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Tém tit - Trong bai bdo nay, dya trén phén tich co ché hoat dong
ctia by chuyén 601 s6/ thoi gian (DTC) khi dugce str dung trong
vong khoa pha so Bang-Bang kiéu boi s6 thap phan-N, nhom tac
gia suy ra duoc tin s6 ctia hai thap phan xuét hién trong phd ning
lugng clia nhiéu pha cua tin hiéu ra. Ngoai ra, dya trén mé hinh
mo phéng vong khoa pha st dung MATLAB, nhém tac gia cling
khao sat va dua ra gia tri thich hop cho d6 phan gidi cia DTC dé
vira gitip cho hai khong xudt hién ciing nhu ¢6 thé dam bao dugc
tinh tuyén tinh ctia DTC. Céc két qua dat dugc trong bai bdo co
thé dugc ap dung vao thiét ké vong khoa pha trong thuc té khi
dugc st dung nhu b tdng hop tan s6 hiéu ning cao trong cic (g
dung khong day.

Tir khéa - Vong khoa pha s6 (PLL); kiéu bgi s6 thap phan-N;
b chuyén doi so/ thoi gian (DTC); bd di€u ché so Delta-Sigma;
loi lugng tur
1. Giéi thi¢u

Ngay nay, bo tong hop tan sé 1a mot thanh phan khong
thé thiéu trong moi hé thong vi mach dién tir tich hop. N6
duoc st dung dé tao cac xung dong hd nhdm muc dich dong
bd hoa céc hoat dong trong hé théng hodc dung dé diéu ché/
giai diéu ché (tch song) céc tin hidu duoc truyén boi mang
khong day. Vé co ban, bo téng hop tan s6 ¢6 thé duoc dé
dang c4u thanh bang cac cong logic dao (Inverter) mic day
chuyén thanh mot vong kin, loi dung d6 tré cua cac cong
logic nay, tuy nhién, nhitng mach nhu vy thuong c6 hiéu
nang thép do tan s6 cua tin hiéu duoc tao ra bi anh hudng
béi nhiéu yéu t6 nhu quy trinh san xuét, do rung dién 4p hoic
thay doi vé nhiét d9. Do vay, trong nhimg tmg dung doi hoi
hiéu ning cao, b téng hop tan sé dwoc ciu tao dya trén cAu
trdc vong khda pha (PLL) sr dung mach tao dao dong tir
cudn cam va tu. Tan s6 cia tin hiéu ra dugc tao boi PLL CO
tinh On dinh cao nho théng qua hé thong diéu khién hoi tiép
4m va mot ngudn VAo (thach anh) cung cap tin higu tham
chiéu c6 tan s6 gan nhu khong bi anh hudong boi cac yéu to
xung quanh. Ngoai ra, tin s ctia tin hidu ra ctia PLL c6 thé
duoc didu chinh linh hoat théng qua boi s6 N, c¢6 thé 1a sb
nguyén hoic s6 thap phan. Tuy vay, dé c6 dugc d phan giai
tin sb cao, PLL kiéu boi sb thap phan la didu bit buc. That
vdy, néu tin s6 tham chiéu & Fre thi do phén giai cia tan sb
ra ciing sé 13 Frer trong truong hop PLL kiéu boi sb nguyén.
Trong thyc té, Frer thuong & mic MHz hodc cao hon trong
khi d6 phan giai tin sb dugc yéu cau dbi véi cac img dung
khong day hién nay roi vao khoang vai kHz [1, 2].
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The results obtained in the paper can be used to design the phase-
locked-loop in practice working as high-performance frequency
synthesizer in wireless applications.

Key words - Digital phase-locked loop (PLL); fractional-N;
digital phase-locked loop; digital/time converter (DTC); digital
Delta-Sigma modulator (DSM); quantization error

@ [BBPD|-“~ LPF }L.@i&

fb div oo
DTC DIV |

Tru; T'mr

Hinh 1. BB PLL s6 kiéu bgi s6 thdp phan-N sit dung DTC

Mot cach téng quat, PLL s6 kiéu boi s6 thap phan-N
bao gdm cac khéi chinh 1an lugt nhu sau: Khéi so sanh pha
(phase detector: PD), bo loc thong thap (low-pass filter:
LPF), mach tao dao dong diéu khién boi tin hiéu sb
(digitally controlled oscillator: DCO), va khéi chia tan sb
(frequency divider: DIV) nhu trong Hinh 1. Khéi PD so
sanh pha (thoi gian) chénh léch giira tin hiéu tham chiéu,
ref, va tin hiéu hoi tiép fb, dé dua ra tin hidu sé e, c6 d6 16n
tuong tng. Tin hiéu e co the dugc sir dung dé diéu khlen
tryc tiép khéi DCO nhim tong hop tan s6 mong mubn,
thuong 16n hon Frer nhiéu lan. Tuy nhién, vi e bién thién
nhanh trong khi tin hiéu diéu khién cua khéi DCO cén 6n
dinh (ly tuong 1a tin hiéu mot chiéu, DC), do d6, khdi LPF
duogc dat gitta PD va DCO dé cho ra tin hiéu tw bién thién
cham hon nhiéu so véi e. G mot khia canh khac, dé giam
chénh 1éch pha (tre de khéa pha) tai ngd vao cua PD, tan
sO clia tin hiéu hoi tiép phai bang véi tan so tham chleu Vi
vay, khdi DIV duoc dit trén duong truyen hoi tlep Tuy
nhién, do khdi DIV chi c6 the chia tan s6 theo cac s chia
nguyén, dé c6 thé chia cho sé chia thap phan N, mét bo diéu
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ché AZ (Delta-Sigma modulator: DSM) phai dugc sir dung
[3, 4]. Cu thé, sb chia tirc thoi, me, duge diéu chinh boi
DSM, va N s& 14 gia tri trung binh ctia mc. Vi du, dé tao tin
hiéu ra c6 tan s6 bang 69,125 (N) lan Frer, mc dugc thiét lap
1a 69 va 70 lan luot trong 7 va 1 chu ky tham chiéu. Tuy
vay, viéc str dung DSM lai dén dén phat sinh 13i luong tir,
tirc chénh léch giira N va mc trong timng chu ki tham chiéu,
khién cho khoang bién thién ctia pha tai ngd vao ctia PD
tang 1én. Trong cac mach PLL c6 dién, dé c6 thé phu hét
khoang bién thién ndy, PD phai c6 dai xir Iy rong, khién
nang luong tiéu hao ting theo. Nham giai quyét van dé nay,
giai phap sir dung DTC dé loai bo 18i lwong tir da duge dé
xuét, [5], va nhanh chéng dugc sir dung rong rai [6-11].
Nho vay, ta co thé sir dung PD chi véi 1-bit, hay con goi 1a
Bang-Bang (BB) PD, c6 khoang bién thién pha tai ngd vao
1a bat ki dé giam thiéu dién nang tiu thy. Rét tiéc, mic dau
dugce sir dung rong rai, cho dén nay, van chua c6 mot tai
lidu nao dé cap cu thé dén anh huong ciia d6 phan giai cia
DTC dén hiéu nang ctia PLL.

Trong nghién ctru nay, v6i muc dich thiét 1ap tiéu chi
thiét k& cho bo DTC, trudc tién, nhém tac gia phan tich
hoat dong ctia khdi nay. Dua vao dé, dua ra cong thirc ude
luong tan s6 cia hai va diéu kién dé hai xuat hién khi do
phan giai cia DTC thay d6i. Nho vay, co thé chon d6 phan
giai cia DTC mot cach phu hop, t6i vu héa mdi twong quan
vé6i tinh tuyén tinh, tinh phirc tap trong thiét ké.

2. Nhiéu lwong tir
Trong trang thai khoa pha, tic, chénh léch pha tai ng6

vao cua PD la xap xi zero, tan s cta tin hiéu ra, Faco(2),
bang N 1an tin s tham chiéu, Frer. N6i mot cach khac,

NTyeo(2) )

Vi Tret VA Taco(z) 14n luot 14 chu ki cua tin hiéu tham chiéu
va cua tin hiéu ra. Tuy nhién, nhu da dé cap, do sb chia tuc
thoi cia DIV, mc(z) 1a mot s6 nguyén nén trong mdi chu ki
tham chiéu, mot luong 18i lwong tir (con duoc goi 1a nhiéu
lugng tir), q(z) =N -mc(2) [12], dugc tao ra. Do vay, néu
khong c6 khoi DTC, chu ki cua tin hidu hoi tiép s& tré thanh
be(Z) - Tdiv(z) - [N - q(Z)]Tdco(Z) (2)
v6i Tai(z) 12 chu ki cta tin hiéu ra cia khdi DIV. So sanh
(1) va (2), rd rang, 18i lwong tir ddn dén sy chénh léch chu
ki giira tin hiéu tham chiéu va tin hiéu hdi tiép bang mot
lwong q(z) Taco(2). Mat khac, goi At(z) 1a d6 chénh 1&ch thoi
gian tai ngd vao cua PD, ta c6 [13]:
At(Z) = At(Z)Z_l + Tref - be (Z) (3)
Tir (3), su chénh 1éch chu ki khi dugc cong don c6 thé
khién cho At(z) bién thién trong mot khoang 16n, mic du
rang, gia tri trung binh ctia At(z) sau nhiéu chu ki tham
chiéu 1a khong. Cu thé, néu nhu bac cia DSM la 1 thi
khoang bién thién ctia At(z) s& 1a Tueo(z), néu nhu bac ciia
DSM la 2 thi khoang bién thién s& 1a 2Taee(2) [12]. Vi li do
nay, DTC duoc thém vao phia sau by DIV nham loai bo 15i
thoi gian q(z) Teco(z) trong mdi chu ki tham chiéu.

Tref =

Goi Lt 1a d6 phan giai thoi gian cua DTC, gia sur ring
DTCla tuyen tinh, lic nay luong thoi gian can thiét tao boi
DTC dé loai bo nhiéu luong tir 1a:

cw(2)Lgre = q(2)Taeo(2) 4)

vai, cw(z) la tin hi¢u sO dleu khién DTC. Vé mit toan hoc,
cw(z) la mot sO nguyén, mdi sy ting giam bang 1 cua cw(z)
s& dan dén sy ting giam thoi gian bang Late. Rat tiéc, dang
thirc (4) 1a diéu khong xay ra trong thuc té xuat phat tir sy
khac nhau vé& d6 phan giai cua cac khoéi. That vy, nhimg
dai luong N, mc(z), q(z) va cw(z) ma ching ta da dé cap
thuc chat 1a nhimg chudi bit dugc biéu dién trong hé thap
phan, c¢6 do dai bit khac nhau. Lap lai vi du trong phan
trude, v6i N = 69,125, khi me(z) = 69 thi q(z) = 0,125. Gia
su rang, Fret = 52 MHz thi ltic nay d6 phan giai tan s6 cua
PLL can 12 q(z)Fref = 6,5 MHz. Tir vi du nay, ta c6 thé suy
ra rang, dé dat dwoc d6 phan giai tan s6 & mirc kHz khi tin
s0 tham chiéu ¢ mirc vai chuc MHz, chiéu dai bit cua q(2)
phai it nhét 1a 15-bit, do vy, muc thoi gian t6i thiéu ma
nhiéu lugng tir giy ra c6 thé s& nho hon Tae(2)/2'%. PE DTC
¢6 thé loai bo hoan toan nhiéu luong tir trong mdi chu ki
tham chiéu, do phan giai thoi gian ciia DTC ciing phai &
mirc twong ty. That khong may, dé dam bao tinh tuyén tinh
ctia DTC va ddng thoi phai phu dugc khoang bién thién cta
At(z) nhu dd dé cép, ciing nhu, Vi gidi han ciia cong nghé,
d6 phan giai nhu vay cia DTC 1a khong thé ¢6 dugc. Thuc
té, do dai bit cua chudi cw(z) ngay ca khi ap dung mach
hiéu chuén ciing chi c6 thé & mirc 10 dén 11-bit [5-11]. Vi
li do nay, ngay ca khi st dung DTC, viéc loai bo hoan toan
nhidu luong tir 1a didu khong thé. Mic dau d6 chénh léch
thoi gian giy ra boi lugng nhiéu luong tir con lai trong mdi
chu ki tham chiéu, cw(z)Lae — q(2) Taco(2), 1a rat nho, nho
hon 1 Lg, tuy nhién, néu khong duoc giai quyét triét dé, su
cong don sau nhléu chu ki van c6 thé khién cho At(z) tang
Ién. Truong hop xau nhét, n6 co6 thé gay ra nhimg 16i phi
tuyén va tao hai trén pho cta tin hiéu ra. Dé giam thiéu phat
sinh nay, trong cac mach PLL st dung DTC, mot khéi
DSM bac 1 duge dat trugec DTC, [11], nhu ¢ Hinh 2 ¢ huu
va cong don phan du. Khi tong cong don vuot qua 1 Lgg thi
cw(z) duogc téng thém 1 dé dung chinh DTC loai bé phan
nay, dam bao rang gia tri ctia At(z) luén nho.

L Jprc]-"—pIv}-—>
cw mc
DsM  [DsM
Tcw’ N

Hinh 2. Tin hi¢u diéu khién ciia DIV va DTC

Nho khéi DSM, phén bd ning lwong theo tan sb cua
nhidu lugng tir con lai tai ngd ra ciia DTC ¢6 chiéu hudng
dich qua mién tan sb cao, do vay, lgi dung tinh chét loc cua
mach PLL ma ta s& dé cap & phan sau, phan 16n lugng nhidu
luong tir con lai ndy ciing s& duoc loai bo. O ddy, ta s& phan
tich cu thé phan bd ning lugng nay.

Céu tric ciia DSM bac 1 dit trude khéi DTC duge mé
ta nhu trong Hinh 3. Trong truong hop khong ¢6 khdi DSM
thi tin hiéu cw(z) s& dugc tao bang cach dua tin hiéu cw (2),
1a tin higu thoa man déng thirc (4) Va c6 d6 dai bit bang véi
cua q(z), di qua ham floor nham cét bo nhiing bit c6 trong
sO bé bén phai. Ham floor 1am phét sinh 1i lugng tir nhi
phan, E(z), c6 gia tri nhd hon 1. Ngoai ra, E@@) la nhleu
trang, ¢ nang luong phan b6 déu trén mién tan so va
phuong sai xap xi bang 1/12 [3].
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Hinh 3. DSM bdc 1
_ Trong ciu trac cuia DSM, E(z) trong chu ki truée duge
hoi tiép va cong don vao cw ’(z), do vay
cw'(2) +E(2)z7t — cw(2) = E(2) ()
Goi Qate(2) 12 nhidu lwong tir tai ctra ra cia DTC, ta c6
Qatc(z) = cw'(2) —ew(2) = E(2)(1—z7")  (6)
va suy ra dugc chénh léch thoi gian gay ra bgi lugng nhiéu
lugng tir con lai ndy 1a Tai(z) = qaie(z)Lete- Str dung phép
bién d6i Fourier bang cach thay z = /™ /Fref véi j2 = -1,
f 14 tan s6, ta co duoc phan bd ning lwong cua nhidu lugng
ttr con lai trén mién tan s6 sé 1a

Sue) = e (P12 = 2 (sin 22 ) ¢

Fref

cw(z)

Két qua trong cong thirc (7) duoc xéc Ipinh bang mo
phong, minh hoa trong Hinh 4. Nhu c6 thé thay, nang lugng
cua phan nhleu luong tir con lai ¢6 xu huéng duoc dich

chuyén qua mién tan s cao.
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Hinh 4. Phé néang heong Sac(f) ciia nhiéu hrong tir tai
cuwa ra DTC: (a) mo phong, (b) cong thirc (7).

3. M hinh tuyén tinh cia PLL s6

Khoéng gidng cac dai luong tai cira ra ciia mot hé thong
mach dién tir ma ta thuong gap la dién ap hoac dong, ddi
véi PLL, dai lugng quan trong nhét ma ta quan tam la do
on dinh cua tan sb. Do 6n dinh nay bi anh hudng boi cac
sai léch thoi gian gay ra boi cac ngudn nhiéu trong hé thong
ma nhiéu lugng tir ¢ ban ¢ phan trén 1a mot trong sb do.
Mt khac, tin hiéu vao va tin hiéu ra caa PLL déu c6 tinh
chu ki, do vay, ta thuong quy ddi thoi gian qua pha.

3.1. M6 hinh trén mién 7

Dé phan tich anh huong ciia cic ngudn nhidu dén dao
dong cua tan so ra, ta thuong dva trén mo hinh tuyén tinh
duogc xay dung trén mién pha. Mot mo hinh nhu vy dugc
thé hién trong Hinh 5. Trong d6, khéi PD dugc thé hién
bang hé sb Kpa [bit/rad]; Khdi LPF 1a mot mach loc sd,
thong thuong cé 2 nhanh, mdt nhanh ty 1€ cé hé ) pva
mdt nhanh tich phan c6 hé s6 ; Khéi DCO dugc thay thé
bang hé s6 Kaco [rad/bit] thé hién sy thay dbi tan sb do tac

dong ctia LPF, theo sau Ia khoi tich phan do pha duoc tao
bai tich phﬁnvcﬁa tan s§) theo thbi gian; Va, khdi chia tan so
DIV dugc biéu dién bang hé s6 1/N, [14].

@ pd & &
: | L 1
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&

Hinh 5. M6 hinh tuyén tinh trén mién z Ciia PLL s6 théng qua
sw bien thién cua pha

Trong mo hinh nay, chu ki tham chiéu Trer duoc ldy lam
chuan. Pé quy d6i chénh léch thoi gian qua chénh léch pha,
ta nhan dai luong thoi gian véi hé sd 27t/Tref, quy dinh ring
d6 chénh léch pha nam trong khoang —rt dén nt (trong thuc
té, chénh léch thoi gian trong trang thai khoa pha nhé hon
nhiéu 1an so voi Trer/2). Khdi 21 thé hién sy hoi tiép cia
PLL, tirc, 15i cia chu ki ndy duoc hoi tiép lai dé diéu chinh
tin sb ra & chu ki tiép theo nham triét tiéu 16i. Ngoai ra, do
tan sb cua tin hiéu ra nhanh hon N lan so v&i tan sb tham
chiéu nén pha cua tin hiéu ra dou, that ra can duoc biéu dién
trén mién zN thong qua ham (1 —z)/(1—z™). Tuy nhién, ta
¢6 thé bo qua yeu t6 nay trong tinh todn do anh huong la
khong dang ké. Céc nguon nhidu dref, duco VA e tac dong
vao hé thong tai cac khdi khac nhau, trong d6 hai ngudn
nhidu trude 13 cc tic nhan chinh anh hudng dén dao dong
clia tan s6 ra déi véi cac PLL thong thuong trong khi:

¢dtc - Tdtc (8)

1 nhiéu luc_mg tt con lai tai ctra ra caa DTC da duge nhic
dén trong phan trén.

Dua trén mé hinh tuyén tinh nay, ta co thé tinh dugc
ham truyén dat trén mién z cua khoi LPF nhu sau

H(z) = tw@ _ B(1-z7Y)+a )

e(z) 1-z71

Co thé théy, trong ham truyén dat (9), ta c6 mot diém cuc
nam tai DC va mét diém khong. Ngoai ra, ta con c6 mot
diém cuc khac ciing nam tai DC trong khdi DCO, day chinh
1a I do ma diém khong dugc thém vao dé gitip PLL khong
roi vao trang thai bt on dinh. Dé dam bao diéu nay, tan so
cua diém khong phai rat thip, kéo theo a << B trong thuce
té. Chinh vi véy, khi phan tich sy anh hudng dén nhiéu pha
ra ciia C4c thanh phan c6 tan s6 nim ngoai dlem khong, ta
¢6 thé bo qua nhanh tich phan trong ham truyén dat.
3.2. M6 hinh trén mién s

Mic du, c4c hé thdng hoat dong trén mién thoi gian roi
rac, nhu PLL sd, chi dugc mé ta chinh xac voi bién z, trong
nhiéu truong hop, thdng qua phép xap xi, ta ciing co thé sir
dung bién s dé mo ta cac hé thong nay nhur cho cac hé thong
tuyén tinh hoat dong trén mién thoi gian lién tyc. B9 chinh
xac cla su tuyén tinh hoa cac khdi xir 1y tin hiéu sb phu
thudc vao bang thong ciia PLL. Trén quy tic thiét ké dugc
sir dung trong thyc té, bang thong cua PLL thudng phai nho
hon it nhat 1a 10 14n so véi tin sé tham chiéu [15]. Do do,
sir dung trién khai Maclaurin, ta c6

z=e"Tref =1+ sT,f

(10)
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Thay z trong (10) vao céc khoi trong Hinh 5, ta c6 duge mé
hinh tuyén tinh cua PLL s0 trén mién S nhu trong Hinh 6.

" B O,
ref e tw F ¢,,,..,
@__’ K[l(l ®_> Krlm —:—’- o
F“ ; ®J

S Tu
/b ® div I/N

1o,

Hinh 6. M6 hinh tuyén tinh trén mién s cia PLL s6

Nhu da ching minh ¢ phan trén, ning luong ctia nhiéu
luong tir tai ctra ra cia DTC duoc dich phan 16n 1én mién
tan s cao. Do vay, khi xac dinh ham truyén dat cua nhicu
nay dén nhiéu pha cta tin hiéu ra, ta ¢6 thé bé qua nhanh
tich phén trong khoi LPF. Ham truyén dat tr¢ thanh

¢out(5) KdedcoﬁFref
H(s) =
( ) batc(s) S+KdedcoﬁFref/N
Ham truyén dat(11)co 1 diém cuc, tac dung nhu mdt mach
loc thong thap. Co thé két luén rang, khi nhicu luong tir
truyén dén tin hi¢u ra, phan 16n ning lugng da bi loc di.

11)
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Hinh 7. Nhiéu pha ciia tin hiéu ra
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Hinh 8. Nhiéu pha ciia khéi DCO khi dimg riéng lé
Twong ty nhur trén, ta cling c6 thé chimg minh rang, chi
nhiing thanh phéan tan s6 thip ctia nhiéu gref ctia ngudn tham
chiéu s& xuét hién tai tin hiéu ra trong khi diéu ngugc lai
xay ra voi nhiéu gueo clia bo tao dao dong DCO. Nhimg dic
tinh ndy dugc xac minh thong qua mo phong, thé hién trong
Hinh 7. Mic dau, khong dugce dé cap chi tiét trong bai bao,
nhidu grer thue chit 13 nhidu tring, trong khi nhidu dco €O

BW Fy: 12

pll deo

dang hinh vay nhu duge minh hoa trong Hinh 8, [16], neu
nhu kh01 DCO dimg riéng 1¢, khong bi chi phbi boi co cau
hoi tiép cua PLL. NOi cach khéc, khi bang thong ciia PLL
16n hon tan s goc ma tai d6 nhidu pha ciia DCO ty 1& véi
1/(Af)® (tham khao Hinh 8) thi phan bd nhidu pha oy cta
tin hiéu ra cia PLL bi chi phdi boi nhidu tham chiéu khi
tan s thap hon bing thong va bai nhidu DCO khi tan sb
cao hon bang thong. O ddy, ta ciing dé dang suy ra dugc
bang thong cia PLL la:

KdedcoﬁFref

BW,, =
vl 27N

(12)
4. Hai va diéu kién dé khong xuit hi¢n hai

Céc phan tich ¢ trén cho thy, phan 16n nhiéu lugng tir
da duoc loc khi truyén dén tin hiéu ra nho c6 bo DSM va
ham truyén dat H(s) c6 tinh chit loc thong thap. Do vay,
nhiéu lugng tir thudng it duge dé cap mot khi da sir dung
DTC d loai bo. Tuy nhién, trong cac phan tich trén, thuc
chat, ta 3 bo qua mot yéu t6 ¢ kha ning bi chi phdi boi
nhidu luong tir, @6 chinh 1a mé hinh tuyén tinh cua khdi
BBPD. That vay, khdi BBPD, nhu di d& cap, do céu tao
1-bit ctia nd, chi co thé cho ra 2 mirc tin hiéu 1a 1 va -1, do
do6, vé ban chét, day 1a mot khéi phi tuyén. Dé c6 thé mo
hinh héa khéi BBPD nay bang mot hiang nhu cho cac khbi
tuyén tinh khac, didu kién tién quyét 1a phan bd ciia chénh
I&ch thoi gian tai ngd vao cia khdi BBPD, At, phai c6 dang
ctia phan bd Gauss [17]. Diéu nay, vé co ban, c6 thé dat
dugc d& dang néu At bi chi phdi boi nhidu tham chiéu va
nhiéu DCO. Do vy, khi thiét ké cac mach BB PLL, d¢
phan giai thoi gian, L, cua khéi DTC thuong dugc chon
rat nho dé dam bao tac dong cua nhidu luong tir Tae dén At,
1a ¢6 thé bo qua do phan b cua Tae c6 dang ciia phan bd
tam gidc nhu d3 dugc chung minh trong [12] va xac minh
bang két qua mo phong trong Hinh 9. Rat tiéc, khi d6 phan
giai nhd, cac mach DTC thudong can cac mach hiéu chinh
dé dam bao tinh tuyén tinh, do d6, Iam ting thém dién nang
tiéu thu cling nhu dién tich.

2500 T T T T T

2000

1500

S6 lan xuat hién

1000

500

-2 -1.5 -1 -0.5 0 0.5 1 1.5
T, [ps]

8}

Hinh 9. Vi du vé phdn bé gid tri ciia Tae

Gia su ring, trong truong hop d6 phan giai thoi gian
ctia khdi DTC 1a 16n, khéi BBPD mat di tinh tuyen tinh,
vay, trong phan b nang luong trén mién tan sb ctia nhiéu
pha cia tin hiéu ra sé xuat hién cac hai thap phan nhu duogc
minh hoa trong Hinh 10. Tuy vy, cc hai nay c6 thuc su
la van dé dang quan tam, diéu nay con phu thudc vao tan
s6 ma tai d6 n6 xut hién. Néu nhu hai xuit hién tai tin sb
cao, nang luong cua no, thyc ra, khi so v6i nang luong cua
tin hiéu ra tai tin s mong muédn, 1a khong dang ké. Do vy,
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ta co thé chép nhén sy xuét hién cua hai dé chon L voi
gia tri 16n nham loai bd yéu cau vé mach hiéu chinh. O day,
bai bao sé& dua ra cach xac dinh tan so6 cua hai.

-80 T T T T

X 3194000
100k Y -102.7 J

-120

-140

-160

-180

Phd ning lugng cia nhiéu pha ¢, [dBc/Hz]

200 : i L .
10° 10 10° 10° 10

Tan so léch [Hz]
Hinh 10. Vi dy vé hai thap phan khi do phan gidi thot gian ciia
khoi DTC Ion

Vé co ban, hai xuit hién trong phd ning lugng nhidu
pha cia tin hiéu ra trong hai truong hop, mét 1a khi c6 yéu
t6 ¢6 tinh tudn hoan trong mach va hai 1a khi ¢6 khéi phi
tuyén, nhu khdi BBPD, trong c4u tao ctia mach. Do ning
luong cuia hai tap trung tai mot vai tan s6, nd co thé gy ra
nhitng giao thoa v&i tin hiéu trong truyén tai khong day, va
16 rang 1a diéu nén tranh. Trong 1y thuyét cia vong khoa
pha, tan sé cia hai dugc xac dinh dya trén phﬁn thap phan
ctia s6 chia N, goi 12 Ny, va tin sé tham chiéu Fer. Cu thé,
trong vi du da dé cap, do phan thap phéan 1a N = 0,125, néu
nhur 13i lugng tir hoan toan khong duoc giai quyét, tire q(z)
duoc giit nguyén do khong c6 DTC, thi hai s& xut hién tai
tan sb 6,5 MHz va cac boi s ciia tan s6 nay. Tuy nhién, khi
DTC duogc st dung, phﬁn 16n ctia 161 lwong tir da dugc triét
tiéu, hay noi cach khac, cac bit bén trai ¢é trong s6 16n cta
q(z) da bi loai bo, chi con lai cac bit ¢ trong s6 bé bén phai.
Do d6, phan thap phan m&i N{, twong tng sé la:
Tdco(z) _
a@ T Lae
twrong tw nhu dbi v6i phép toan thao tac dich trai bit (bit
shift left). Tir (13), va dya trén Iy thuyét ciia vong khéa pha,
ta cling c6 thé suy doan duoc tan s6 cua hai luc nay s& 1a

= N/ =N 14

frai = NeFrep = T (14)
Trong (14), khi thay cac gia tri thuc té vao, néu tan sb cua
hai nam trong ving bi loc, cich xa bang thong (dugc tinh

theo cong thire (12)), thi sy xuét hién ctia hai c6 thé duoc
bo qua.

Tref
s NLgec

I W@ 13
Nf =N, 222 = (13)

Tiép dén, ta ban vé cach khao sat diéu kién cta sy xudt
hién cua hai. Nhu di dé cép, su xuét hién cua hai phu
thugc vao mdi twong quan giita chénh léch thoi gian At,
bi chi phéi boi nhidu tham chiéu va nhidu DCO, tai ngd
vao ciia BBPD VA Te. Néu hé s tuong quan giita At va
Tare nho thi BBPD ¢6 thé dugc coi 1a tuyén tinh, do do,
hai s& khong xuat hién [17]. Ngoai ra, khi gia tri cia At
dugc phan bd theo Gauss thi hé sb tu tuong quan cia At
v6i chinh n6 & cac d¢ tré khic nhau ciing sé& 1a rat nho.
Dic biét, hé s6 ty twong quan giita At(z) va At(z)z! sé trg
thanh &m néu anh huong ciia Tae 16n 1én, Ii do 12 tac dong
ctia nhiéu lugng tir & chu ki tham chiéu trude tac dong dén
bién thién ctia At trong chu ki tham chiéu sau. Dé khao sat
su bién thién cua cac hé s6 twong quan trén, ta c6 thé coi

bién 1a ty 1¢ ctia phuong sai ctia At Va Lg Vi, tir (7), do
16n cta Ty ty 16 thudn véi do phan giai L khi tan sd
tham chiéu khong d6i. Ngoai ra, d6i voi phuong sai oat
cua At, ta co thé xac dinh dya trén bao céo vira duoc xuét
ban gan day trong [18].

5. Mo phéng

Mot md hinh mé phong cho PLL Bang-Bang kiéu boi
s0 thap phan-N dugc xay dung bang ngoén ngit MATLAB,
gia sir rang vong khoa pha s& duoc sir dung nhu bo tong
hop tan s6 trong cac ing dung khong day (tan s ra roi vao
khoang 3,7 dén 4,2 GHz) [19]. C4c thong sb thiét ké dugc
dua trén cac két qua do dac cua mach thuc té [19]. Bang
thong ctia PLL c6 gia tri khoang 500 kHz.

H¢ s6 tuong quan

S6 xung tré giira AvaT, 5

Hinh 11. Hé 56 twong quan gitka At va Tdtc

Trudc tién, ta cho thay doi gia tri ciia Lay trong khi giir
nguyén nhiéu tham chiéu va nhidu DCO, céac két qua mo
phong hé sé twong quan giita At va Tae dugc tong hop
trong Hinh 11 va hé s tu twong quan cua At dugc tong
hop trong Hinh 12. B¢ tré giita cac dai lugng ciing dugc
bién thién dé khao sat c¢6 duoc két qua mot cach chinh xac
nhat. Tir két qua cua ca Hinh 11 va Hinh 12 ta thiy, khi
ty 1€ gifta oa/Laic nhd hon khoang 1,8, anh hudng cta
nhidu luong tir dén At 1a 16 nét, khéi BBPD khong con
hoan toan tuyén tinh va hai xuét hién tai phd nang luong
nhidu pha cia tin hiéu ra. Do vdy, ta c6 thé két luan rang
diéu kién dé hai khong xuét hién 1a khi d6 phan giai thoi
gian ciia khéi DTC 16n hon 1/1,8 1an phwong sai cia do
chénh Iéch thoi gian tai cira vao cia BBPD gay ra bdi
nhiéu tham chiéu va nhiéu DCO.

H¢ sb tu twong quan

S6 xung tré 5

Hinh 12. Hé 56 tir twong quan ciia At
Bang 1 so sanh tan sd ciia hai khi tinh theo cong thirc
(14) va mé phong gia st ring Lae du 16n dé hai xudt hién,
cac gia tri dugc thiét 1ap cho moé phong lan luot 1a
N =97/2'8 N =72 + N¢va Lo = 320 ps. RG rang, tinh ding
dén cua cong thirc (14) duoc xac minh.
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Bing 1. Tdn s6 cia hdi

Lac/Lo | 1.7 | 1.9 2 22 | 2.7 3 4 5

[I\/(IT-)|Z] 9,447(8,452| 8,03 | 7,3

Mo
phong
[MHZz]

5,948|5,353|4,015|3,212

9,453|8,441|8,032| 7,31 |5,951|5,361|4,008 | 3,223

6. Két ludn

Bai bio di phan tich hoat dong cua khdi DTC khi sir
dung trong PLL Bang-Bang kiéu bdi s6 thap phén, dua ra
cong thirc wdc lugng tan sb cia hai khi do phan giai thoi
gian ctia khéi DTC du 16n. Dya vao cong thic ndy, ta c6
thé dénh gia xem liéu rang anh huong ctia hai ¢ thé bo qua
dugc hay khong. Ngoai ra, cac két qua mo phong dua trén
mot mo hinh dang tin cy cho phép chiing ta biét dugc ty
1€ gitta phuong sai chénh I¢ch thoi gian tai ngd vao cua
BBPD va d6 phan giai DTC ma tai d6 hai xuat hién do sy
phi tuyén cua kh6i BBPD.

Loi cam on: Nghién ciru ndy duoc tai trg bdi Quy Phat
trién Khoa th va Cong nghé - Pai hoc Pa Nang trong dé
tai c6 ma s6 B2019-DN02-72.
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