| £E% (a)Analog DLL (b)Measure
Controlled DLL (c)Register Controlled DLL

I. Rigket 82 2lEn DLL &

o3 2+ 94bH<el delay controller+= coarse®}
fine® & vlx]w, 6-bit ring counter® olFo|A gl
T} o] phase detectorolld] 1he= A15E vlel A
A A7 1ogic high)ye] $2E o571l
o] 12] 2|x|7} delay time2 ZASA ok g
locking range® zk7] $18] delay line fine,
coarse?] o)F 25 A}281W| coarse delay cell
shie] =7| fine delay cell 7)o 6wjjo|th wu}
24 aubdql delay controller?] FEolis 9%
47 W S99 fapl & AS oY 2
£ Sole} =R locking timee] Zeoix{il dual
controllerg- FAlol| AMSELEE A mAd=o] gl

27 32 delay line®Z nand®} inverter® 4
3lglonl, delay controllerolir] e A1F(CO~
C5l 2l 2% FYel delayg 718} W F
S HAA A

www.dbpia.co.kr



TE /AR 1% F7] gaLeEe

& ZH= DLL(Delay-Locked Loop) A7

L Down Coarse delay cell
ine delay control regiater
control ragister

2] 2. 71% DLL®| delay controller 5-8.%

Exiarna) ClocK.

Intarnal
Cloal

co (=] c2 c3 c4 cs

a2l 3. Delay line

(a)

o) dt "E I" ‘

1 b,

(c)

1% 4. 7)1 DLLY) 2% g¥lo] Q7152 ) delay cell
9 &9 (@) 9% 2 () delay cell uu_ ER
& o (c) delay cell 271F E3}32 o

2% 43= 7]E9] DLLelY 215 o] delay cell
& UNb) == 2700) e =S 13 ehy
. 9)t}. el di delay cell shte] delay time
otk e qlY wu L it A|ad ARk T4
% o lockingo] ¥7] ]3] DLLo] ¢}+ Z2]8 x|ad
"]ﬁ"? @ delay time 9] 29 & Fv]| w-

F719] A vlo|ok. £ ERolAE olzgl A
d-a #Asp7] 194 RDLL 73] 23 locking
guw]Ee A4sle] Hol FEPen EvE o]F

Intarnal Fine controller

Coarse controllar

Fxtarnal
clack G.down

¢_out
Coarze delay line

dummy_out

€_lock

Lock indicator

O3 6. 2 =Fel4 Aok DLL 82 2

=5 sjgdvk. o® 5% Aok DLLY] FZelv). &
29| A2 PD, delay controller, delay line, lock
indicator, MUX®Z TAJ€rk AR5t PD= &% &
23} Ul 229 rising edge® w]3te] up, down
P25 AP, 9% Z29) rising edger} WH
E2]9] rising edge T} wl=R delayE £o]7] 43l
down ¥~} SRSy, WhRE W S| rising
edge7} 1% 22]9] rising edge R} w2 delayE
F74A0717] 1504 up FA7} R,

1. MY SE HA

a3 62 ANAHE Fol7] s AHEE dual
controller?] -Ztr} 7]&2] RDLLY 7L gL
locking range® Zt7] #]84] dual delay line2 A}
23kedch ol dual controller7} A}8-%-g 2v)sl=
o) oJuk=]l delay controlleri= ®) FHe-El(ring
counter) 2. TE|1gl0] 2R EUEF 2 b
& JWAeA Hug awlade] Sla ek o
Al B =FeAE dual delay line®} o] S Aejs)
+ dual controllerZ Z+A]9}+ locking E=FA] 1 7)2)
conrollergto] E3lsln= iﬂ'ﬂi’&ﬂ AH]AH-e 7}
&A1 F ek MUXeA v uP/dOWn As=
Z7] 4ol coarse controller2 glE =, o] AlEd
)3 coarse controller= 12] $JA& shiftdlA] o}
shift E2+3 53] coarse delayE A8}l coarse
controller7} ©] |4} A&7} delayE =5 £33
lock indicatorel] 2]s] ®FAJEE ¢ lock 41&7} MUX
o £J7} up/down AlF2] 7 ZE fine controller®
BlZ3} E Aol coarse controller?] clearstz}z S
7} coarse controller?] F4HS- WA gl MUXe)
A1 Y2 ATE fine controller® YA w4 &
AL o 7M lockings A|7|A dArk 2Elw W
Zald 2% F=jo] ¥r) =9, fine lock indicator
oA f_lock AlE7} WhgE]z o] AlEoll 2 o o]
4+ MUX¥& PDoj4] 1125 up/downilFE delay

ol fw} O O O 0 0O
pra | pre | pre | pra | ore | pre
Fine f_lock

— e for | o | er foen | oer

w O A

O 0 O (w] o)
—{ pre [pre [pre [pro | pra | pre

T Llelslele s L)

a7 6. AAEE

2]%} register controller

257

www.dbpia.co.kr



%A 83| =57 "01-12 Vol.26 No.12C

controllerZ. HMA] 224 A|ElE £ 4 9l
t}l. o]#13l locking dxel=e] AHLo 2 wH=HT
clock skewS 29 = givh

2. WE locking &= MA|

7]1&2] RDLLS| 7§%- fine delay® A 54|
717] w2l 937} & 7% locking timee]| Zeo]
Ae e ARz durt w2 Es
MUXZE o]#3le] Z7)4ws]| up/down AlZ7}
coarse controllere]] MLEEE o] 2l¢ FS
coarse delay lineg WA AAA Ik €8 B
a7 73 o] ¥ S ¥ F9] st
6.2ns0]3. coarse delay cell 17]9] delay =7]7}
1.2nso]e] fine delay cell 17§2] =7]7} 0.2nsY of
7]#2] RDLL b2 AM33py  fine delay cell 6
AE o} 59be A4 12088 YAAE dReE &
Sl7] wiEel )% Zo] 31yl RxZ Folof F7)
7} o]&olt} zalud Aokl DLLG o83l 27
Fa}kS delay =77} F coarse controller€] 5}
L g coarse cell 59 fine cell 1W, = 9% &4
2] 657 aboll lockE o] F < vt

External
clock

Intarnal l I
clogk
8.2ns |
c_lock ’l ’i I | I | | | |

6.0ns 1

0.2ns

a2l 7. wh locking £=5 987 43 elo|y=

2L locking YwES AMER 32 FF
gg-e 29 83} P} % F@rt A S=b)
B} »#2 2 PDE down A1ES Yirwith PDe
A 1}&- upfdown AlE3= delay controllerZ H1A]
7] Hell MUXel} 2l3] 727} AAg}. 27)4el
) MUX7} coarse controllers] ¥ =% 45k
9)% 2] coarse delay lined A=A vk o4
3] oy Zajo] B FYHr} “e]RE(c) coarse
controllersl] down 4137} 7}sjAck ofell= WiF-
FYo]| 9§ FHxur} w21 2(d) PD- up AEE
coarse controller™ KA ==d] ]712- delay cell
9] =77} 2 coarse delayE ] o] F7|E ©)F

258

S gleg TElug vA 2FE € 5 e fine
controller® F2tA| Aok gkt o] Q&g MUX7} 8t
21| coarse controller’} upelld downl® EE
downell A upoZ vlF|w coarse lock_indicatorel|
A clock ALEE AR, o] Alse] o)
up/down 4152] 727} fine controller® u}#Al
t}. 28]3 coarse controllert> FAEA] HAcl fine
controllers upfdown AlZol 2}3] shift F=h& 3}
o, R S5 o Felo] F7|E o FA W)
jitter® 3po]7) $J8l A3 fine lock_indicator”}
f lock A1E5E 2A8MA vk MUXE f lock AlE
o €& PDollA] vheis up/down ALEES T oAk
controller 2 WWRWX] ¢Fe=x}

HEF' ‘ | | ‘ | ‘ I l | (a)
[—Lw'ﬂ ] |l[ | | |!| | ®
! ':| | | |l| | ©

I
I FI l l: | I: | I (d)

clogk

12 8. Al A= locking k2E|Fe) @i St A¥iE

. 2oy zAn

$oll4] 7)%&% RDLL2- 0.6un technology3- AHE-

100n0

a2 9. lEEae] 50MHzY W locking B3 (TATHE
9339 & WWH-E, MUXS| &% (coarse_up/
down & fine_up/down), coarse lock_indicator,
fine_lock indicator)

www.dbpia.co.kr



=1/ AR 14 7] duHFE 7z DLL(Delay-Locked Loop) 4A

3lo] Smart SPICER Ad7slz 29| AYsigich

a7 964 'l 118 A|9kgk locking okiE]ES
elEl7] 4# lock-indicator, MUX, f_lock=}3-2-
Bl gleh S0Mell e o F¥E ek 75
Z)utel] locking ¢l 200Mbol| 4]+ 457]"he)| lock
% o1& 7 slleh AR DLLY 452 ¥ 14
Al s Act

— v (elock)

— vitiow)

tan atse 2000 .

Sl nwa ST e, DL R s
o ek et e

a7 10. 1H¥Ee) 100MHzY W) locking £% (54
2 g9 & Wy-gd, MUX®| % (coarse_
up/down & fine_up/down), coarse lock_indicator,
fine_lock indicator)

32 11, g332o] 200MHzY o} locking F7 (£A =
opge & WREE, MUX2] &% (coarse_up/
down & fine_up/down), coarse lock_indicator,
fine_lock indicator)

F 1. DLL %4 89

Items Values

Locking frequency range 50MHz ~200MHz

Power consumption 15mA at 200MHz

Supply voltage 3.3V

Skew 200ps at 200MHz

Locking time ~7 cycles
V.8 E

22 locking U7E]HES ©]43}e]  locking
timeo] WEy 2vAH-E F<l DLLE AdAlslgck
Aakq} locking L8] E 8 7]&2] DLL locking H)
A1%%] dual delay controllerS A}2-3}%]%t PDol
4] 1}2+= up/down E-& MUXE Ao}s}e] delay
passE AR ZA P I MY delay
controllerih-g- AMEgte 8 4w)A1He 2 £ 9%l
3L, #7)A}e}E coarse controller7} FAEIEE §)e]
NA7E 2 Hele whEA locking HEH 319
t}. AAlgk RDLLE 50MHz~200MHze] H9]oll4]
7 cyclegke] lockinge] F gtk 200MHzY £]% 9
Ho| 7L v A¥ARFE 15mAc]w, 200ps
o2 S|y} whAslsdt).

AnEd

[11 B. S. Kim, “High speed clock recovery in
VLSI using hybrid analog/digital techniques,”
Memorendum NO.. UCB/ERL M90/50 College
of Eng. Univ. of California, Berkeley, June
1989

{21 Bruno W. Garlepp, et. al., "A Portable Digital
DLL Architecture for CMOS Interface Circuit”,
Symposium on VLSI Circuit Digest of
Technical Papers, 1998.

[31 T. Saeki, Y. Nakaoka, M, Fujita, A. Tanaka, et.
al., “A 2.5-ns clock access, 250MHz, 256Mb
SDRAM with synchronous mirror delay”, IEEE
J. Sold-State Circuit, vol. 31, pp. 1656-1668,
Nov. 1996.

{4] Yoshinori OKAJIMA, et. al., “Digital Delay
Locked Loop and Design Technique for
High-speed Synchronous Interface”, Special
Issue on ULSI Memory Technology.

259

www.dbpia.co.kr



PFEA T w=1=] 01-12 Vol.26 No.12C

[5]1 Hirotaka Tamura, et. al, “Partial response
detection technique for driver power reduction
in high-speed memory-to-processor communi-
cations”, ISSCC Digest of Technical Paper,
pp.342-343, Feb., 1996.

[6] Kohtaroh Gotoh, et. al., “All-digital multiphase
delay locked loop for internal timing generation
in embedded andfor high-speed DRAMs.”
Symposium on VLSI Circuit Digest of
Technical Paper, pp. 107-108, June, 1996.

[7] LA.Young, JKWong, “A PLL Clock
Generator with 5 to 110 MHz of Lock Range
for Microprocessors, JSSC, VOL.27, pp.1599-
1607, Nov,1992,

2 ¥ XHYoung-Ja Kyoung) A3
1999 24 : FFd)dtal
Wk A8 )
2001+ 29 : ATt
AT 414
20010 29 ~3A)] : A )R
e - R
<FA pob wé TiAE
Al A

0} I 3|(Kwang-Hee Lee) by

20000 29 : St
g Ehg 3haL

2000 2¥~&A - ATt
ek} Ak

<] Fob wéh TN A
d) A, ) o
211 3|2 AdA

260

#= At B|(Sang-Hee Son) A3
19883 84 : gdoietw
AAlgat it

1988'3 94 ~1991d 24 :
SRl 1413t}
IR EA

1991+ 34~ : AFehgta
AR T 2

<] ol mFul opdET CMOS3E A7,
A4y CMOs 3z AA, 3% A"
CMOS A|2e] A7),

www.dbpia.co.kr



