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Tém tit: Bai bao nay trinh bay vé thiét ké mach khoi
phuc dir liéu va xung ddng hd (CDR) ban tbc, dai rong,
khong sir dung tan sd tham chiéu va toc do dir li¢u lién tuc
trén cong nghé CMOS 180nm. Nghién ctru vé cac phuong
phap phét hién tan sé trong mach CDR cho théy, cic bd
phat hién tan sb trong mach CDR dat dugc ca ba tiéu chi
quan trong nhét 1a dai rong, tdc do dit lidu lién tuc va kha
nang phat hién tin s6 theo hai hudng c6 nhuoc diém, hodc
1a ¢o thoi gian bam tan s con dai khi toc d6 dir liéu dau
vao tang 1én, hodc chit lugng nhay cam véi nhiéu xuyén
ky tu. Do vay, bai bio dé xuat mot bo phat hién tan s6 hai
budie, két hop vong bam tan s tinh va vong bam tan sb tho
va mot mach Iya chon xung UP dé giam thoi gian dat duoc
tan sb ciing nhu khong c¢6 van dé véi nhidu xuyén ky tu.
Két qua mo6 phong cho théy thoi gian cyc dai dé dat dugc
trang thai khoa tin sb ciia mach CDR 13 3.2 ps va jitter cua
xung dong ho khoéi phuc tai 1.6 GHz bang 6 ps.

Tir khéa: Khoi phuc dir liéu va xung ddng hd, may thu
théng tin quang, mach giao tiép téc do cao, phat hién tan
s0 hai hudng, tbc do dir liéu lién tuc, dai rong, khong sir
dung tan s tham chiéu.

I. PAT VAN DE

Mach khéi phuc dir liéu va xung ddng hd (CDR: Clock
anh Data Recovery)) dugc st dung rong rdi trong cac mach
giao t1ep téc do cao va may thu quang dé trich ra dir liéu va
xung dong hd tir tin hiéu thu. Trong d6 mach CDR dya trén
vong khoa pha PLL (PLL: Phase Locked Loop) dugc
nghién ctru va thiét ké pho bién. Dya vao phuong thirc bim
tan s6 ma co hai phuong thirc ciia CDR: CDR sir dung tan
s6 tham chiéu va CDR khong st dung tan s6 tham chiéu.
Tuy nhién do nhitng han ché vé gia thanh va tinh mém déo
trong thiét ké ma phuong thirc dau tién khong hap dan véi
cac tmg dung CDR dai rong. Gan ddy, cac mach CDR
khong sir dung tan s6 tham chiéu da duoc dé xuat trong [2]
— [13]. Théch thirc 16n nhat dbi véi mach CDR khong sir
dung tin s tham chiéu 14 vin d& khoéa 13i khi trich ra toc
d6 bit cua chudi dir liéu dau vao. Mach CDR trong [3] sur
dung mét kién trac hai vong voi k§ thuét bam tan s6 dwa
trén vong khoa tré. Kién truc nay yeu cau mot duong gilt
cham tiéu thu nhiéu cong sudt tai tbe do dit lidu cao va su
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phéi hop ngit nghéo giira dudng gitr cham diéu khién bang
dién ap va bo dao dong didu khién bang dién ap Vi ching
stt dung chung mot tin hi¢u dién ap diéu khién. Mot cach
tiép can s6 cho xir Iy bam tan sb dugc trinh bay trong [4].
Mot bo tao xung ddng hd tham chiéu ngdu nhién thong ké
dua trén bd dém dugce str dung dé tao ra mot xung déng hd
1a w6c s6 cua tde do dit liéu ngau nhiéu du vao. Tuy nhién,
nhuoc diém ctia so dd nay 1a chat luong cua viée xir Iy bam
tan s phu thudc vao mat do chuyén cua dir liéu. Hon nira,
mot tan sd tham chiéu nho c6 thé dan dén mot thoi gian
bam tan sé dai. Mot ky thuat phat hién tan sé dua trén bd
dém s& dém s6 luong cac canh chuyén lién tiép cua xung
ddng hod va dit lidu trong thoi gian mot bit dit lidu va mot
ntra chu ky cua xung dong hd twong tng dé dat dwoc kha
nang phat hién tan sb theo hai hudng dé giam thoi gian bam
tan sé dugc trinh bay trong [5], tuy nhién mach CDR trong
truong hop nay khong phai 1a CDR dir liéu lién tuc. So dd
CDR trong [6] dat dugc khoa tan s6 va khoa pha bang k§
thuat tiém khoa nhung né yéu cau ma hoéa dit liéu 8B10B.
Céc kién triic CDR vong don da dugc nghién ctru trong [7]

—[9] dé giam cong suét tiéu thu va dién tich chiém. Trong
[7], mot ky thudt “reset pha” dugc su dung dé thay thé cho
vong bam tan sb. Tuy nhién, khoang bam tan sd ciia mach
bi giéi han. Pé vuot qua vin d& nay trong kién tric vong
don thi mach CDR sir dung kha nang phat hién tin s6 cua
ban than mach phat hién pha tuyén tinh ban toc [8] va mach
phat hién pha nhi phan ban t6c [9], nhung giai phap nay lai
khong c6 kha nang phat hién tan sb theo hai huéng. Trong
truong hop nay, mach VCO (VCO: Voltage Controlled
Oscillator) luon ludn bét dau lam viée tir tan s6 cyc tiéu cia
n6 cho hoat dong bam tan s, lam ting thoi gian dat duoc
tan s6. Cac mach CDR duogc gidi thiéu trong [2], [10] —
[12] dat duoc ca ba tiéu chi quan trong nhét cia mach CDR
la dai rong, tdc dd di liéu lién tyc va kha nang phat hién
tan s6 theo hai hudng. Ky thuat bam tan sb theo hai bugc:
thé va tinh duoc dé xuat trong [2, 10]. Tuy nhién, trong [2]
thoi gian bam tan s6 s& tang 1én khi tbe do dir lidu dau vao
tang va chit luong jitter cua dit lidu va xung ddng hd khoi
phuc chua cao. Trong [10], chét lwong cua mach phat hién
tan s6 phu thuéc manh vao nhiéu Xuyén ky tu (ISI: Inter-
symbol Interference) cua dit li¢u dau vao nén mot mach san
bang tuyen tinh thoi gian lién tyc phai duoc thém vao de
cuc tiéu anh huong ctia ISI. Trong [11], xir Iy bam tan sb
ludn ludn bét dau tir gitra dai cia VCO nén thoi gian bam
tan sb dai. Mot k¥ thuat bam tan s6 dya trén bd dém dé dat
duoc khoang bam khong gii han dugce dé xuit trong [12].
Tuy nhién chit lvong cua mach CDR cling cé thé bi suy
giam boi anh huong cua ISI.
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Bai bdo nay d& xudt mot phién ban cai tién cua so dd
bam tan theo hai budc trong [2] va cung cip thém chi tiét
thiét ké cac kh6i mach thanh phan trong mach CDR va
thém cac mo phong danh gia két qua cho kha nang bam tan
sO dai rong ciia CDR, chit lugng tap 4m pha ciia mach
VCO, cong suat tidu thu cua timg mach thanh phan trong
mach CDR so v6i cong viéc da dugc trinh bay trong [14]
cua tac gia. Mach CDR dat duoc cé hoat dong dai rong, tde
d06 dir liéu lién tyc va kha nang bam tan sb theo hai hudng.
Mot mach lya chon xung UP dugc dé xuét dé giam thoi
gian bam tan s6 cua mach CDR khi téc d6 dir liéu dau vao
tang. Ngoai ra, mot mach VCO ba dai ciing dugc dé xuat
dé cai thién chat luong jitter cua dir liéu va xung dong hd
khéi phuc.

Phin con lai cta bai bdo duge td chiic nhu sau: Muc Il
trinh bay vé kién trac ctia mach CDR dé xuat. Muc III di vao
trinh bay v& nguyén Iy phat hién tin sé cua CDR, thiét ké chi
tiét mach lua chon xung UP, mach phat hién khoa tan sb va
mach VCO dai rong. Két qua mo phong mach CDR trén cong
nghé CMOS 180 nm dugc trinh bay trong muyc IV, bao gdm
két qua bam téc do dir liéu cuc dai va cuc tiéu trong dai, cong
suat tiéu thy ctia cac mach thanh phan va chét luong jitter cta
xung déng hd va dit liéu khoi phuc. Cubi cung, myc V dua
dén két luan cta bai bio.

1. KIEN TRUC MACH CDR PE XUAT
So 6 khdi cua mach CDR ban téc, khong sir dung tan
s6 tham chiéu véi mach lya chon xung UP dé xuat duoc
thé hién nhu trén Hinh 1 [14]. Mach CDR bao gom hai
vong: vong bam pha PLL va vong bam tan sb (FLL:
Frequency Locked Loop). Bé CDR hoat dong hiéu qua &
tan s6 cao thi mot mach phat hién pha ban téc nhi phan ché
d6 dong [15] duoc sir dung trong vong bdm pha PLL. PLL
bao gdm mot mach bom-sac (CP2), mot b loc vong bac 2,
mot mach VCO ba dai va mot bo lua chon dai tan sb cho
VCO (FBS). Trong khi d6 FLL bao gdbm mét bo phat hién
tan s6 thd (CFD) [2], mot mach lya chon xung UP dé xuit,
mot bo phét hién tan sé tinh (FFD) [2], mot bo phét hién
trang thai khoa (LD) dé xuat, mot bo phat hién trang thai
mat khoa (LOLD), mét mach bom-sac (CP1). Ngoai ra,
mot mach quyét dinh duoc str dung dé khoi phuc dir liéu,
mot mach tao dién &p tham chiéu (BGR) [1] tao ra cac dién
ap 6n dinh cho mach FBS va mot mach tao xung dé tao ra
tin hiéu (EN) reset mach CDR Vé trang thai ban du.
Nguyén ly lam viéc ciia mach CDR d& xuat nhu sau. Tai
thoi diém ban dau, tin hiéu EN duoc tao ra dé thiét lap trang
thai lam viéc ban diu cho CDR, chuyén mach S1 déng va
chuyén mach S2 mo, bat dau qué trinh bam tan s. Mach
FBS dua vao cac tin hiéu UPg va DNg dugc tao ra tir mach
FFD dé lua chon chinh xac dai tan sé cho mach VCO ba
dai théng qua cac bit diéu kién s6 Do, D1. Sau d6, mach FD
dé xuit s& bam theo 13i tan sb giita mot nira toc do dir liéu
d4u vao va tan s caa VCO. Khi 18i tan sé da nho thi tin
hiéu LOCK s& duoc tao ra tir mach LD dé két thuc qua trinh
bam tan so. Luc nay hai chuyén mach S1 va S2 thay doi
trang thai, S1 md va S2 dong dé vong khda pha bét dau lam
viéc, xung ddng hd va dit lidu duoc khdi phuc, dong thoi
mach LOLD ciing bat dau theo di téc d6 cua dir liéu dau
vao. Khi téc do dir liéu ddu vao thay ddi thi mach LOLD
tao ra tin hiéu LLD dé reset mach CDR Vé trang thai ban
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d4u va bit ddu mot chu trinh bam tan sé va pha méi.
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Hinh 1. So d6 khéi ciia mach CDR dé xudt.

CKI, CKQ

I1l. THIET KE MACH CDR
A. Nguyén Iy phat hién tin sé

K§ thudt bam tan s6 theo hai bude d3 dugc dé xuét
trong [10] va [13] cho mach CDR dai rdng, khong sir dung
tan s6 tham chiéu. Tuy nhién cac vong bam tan s nay van
c6 thoi gian dat dugc tan sb 16n do hai budc bam thd va
tinh hoat dong theo trinh tu. Pau tién vong bam tan s thd
s& hoat dong dé bam 15i tan s 16n giita dit liéu dau vao va
xung dong hd. Khi 18i tin s6 nay giam xudng thi vong bam
tan sb tinh bat dau lam viéc dé 16i kéo sai 1éch tan sb vé dai
bét cia mach PLL. Dé giai quyét vin dé nay, mot ky thuat
bam tin sb theo hai bude véi su hoat dong déng thoi cua
vong tinh va vong tho da dugc dé xuat trong [2]. Hinh 2
thé hién mach nguyén 1y ciia CFD [2]. Mach bao gdm mot
mach phat hién dit liéu nhanh hon xung déng hd, mot mach
phat hién dir liéu cham hon xung ddng hd, hai cdng OR,
mdt Flip-flop kiéu D (D-FF) va hai b ghép kénh (MUX).
Trong do, cac tin hiéu UPr va DN dugc tao ra tir mach
FFD.

Do mach CFD va FFD hoat dong ddong thodi nén trong
ché d6 bam tang tan sd thi ta co tin hiéu UP dua dén mach
bom-sac nhu sau:

UPep = UPg + UP¢ (1)
DNF
Din —»| PHAT HIEN »
CKI—> DU LIEU L»E>—’
CKQ—>{ CHAM HON DNFD
VDD DNF—>,
. - - LD QA—»STOP
Din —>| PHATHIEN | D- FF
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R
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Hinh 2. So do khoi mach phat hién tan sé thé [2].

Tir phuong trinh (1) ¢6 thé thiy rang, tc do bam tan
s0 phu thudc manh vao d¢ rong xung ctia xung UPE va UPc.
Trong [2] d& xuat mét gidi phap dé mé rong do rong xung
UPc v6i khoang diéu chinh tan s6 cia VCO 1a 4f dugc xac
dinh trong khoéng thoi gian 4t theo cong thirc sau:

At T /2-T, 1

1
—. =.(4.5T ). —.1 2
vCo T, T.q /2 8 ( CK) Cp FD_UP ( )

Trong d6 Kyeo 1 hé sé khuéch dai cia VCO, C, 1a

gia tri tu di¢n trong bd loc vong va lg; ;» 1a dong dién

Af =~ K

trong mach bom-sac. Vi giai phap dé xuat ndy, mach
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CDR trong [2] giam dugc thoi gian bam tan sb. Tuy nhién,
d6 rong xung UPr ty 1¢ nghich véi toc do dir liéu nén khi
téc d6 dir lidu tang 1én thi thoi gian bam tan s ciing ting.
Diéu nay lam giam hiéu qua cta sy két hop giita FD tho va
FD tinh trong [2]. Vi vdy, trong bai bao nay chung t6i dé
xuit mot b lua chon xung UP dé mo rong do rong xung
UP¥, cho phép cai thién thoi gian bam tan s6 khi toc do dir
liéu ddu vao tang. Nhu duge thé hién trong Hinh 1, thay vi
dua truc tiép xung UPg; tir ddu ra mach FFD téi ddu vao
mach CFD nhu trong [2] thi UPr1 dugc dua qua mach lya
chon xung UP dé tao ra xung UPr v6i d6 rong xung dd duoc
mo rong, tang toc d6 thay dbi tan sb ciia VCO trong xir Iy
bam ting tan sb.

B. Mach lwa chgon xung UP

So d6 khéi cua mach lua chon xung UP dugc thé hién
nhu trén Hinh 3. Mach bao gém mot mach chia 8, mdt
mach chia 2, hai b chia 5-bit, mdt mach ghép kénh va cac
mach logic AND, OR, NOT. Tin hi¢u UPg; tr mach FFD
dura dén, tin hiéu LOCK_FD tir mach LD cho biét trang thai
khoa tan sd, tin hiéu STOP tir mach CFD cho biét mach
dang hoat dong & ché d6 bam tang tan sb, cac bit didu khién
Do, D: tir mach FBS cho biét dai tan lam viéc cua mach
VCO ba dai.

Hinh 4 thé hién luu d6 thuét toan cua mach lua chon
xung UP. Do d6 rong xung UPr; hep khi tdc do dir liéu dau
vao tang nén trong thiét ké nay, ching t6i dé xuat chi mo
rong d0 rong xung UPr; trong dai 2 (Do =1) va dai 3 (D1 =
1) ctia mach VCO, con tde do dir liéu trong dai 1 thép nén
khong can mé rong d6 rong xung UPr; trong dai nay. Mach
chia 2 duoc st dung dé mo rong do6 rong xung UPg; thanh
UPg,. Khi @6 ta c6 xung UPE sau khi dugc mo rong:

UPrz = UPg2 + UPr; 3)
sToP
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Hinh 3. So d6 khéi mach hea chon xung UP.

SL_UP

Nguyén 1y lwa chon xung UP bét ddu bang viéc tao ra
mot cura $6 thoi gian 128 Tck tir mét mach chia 8 va mot bd
dém 5-bit. Trong khoang thoi gian nay, mach lya chon
xung UP s& dém s luong xung UPry (Nup). Theo nguyén
ly ciia mach FFD [2] thi s6 luong cua xung UPr ty 1€ thuan
voi sy sai léch tan sb gilta mot nira toc do dir licu déu vao
va tan sb xung ddng ho. Khi sai 1éch tan s6 16n thi Nyp 16n
va ngugc lai. Khi s6 lugng xung UPr; nho hon 6 trong dai
3 hoac nho hon 16 trong dai 2 trong khoang thoi gian 128
Tck thi mach lya chon xung UP s€ tao ra tin hiéu SL_UP
dé két thic qua trinh lya chon xung UP. So dd dinh thoi
cua mach lya chon xung UP duogc thé hién trén Hinh 5:

SL_UP = “0°, UPr = UPgs, 15i tan sb 16n, ting tbe do
thay dbi tan s6 cua VCO.
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SL_UP = ‘1", UPg = UPy, 15i tan s6 nho, giam tdc do
thay doi tan s6 cua VCO.

Tin hiéu SL_UP duoc tao ra dé dam bao vong bam tan
sO s& khong xay ra 16i khoa. Diéu nay 1a boi khi 13i tan sd
nho ma chiing ta van dua xung UPrz dén mach CFD cho
bam ting tan s6 thi voi tdc do didu chinh tan s6 VCO
nhanh, qua trinh khéa tan s VCO dén mot nira toc do dir
liéu dau vao c6 thé s& bi 181, tan sb cia VCO c6 thé di qua

diém khoa.

Tao cira sb thoi gian: 128 Tck

)

»  Dém sb lugng xung UPF1: Nup |+

——

UPr = UPF = UPr3

Thiét lap: SL_UP =1
UPF = UPr1

Hinh 4. Luu d6 thudt todn cia mach lea chon xung UP

L nnnn

Hinh 5. So dé dinh thoi ciia mach lwa chon xung UP.

Mot md phong sir dung phan mém Cadence [16] duoc
thuc hién dé danh gia hiéu qua cta mach lya chon xung UP
dé xuat. M6 hinh mo6 phong dwoc thé hién trén Hinh 6.
Mach mo6 phdéng dugc thuc hién cho hai truong hop: cod
mach lya chon xung UP va khéng c6 mach lya chon xung
UP v6i cac thanh phan gom mach phat hién tan s (CFD +
FFD), mach CP, tu dién Cp cho bd loc vong va mach VCO
dai rong. Véi cung cac tham sé mé phong nhu D bang 2.8
Gb/s, dong dién mach CP bang 450 ps, tu dién Cp bang 1.5
nF, hé s khuéch dai cua VCO béang 3.2 GHz/V va tan sb
thiét 1ap ban du ciia VCO bing 627 MHz, ta c6 két qua so
sanh hi¢u qua cua mach lya chon xung UP nhu dugc thé
hién trén Bang 1. Tai thoi diém bét dau bam tan sd, sai léch
cua tan sd 16n nén mach CFD troi, toc do thay dbi tan sd
cua mach FD c6 lya chon xung UP va khong lya chon xung
UP gan nhu nhau. Khi 13 tan s6 giam, x4c sudt xuat hién
xung UPc giam xudng, mach FFD bt dau tri va toc do
thay doi tan sd clia mach FD ¢6 lya chon xung UP tr¢ nén
nhanh hon. Khi 18i tan s6 gan bing 0, s6 lugng xung UPe¢
duogc tao ra tir mach FFD nhé nén toc do thay dbi tan sb
cua mach FD c6 lya chon xung UP giam xudng. Nhu vay,
v6i mach lga chon xung UP dé xuét, do rong xung UPr
dugc mé rdng, mach FLL c¢o toc do thay dbi tan s6 nhanh
hon, giam dugc thoi gian bam tan sd.
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Hinh 6. M6 hinh mé phong danh gid hiéu qua ciia mach
lya chon xung UP

Bang 1. So sanh hi¢u qua cia mach lwa chon xung UP

Thoigian | Tan so0 cua | Tan sO cua | Su khac
mo phong | VCO khi | VCO khi m¢ | nhau giira 2
(us) khong morong | rong xung UP | tan s VCO

xung UP | (MH2) (MHz)

(MHz) [2]

0.5 854 872 18

0.7 953 982 29

1 1060 1101 41

15 1232 1290 58

1.9 1362 1394 32

C. Mach dao dong diéu khién bing dién ap va lya chon
dai tin sb

Cac mach tao dao dong la mot thanh phﬁn tich hop
quan trong ctia cac mach CDR dé tao ra xung dong ho cua
hé thdng. Chét luong jitter cia mach CDR bi anh hudéng
truc tiép boi thiét ké ctia mach VCO. Mach CDR c¢6 thé
duoc thyc hién bang hai cdu trac 1a LC-VCO va VCO kiéu
vong. Mac du ciu trac LC dat dugce tan sb trung tam cao
va jitter co thé thip hon nhung no ¢6 khoang diéu chinh tan
) gidi han va dién tich chiém cao do s dung cudn cam
trong mach. Piéu nay lam cho né khé dat dwoc tan sb mong
mudn trong cac tng dung CDR dai rong. Vi vdy, trong
mach CDR d& xuét, mach VCO duoc thiét ké dua trén cdu
trac mach vong, 4 ting voi mdi tang dugce thé hién nhu trén
Hinh 7. Trong d6, VHP va VHN 1a cac dién ap diéu khién
dé thay d6i mot khoang rong tin sé cua VCO, va VHP 1a
dién ap phan ap cho cyc céng cua PMOS, dugc tao ra qua
phép bién d6i guong dong tir VHN.

LLL JJJ

vHE

%e%ﬁ?
=L, .
S S

Hinh 7. So @6 mach mét tﬁng ciia mach VCO vi sai
4 tang.

Véi muc tiéu dam bao khoang lam vigc rong cho CDR
va cai thién chét luong jitter cua xung dong hd va dir liu
khoi phuc, mach VCO dugc chia lam ba dai theo céc bit
didu khién Do va D1. Khoang tin sé lam viéc ciia VCO tir
150 MHz dén 1.6 GHz nhu dugc thé hién trén Hinh 8.
Trong d6, VCO lam viéc trong dai 1 tir 150 MHz dén 820
MHz khi Do = 0, D1 = 0; trong dai 2 tir 800 MHz dén 1.22
GHz khi Do = 1, D; = 0; trong dai 3 tir 1.2 GHz dén 1.6
GHz khi Do = 0, D1 = 1. C6 m{t khoang nho trung ldp gilra
céc dai dé dam bao cho VCO lam viéc lién tuc trong toan
dai. Hinh 9 1a két qua mo phong tap 4m pha cho VCO vong
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ho. Tap 4m pha cua VCO c6 gia tri tir -87.4 dBe/Hz gién -
93.7 dBc/Hz tai d6 dich tan s6 1 MHz trong ca bang tan.

TANSO CUA VCO (x107)

04 05 08 0.7 08 0.9 1
DIEN AP DIEU KHIEN VCO (V)

Hinh 8. Két qud mé phéng dai tan lam viéc ciia
mach VCO.

Hinh 9. Tap dm pha ciia VCO ba dai.

Thuat toan luya chon dai tAn s6 VCO dai rong dugc thé
hién trén Hinh 10.

BAT PAU

Thiét lap VCO tai tan sb cuc
ti€u cua dai 3

Khoéng

Lua chon dai 3

Thiét 1ap VCO tai tdn sb cuc
dai cuadai l

Khoéng

Lua chon dai 2

p( KET THUC )~

Hinh 10. Thudt todn lwa chon ddi tan sé cho VCO

Lua chon dai 1

Mach VCO luén bit dau lam viéc tir tin sb nho nhit cua
dai 3 (Do =0, D1 = 1), khi d6, mach FBS s& kiém tra sy tdn
tai cia xung UP duoc tao ra tr mach CFD. Néu c6 xung
UP thi mach FBS s€ lya chon dai 3 cho VCO. Nguoc lai,
VCO sé& duoc thiét 1ap dén tan sd cuc dai cua dai 1 (Do =
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0, D1 = 0). Sau do, mach FBS tiép tuc kiém tra su tdn tai
cua xung UP dé lya chon chinh xac dai tén sé lam viéc cua
VCO, két thiic qua trinh lya chon dai tan s6 cho VCO va
chuyén sang giai doan bam tan sd.
D. Mach phat hién trang thai khoa

Mach phét hién trang thai khoa tan sé duoc xay dung
dua trén quan sat sé luong xung UPr va DN duoc tao ra
tir mach FFD. S lugng xung nay s& giam dan khi 13i tan
s6 tién toi 0. So d6 khdi cuia mach phat hién trang thai khoa
va luu do thuit toan cua né duoc thé hién trén Hinh 11 va
Hinh 12 twong tmg. Mot cira s6 thoi gian 72 Tex khi VCO
lam viéc trong dai 1 va 128 Tck khi VCO lam viéc trong
dai 2 va 3 duogc tao ra bang mot b chia 4 va mot bo dém 6
bits. Mach LD s& kiém tra sy ton tai ctia xung UPF va DNg
trong khoang thoi gian nay. Khi 18i tan s6 da nho, s& khong
¢6 xung UPg hodc DNf nao dugc tao ra tir mach FFD. Khi
d6 mach LD s& khoi tao tin hiéu thong bao trang thai khoa
LOCK_FD dé két thiic qué trinh bam tan sd, chuyen hoat
dong ciia mach CDR sang chu trinh bam pha, dong thoi
cho phép mach LOLD biét dau theo ddi sy thay dbi toe do
cua dix liéu dau vao ctia mach CDR.

LOCK

LOCK-PD —>{E BO o1

Bpdém Bl
6-bit B2 LOCK-PD —» D QEOSKFDP.  Lock-pD

CK1 —> CLK B3 D-FF

B4 —B4 LOCK—p CLK
B5 —B5

RS1

EN oR RS

UPr RS1
B ) o>

oK CI-‘IlIA oK1 LOCK

Hinh 11. So' d6 khéi mach phdt hién trang théi khéa

BAT PAU

Tao mot cira s6 thoi gian bang 72Tk khi
VCO lam viéc ¢ dai 1 va 128Tck khi VCO
lam viéc ¢ dai 2 va 3.
LOCK_PD = 1", LOCK_FD =0

LOCK_FD="1'
LOCK_PD="0'
KET THUC

Hinh 12. Luu do thudt todn ciia mach phdt hién
trang thai khoa.

Kiém tra su ton
tai clia xung
UP vaDN
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IV.KET QUA MO PHONG

Mach CDR ban téc, khong st dung tan sb tham chiéu,
dai rong dugc thiét ké trén cong nghé CMOS 180 nm. Mot
mach tao chudi dir liéu gid ngiu nhién (PRBS) dugc st
dung dé tao dir liéu dau vao cho mé phong. Bang II tong
Kkét cong suat tiéu thu cua mach CDR. Mach CDR tiéu thu
cong suét tong cong 40.2 mW tai toc do dir lidu 3.2 Gb/s
v6i dién ap ngudn cung cap 1a 1.8 V. Trong d6 mach PD
ti€u thu 3.7 mW, mach FD 23.8 mW, mach VCO 7.1 mW,
con lai 1a cac mach khac nhu mach PRBS, mach bom-sac,
mach quyét dinh, mach tao xung

Bing II. Cong sudt tiéu thu ciia CDR tai 3.2 Gb/s.

PD 3.7 mwW

FD SL_UP 5.2 mW
CFD 6.9 mW

FFD 2.1 mwW

LD 4.9 mW

LOLD 47 mW

VCO CORE 2.5 mW
FBS 4.6 mW

KHAC 5.6 mW
TONG 40.2 mW

Hinh 13 va Hinh 14 thé hién hoat dong cia mach CDR
khi téc d6 dir liéu du vao 1a thap nhat va cao nhét trong
dai lam viéc cua CDR tuong tng. Két qua m6 phong thé
hién rang, mach CDR dé xuat lam viéc t6t trong ca dai voi
ba giai doan la lya chon dai tan s cho VCO, bam tan sb va
bam pha. Khi téc d6 dir liéu dau vao 1a 300 Mb/s nhu trén
Hinh 13, mach FBS lam viéc dé lua chon dai 1 cho VCO,
Do =0, D; =0. Nhu di dugc phan tich trong muc 3.2, mach
lya chon xung UP khong hoat dong khi VCO lam viéc
trong dai 1. Vi vay, khong c6 tin hi¢u SL_UP trong truong
hop nay. Mach FLL bat dau bam tan s tir tan s6 cyc dai
ctia dai 1, dién ap diéu khién (VC) giam dan giam tn sb
VCO. Mach dat dugc trang thai khoa tan s sau khoang
thoi gian 3.2 pus. Trong Hinh 14, toc d6 dir liéu dau vao 1a
3.2 Gb/s, mach FBS lua chon dai 3 cho VCO, Dy =0, D3 =
1, mach FLL bat dau bam tan s tir tan s6 cuc tiéu cua dai
3. Trong truong hgp nay, mach lya chon xung UP lam viéc
dé giam thoi gian bam tan s6. Khi 13i tan s6 giita mot nira
toc do dir liéu dau vao va tan s cia VCO nhé thi mach lya
chon xung UP dung lam viéc, tin hiéu SL_UP duoc tao ra
sau khoang 1.69 us va trang thai khoa tan sé dat duoc sau
khoang 2.02 pus.

CLK( pnumressyissanassrn i BIARIRN IR N |
- | AP P A
>

Do

207 D1t

wd VO U

LOCK_FD

0 5 20
T U Thoi gian(us)

Hinh 13. Hoat dong ciia mach CDR khi t6c dé dir liéu
dau vao 300 Mb/s.
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srr Do
3 2
£

24Dl

v

()

iuri \C - @

=

1§SL7‘U'P'

. fLock FD

o B 10 15 20 25
Thoi gian(us)

B

Hinh 14. Hoat dng ciia mach CDR khi téc dp dit
liéu dau vao 3.2 Gb/s.

Hinh 15 va Hinh 16 thé hién két qua mé phong dang
song khoi phuc cua xung dong ho va dir lidu tai toc do dir
lidu dau vao 300 Mb/s va 3.2 Gb/s twong tng. Két qua mo
phong thé hién rang, mach CDR dé xuét c6 jitter xung dong
ho khoi phuc va dir liéu khoi phuc 1an lugt bang 6 ps va 9
ps tai téc do dit liéu dau vao 3.2 Gb/s. Bang III tong két
chét lwrong ciia mach CDR d& xuét va so sanh chét luong
v6i cac nghién ctru trude. Mach CDR dat dugc dai tan lam
viée rong va thoi gian dat dugc tan sb ngan Két qua dat
duogc ciia mach dé xuét tra gia vé cong suét tidu thu khi so
sanh vai [2] (40.2 mW cua bai bao nay so véi 30.2 mW
trong [2]). Diéu nay 1a boi trong mach CDR dé xuat, tac
gia da thém mot sb mach vao thiét ké CDR dé cai thién chat
lugng ctia mach CDR, bao gém mach lya chon xung UP,
mach VCO ba dai va mach lua chon dai tan sb cho VCO.

) 2 5e-06 4405 13333400

Thari gian (ns) Thoi gian (ns)

@ (b)
Hinh 15. Chat luong jitter tai 300 Mb/s ciia (a) Xung
dong ho khoi phuc, (b) dir liéu khoi phuc.

— eyeDiagram iy CLKI" tresult “tran-tran) 3-05 4-06 1. 25e-081 — eyeDiagram [ DR Tresult “tran-trar] 3606 44-06 §.254-10

W:ns!WS:mv Tsh('ri gianyzns) "’ W:ﬁps’% ” Thigni gia_;nzps) snn
\ @ (b) ‘
Hinh 16. Chat lwong jitter tai 3.2 Gb/s cua (a) xung dong
ho khoi phuc, (b) dir liéu khoi phuc.
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Bing I1I. So sanh chat hrong ciia mach CDR d@é xudt véi cdc nghién

cutu trudc.
[2] [5] [10] [12] Bai bao
(Mo (Mo nay
phong) | phong) (MO0 phong
Cdng nghé 180 180 65 180 180
(nm) CMOS | CMOS | CMOS CMOS CMOS
Ngudn (V)| 1.8 18 1 18 18
Tocdo | 0.3-25 0.2-3 |0.65-10.5| 0.43-3.45 | 0.3-3.2
dix liéu Gb/s Gbls Gb/s Gb/s Gb/s
Kiéu FD |Hai huéngHai huéngHai huéng Hai hudng | Hai hudng
Bamtoc dg| Co Cé Cé Cé Cé
dir liéu
lién tuc
Nhay véi | Khéng | Khong Co Co Khéng
1SI1
Thoi glan 1.05 12.9 52 17.9 2.02
bam tan s6 s s s ys s
Jitterp.p 25 10 235 29.8 6
(ps) @2Gb/s | @3Gb/s | @10Gb/s| @3.45Gh/s| @3.2Gb/s
Cong 30.2 37.8 26 26 40.2
sudttieu | mw mw mw mw mw
thu
V.KET LUAN

Trong bai bao nay, mot mach CDR khong st dung tan
s6 tham chiéu, dai rong da duoc thiét ké trong cong nghé¢
CMOS 180 nm. Mach CDR dat dugc thoi gian bam tan sb
ngan hon khi téc do dit liéu dAu vao cao bdi mot mach lua
chon xung UP dé& xuat va chat lugng jitter ciia dir liéu va
xung déng hd khoi phuc dugc céi thién béng mot mach
VCO ba dai. Mach CDR hoat dong véi toc d6 dir lidu dau
vao 0.3 Gb/s dén 3.2 Gb/s, ti€u thu cong sudt 40.2 mW tai
3.2 Gb/s voi dién ap ngudn cung cap 1.8 V. Mach CDR dé
xuit dat duoc thoi gian bam tan sO ngin va thoa min ca ba
tiéu chi quan trong la dai rong, toc do dir licu lién tuc va
kha nang phat hién tan sb theo hai hu¢ng. Hudng phat trién
tiép theo cua van dé nghién ctru 1a tiép tuc nghién clru giai
phap dé cai thién hon nira thoi gian bam tan sb, thuc thi
thiét k& mach CDR trén cac cong nghé hién dai hon nhu 28
nm dé tang dai tAn lam viéc cua mach, ché tao Chip dé co
thé dat dugce cac két qua do.
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WIDE-BAND CLOCK AND DATA RECOVERY
CIRCUIT WITH UP PULSE SELECTOR

Abstract: This paper presents a wide-band half-rate
reference-less continuous-rate clock and data recovery (CDR)
circuit on CMOS 180 nm. While the CDR circuits achieve
simultaneously wide-band, continuous-rate and bidirectional
frequency detection capacity, they have several drawbacks as
long frequency acquisition time when increased input data rate or
sensitive with inter-symbol interference. Therefore, this paper
proposes a two-step frequency detector (FD) by combining
between coarse-FD and fine-FD and additional UP pulse selector
to fall acquisition time and relax with inter-symbol interference
as well. The simulation results show the CDR circuit obtains
maximum frequency acquisition time of 3.2 ps and 6 ps peak-to-
peak jitter at 1.6 GHz of recovery clock.

Keywords: clock and data recovery, optical receiver, high
speed interface circuit, bidirectional frequency detector,
continuous-rate, wide-band, reference-less.
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