TNU Journal of Science and Technology

230(10): 43 - 51

AWIDE-BAND CDR IN 28 nm CMOS PROCESS
WITH MAXIMUM FREQUENCY ACQUISITION TIME OF 0.9 ps

Nguyen Huu Tho', Mai Thanh Hai, Le Tien Hung, Nguyen Thanh

Le Quy Don Technical University

ARTICLE INFO

ABSTRACT

Received: 18/02/2025

Revised: 28/3/2025

Published: 04/4/2025
KEYWORDS

Clock anh data recovery (CDR)
Wide-band

Referenceless CDR

Two-step frequency tracking
Short frequency acquisition

This paper proposes a design of wideband referenceless half-rate clock
and data recovery (CDR) circuit for high-speed serial communication
applications. The proposed CDR employs a dual-loop architecture, in
which the frequency acquisition loop is implemented in two-step:
coarse and fine to achieve an unlimited frequency tracking range. In
addition, the proposed frequency detection circuit suppresses DNg
pulses and extends UPg pulses during frequency-increasing tracking
process, while suppressing UPg pulses and extending DNg pulses
during frequency-decreasing acquisition, thereby reducing frequency
locking time in both directions. The wideband CDR circuit is designed
and simulated on 28 nm CMOS technology. Simulation results
demonstrate that the CDR operates effectively over a wide input data
rate ranging from 1 Gb/s to 11.2 Gb/s. The CDR consumes 42.6 mW of
power at input of 11.2 Gb/s with a 1 V supply. The CDR obtains a
short frequency acquisition time of 0.54 ps and 0.9 ps when acquiring
the maximum and minimum frequencies, respectively. The jitter
performance of the recovered clock and data at 11.2 Gb/s is 1.68 ps and
1.79 ps, respectively.
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TU KHOA

Mach khoéi phuc dit liéu va
xung dong ho (CDR)

Dai rong

CDR khong st dung tan sb
tham chiéu

Béam tan s6 theo hai budc

Thoi gian bam tan s6 ngin

Bai bao nay dé xuat thiét ké mach khoi phuc di liéu va xung dong ho
(Clock and Data Recovery: CDR) ban tc dai rong, khong sir dung tan
s6 tham chiéu cho cac (ing dung thong tin ndi tiép téc d6 cao. Mach
CDR d& xuét st dung kién trac vong kép v6i vong bam tan sé duoc
thuc hién theo hai budc thd va tinh dé dat duoc khoang bam tin sb
khong gidi han. Bén canh d6, mach phat hién tan s dé xuéat cam xung
DN, md rong xung UPE trong xir Iy bam ting tan s6 va cAm xung UPk,
ma rong xung DN trong xir Iy bam giam tan s dé giam thoi gian bam
tan sb theo ca hai huéng. Mach CDR dai rong dugc thiét ké va mo
phong trén cong nghé CMOS 28 nm. Két qua md phong cho thdy mach
CDR lam viéc t6t v6i dai tbe do dit liéu dau vao rong tir 1 Gb/s dén 11,2
Gb/s. Mach CDR tiéu thu cong sudt 42,6 mW tai téc do dir lieu 11,2
Gb/s véi ngudn cung cdp 1 V. Mach CDR c6 thoi gian bam tan sb ngén,
bing 0,54 ps va 0,9 ps khi bam 1én tan s6 cuc dai va bam xudng tan sé
cuc tiéu, va chét luong jitter cua xung dong hd va dir liéu khoi phuc tai
11,2 Gb/s lan luot 14 1,68 ps va 1,79 ps.
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1. Gigi thigu

Mach khoi phuc dit liéu va xung ddng hd (Clock and Data Recovery: CDR) dong vai tro quan
trong va la nhan t6 chinh trong cac lién két ndi tiép dé duy tri tinh chinh xac cua viéc truyen dir
liéu tbc do cao cho nhiéu ung dung nhu USB, HDMI, DisplayPort, cac két ndi bén trong tir chip
dén chip hoic gitra cac hé thong [1]. Mach CDR c¢6 hai kién trtc 13 st dung tan s6 tham chiéu [2],
[3] va khong st dung tan s6 tham chiéu [4] — [14]. Phuong thirc dau tién sir dung mot xung dong
ho tham chiéu bén ngoai cho xu ly bam tan so. Phuong thirc nay don gian nhung lam tang gia
thanh cua san pham vi khi trién khai ng dung thi mach CDR can mot dao déng chuan ngoai chip
lam tan sb tham chiéu. Hon nita, v&i phuong thic ndy, tc do dir liéu dau vao bi gidi han dén mot
hodc mot vai gia tri roi rac. Vi vay, no khong thich hop cho nhiing ung dung c6 dai rong cua toc
d6 dir liéu dau vao. Trong khi d6, phuong thic thir hai trich truc tiép xung dong ho tir chudi dit
liéu dau vao ma khong sir dung xung ddng hd tham chiéu bén ngoai. Do dé, né c6 mién &ng dung
rong hon va gia thanh ré hon trong trién khai thuc té. Vi vay, CDR khong st dung tan s6 tham
chiéu tré thanh chii dé nghién ciru hap dan trong thoi gian gan day.

Mach CDR khéng str dung tan sé tham chiéu trong [4], [5] str dung kién truc toan toc dé giam
s6 lwong pha cua xung dong hd va giam cong suét tiéu thu. Trong d6, nghién cttu [4] dua vao vi
tri cia cac swon 1én va xudng cua dit liéu cho bam tan sb. Cach tiép can nay dat duoc CDR cong
suit thdp nhung co thoi gian bam tan s6 dai (10 ms) va khoang bam hep (39%). Nghién ctu [5]
su dung ky thuat giai ma mau dir liéu dé dat duoc thoi gian bam tan sb ngan (11,7 ps), nhung van
6 khoang bam tan s6 han ché (60%). Nghién ciru [6] - [8] st dung kién tric CDR vong don dé
glam cong suét tiéu thu va don gian hon trong thlet ké. Tuy nhién [6] c6 khoang bam tan So han
ché, trong khi [7] dat duoc khoang bam tan s6 khong gidi han nhung ¢ thoi gian bam tan sb
tuong ddi dai. Nghién ctru [8] dat dugce ddng thoi dai rong va thoi gian bam tan s6 ngan nhung sir
dung mach dao dong diéu khién bang dién ap (Voltage-Controlled Oscillator: VCO) mét dai voi
hé s6 khuéch dai 1on nén c6 chat luong jitter caa xung ddng hd khoéi phuc khong cao. Mach CDR
bam tan s6 theo hai budc thd va tinh dugc trinh bay trong [9] - [11] dat duoc ddng thoi dai rong,
toc do dir liéu lién tuc va kha ning bam tan s6 theo hai huéng. Tuy nhién, so d6 bam tan s theo
hai budc niy c6 vong bam tan sb thé (Coarse Frequency Detector: CFD) va tinh (Fine Frequency
Detector: FFD) hoat dong doc 1ap, sau khi CFD két thic thi FFD méi bat dau lam viéc. Vi vay,
Céc nghién ctru ndy co thoi gian bam tan sb dai.

Bai bao nay dé xuat mach CDR ban toc dai rong khong st dung tan s tham chiéu kién trac
vong kép voi so d6 bam tan sb theo hai budc. Bang cach cam xung UPg, mé rong dg rong xung
DNg va cdm xung DNg, mé rong d6 rong xung UPe trong so dd bam giam va ting tan s6 tuong
ung, mach CDR de Xuat c6 thoi gian bam tan sb ngan theo ca hai huong. Bai bao dugc t6 chirc
nhu sau. Phan tiép theo trinh bay chi tiét vé thiét ké mach CDR d& xuét. Két qua mé phong va
thao luan duoc gidi thiéu trong Phan 3 va két luan cua bai bao dugc dua dén trong Phan 4.

2. Thiét ké mach CDR
2.1. Kién trisc mach CDR dé xuit

Hinh 1 thé hién so db khdi cia mach CDR ban tbc dai rong, khong sir dung tan s tham chiéu
dé xuat. N6 co kién trac vong kép véi vong khoa tan sé (Frequency-Locked Loop: FLL) va vong
khoa pha (Phase-Locked Loop: PLL). Hoat dong cia mach CDR dé xuét duoc thyuc hién qua hai
giai doan. O giai doan dau tién, FLL hoat dong dé tan sé cia VCO bam theo toc d6 dit lidu dau
vao, lac nay chuyén mach S1 dong va S2 mé. Mach FLL bao gdm mach phat hién tin s6, mach
bom sac (CP1), mach loc vong bac hai (R;, Cp, C1), mach VCO ba dai va mach lya chon dai tan
s6 (Frequency Band Selector: FBS) [13] cho VCO. Trong d6, mach phat hién tan s (Frequency
Detector: FD) gébm mach FFD, CFD cai tién, mach lya chon xung dé xuit, mach phat hién khéa
tan s6 (Lock Detector: LD), mach phat hién mat khoa tan s6 (Loss of Lock Detector: LoLD) [15].
Mach FBS dira vao cac tin hiéu UPg va DNg duoc tao ra tir mach FD dé lya chon chinh xac dai
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tan sb cho mach VCO ba dai thong qua cac bit diéu khién sé6 DO, D1. Sau d6, mach FD lam viéc
dé tan s ctia mach VCO diéu chinh t&i mot ntra toc do dir liéu diu vao. Khi sai khéc tan sé du
nho thi mach LD s& khai tao tin hiéu LOCK-FD dé két thuc qué trinh bam tan sd. Lic nay hai
chuyén mach S1 va S2 thay doi trang thai, S1 mé va S2 dong dé PLL bat dau lam viéc, xung
ddng hd va dir liéu duoc khoi phuc, dong thdi mach LoLD bét dau theo dai toc do cua dit liéu
dau vao. Khi co su thay di cua tde do dir liéu ddu vao, mach LoLD tao ra tin hiéu LLD dé reset
mach CDR Vé trang thai ban dau, bat ¢dau mot xir Iy bam tan sé6 méi. Mach PLL bao gom mach
tach pha ban téc [16], mach quyét dinh, mach bom sac (CP2), mach loc vong bac hai va mach
VCO ba dai. Trong d6, mach loc vong bac hai va VCO st dung chung véi mach FLL.
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Hinh 1. So d6 khdi mach CDR dé xudt
2.2. Mach phdt hién tan sé ddi réng dé xudt
2.2.1. Kién triic thuc hién mach

Nhu di dé cap, kién trac CDR vong kép st dung so dd bam tan sb theo hai budc thd va tinh
trong [9] - [11] c6 thoi gian bam tan s6 dai. Bé khic phuc han ché nay, nghién ctu [12] cai tién
so d6 bam tan So theo hai budce aé cho phép CFD va FFD hoat dong dong thoi, tir 6 giam dugc
thoi gian bam tan sé. Khi d6 ta c6 mdi quan hé giita cac xung UP va DN cua dau ra FD véi cac
xung UP¢, DN (dau ra ciia CFD) va UPg, DN (dau ra caa FFD) nhu sau:

Khi tc do dit liéu nhanh hon xung déng hd: UPgp = UP¢ + UPg; DNgp = DN

Khi toc do dit liéu cham hon xung ddng hd: UPgp = UPg; DNgp = DN + DN

Céc biéu thirc trén cho thdy van ton tai cac xung UPr trong qua trinh bam giam tan s va DN
khi bam tang tan s6. Piéu nay sé lam ting thoi gian bam tan so6, dac biét khi téc do dir liéu dau
vao tang 1én. Nghién ctru [13] dé xuat mad rong do rong xung UPg khi bam ting tan s6, trong khi
nghién ctru [14] d& xuat cdm xung UP trong qua trinh bam giam tan s6 dé cai thién thoi gian dat
duoc tan s6. Tuy nhién, van ton tai xung DN trong qua trinh bam ting tan 6, 1am tang thoi gian
diéu chinh tan s trong hoat dong bam tan s6 theo hai huéng ciia mach FD. Vi vay, bai bao nay
dé xuat két hop ca m rong do rong xung UPe, cam xung DN khi bam ting tan s6 va mé rong do
rong xung DN, cam xung UPr: khi bam giam tan s6 khi sai léch tan s6 16n dé dat dwoc thoi gian
bam tan s6 ngan. Hinh 2 thé hién so d khdi cua mach CFD dé xuat. Mach CFD dé xuit bao gom
mach phat hién dir liéu nhanh hon xung déng hd, mach phat hién di liéu cham hon xung dong
hd, cac cong logic OR, NOR, flip-flop kiéu D (D-FF) va bén bo ghép kénh (MUX). Céc xung
UPg, DN va tin hiéu SL 1a cac dau ra cua mach lya chon xung. Hai bit diéu khién sb DO, D1 1a
cac tin hiéu tir mach FBS. Mach phat hién dit liéu nhanh hon va chdm hon tao ra cac xung UP; va
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DN tuong tng. Khi dit liéu nhanh hon xung dong ho, tin hiéu UP, xuét hién, ldy mau D-FF, tao
ra tin hi¢u STOP. Dya vao gia tri cua tin hi¢u STOP, SL va DO, D1 ma mach CFD lua chon cac
tin hi¢u UP va DN tuong ung. Nguyén 1y hoat dong cu thé cua mach CFD dugc miéu ta nhu sau.
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Hinh 2. So d6 khoi ciia mach CFD dé xudt
Khi khéng c6 tin hiéu STOP (STOP = 0) va SL= 0 (bam xudng, sai léch tan sé 16n):
DNFD = DNF + DNc, UPFD =0
Khi khéng c6 tin hiéu STOP (STOP = 0) va SL = 1 (bam xudng, sai léch tan s nho):
DNFD = DNF, UPFD = UPF

Khi ¢6 tin hiéu STOP (STOP = 1), SL = 0, DO + D1 = 0 (bam 1én, sai 1éch tan sé Ion véi

Khi ¢c6 tin hiéu STOP (STOP = 1), SL = 0, DO + D1 = 1 (bam Ién, sai léch tan s6 l6n voi VCO
hOat déng 6’dél 1) DNFD = DNF, UPFD = UPF + UPC

Khi c6 tin hieu STOP (STOP = 1), SL = 1 (bam 1én, sai léch tin s§ nho):
DNFD = DNF, UPFD = UPF

Nhu vay, véi kién tric phat hién tan sé dé xuat, khi sai léch tan sé 16n (SL = 0) thi mach s&
cdm xung UPg khi bam xudng va cam xung DNg khi bam 1én. Diéu nay s& lam ting téc do cap
nhat tan s6 trong xir Iy bam tan so, tir d6 giam thoi gian dat duoc tan s6. Nguoc lai khi sai léch
tan s6 nho thi nguyén 1y hoat dong cuia mach twong tu nhur [12].
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Hinh 3. Két qud mé phong dién ap diéu khién cua VCO trong hai truong hop:
(a) bam lén va cam xung DNg, (b) bam xuong va cam xung UPg
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Mo phong so sanh hiéu qua diéu chinh tan sé ciia mach CFD dé Xuét v6i mach CFD trong [12]
dugc thyc hién trén Virtuoso/Cadence [17] véi cung diéu kién, tham s6 mé phong. Hinh 3 the hién
két qua md phong su thay ddi dién ap diéu khlen (VC) cua VCO khi bam tang va giam tan sb voi
Viéc cam va khong caAm Xung UP¢, DNE. Tan s6 cia VCO va tde do dix liéu dau vao khi bam 1én va
bam xudng duoc thiét 1ap lan luot 1a 4,3 GHz, 9,6 Gb/s va 3,54 GHz, 6 Gb/s. Két qua mo phong
cho thay toc do diéu chinh VC ctia VCO trong truong hop co cam xung UPe/DNg luén nhanh hon
khi khong cdm xung UPE/DNE, véi ciing mot khoang thoi gian thi khoang diéu chinh duoc cia tan
s6 VCO khi sir dung mach CFD cai tién lu6n 16n hon khi str dung mach CFD trong [12].

2.2.2. Mach lya chon xung UP va DN

Mach FD thyc hién bam tan theo hai buéc véi CED va FFD hoat dong dong thoi nén tc do
bam tan s phu thuéc manh vao do rong xung UP va DN. Mit khéc, d6 rong xung UPg va DN¢
ctia mach FFD ty Ié nghich vai toc d6 dit liéu nén khi tdc d6 dit liéu dau vao ting 1én thi thoi gian
bam tan so ciing tang. Vi vay, dé dat duoc thoi gian bam tan sd ngin, bai bao dé& xuat mo rong
ddng thoi do rong xung UPE [13] va DN [14] cho xir Iy bam tan sb theo hai huéng.

So d6 khéi cua mach lya chon xung UPs (DNg) duoc thé hién ¢ Hinh 4. Mach lya chon xung
hodc lya chon xung UPg; (DNg3) da dugc mé rong hodc lya chon xung UPg; (DNg;) nguyén ban
tir dau ra cua mach FFD. Khi sai léch giira tin s6 xung dong ho véi mot nira toc do dir liéu dau
vao giam thi s6 lugng xung UPz (DNg) giam. Mach s& lya chon xung UPg; (DNg,) ¢ thoi diém
FLL gan dat trang thai khoa.

CLK —»icK Chia 8 EN—1E  pHém St STOP AND
out K 6-bit
R —mR RS—m R B4

UPF1——

Uprt Chia 2 R
x our UPF3
E  DPém Bo| - 1

CK 6-bit B2

ouT DNF3

W

Hinh 4. So d6 khai ciia mach lwa chon xung

Luu d0 thuat toan ctia mach lya chon xung UPs (DN) dugc thé hién & Hinh 5. Mach lya chon
xung bao gbm mach chia 8, ba by dém 6-bit, hai mach chia 2, bén mach MUX va cac cong logic co
ban nhu AND, OR, NOT. S lugng xung UPg (Nyp), DNg (Npy) ty 18 thuan véi sai léch tan so.
Mach lya chon xung sir dung mach chia 8 va mach dém 6-bit dé tao ra cira s6 thoi gian c6 do rong
bang 128Tx. Nguyén ly lam viéc cua mach lwa chon xung dua trén viéc kiém tra sy tdn tai cua tin
hiéu STOP. Khi c6 tin hiéu STOP (STOP = 1), mach thuc hién bam ting tan sb, DNg, duoc lua
chon nhu dau ra, dong thoi thyuc hién dém sé lugng xung UPg, trong khoang thoi gian 128T¢k. Ban
dau sai léch tan s6 16n nén Nyp I6n. Néu Nyp 16n hon 5 thi tin hiéu RS 1én mirc “1°, bo dém 6-bit
duoc reset vé trang thai ban du 1am cho tin hiéu SL luén & muc logic ‘0’ va mach lya chon UPg;
(d3 dugc mé rong do rong xung) nhu dau ra. Nguoc lai, khi sai léch tin s6 nhé (< 50 MHz), Nyp
giam va khi Nyp nhd hon 5 trong khi VCO dang lam viéc trong dai 2 hoac dai 3 thi tin hi¢u SL
dugc kich hoat @& mach lya chon UPg; nhu déu ra dé dam bao hoat dong khéa tan s chinh xéc.

Trong khi dé, néu khong xut hién tin hiéu STOP (STOP = 0) thi mach FD thyc hién bam
giam tan s va lua chon UPg; nhu mot dau ra. Khi nay mach lya chon xung kiém tra dai tan lam
viéc ciia VCO dua trén cac bit diéu khién s6 DO, D1. Néu VCO dang lam viéc trong dai 1 (D0 =
0, D1 = 0) thi mach s& lra chon DNg5 nhu dau ra. Nguoc lai, mach lya chon xung thuc hién dém
s6 luong xung DNg, trong khoang thoi gian 128Tck. Tuong tu nhu dbi véi truong hop xung UPg,
khi sai léch tan s6 16n thi mach lya chon DNg5 (d3 dwoc mé rong do rong xung) nhu dau ra. Néu
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s6 lugng xung DNg; ¢ dai 2 nhiéu hon 6 xung (hodc s6 lugng xung DNg; nhiéu hon 4 xung & dai
3) thi tin hidu RS 1én mirc “1°. Liic nay, bo dém 6-bit dwoc reset vé trang thai ban dau 1am cho tin
hiéu SL ludn & mirc logic “0°. Khi sai 1éch tan sb nho, Npy nho hon 6 trong dai 2 (DO = 1) va nho
hon 4 trong dai 3 (D1 = 1) thi tin hiéu SL dugc kich hoat dé lya chon DNg; nhu dau ra ciia mach.

BAT BPAU

Thiét 1ap mot khoang thdi gian bing 128 Tek

DNr3
UPrs3

1Fvco, DNF = DN

UPr=

Bém s6 lugng xung UPF (Nup)

-<E5>

Yes

Thiét 1ap SL = 1
UPr = UPr1, DNF = DNF1

KET THUC
Hinh 5. Luu do thudt todn ciia mach lya chon xung
2.2.3. Mgach VCO ddi rgng

Trong nghién ciru nay, mach VCO duoc thiét ké theo kién triic vi sai ba dai dé dat dugc dai
tan 1am viéc rong vai hé sb khuéch dai mdi dai nho [12], tir d6 giam jitter cua xung dong hd khoi
phuc. Két qua mé phong hoat dong cua mach VCO ba dai dwoc thé hién trén Hinh 6 va mdi quan
hé giita cac bit diéu khién s6 DO, D1 va dai tan sé lam viéc cia VCO duoc thé hién trén Bang 1.
Dai tan s 1am viéc cua VCO tir 0,5 GHz dén 5,6 GHz, véi dai 1 tir 0,5 GHz dén 2,8 GHz (twong
tng DO = 0, D1 = 0), dai 2 tir 2,75 GHz dén 4,35 GHz (twong tng DO = 1, D1 = 0) va dai 3 tir 4,3
GHz dén 5,6 GHz (tuong tng DO = 0, D1 = 1). Céc dai tan sb cia VCO c6 su chdng lap nho dé
dam bao VCO hoat dong lién tuc trong toan dai.

5.5

5.0

Diii 3: (4.3-5.6)GHz

PPEEY
= i

25 —7 7 Dii2: (2,754,35)GHz

Tén s ciia VCO (GHz)

Dii 1: (0,5-2,8)GHz
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Hinh 6. H¢é s6 khuéch dai ciia mach VCO 3 ddi
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Bang 1. Mai quan hé ciia cdc bit diéu khién va ddi tan sé ciia VCO
Gia triD0, D1 Dai lam viéc caa VCO Tan so twong (g

D0=0,D1=0 Dai 1 500 MHz - 2,8 GHz
D0=1,D1=0 Dai 2 2,75 GHz — 4,35 GHz
D0=0,D1=1 Dai 3 4,3 GHz -5,6 GHz

3. Két qua md phéng va thao luan

Mach CDR dé xuat dugc thiét ké trén cong nghé CMOS 28 nm, tiéu thy 42,6 mW cong suat tir
ngudn cung cip 1 V. Mach CDR c6 kha ning lam viéc lién tuc trong khoang téc do di liéu dau vao
rong tir 1 Gb/s dén 11,2 Gb/s. Hinh 7 va Hinh 8 thé hién két qua mo phong hoat dong bam tan so
ctia mach CDR Vi toe do dit lidu dau vao 1an luot 1a cuc dai 11,2 Gb/s va cuc tiéu 1 Gbis.

Hoat dong bam tan s6 cua FLL duoc chia thanh ba giai doan. Pau tién, mach FBS lya chon
dai tan s6 lam viéc cua VCO dua trén toc do dir lidu dau vao. Vai toe do dir liéu dau vao cuc dai,
mach FBS lya chon dai 3 cho VCO va mach FD bit dau bam ting tan s tir tin s6 cuc tiéu cua
dai 3. Trong khi véi téc d6 di liéu dau vao cuc tiéu, mach FBS lya chon dai 1 cho VCO ma mach
FD bit diu bam giam tan s6 tir tan s6 cuc dai cua dai 1. Sau khi lra chon chinh x4c dai tan sb 1am
viéc cua VCO, mach FLL chuyén sang giai doan bam tan sd, d6 rong xung UPg dugc mé rong,
két hop véi cAm xung DN khi bam tang tan sé va do rong xung DNg duoc mé rong, két hop voi
cdm xung UPe khi bam giam tan sé dé ting toc do diéu chinh VC. Giai doan bam tan sb két thac
khi sai léch tan s6 nho, tin hiéu SL ddi v6i bam tang tan sé va tin hiéu STOP ddi véi bam giam
tan sé duoc kich hoat. Khi tan sé cia VCO xap xi bang mot nta tée do dit liéu dau vao thi mach
LD khéi tao tin hiéu LOCK_FD dé két thuc giai doan khoa tan s6, mach CDR chuyén sang qua
trinh bam pha. Mach CDR dé xuat dat duoc thoi gian bam tan sé 1an luot bang 0,54 s va 0,9 ps
khi bam 1én tan s6 cuc dai va bam xudng tan sb cuc tiéu.
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Hinh 9 va Hinh 10 1an luot thé hién két qua mé phong chat luong jitter ciia xung dong hd va
dir liéu khoi phuc voi toe do dir liéu dau vao 11,2 Gb/s. Véi giai phap chia dai tan sé hoat dong
ctia VCO thanh 3 dai dé giam hé sé khuéch dai cua VCO, mach CDR dat duoc chat luong jitter
cuia xung ddng hd va dir liéu khoi phuc nho lan luot 13 1,68 ps va 1,79 ps. Gia trj jitter cua dix ligu
khoi phuc cao hon xung déng hd vi dit liéu khoi phuc nhin dwoc bing cach st dung xung dong
hd khoi phuc lay mau di ligu thu dugc [16] (mach QUYET DINH trong Hinh 1).
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Hinh 10. Két qua mé phong chdt heong jitter cua diz liéu khoi phuc
Bang 2. So sanh chat lwong ciia cdc CDR

[4] [5] [6] [8] Bai bio
(do chip) (do chip) (do chip) (do chip)  (mé phéng)

Cong nghé (CMOS) 28 nm 28 nm 28 nm 28 nm 28 nm
Nguén (V) 0,9 1,1 1 1 1
Kién trac Vs toe Vi tbe Ban toc Vs tbe Ban toc
Téc @6 dix lieu (Gb/s) 22,5-32 16-30 6,5-12,5 1,4-8 1-11,2
K_h(_)ang bam khong X X X 0 0
gidi han
Tbc @6 bam tan s6 [(Gb/s)/ps] 0,0017 1,2 2 0,66 2,6
Jitter,., (ps) - 13,8 9,9 46,8 1,68
Cong suét (mMW) 102@32Gb/s 30,8@30Gb/s 21,1@10Gb/s 5,7@8Gb/s 42,6@11,2Gb/s

So sanh chat lugng cua cac CDR duogc tong két trong Bang 2. Mach CDR d& xuat c6 chat
lwong jitter tot khi so sanh véi nghién ctru [8] va tée do bam tan sb nhanh nhét so véi cac nghién
ctru khac. Piéu nay dat dwoc boi kién tric CDR dé xuit su dung mach VCO ba dai véi h¢ s6
khuéch dai nho va sir dung kg thuat mo rong xung UPE, cam xung DN khi bam tang tan So va
ma rong xung DN, cam xung UPg khi bam giam tan sé. Hon nira, voi phuong thire bam tan sb
theo hai budc dé xuét, mach CDR dat dugc khoang bam tan s khong giéi han so véi cac nghién
ctu [4] - [6]. Han ché ctia nghién ciru nay 1a cong suat tiéu thy ciia mach CDR van tuong ddi cao
S0 Vi cac nghién cuu khac.
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4. Két luan

Mach CDR bén tc, dai rong, kién trac vong kép, khong su dung tan s6 tham chiéu, co kha
nang bam tan So theo hai huéng va bam theo su thay d6i lién tuc cua toc do dir liéu dau vao véi
khoang bam tan sé khong giGi han da duoc thiét ké va danh gia trén cong nghé CMOS 28 nm.
Vi ky thuat két hop cdm xung UPe va mo rong do rong xung DN trong xir Iy bam giam tan so
hodc cam xung DN va mo rong do rong xung UPe trong xu 1y bam tang tan s, mach CDR dat
dugc thoi gian bam tan sd ngan. Hudng nghién ctru tiép theo 1a t6i wu mach thiét ké, sir dung
kién trac CDR vong don dé giam cong suit tiéu thu caa mach.
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