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This paper presents design of voltage controlled oscillator (VCO)
circuit applied to wide-band clock and data recovery circuits in high-
speed serial communication systems. The proposed VCO circuit
achieves wide frequency band and low gain (Kyco) simultaneously by
dividing the operating frequency range into triple-band by 2 digital
control bits. A differential ring structure with a cross-coupled NMOS
pair is used so that the VCO produces multiple output phases, has high
operating frequency, and low phase noise. In addition, an output buffer
is realized to drive heavy load at output of the VCO as well. The VCO
circuit with the proposed frequency band division technique is
implemented and fabricated in a 180 nm CMOS process. The post-
layout simulation results illustrate that VCO circuit has good phase
noise performance of -93.41 to -97.60 dBc/Hz at a 1-MHz offset and
has a wide tuning range of 100 MHz to 1.65 GHz (177%). The
measurement results show the output waveform of the VCO in three-
band with a duty-cycle of approximately 50%. The VCO core circuit
consumes 2.8 mW of power with a supply voltage of 1.8 V and
occupies an area of 0.0546 mm>.
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Mach dao dong diéu khién
bang dién ap (VCO)

VCO kiéu vong

Céu trac vi sai

Dai rong

Hé s6 khuéch dai ciia VCO thap

Bai bao nay trinh bay vé thiét ké mach tao dao dong diéu khién bang
dién ap (Voltage Controlled Oscillator: VCO) tng dung cho cac mach
khéi phuc dit liéu va xung ddng hd dai rong trong cac hé théng thong
tin noi tiép tdc d6 cao. Mach VCO dé xuét dat dugc dong thoi dai rong
va hé s6 khuéch dai (Kyco) thdp bai chia dai tin hoat dong cua VCO
thanh 3 dai bang 2 bit diéu khién s6. Mot kién trac mach vong, vi sai
v6i cip NMOS ghép chéo dugc sir dung dé VCO tao ra nhiéu pha, c6
tan s hoat dong cao va tap 4m pha thap. Ngoai ra, mot bo dém dau ra
cling dwoc thuc hién dé diéu khién tai nang tai dau ra cua VCO. Mach
VCO véi ky thuat chia nho dai tan dé xuat duoc thiét ké va ché tao trén
cong nghé CMOS 180 nm. Két qua md phong sau layout thé hién mach
VCO ¢6 chat lugng tap 4m pha t6t tir -93,41 dén -97,60 dBc/Hz tai tin
s6 dich 1 MHz tir tan sb hoat dong va ¢ dai diéu chinh tan sé rong tir
100 MHz dén 1,65 GHz (177%). Két qua do cho thdy dang séng dau ra
cua VCO trong 3 dai co d day xung (duty-cycle) xap xi 50%. Mach 16i
VCO tiéu thu cong suat 2,8 mW véi dién ap ngudn cung cap 1,8 V va
chiém dién tich 0,0546 mm?,
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1. Gigi thigu

Hién nay, thong tin dir liéu ndi tiép da tro nén hap dan hon so véi ban sao song song cua nd vi
nhu cau bang thong va téc do dir lieu hoat dong ngay cang cao. Trong cac hé thong thong tin dir
liéu ndi tiép, mach khoéi phuc dir liéu va xung ddng ho dat tai dau vao may thu dé trich ra xung
ddng hd va dir liéu khoi phuc tir chudi dir liéu nhan duoc. Trong d6, mach dao dong diéu khién
bang dién ap (Voltage Controlled Oscillator: VCO) 1a mét thanh phén mach quan trong, dong vai
tro quyét dinh dén chat luong jitter ciia mach khoi phuc dir liéu va xung ddng hd [1]. Mach VCO
¢6 hai céu trac phd bién 13 cau trac mach vong (Ring VCO) va céu tric LC VCO [2]. Trong khi
ciu trac LC VCO dat duoc tan sb trung tdm cao hon va cht luong jitter t5t hon so v6i ciu trac
mach vong thi no lai ¢6 khoang diéu chinh tan sé hep hon va dién tich chiém 16n hon do st dung
cuon cam I6n trén chip, lam cho n6 kho dat dugc tan s6 mong mudn, déc biét 1a tai cac tan so
thip [3]. Vi vay, v6i céc ung dung yéu cau dai 1am viéc rong cua VCO thi cu triic mach vong tré
nén hap din hon.

Hién nay, di c6 nhiéu nghién ctru dugc thuc hién dbi véi kién trac VCO mach vong dai rong,
phd bién nhét 14 VCO mach vong diéu khién dong (Current Starved) [4], [5]. Cac mach VCO
diéu kién dong nay dat dwoc dai diéu chinh tin sb rong nhung c6 hé sé khuéch dai VCO (Kyco)
I6m, khong tuyén tinh va khong tao dugc nhiéu pha dau ra ciing nhu cac pha cau phuong cho
VCO. Pé khic phuc vin d& nay, nghién ctru trong [6], [7] da su dung kién trac VCO mach vong
vi sai 4 tang. Tuy nhién cac mach VCO nay c6 dai diéu chinh tan sé hep, tir 705 dén 927,5 MHz
(27%) trong [6] va tir 2,2 to 2,7 GHz (20,4%) trong [7]. Céc nghién ctiu trong [8], [9] su dung
cau trac VCO mach vong vi sai nhiéu duong va [10] st dyng cau trac mach Park-Kim cai tién dé
ma& rong dai tan sé hoat dong cua VCO. Dai tan s6 diéu chinh trong [8], [9] va [10] dat dugc 1an
luot 1a 2,68 dén 3,56 GHz (28,2%), 0,36 dén 1,2 GHz (100%), va 0,59 dén 1,27 GHz (73,1%).
Mach VCO trong [11] dat duoc dai diéu chinh tan s rong hon tir 0,1 dén 1,25 GHz (170%)
nhung c6 Kyco 16n (2,66 GHz/V). Cac kién tric VCO mach vong vi sai trong [9] - [11] dat dugc
dai diéu chinh tan sb tuong dbi rong nhung bi giéi han ¢ tan s6 hoat dong cuc dai. Hon nita Kyco
trong [9] chi tuyén tinh trong dai tan tir 0,42 dén 1 GHz. P& vuot qua cac han ché nay, mach
VCO chia nho dai tan sé hoat dong da dugc dé xuét trong [12]. Tuy nhién, mach VCO trong [12]
sir dung cac b chia cau phuong dé tao ra dai tan sé rong tir 155,52 MHz dén 3,125 GHz, diéu
nay dan dén mach phuc tap hon, tiéu thy cong suét 16n hon va chiém nhiéu dién tich hon.

Bai bao nay dé xuat mach VCO cho cic mach khéi phuc dit liéu va xung dong ho trong cac hé
thdng thong tin ndi tiép téc do cao, dat dugc dong thoi khoang didu chinh tan s rong, lién tuc va
¢6 Kyco thip. Diéu nay dat duoc bang cach sir dung 2 bit didu kién sé dé chia tan sé hoat dong
ctia VCO thanh 3 dai. Ngoai ra kién trac VCO mach vong vi sai va cip ghép chéo NMOS duoc
su dung dé tao ra dau ra nhiéu pha va tang gioi han tan sb cuc dai cua VCO. Bai bao gdm c6 bdn
phan phan tiép theo s& trinh bay vé phuong phép nghién cuu, bao gom téng quan vé mach VCO
kiéu vong va mach VCO dai rong dé xuat. Trong do6 tap trung vao trinh bay vé mach VCO 3 dai
va by dém ché do dong dau ra. Két qua mo phong sau layout va do mach dwgc gioi thiéu trong
phan 3 va cudi cung 1a két luan.

2. Phuwong phap nghién ciru
2.1. Tong quan vé mach VCO Kiéu vong

Mach tao dao dong kiéu vong (Ring Oscillator: RO) la mot chudi vong lap kin phan hoi
duong cua s6 lwong chin hoic 1é (N) ting dao hodc khuéch dai gidng nhau [13]. Bé tao dwoc dao
dong on dinh thi mach dao dong phai thoa man tiéu chuan Barkhausen [2], trong do, hé sb
khuéch dai vong hé ciia mach dao dong phai 16n hon 1 va vong 13p can c6 do dich pha bang 2.
Tén sb dao dong co6 thé dugc x4c dinh bang cach wée tinh thoi gian giir tré ty cia mdi ting trong
vong 1ap. Mach dao dong s trai qua 2Nty thoi gian dé hoan thanh mot chu ky dao dong. Vi vay,
tan s6 dao dong cua mach RO c6 thé duoc tinh nhu:
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fose = : 1)
2Nt,

Céc tang giir tré ciia mach RO c6 thé 1a dau cudi don hoac vi sai [14]. Mach RO dau cubi don
duoc thé hién nhu trén Hinh 1, nd bao gém mot chudi cac céng d4o cta cac bong ban dan PMOS
va NMOS véi sb ting phai 1a 1¢. Nguoc lai, s6 luong tang gitr tré trong cac mach RO vi sai c6 thé
1a chin hoic ¢ (Hinh 2). Ca hai kiéu nay cua mach RO déu c6 thé duoc thyc hién tich hgp hoan
toan trén cong nghé CMOS.

In+0ut> I”+Out> In+ Out>
ﬁult In- Out In- Out

VDD
ML M2
M2 L ouT
I M3 M4
o
Hinh 1. Kién triic mach RO dau cuéi don Hinh 2. Kién trLZchaCh RO vi sali

Mach RO dau cudi don chi bao gom mét s6 luong 1é cac cong dao nén no c6 cau trac don gian
hon, tiéu thu it cong sudt hon va co6 dién tich chiém nhé hon so véi mach RO vi sai. Tuy nhién,
kha ning mién nhiém vai tap 4m ngudn cung cap cta nd kém hon so v&i phién ban vi sai va Kyco
ctia n6 ciing 16n hon. Vi vay, mach RO vi sai duoc st dung nhiéu hon trong cac tng dung yéu
cau chét luong cao cua mach dao dong, dic biét 1a trong cac mach khoi phuc dir liéu va xung
ddng hd doi hoi xung ddng hd khéi phuc c6 jitter nho.

2.2. Mgch VCO ddi réng dé xuat

Nhu di dugc chi ra trong phan 2, mach RO vi sai ¢6 chat lwong tap 4m pha t6t hon va tao ra
nhiéu pha dau ra hon so vé6i phién ban RO dau cudi don. Vi vay, bai bao nay dé xuat thuc hién
mach VCO vi sai kiéu vong. Kién triic mach VCO dé xuét dugc thé hién nhu trén Hinh 3. Mach
VCO gom hai thanh phan 12 mach 16i VCO va bo dém dau ra. Mach 156i VCO tao ra dai tan s6
dau ra rong véi tan s6 dugc thay ddi theo dién ap diéu khién (Vc) va cac bit diéu khién s DO,
D1. Trong d6, DO, D1 s& lya chon ba dai tan sb 1am viéc ciia VCO va V¢ s& thay d6i tan sé hoat
dong cua VCO trong mdi dai. B6 dém déau ra duoc thiét ké dé didu khién tai dau ra va cach ly
mach 16i VCO khoi bat ky anh hudng nao tir bén ngoai. VB 1a dién ap phan ap cho d6 dém hoat
dong dang. Pé mach 16i VCO va bd dém hoat dong khong c6 anh huéng lan nhau thi trong mach
dé xuat, ngudn cho cac mach nay duoc thiét ké tach riéng.

Mach 16i VCO

Ve NN\ TsopEM[ " Fa,

Lt — e

1
DO D1 VB
Hinh 3. Kién triic mach VCO dé xuat
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2.2.1. Mach loi VCO

Tap 4m dau ra ctia VCO ty 1& thuan véi Kyco [1]. Vi vay, dé giam thiéu tap am du ra thi cac
mach VCO can ¢6 Kvco Nho. Tuy nhién, tra gid 1a 1am giam khoang diéu chinh tan sb dau ra cua
VCO. Pé khic phuc van dé nay, mach VCO nhiéu dai tan da duoc dé xuat trong [15], [16]. Tuy
nhién, nghién ctu trong [15] chia mach VCO thanh 3 dai tan sé thap, trung binh va cao véi phan
cting sir dung tang 1én 3 1an nén lam tang dién tich chiém va cong suét tiéu thy cia mach. Nghién
ctru trong [16] str dung 2 bit diéu khién sé dé lua chon cac gia tri tu dién khac nhau dé dat duoc
dai diéu chinh rong. Nhung [16] khong c6 dai tan sé hoat dong lién tuc ma duoc chia lam 2 dai
tach roi 1,8 dén 3,2 GHz va 3,9 dén 6,3 GHz. Vi vay, bai bio nay dé xuét thiét ké mach VCO
kiéu vong vi sai 4 tang (Hinh 4) v&i mach mot tang duoc thé hién trén Hinh 5 dé dat duoc ddng
thoi dai diéu chinh tan sb rong, lién tuc, Kyco Nho va cé dién tich chiém nho.

BAND
| | \
I . |
Ve
Hinh 4. Mgch VCO vi sai 4 tang
T

E—Hf‘msp E—Hfllvmp vee—{ [ m3p M3P:j|—ch map | o Msp::“—E
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|:M1P
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IN+ ’ v
|_\: \/_| MIN
|—_>M1N M2N 4——|
D1 dmsn Do |::M4N Ven | E‘M3N M3N | |- ven ""4"‘? Do M5N’_L_| kD1

v

Hinh 5. Chi tiét thuc hién mach 1 tang cia VCO vi sai 4 tang

Mach VCO c¢6 hai tin hiéu diéu khién 12 V¢ va BAND. Trong d6, BAND la tin hiéu diéu
khién lya chon dai tan sé cho VCO, bao gom hai bit diéu khién s6 DO, D1 dé chia VCO thanh 3
dai tan s6. V¢ 1a dién ap didu khién dé thay ddi tan s6 cua VCO trong ting dai, bao gdm cac dién
ap Ven va Vep VGi Vep duoc tao ra bang phép bién ddi guong dong dién tir Ven (Ven = V). Céc
bong ban ddn M1P va MIN tao thanh cong ddo cho cac ddu vao va kich thudc cia no ty 18 thuan
véi dai tan sé dau ra caa VCO. Mach VCO sir dung kién triic ghép chéo véi hai bong ban dan
NMOS (M2N) dé tang tdc d6 chuyén d6i muc tin hiéu tir cao sang thap va nguoc lai cho tan sb
dau ra cua VCO, kich thugc cuia M2N ty I¢ nghich véi tan sé cuc dai ciia VCO. Bén bong ban
dan (M4N, M5N, M4P, M5P) duoc diéu khién boi 2 bit DO, D1 dé chia toan bo dai tan s6 cua
VCO thanh 3 dai: dai 1 twong tng v6i DO = 0, D1 = 0 (M4N, M4P, M5N, M5P déng); dai 2
twong Gng v6i DO = 1, D1 = 0 (M4N, M4P m& va M5N, M5P déng); dai 3 twong (ng véi DO = 0,
D1 =1 (M4N, M4P déng va M5N, M5P mé). Trong d6, cac bong ban dan PMOS diéu chinh gidi
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han dai tan s6 caa VCO va cac bong ban ddn NMOS diéu chinh d6 tuyén tinh cua hé sé khuéch
dai VCO trong mdi dai. Dua trén cac phan tich trén va tir myc tiéu thiét ké mach VCO 1a dé dat
dugc dai tan rong, Kyco nho va do tuyén tinh cao trong mdi dai, cac gia tri tham s thiét ké cho
mach VCO dé xuét duoc thé hién nhu trén Bang 1.

Bing 1. Cdc gid tri tham s thiét ké cho mach VCO

MIN (W/L) 2um/180nm M1P (WI/L) 5um/180nm
M2N (WI/L) 1um/180nm

M3N (WI/L) Sum/180nm M3P (W/L) 10um/180nm
M4N (WI/L) 4um/180nm M4P (W/L) 8um/180nm
M5N (WI/L) 8um/180nm M5P (W/L) 16pm/180nm

“W/L la kich thwdc chieu rénglchiéu dai ciia béng ban dan
2.2.2. B dém dau ra

Dé dua tin hiéu tir dau ra mach 16i VCO dén cac chan dau ra cua chip thi mot bo dém dau ra 1a
can thiét [1]. Cau trac ctia bo dém va thuc hién mach chi tiét cua no duoc thé hién nhu trén Hinh
6. Bo dém dugc thiét ké theo kién triic vi sai dé cyc tiéu anh huong cua tap 4m ngudn cung cap
va dam bao hoat dong tbc d6 cao cho mach (tan sé hoat dong cao). Bén canh do, b6 dém dau ra
duoc thiét ké gom 4 tang dé dam bao kha nang diéu khién tai nang & dau ra ciing nhur chong lai
anh huong cua tu dién ky sinh 16n tai cac chén dau ra trén chip. Dién tro & ting b dém cudi cung
dugc thiét ké co gia tri 50 Q dé dam bao kha nang phdi hop tré khang cho mach VCO. Thiét ké
bo dém dau ra phai dam bao duy tri d6 ddy xung cuia tan sé dau ra VCO xap xi 50%.

Int o5 In+ 5% Int o5 In+ o5

Tur VCO ou ou

ou ou T6i PAD cua chip
In- In- In-

Y

In-

VB T

VDD

IN+ o— F—oIN-

VB [, M3

Hinh 6. So dd khéi va mach thuc hién cia b dém dau ra
3. Két qua mé phong va do

Mach VCO dai rong dé xuit duogc thiét ké, ché tao trén cong nghé CMOS 180 nm, sir dung
phan mém thiét ké chip chuyén dung Cadence [17]. Layout cia mach 15i VCO va anh caa chip
dugc thé hién nhur trén Hinh 7. Mach VCO chiém dién tich (210 x 260) pm tiéu thu dong 1,55
mA va 2,8 mW cong suét tai tan s6 1,65 GHz (khong bao gom b dém dau ra) véi dién ap ngudn
cung cap 1,8 V.

Hinh 8 thé hién két qua mo phong sau layout ciia mach VCO dé xuat. Mach VCO c6 dai tan s6
diéu chinh rong tir 100 MHz dén 1,65 GHz (177%). Hoat dong cua mach VCO duoc chia lam 3 dai
tan sb: dai 1 tir 100 MHz dén 900 MHz, dai 2 tir 880 MHz dén 1,3 GHz, dai 3 tir 1,28 GHz dén
1,65 GHz. Trong d6 Kyco dat duoc lan luot 1 1,6 GHz/V, 1,05 GHz/V va 698 MHz/V. Cac dai tan
s6 cua VCO c6 mot khoang trung ldp 20 MHz dé dam bao hoat dong lién tuc trong ca dai tan cho
VCO. Két qua mé phong cho thay, bang k¥ thuat chia nho dai tan sir dung cac bit diéu khién sb,
mach VCO dé& xuit dat dugc dong thoi khoang diéu chinh rong va hé s6 khuéch dai nho.
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Hinh 8. Két quda mé phong 3 ddi tan sé Hinh 9. Két qua mé phong sau layout tap am pha
cua mach VCO de xuat cua mach VCO deé xuat

Hinh 9 thé hién cac dudng cong tap 4m pha mé phong sau layout caa mach VCO. Mach VCO
dai rong d& xuat co chét lwong tap 4m pha tét, dat duoc gia tri tir -93,41 dén -97,60 dBc/Hz tai
tan s6 dich 1 MHz so voéi tan sé hoat dong. Diéu nay dat duoc dua trén viéc thiét ké can than
mach 15i VCO va sir dung kién tric vi sai cho mach VCO. Hinh 10 thé hién két qua do dang song
dau ra cua mach VCO trong 3 dai tan sé khac nhau, 500 MHz trong dai 1, 1 GHz trong dai 2 va
1,5 GHz trong dai 3. Dang séng dau ra ctia VCO co6 do day xung xap xi 50% nhu mong doi.

Dé danh gia chat luong tong thé ciia mach VCO, tham sé chat lugng ky higu 1a FOM dugc
tinh theo cong thirc (2) [15] dugc st dung. Trong do, L{f . }1a tap 4m pha ctia VCO tai tan s6

dich f ., 1a cong suat tiéu thy ciia VCO. FOM ctia mach VCO
dé xuit tai tan sb cuc dai 1,65 GHz la -157,48 dBc/Hz.

f P,
FOMg = L{ fofee} - 20l0g(—5) + 10|09(md%\5/) )

offset

f. 1atan s hoat dong va P

diss

http://jst.tnu.edu.vn 73 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(16): 68 - 75

%\

current earn td dey i n i mumn max | mum
i 15 1 0 GHz i

6 GHz

Hinh 10. Két qud do dang séng ciia VCO tai 3 tan sé trong 3 ddi

Bang 2 tong két va so sanh chat lugng cua mach VCO dé xuat véi cac nghién ctru trugc. Mach
VCO dé xuat dat duoc khoang diéu chinh tan s rong nhét (177%), c6 Kyco nhd hon so véi mach
VCO sir dung ciing giai phap chia nho dai tin trong [15]. Dong thoi, mach VCO c6 cong suat tiéu
thu thap va dién tich chiém nhé véi chat lugng tap 4m pha va FOM so sanh dwoc vé6i cac nghién
ctru khac. Han ché cua két qua nghién ctru 13 bi giéi han cac két qua do do mach VCO duoc thiét
ké, ché tao nam trong mach khoi phuc dir liéu va xung dong ho.

Bang 2. Tong Két va so sanh chat hrong ciia mach VCO

[7] [10] [15] Pé xuat
Cong nghé (nm) 180 180 65 180
Ngudn cip (V) 1,8 1,8 1 1,8
Kién trac RO RO RO RO
Khoang tan s6 (GHz) 2,2-2,7(20,4%) 0,59-1,27 (73,1%) 2,4-11 (128%) 0,1-1,65 (177%)
Kvco, max N/A N/A 6,3 GHz/V 1,6 GHz/V
PN@1MHz (dBc/Hz) 92,83 -109 -90,08 97,6
FOM@1MHz (dBc/Hz) -150,7 -153,8 -157,34 -157,48
Cong sudt tiéu thu (MW) 10,1 14,4 20 2,8
Dién tich 161 VCO N/A 0,059 mm? N/A 0,0546 mm?

4. Két luan

Bai bao nay trinh bay vé thiét ké mach VCO c6 dai diéu chinh tan sb rong tng dung cho cac
mach khoi phuc dir liéu va xung dong ho trong cac hé thong thong tin dit lidu ndi tiép. Ky thuat
chia nho dai tan sb cua VCO bang céc bit didu khién sé dugce dé xuét. Cung véi do, thiét ké bo
dém dau ra ché do dong cling dugc gisi thieu. Mach VCO dé xuét dat duoc ddng thoi dai tan sb
hoat dong rong va hé s6 khuéch dai nho. Dong thoi mach VCO co chit lugng tap am pha tot
cong sudt tiéu thy thip va dién tich chiém nho. Hudng phat trién tiép theo ciia nghién ciru 1a tiép
tuc cai thién chat luong tap 4m pha cua mach VCO kién trac vong, thiét ké mach VCO trén cong
nghé méi hon dé dat dugc dai tan s6 rong va cao hon.
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