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This paper presents the design of a ring oscillator on 65 nm CMOS
semiconductor technology. The oscillator consists of 8 differential
delay cells, providing 16 output phases. The differential delay cell is
designed without the use of a tail current source, increasing the voltage
swing at the output nodes and reducing the requirement for the supply
voltage. To increase the output oscillation frequency while not
increasing power consumption, the ring oscillator is designed using the
multi-pass architecture. In addition, in this ring oscillator, dual
frequency tuning paths are used, in which coarse tuning and fine tuning
are performed in digital and analog form respectively, allowing the
oscillator covers a wide range of frequency from 2.15 GHz to 3.2 GHz.
The proposed ring oscillator has a power consumption of 0.57 mwW
with a supply voltage of 0.75 V at an output frequency of 2.25 GHz,
suitable for low power and low voltage applications.
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Dao dong mach vong
B¢ dao dong VCO
Vong khéa pha s6
Cong ngh¢ CMOS
Khau giit cham

Bai bao nay trinh bay thiét ké bo tao dao dong mach vong trén cong
nghé ban dan CMOS 65 nm. Bo dao dong bao gom 8 khau giit cham vi
sai, cung cp 16 pha dau ra. Khau giir cham vi sai duoc thiét ké khong
str dung dudi ngudn dong dién, lam ting dai dién ap tai nit ra dong thoi
giam yéu cau vé do I6n dién ap ngudn. Dé ting tan sb dao dong dau ra
trong khi khong 1am ting cong suat tiéu thu, b dao dong sir dung kién
trac da duong hdi tiép. Ngoai ra, trong bd dao dong mach vong nay, cac
dudng diéu chinh tan sb kép duoc sir dung, trong d6 viéc didu chinh tho
va diéu chinh tinh dugc thuc hién twong tng ¢ dang ky thuat sé va
tuong tur, cho phép bd dao dong bao phu dai tan s rong tir 2,15 GHz
dén 3,2 GHz. B9 dao dong mach vong duoc thiét ké co cong suét tiéu
thu 0,57 mW véi dién ap nguon 0,75 V ¢ tan s6 dau ra 2,25 GHz, phu
hop Véi cac (g dung dién ap nguon nho, cong suét thap.
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1. Gigi thigu

Bo tao dao dong diéu khién bing dién ap (VCO) 1a mot thanh phan ph() bién trong cac hé
thong dién tu, thong tin, ching 1a bo phan quan trong trong b tong hop tan sb, bo khoi phuc
clock (CDR), cac bo thu - phat hay cac bo chuyén dbi twong tu s6 kiéu delta-sigma [1] — [3].
VCO c¢6 thé 1a bd dao dong LC hoac bo dao dong mach vong trén cong nghé CMOS. Mac du tap
pha cua bo tao dao dong mach vong kém hon so véi cac bo dao dong LC, nhung VCO dya trén
b dao dong mach vong duge uu tién st dung trong truong hop yéu cau cong sut thap va dién
tich nho. Bén canh do, bd dao dong mach vong c6 dai tan sb rong hon va rat thuan tién dé tao ra
céc tin hiéu clock nhiéu pha [3].

Ngay nay vai sy bung nd cua cac thiét bj IoT, trong d6 yéu cau dién ap nho, cong suét tiéu thy
thap duoc dat 1én hang dau, bén canh d6, mot trong nhitng dac dlem guan trong caa bo dao dong
1a dai diéu chinh tan s6 phai du rong dé co the dap g dwoc mién tng dung da dang. Ngoai ra,
trong hé thdng thong tin s6 hién dai, yéu cau vé céc tin hiéu dao dong cung tan sb nhiéu pha cach
déu ciing dugc dit ra phuc vu cho cac k¥ thuat diéu ché sb [4]. C6 mot s6 ky thuat da dugc cong
b dé thyuc hién mot b dao dong vong, trong do cac khau giit cham (delay cell) duoc thyc hién &
dang mot diu vao-ra don hoic hai dau vao-ra vi sai. So vai kiéu dau ra don, kiéu vi sai c6 uu thé
vé mit nhidu tap va tao ra duoc nhiéu pha dau ra hon. Trong [5], mot bo dao dong vong vi sai da
dugc thiét ké cho PLL, tuy nhién, khau gitt cham 1a mach vi sai sir dung dudi ngudn dong dién,
lam giGi han dai dién 4p tai ntt ra, ddng thoi khong phu hop cho cac tng dung dién ap thip dudi
1 V. Tuong ty, trong [6] ciing sir dung dudi ngudn dong cho khau giir cham. Trong cac thiét ké
trén, by dao dong vong chi s dung mot duong diéu chinh tan sd, do vay, dai diéu chinh tan sé bi
han ché. Dé tang dai tan sb, [6] da su dung ddng thoi ba bo dao dong, 1am tiang do phirc tap, ti€u
tén dién tich chip va cong suat tiéu thy. Khau gitr cham trong [7] khong dung duoéi ngudn dong,
¢6 hai duong diéu chinh tan sb tho, tinh bang dién ap twong ty dé md rong dai tin, tuy nhién co
mot nhuoc diém 1a mach sir dung nhiéu tu dién va dién tro, déu 1a nhimg thanh phan chiém dién
tich 16n trong cong nghé chip ban dan. Ngoai ra, dé dat duoc tan sé cao, mot sé bo dao dong
vong da dugc thiét ké voi sé luong khau giir cham it, dan t6i s6 lugng pha dau ra han ché va dé
dat dugc dai diéu chinh 16n thi hé sb khuéch dai ciia khau giir cham phai cao khién cho cong suat
tiéu thu ciing tang Ién [8].

Trong bai béo nay, mot bo dao dong vong dugc thlet ké v6i 8 khau giir cham vi sai tao ra 16
pha dau ra, khau giit cham khong sir dung duoi nguon dong cho phép giam dién ap ngudn xudng
thap, dong thoi s dung céc vong hoi tlep phu nhiam ting tan sb dau ra két hop viéc st dung hai
duong diéu chinh tho, tinh dé ting dai tan diéu chinh ma khong can ting hé sé khuéch dai cua
khau giit cham, 1am giam cong suat tiéu thy, phu hop Vi cac tng dung dién ap ngudn nho, cong
suét thap.

2. Phuong phap thiét ké
Cic bit didu

chinh tho

OUTN
OUTE,

Di¢n 4p didu
chinh tinh
&

Hinh 1. So d6 cdu triic b dao déng
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Hinh 1 thé hién ciu trac cua bd dao dong mach vong, gdm 8 khéu gitr cham vi sai, da duong
hoi tiép. Cau trac bao gdm vong lip chinh (dudng nét hen) va cac vong 13p phu (duong nét dut).
Kién trac vi sai thuong duoc wa chudng hon so vé6i Kién triic don vi nhimg uu diém cua chiing,
bao gom kha ning chdng nhiéu tét hon, ting do trong ciia pho tan s6 dau ra va dang song c6 do
tréng 50% [9].

2.1. Khéu gii chgm

Hinh 2 mé ta so do khau gitr cham vi sai ctia bo dao dong. Tan sé ciia bo tao dao dong vong
cha yéu duoc xac dinh boi do tré cua timg khau gitt cham. Bé ¢ duoc tan sé cao, Sé luong céc
khau gitr cham phai nho. Tuy nhién, trong cac ung dung yéu cau dau ra nhiéu pha, s6 luong khau
gitr Cham nho co thé khong dap ng dugc yéu cau. bé glal quyét su danh doi glua tan s cao va
yéu cau dau ra nhiéu pha kién trac da duong dugc dé xuat. Vi ki thuat nay, co thé dat duoc tan
s6 cao ddng thoi dap g yéu cau dau ra nhiéu pha. So ¢6 mach trong Hinh 2 khong su dung dudi
nguon dong dién, do do dai dién ap dau ra dugc t6i da hoa, dién ap ngudn cling co thé giam
Xuong thap hon so véi mach str dung dudi ngudn dong. Khau giir cham nay bao gdm cap transistor
du vao ctia vong 1ap chinh (N1, N2) va cap transistor dau vao ctia vong 1ap phu (P3, P4). Qua trinh
thay dbi dién ap & dau vao phu (SN, SP) sém hon & ddu vao chinh (PN, PP). Do d6, khi dién 4p tai
PP (hoic PN) giam, N1 (hodc N2) déng, transistor dau vao phu P3 (hoic P4) di mo sin, dan dong
dién nap cho ty tai ky sinh tai nat dau ra OUTN (hoic OUTP). Vi vdy thoi gian dé dién 4ap tai nut
d4u ra tang tir thip 1én cao giam xudng. Mat khac, N4 va N5 tao thanh cip chét phan hdi va lam
cham tc d6 cua mach. Khi dién 4p tai OUTN tang 1én, N4 s& lay dong dién tir nit OUTN qua N3,
lam cho qua trinh chuyén d6i tir thip 1én cao tai nit OUTN cham hon va tinh trang tuong tu xay ra
khi dién 4p tai OUTP tang 1én. Tuy nhién, cac transistor chét phan hdi dugc thiét ké co kich thude
nho dé giam hiéu tng 1am cham téc do cua mach. Z1, Z2 1a cac tai bién ddi tich cuc (Hinh 3), bang
cach diéu chinh cac tai nay, tan sb hoat dong c6 thé dugc didu chinh.
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2.2. Piéu chinh tan sé

Theo [10], tAn sb dau ra b dao dong dwoc xac dinh theo cong thic:
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_tand N g, (cosgtand—sing) g,
RC C tan @

trong d6, 0 1a do léch pha gitta nut dau ra va nat dau vao chinh, £ 1a @6 léch pha gitra nat dau
ra va nit dau vao phu, gms 1a d6 dan dién cia dau vao phy, gme 12 d6 din dién duoc tao boi
transistor chét phan hoi. R, C 1a cac tai tuong duong tai nut dau ra. S6 hang thir nhat, thir hai va
thir ba dugc tao thanh boi vong 1ap so cap, vong 1ap tha cap va cap chét phan hoi tuong ung. Tir
phuong trinh (1), viée diéu chinh tan sé c6 thé dugc thyc hién bang cach diéu chinh tai hoac do
dan dién cua cap chdt phan hoi Ome. Trong thiét ké nay, Z1, Z2 1a tai tich cyc, duoc sur dung dé
diéu chinh tan so tho. Chung gidng hét nhau va bao gobm 5 PMOS (Hinh 3). Dgc tinh tai cua khau
giit cham sé& thay do6i khi dién ap cong cua tai PMOS thay d6i. Trong trudng hop niy, cong cua
mdi PMOS duogc diéu khién boi mot bit dir liéu. Bang cach nay, diéu chinh thé tan sb dugc thyuc
hién bang bus dir liéu sb 5 bit.

Diéu chinh tinh duoc thyc hién bang cach diéu chinh dong dién thong qua mach chét phan
hoi. Véi viéc chon kich thudc Cua cdc transistor cua tai tich cuc va cua chét phan hoi phu hop,
ching ta c6 thé didu chinh tan sb tho va tinh trong dai diéu chinh va d6 phan giai mong mudn.
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Hinh 4. Tdn sé ra theo dién dp nguon Véi cdc bién thién cong nghé khdc nhau
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B6 dao dong duoc danh gia bang mé phong theo nhiét do, dién ap ngudn va cc bién thién cia
cong nghé ché tao. Hinh 4 mé ta sy phu thudc cia tan s6 dau ra vao dién ap ngudn voi cac bién
thién cong ngh¢ khac nhau: TT (Typical - Typical), FS (Fast - Slow), SF (Slow - Fast), SS (Slow
— Slow), FF (Fast - Fast). Co thé thay rang tan s6 hoat dong cua bo dao dong thay dol rat nhiéu
theo sy thay ddi cua cong ngh¢ ché tao. Néu chi sir dung mot duong diéu khién tan sé duy nhat
rat kho dé diéu chinh tan sb vé gia tri mong mudn. Hinh 5 cho thdy sy phu thugc cua tan sé vao
nhiét d6. Khi nhiét do thay doi tir -10 dén 60 do, tan sd hoat dong thay doi trong pham vi 50
MHz. Hinh 6 1a dic tinh diéu chinh tho, cac gla tri trén truc X twong (tng vaéi s6 luong bit cao
trong ma diéu chinh tho. Hinh 7 1a dic tinh diéu chinh tho - tinh voi quy trinh cong nghé tiéu
chuan (TT). C6 thé thay rang duong diéu chinh tho kha tuyén tinh va bo dao dong vong c6 dai
diéu chinh tan s6 16n tir 2,25 GHz dén 3,1 GHz tai Vs = 0,45 V. Vi duong dic tinh diéu chinh
tinh, tan s6 dau ra thay doi trong khoang 180 MHz (v&i ma diéu chinh tho “111117),
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Hinh 7. Ddc tinh diéu chinh thé — tinh

Két qua mo phong tin hiéu dau ra trong mién thoi gian va mién tan sé dugc thé hién trén Hinh
8 va Hinh 9 véi ma diéu chinh tho 1a “11110”, Ve = 0,43 V.
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Hinh 10 13 két qua mé phong nhiéu pha, cho thay bo tao dao dong dat duoc nhidu pha -90,4
dBc/Hz & d6 léch 2 MHz. Hinh 11 thé hién cong suét tiéu thu ciia mach theo cac gi tri khac nhau
cua tin s6 dau ra véi dién ap ngudn 0,75 V. O tan sé dau ra 2,25 GHz, bo tao dao dong chi tiéu
thu 0,57 mW. Hiéu ning ciia b dao dong vong dé xuit duge so sanh vai cac bo dao dong khac
d3 cong bd trude day trong Bang 1. C6 thé thay, bo dao dong duogc thiét ké co thé hoat dong tot &
dién ap ngudn nho, tiéu thu cong suit thap nhit trong khi dai diéu chinh tan sé 1én t6i hon 1 GHz,
dat xap xi 62% s0 Vi tan so trung tAm va cung cap téi 16 pha dau ra.
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Bang 1. Tém tat tham sé va so sdnh
Tham s6 [11] [6] [8] [12] B dao ddng dé xuat
Cong nghé CMOS 0,18 um 65 nNm 65 nm 0,18 um 65 nm
Ngudn (V) 1,8 1 1,2 1,8 0,75
Dai didu chinhtansb (GHz) 0,7-1,2 24-11  8-205 0,902 -0,928 2,15-32
Cong suat tiéu thy (MW) 9,5 20 3,75 4,62 0,57
-102@1 -9008@1 -8755@1 -121@1

Nhiéu pha (dBc/Hz) -90,4 @ 2 MHz
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4. Két luan

_Trong bai bao nay, by dao dong vong dugc thiét ké bang cach sir dung kién truc da duong hoi
tiep vi sai voi nhiéu vu diém hon céc bo dao dong vong da dugc cong bo trude day. Bo dao dong
cung cap tdi 16 pha dau ra trong khi tan s6 hoat dong c6 thé dugc diéu chinh trong pham vi rong
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tir 2,15 GHz dén 3,2 GHz. Dic biét, bo dao dong vong ¢ cong suét tiéu thu nho, dién ap ngudn
thap, phu hop voi cac tng dung IoT yéu cau tiéu thy dién ning thap. Bén canh do, khi dugc tich
hop vao cac hé thong nhu vong khéa pha PLL hay bo khéi phuc clock CDR, bo dao dong giup
cho hé thong c6 do phic tap thap hon véi kha nang diéu chinh thé tan sé bang bus dir lidu s6 va
diéu chinh tinh bang dién ap tuong tu.
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