Giai phap tai cau hinh cho b t6 hdp tan s6 cong nghé CMOS
trong thiét bi thong tin vo tuyén nhén thiic

Vii L& Ha", Tran Vi¢t Hai, Luu Thi Thu Hong, Phan Hong Minh
Vién Dién tu, Vién Khoa hoc Cong nghé Quan su, By Quéc phong

Ngay nhén bai 1.7.2015, ngay chuyén phan bién 13.7.2015, ngay nhan phan bién 17.8.2015, ngay chip nhan dang 24.8.2015

Bai bao dé xuit mot giai phap tii cAu hinh cho b to hgp tin s6 (THTS) c6 ciu tric lai giira DDS (Direct
Digital Synthesizer) véi PLL (Phase Locked Loop). Trong dé, khéi DDS dwgc thue thi trén nén FPGA
(Field Programmable Gate Array), tao tin s6 tham chiéu cho khéi PLL; khoi PLL sir dung cong nghé
CMOS, c6 kha ning tai cAu hinh dé ting téc dd diéu huong, khong can sir dung bd phat hién khéa va dwoc
diéu khién bang phan mém. Giai phap nay cho phép bd THTS hoat dong trong cac ché d9 khac nhau, tir
d6 c6 thé toi wu vé toc do diéu hwong, ning lwong tiéu thu hoic cong suit tidu thu trung binh. By PLL
dugc sir dung trong mé hinh thiét bi thong tin vo tuyén nhan thirc (Cognitive Radio - CR) thuc hién chirc

ning cdim nhin pho.

Tir khéa: cim nhin phé, DDS, diéu huwéng nhanh, PLL, tiét kigm nding lwong, vé tuyén nhén thirc.

Chi sé phén logi 1.2

A RECONFIGURATION SOLUTION
FOR CMOS FREQUENCY SYNTHESIZER
IN COGNITIVE RADIO DEVICES

Summary

This article proposes a reconfiguration
solution for CMOS frequency synthesizer
with a hybrid architecture which is a
combination of a DDS and a PLL. The DDS is
implemented in FPGA platform functioning
a referrence frequency for the PLL. The
PLL is designed using CMOS technology,
and is reconfigurable to accelerate tuning
speed. Instead of employing a hardware-
based lock detector, a software algorithm
is used to determine the switching time and
to optimize the tuning speed, consumption
energy or average power. This PLL is used
in cognitive radio for spectrum sensing
function.

Keywords: cognitive radio, DDS, energy
saving, fast tuning, PLL, spectrum sensing.

Classification number 1.2

Mo dau

CR dang 1a mot trong nhirg xu hudng phat trién day
hira hen trong linh vyc théng tin lién lac vo tuyén thong
minh thé hé mé&i. Mot trong nhitng dic diém chinh ciia CR
la kha nang thich nghi VO‘l moi truong xung quanh, noi ma
cac tham sd nhu tan s, cong suét tiéu thu, phuong thirc
diéu ché, bang thong... co thé thay dbi phu thudc vao moi
truong, tinh hudng ctia ngudi dung, didu kién mang vo
tuyén, vi tri dia ly... CR hoat dong theo mdt chu trinh khép
kin thich nghi goi 1a chu ky nhéan thirc (cognitive cycle)
[1]. Trong chu ky nhén thirc ndy, cam nhan phé (spectrum
sensing) 1a mot trong nhirng chirc nang quan trong. Trong
mot cong bd trude d6 [2], tac gia di dé xuidt mot mod hinh
bd cam nhan phd bang rong téc do nhanh cho CR. Trong
mo hinh d& xuét ‘nay, by PLL ¢6 nhiém vu tao tan sé dao
dong ngoal sai dé dua tin hiéu vo tuyen tir cao tan Ve bang
gbc & tuyén thu cam nhén phé. Téc do khoa tan sb cia bo
PLL 1a tham sb anh hudng 16n t6i thoi gian cam nhan phd
tong thé cua hé thong, dic biét dbi v6i hé thong thu dai
rong. Bén canh do, trong ngit canh CR, van dé tiét kiém
nang lugng tiéu thu tré nén rit quan trong [3]. Cac khdi
chtrc ning no6i chung hay bd PLL ndi riéng trong CR can
phai c6 kha ning tai ciu hinh tham s hoat dong dé ti uu
hoa hoat dong chung ciia CR [4]. Bai bao nay dé xuat mot
mo hinh bo PLL bac 3 kiéu bom dién tich (Charge Pump
- CP) c¢6 thé tai cau hinh, hoat dong trong 3 ché do khac
nhau: (i) khoa tan sb nhanh, (ii) tiét kiém nang luong, (iii)
gidi han cong suét tiéu thy dinh.

*Tac gia lién hé: Tel: 0983250175, Email: vulehuongha@yahoo.com

TAP CHI

HOA HOC
ONG NGHE I} Nam 4(2) 22016



Bo PLL dieu hwdong nhanh va tiét kiém nang luong

K§ thuat khoa nhanh bo t6 hop tan sb 14 rat can thiét
d6i voi cac hé thong thong tin lién lac hién dai, vi du
nhu cac hé théng di dong té bao sb, cac hé thu vo tuyén
trén xe hay cac hé thong nhay tan. K¥ thuét nay duoc
chia ra thanh 2 dang: k¥ thuat dich bang thong bd loc
vong (Loop Filter - LF) va k¥ thuét tién diéu huong
VCO, trong d6 k¥ thuat dich bang thong LF pho bién
hon. Y tudng co ban dbi v6i co ché dich bang thong
1a str dung mot bang théng LF 16n trong qua trinh diéu
huong dé ting téc do khoa, va dich bang thong LF t6i
gia tri nho hon sau khi tan sé dau ra bo PLL da dugc
khoa dé giit on dinh tan sd [5-12]. Trong cic phuong
phap nay, co ché phat hién khoa déu duoc thuc hién
bé“mg céc céu triic mach dién tu, phé bién nhét 1a mach
phat hién khoa (Lock Detector - LD). Viéc c6 thém
mot mach LD lam ting d6 phuc tap thiét ké, dong thoi
cling ting dong tiéu thy tong thé ciia bo PLL. Mot van
dé ndy sinh nira ddi voi viée st dung bd LD la van
dé phat hi¢n gia, khi bd LD phat hi¢n sai do tap am
hodc hai bac cao tao ra tir cac tin hiéu so sanh du vao.
Khi d6 viéc sir dung trang thai dau ra cta bo LD dé
diéu khién chuyén khoa s& bi sai. Mot sd bai bao da
dé cap dén van d¢ chuyén mach bang phin mém [13,
14], nhung khéng c6 tinh toan tham sb cu thé. Déi véi
viéc tinh toan thoi gian khoa dé thyc hién chuyén mach
dung thoi diém bang phan mém, hién chua c6 nhiing
cong bd chi tiét.

Nhu di phan tich vé xu huéng phat trién cia CR,
bén canh muc tiéu sir dung tai nguyén phd tan s6 mot
cach hiéu qua, vén dé tiét kiém nang luong ti€u thy cho
CR ciing rit quan trong, dic biét ddi voi nhimng thiét b
cam tay st dung pin. D6i v6i cac khdi dién tir tuong tu,
can phai c6 kha niang tai cdu hinh dé co thé hoat dong
trong hai ché d khac nhau: ché d6 hiéu ning thuc thi
cao, va ché do tiét k1em nang luong [4]. Cac phuong
phap tiép can glal quyet bai toan tiét kiém nang luorng
hién nay c6 thé phan chia thanh hai xu huéng: (i) t6i uu
tai thoi diém thiét ké bang cac giai phap thiét ké mach
hodc cong nghé ché tao IC dé giam thiéu mirc tiéu thy
nang lugng, va (ii) t6i vu trong khi h¢ théng hoat dong
bang céac thuat toan phan mém diéu khién tai ciu hinh.
Céc nghién ctru tap trung nhiéu vao bo khuéch dai cong
sudt, thuong 1a khéi tiéu thy nang lugng 16n nhit trong
thiét bi thu phat vo tuyén [15-17]. i v6i cac bd PLL,
cac nghién ctru cho bai toan tiét kiém nang lugng déu
tap trung vao van dé thiét ké chip, nhu thiét ké mach
quan Iy ngudn cho PLL [18], thiét ké bo PLL dai rong
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cong sudt tiéu thy thap [19, 20]. Cac nghién ciru v& bd
PLL c6 thé tai cdu hinh nhu da trinh bay & trén chi tap
trung giai quyét bai toan ting toc do khoa. Chua thay
c6 cac nghién ctru Vé bd PLL tai céu hinh giai quyét ca
hai muc tiéu tang tbc d6 khoa va tiét kiém nang lugng.
Pay 1a muc tiéu bo PLL dé xuat giai quyét.

Giai phap tai cau hinh cho bé THTS
DDS trong THTS cé thé tdi cdu hinh

Khi tin sb tham chleu dau vaobo PLLIaf , v6ihe
s6 chia N nguyén, thi tan s6 dau ra bo PLL kh1 dat

dugc trang thai khoala f,,, = Nf, . Cong thire nay cho

thay do phan g1a1 tan s6 dau ra chinh bang tan s6 tham
chleu S Néu tan s6 tham chiéu nay qua nho (VO’I mong
mudn de dat dugc do phan giai tan s6 dau ra tot) thi
bang thong bo loc vong cling can phai nho dan dén
thoi gian khoa tan sé kéo dai. Nguoc lai, neu f qua
16n thi khong dam bao do phan g1a1 tan sd dé co thé
diéu huong t6i toan bo cac kénh tan (neu bang thong
kénh nho). Gla sur d6i v6i bd PLL hé s6 chia phan h01
N = 4, v6i tan sb tham chiéu Sy =20 MHz, cac tan sb
dau ra /., quanh gia tri N nay co thé c6 la:

Bang 1: tan sé ra b PLL v6i hé s6 N nguyénfw 6 dinh

f.; (MHz) N f,,,(MHz)
20 1 20
20 2 40
20 3 60
20 4 80

Gia sir bang thong cua cac kénh thong tin trong dai
tan lam viéc (tr DC dén 80 MHz) 1a 5 MHz, tirc 14 s&
¢6 160 kénh, hién nhién cau trac THTS nay khong thé
ap dung duoc, vi do phan dai tan s6 du ra bé“lng 20
MHz.

Mot giai phap dé vuot qua van dé nay 1a sir dung b
DDS lam tan sb tham chiéu cho bo PLL. Bd DDS cc')
thé tao ra cac tan sé trong dai tan tir DC dén L toek
trong do f, " la tan sd xung nh1p dau vao bo DDS, VO’l
d6 phan dai tan s rit nho, bang Lo (272Y) (N la so bit
ctia thanh ghi tich lity pha). Vi du: véi mot tan sé Lo
bang 100 MHz va mét thanh ghi tich ity pha 32 bit, do
phan giai tan s6 dau ra by DDS dat dugc 14 0,023 Hz.
Dé ting d6 phan giai tan s6 cta by PLL, sao cho dau ra
dat duoc cac tan sd cach nhau 200 kHz, diéu chinh tin
sof tuong tmg v6i N. Bé giit N di nho, chon N = 2
Goi n 14 s6 thir ty kénh thong tin trong bang tan, tan sd



lam viéc cua kénh n 1a f = n*0,2 (MHz). Pé dat duoc
f. = f, can tan s tham chiéu Ly

foy = fou/ N=0,2%n/ N

V6i N = 2, glasun =201 s& co f, = 20,1 MHz.
Cau hinh lai bo DDS bang gia tri moi, se dat dwoc tan
s6 dau ra mong mudn.

Van dé thtr hai déi VO’l b6 PLL hé s6 N nguyén la
khi N thay d6i, tap 4m nén tir bo tach song pha - tan s6
(PFD Phase Frequency Detector) cling thay d01 voi
hé s6 bang 2010gZN Nhu vay, viéc gitr mot hé s6 N nho
s& 12 can thiét ¢& dam bao mirc tap 4m nén trong mach
khong qua 16n. Puong nhién khi N nho dong nghia véi
gidi han trén cua tan sb /., cing bi han ché.

V[fout_div2)

0dB-
-10dB= -~~~
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-50dB—
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v16]
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Hinh I: nhiéu nén tang lén khi hé sé chia N ting

Hinh 1 mé ta bo PLL tao ra tan sé 100 MHz bang
3 cach: (a) sir dung tan s6 tham chiéu 50 MHz va bo
chia N bang 2; (b) st dung tan s6 tham chiéu 25 MHz
va bo chia N bang 4; va (c) sir dung tan s6 tham chiéu
6,25 MHz va bo chia N bang 16, phd tin hiéu cho thy
nhiu nén trong bd PLL ting 1én khi hé s chia N ting.
Nhiu nén (tap 4m pha) trong (a) khoang -30 dB, voi
tin hiéu -12 dB, tét hon s0 voi phd trong (b) va (c). Vi
vay viée giit mot hé sb N nho va thay doi tan sé tham
chiéu s& dat duoc tan sd dau ra sach hon so véi khi st
dung mot b chia h¢ s6 N 16n.
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PLL trong t6 hop tin so cé thé tdi cdu hinh

B6 PLL duoc dé xuat dya trén nén tang bo PLL
dang bom dién tich CP kinh dién, co nhiing diém méi:
(1) b0 CP-PFD va bd loc vong dugc cAu hinh dong
trong qua trinh dwa bd PLL vé trang thai khoa tan sd;
(ii) bd PLL khong sir dung bo PD bang phan cting dé
giam nang lugng ti€u thy; (iii) thuat todn diéu khién
cac khéi chire nang c6 thé tai cau hinh (CP-FPD, LF)
dé t6i wu hoa 1 trong 3 tham s6: toc do khoa, nang
lwong tiéu thu ngudn cung cap, cong suat dinh. So do
mo6 hinh bo PLL nhu hinh 2.

Yéu chu tir CE
Ché d8 hoat déng: Tes? Puni? Emn?
! Thn sé dibu hudng

Thuit todn digu khién
Thay déi DOS. lgp, bang thang LF
CP-FPD
B6 tach Pha/Tan s& kidu bom dign tich JU
Té nn-p|an séed e LF [Ts) i
tiép. Tén sd thay a6 |~ [ cP Dan déng digu oul
i) Téch PaTinsd | —f o o yon [T L9509 1 enidn din ap

N {Fis) [
Ken)
B§ chia

Hé s N nguyén

Hinh 2: mé hinh bg PLL dé xudt, cdu hinh dgng FPD va LF

Bo PLL duoc thiét ké sir dung cong nghé CMOS.
So d6 nguyén ly co ban cua bd PLL nhu hinh 3.

Hinh 3: so dé nguyén Iy bé PLL cong nghé CMOS

V&i mé hinh nay, cac tham sb dic trung co ban cia
bo PLL bao gém [21]: hé sb khuéch dai cua bd PFD:
K,,=1.,/2x (ampe/radian), trong d6 /_, la dong

dién du ra caa bd bom dién tich (CP), dugc nap vao
cac tu dién cua bo loc vong thu dong (LF), voi C vaR,
1a cac tu dién va dién tré xac dinh diém zero vaC, la
tu dién xac dinh diém cuc cua bd LF. Tan sb tu nhlen

]CPKVCO

cua b PLL: @, =
2z NC,

(radian). Hé s6 tit dan:



r=trc [feKio  Tin 6 cét cia bo PLL:
2 7 "\ 2zNC,

@ = IepKyeoR. G
" 2N C,+C,

. Thoi gian kéo vao trang

thai khoa twong tng voi d6 1éch tan sb Aw =27Af &

dau vao bd tich song pha - tan  so:
= CAO _ATCH i), Thoi gian khoa:
ICPKVCO ICPKVCO

2 .
1,,, =— (gidy), trong d6: N 1a hé s6 chia ctia bd chia
o,

phan héi; K
bo VCO.

(radian/gidy).V 1a hé s khuéch dai cta

vco

Trong bo PLL, dién tr& R_cua bo loc vong va dong
I, khéi bom dién tich duoc diéu khién dong bo dé

dam bao: (a) hé s6 ¢ duogce giit bang hang sb dé giit on

dinh cho bd PLL. Nhu vay, phdi chon R_dé R /I, 1a

mot hang so; (b) tan s0 @, dat voi tri sO 1on trong giai

doan diéu hudéng dé ting toc d6 khoa, va giam nho
trong giai doan dat khoa dé giit 6n dinh tan s6 dau ra.
Dé phat hién thoi diém khoa trong ché do ting tdc va
chuyén vé ché do gitr on dinh, thay vi sir dung mot bo
phat hién khoa LD nhu cac mé hinh phd bién hién nay,
bd PLL duge diéu khién béng thuét toan phén mém.
Thoi gian diéu hudng dugce tinh toan va luu trong bd
nhd.

C6 thé thay, v6i mot hé sd K, co dinh, dé dat duoc
thoi gian diéu huong nhanh th1 can mot dong I 16n.
Tuy nhién, c6 hai nhuge diém khi ting dong 1) (a) tan

s6 tu nhién @, ting, dan dén bang thong bo loc vong

tang 1én, két qua 1a nhidu, tap nén va d6 mat on dinh
trong by PLL tang 1€n; (b) dong /7, tang dong nghia vi
cong suét tiéu thy cua mach tang 1én. Dbi voi mot bo
PLL khoa nhanh theo nguyén 1y dich bang thong LF,
dong 1, ¢ thé dugc dat bang mot gié tri trong dai
dong [ P min - BO PLL dé xuit hoat dong voi
muc tiéu xac dmh diém lam viéc cta dong 1. de dat
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duogc cac gia tri tdi wu trong cac ché d6 hoat dong khac
nhau: (i) hiéu ning cao: wu tién toc d6 khéa nhanh,
khong co rang budc vé nang luong tiéu thy, thoi gian
diéu huong nhanh nht c6 the, 7, . . (ii) tiét kiém
nang luong: diém lam viéc ma nang luong tiéu thy 1a
t6i thiéu trong qué trinh diéu huong, E B pLL in (111) gioi
han cong sut tiéu thy dinh: cong sudt tiéu thy trong
khi diéu huong khong vuot qua gia tri P i dat

trudce.
Pé giai quyét bai toan nay, can xac dinh mdi lién hé
cfla céc tham s T, E va P vi dong bom dién tich 7 . Goi
., la cong suat tiéu thu ttc thoi ciia mach PLL Ham

quan h¢ gilta P, vadong [, 1a P,;, = f, (ICP,...) . Véi

cAu tric bo PLL dang bom dién tich, cong suét tiéu thu
trung binh ctia b PLL bang tong cong sudt tidu thy cua
mach tao ngudn dong (P_,) va cong suét tiéu thu cua
cac mach khac (P ) Nguon dong [, dugc tao on

dinh voi dién ap nguon v, co dinh, vi Vay P, 1a mot
ham bac nhét v&i dbi s6 I op Vay:
PPLL P + B)therv a[CP + b (1)

Trong d6, a va b 1a hai hé sb cb dinh d6i voi timg
mach PLL cu thé. Viéc xé&c dinh gié tri cua hai h¢ s nay
¢6 thé duoc thuc hién bang mo phong cho tirng cau tric

mach khac nhau. Tu (1) co: I, M. Vi thoi
a

gian khéa T}ock = 27[ / a)n Vél a)n = \/[CPKVCO /(27[NCZ) )

nén moi quan h¢ gita 7, val la:
ock cp

T =27 LKoo (20NC, ) = 37°NC, [ Koo U 1y @)

Thoi gian didu huéng chuyén tan cia by PLL 1a
khoang thoi gian by PLL can thuc hi¢n dé kéo tan so6
dao dong dau ra vao dai khoa, va sau d6 thuc hién
khoa, nén: 7,

PLL tune — T, PLL pull-in T T, lock » rONg do:

pr e 1 thol gian diéu huong, T la thoi gian

kéo vao, TPLL] k.

giita cac tham sd cong suét tiéu thu tic thoi P

PLL_pull-in N
la thoi gian khoa. Ttir d6, moi lién hé

do

PLL’
léch tan s6 dau vao A@ va thoi gian diéu huong la:

Ty =4CY (IepKigo) +87°NC, Kmm &)

I

PLL_tune

=]

PLL _pull-in



Vay:

A
T PLL _tune = 47[ aCZ f + aNCZ (4)
(PPLL _b)KVCO 2KVCO (PPLL _b)

Céng thuc (4) 1a cong thire téng quat tinh toan thoi
gianT,, phu h0'p dé chuyén bo PLL tir glal doan
kéo va khoa tan s nhanh sang giai doan gilr 6n dinh
tan s sau khi khoa. Nhu vay, dé dat toi trang thai khoa
khi lam viéc & ché do khoa nhanh, nang luong tiéu thu
cua mach PLL la:

aCAfF,,
(PPLL _b)KVCO

Khi khong c6 mot rang budc nao vé van dé tiét kiém
nang lugng ti€u thu trong qué trinh lam vi¢e, b PLL
s& dit ché do diéu hué’ng tan s6 nhanh nhat c6 thé, tirc
ladat gia tri [, cao nhét c6 thé dugc. Tuy nhién, khi co
mot rang buoc vé tiét kiém ning 1u0’ng, dong [, can
phai duoc dit tai diém ma E oy 18 t6i thiéu hodc tal gia
tri P, . la ngudng tbi da dugc phép thiét 1ap. De Xac
dinh duoc diém lam Vlec t6i uru theo rang bude vé mirc

ning luong tiéu thy, can giai phuong trinh .
bat 0=yP-b, A=aCAf /K, B=4rJaNC,/(2K,,)
phuong trinh (5) dugc viét lai :

Q Q +b Ab Bb
B A+BQ (6)
Q2 + 0 Q+ +BQ

aNC,
PPLL
2K!’C0 (PPLL _b)

Ey, = PPLLTPLL_tune = 47{ (5)

E,, = 4

Dé xéc dinh diém cuc tiéu cia E, . can giai phuong
trinh (6) v6i bién Q. Bé dam bao tinh toan thdi gian
thuc nhanh, giai phap la xay dung cac duong cong voi
cac tham sb xac dinh trudc va luu trir trong bang tham
chiéu. Trong phuong trinh , tham s B 1a tham s6 dic
trung riéng ctia ciu trac mach PLL, tham sd 4 phu
thudc vao ciu tric mach PLL va dd léch tan s Af dau
vao bo PFD, vi viy cac duong cong can duoc xac dinh
trude theo céc gia tri Af” khac nhau.

Phwong phdp chon diém lam vigc va thudt todn tdi

céu hinh cho PLL
Tur cac cong thirc lién h¢ gilra dong /., va céc gia tri

thoi gian diéu hudéng T’ PLL e fus theo (3), cong suat ticu

thu trong thoi gian ting toc P

L fus theo (1), va nang
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lugng ti€u thy £ trong thoi gian tang tc theo (5),

PLL_f St
cac duong dic tinh hoat dong tong quat cho 3 tham s6
T, P, E c¢6 hinh dang nhu trong hinh 4. Ttr d6, chiing t61
d8é xuét phuong phap chon diém 1am viéc cho bd PLL
(ma ban chét 1a chon di€ém lam viéc cho dong /) nhu
sau:

I ==HH [

lE_min —® Ip_timit It fast Iep

Hinh 4: cdac dwong ddac trung theo T, P, E
Buoc 1: dat ché do hoat dong cho bd THTS, xac
dinh dong 7, to1 vu:

a. Néubo THTS hoat dong trong ché 36 diéu huong
nhanh: diém 1am viéc t6i wu 1a tai IT st vi tai diém nay,
thoi gian diéu huong dat nhanh nhat bang T,

b. Néu bo THTS hoat dong trong ché dQ tiét kiém
. vitai diém
nay nang luong tiéu thy nho nhét, bang E

nang luong: diém lam viée t6i uu 1 tai I,

¢. Néu bo THTS hoat dong trong ché do gi(’)ri han
cong suat trung binh tai P, dlem lam viéc toi vu
Ip =1, e Vi tai diém nay cong suét tiéu thu trung binh
khong vuot qua gidi han P_limit, va toc do khoa la

nhanh nhét ¢6 thé duoc.

Budc 2: chon dién tré R, twong mg voi dong 1, da
duoc x4c dinh trong budc 1, sao cho R_\//., la hang s0.

Bude 3: xac dinh khoang thoi gian diéu huong
Tt e cho bd PLL trong giai doan kéo nhanh. Khoéng
thoi gian nay duoc xac dinh tir duong dic tuyén T

trong hinh trén.

Bude 4: thuc thi thuat toan diéu khién by PLL diéu
hudéng nhanh trong thoi gian T, Lt
trang thai khoa va giit 6n dinh tan s6 dau ra. Két thic

chu trinh thuat toan.

Sau do chuyén ve



Két qua mo phong
Tao tin so tham chiéu DDS cho khoi PLL

B6 DDS dugc thiét ké bﬁng cong nghé¢ FPGA, st
dung cong cu phan mén thiét ké va moé phong System
Generator for DSP cua Xilinx.

nt =
=] =] =]

e
=]

Magnitude, dB

-40

03 03 038 039 04 04

042 043 D44 045

Frame 6 Frequency (MHz)

Hinh 5: tan s6 dau ra DDS lam tham chiéu cho PLL

Biéu d6 hinh 5 thé hién tan s6 dau ra bo DDS duoc
st dung lam tan so tham chiéu cho PLL. DDS c¢6 thé
tao ra budc tan rat nho véi do chinh xac cao. Hinh vé
mo ta 5 tdn s6 quanh tan so trung tam 400 kHz, budc
tan 27 Hz.

Hoat dong cua khéi PLL

Dé thyc hién cac tinh todn va mo phong, cac tham
50 dinh lu0’ng cua ting khoi chure nang nhu sau [22]:
tan s dau ra VCO f = 100 MHz; hé so chia: N =

VCO _out r 7
2; dién 4p ngudn cung calllp VDD = 1 V; h¢ s0 khuech
» thay

dai by VCO: K, = 1,57x10° rad/Vs; dong I

doi trong dai tir 10 pA dén 120 pA. Xay dung du’orng
cac dic tuyén cua cac tham sb T, ., PvakEcho thiét ké
trong hinh 3 thé hién nhu trong h1nh 6.

500804

t 4,506-04
~EEk
350804 \ R e e e e o ot ot il
£ \ /
& spoeas
o
El
T aseea "
z /ﬂf,.——rﬂ" —T(lcp)*1000
= —E(l
8 o0 (Icp)
£ /(\ ~Plep)
e - m\\\
100804
500605
0,008400 lcp(a]
oe0 20608 4o0e0s sp0eas speos Lpotas Lantas Laeas
Hinh 6: dac tuyen cua T, une Py B

So sanh hinh 6 va hinh 4, cac gia tri thuc té phan
anh dung so véi cac két qua tinh toan ly thuyét. Tuy
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nhién, doi véi tung cAu trac mach PLL khéc nhau can
xdy dung tap dir liéu dic trung riéng, gia tri cong suit
tiéu thu s& khong phu thudc vao tham s 4f; nhung thoi
gian diéu huong va niang luong tiéu thu tong cong thi
phu thudc vao tham sb nay. Vi vay, co sé dir licu can
xdy dung cho hai tham sé nay sé& 12 ho duong cong phu
thudc vao tham sb Af trong dai hoat dong ciia bd PLL.
ViT,  vakE coquanhé tuyen tinh v6i 4f nén cac gia
tri ung v6i cac Af khong nam trong co sé dit lidu c6 thé
duoc tinh toan tir cac dudng dic tuyén 1an can.

——DeftaF=1MHz
——DeltaF=10MHz
~+DeltaF=20MHz
~o-DeltaF<30Mhz
DeltaF=40MHz
——DeltaF-50MHz
DeltaF=50MHz
DeltaF=70MHz
DeltaF=B0MHz
DeftaF =
——DeltaF=100MHz

Théi gian diéu hirémg

S SSuatd

250805 10805 5poe0s 805 100604 1200
lep(A)

Hinh 7: T

PLL_tune voi do léch tan khdac nhau

Biéu d6 hinh 7 mo ta dic tuyén thoi gian diéu
huong 7, ,  theo dong » VO cac gla tri Aftr 1 dén
100 MHz. C thé thay su khac biét 16n vé thoi gian nay
khi str dung dong »1ho Vi cac Af khac nhau. Tai 7,

bang 20 pA can 0 22 us dé kéo Af bang 1 MHz, nhung
can t6i 0,64 ps dé kéo Af bang 100 MHz. Khi str dung
dong I, 16n, sy khac bi€t nay giam xudng. Bé kéo Af
trong da1 tir 1 ¢én 100 MHz, T , thay d6i trong dai

, PLL tun
tr 0,08 dén 0,15 ps.

—— DeltaF=1MHz
—e—DeltaF=10MHz
—+-DeltaF =20MHz
—e—DeltaF=30Mhz

DeltaF=40MHz
| —— DeltaF=50MHz
DeltaF=60MHz
DeltaF=70MHz

lep(A)

Hinh 8: E,,, trong thoi gian diéu huwong

Biéu d6 h‘inh 8 mo ta nang luong ti€u thy £ pyy, trong
thoi gian diéu hudng Gng véi cac Af tr 1 dén 100
MHz. C6 thé thay, ning lwong tiéu thu tdi thiéu dbi véi
cac Af khac nhau xay ra tai cac gia tri /., khac nhau.

Vé6i Af bang 1 MHz, E, datE, ftai ICP e bang
30 uA; voi Af bang 10 MHz, EPLL nho nhit tai Lew o



béng 36 pA; tuong tu / cp 20w bang 42 pA, Lep tooum
béang 88 pA. Cac gla tri nay s€ duogc luu trong co s dir
liéu dé xac dinh diém 1am viéc tdi wu vé nang luong

ti€u thu cho bo PLL.

0,00E+00 2,00E-05 4,00E-05 6,00E-05 8,00E-05 1,00E-04 1,20E-04 1,40E-04

2,00E-06 }
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"‘x&%

g T an g A
2,00E-07 Dong bom dien tich I(,P (Ampe)

Hinh 9: so sanh thoi gian diéu huéng Iy thuyét va mé phong

So sanh két qua mo phong thoi gian khéa tong cong
v6i tinh toan 1y thuyét nhu hinh 9. Két qua mo phong
cho thiy c6 su sai khac nho giira thoi gian khoa tinh
toan ly thuyét va thoi gian khoa mé phong khi dong L.,
thay doi. Diéu nay c6 thé giai thich duoc vi mé hinh
tinh toan bd PLL bac 3 duoc xdy dung gan ding tir md
hinh by PLL bac 2.

Trén co so duong dic tuyén tir hinh 9, thuat toan
diéu khién s& xac dinh dugc thoi gian chuyén tdi wu
khi chuyén tir giai doan diéu hudng sang giai doan gii
6n dinh. Viéc chon lya duoc ding thoi diém chuyén
mach 14 rat quan trong, anh huéng truc tiép dén thoi
gian khoa téng cong.

Mo phong thoi diém chuyén mach trong giai doan
diéu huong nhanh:

Thoi gian
T4 0s o5 o7 oo o3 10 7

Hinh 10: (a) chuyén mach qud cham (b) chuyén mach qué nhanh

So sanh thoi gian khoa khi céc thoi diém chuyén
mach khac nhau. Hinh 10 m6 phéng phan Ung cua
mach khi: (a) chuyén mach qua tré tai 5,6 us, va (b)
chuyén mach qua som tai 0,13 ps. Khi chuyén mach
qua tré, giai doan diéu huong dat duoc trang thai khoa
tai 0,3 ps. Tuy nhién, vi chua chuyén sang trang thai
gilt, mach c6 xu hudng mét on dinh, dén thoi diém 5,6
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us, mach chuyén sang trang thai khoa cham, kéo tan so
dau ra vé trang thai khoa, va dat dugc trang thai khoa
tai thoi diém 0,7 ps.

Khi chuyén mach qua sém, mach khéa nhanh chua
dua tan so6 dau ra vé trang thai khoa nhung da chuyén
sang mach gitr, tan so dugc khoa tai thoi diém 0,6 ps.

Hinh 11 m6 phong phan tmg cta mach khi chuyén
mach ding thoi diém tai 0,29 us, khi mach khoa nhanh
vira dua tan s vé trang thai khoa, chuyén sang mach
giit dé gitr on dinh tan sd. Thoi gian khoa 13 nho nht,
bang 0,35 ps.
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Hinh 11: chuyén mach ding thoi diém

Két luan

Bai bao da dé xuat mot giai phap tai cau hinh cho
bo THTS ¢6 cau trac lai DDS - PLL cho CR. By PLL
hoat dong vdi muc tiéu dat dugc diém lam viéc tdi wu
trong cac ché do hoat dong khac nhau: (i) hiéu ning
cao; (ii) tiét kiém nang lugng; (iii) gidi han cong suat.
Céc duong dic tuyén tong quat cho cac tham sb thoi
gian diéu huong tan sb, cong suét tidu thu trung binh
va nang lugng tiéu thu trong khi diéu huong cua bo
PLL da dugc xay dung va phuong phap chon diém lam
viéc cho bo PLL trong cac ché d6 hoat dong khac nhau
da duoc dé xuat. B PLL c6 thé tai cau hinh, dugc diéu
khién bang thuat toan phan mém. Thoi diém chuyén
trang thai khoa tan s dugc tinh toan bang phin mém
thay vi sit dung mot bg phat hién khoa bz"mg mach phén
cung nhu cac by PLL khoa nhanh khac, 1am giam mirc
tiéu thu nang luong cua bd PLL nhung van dam bao
dat dugc thoi gian khoa nhanh. Bo DDS dugc st dung
lam tan s6 tham chiéu cho bd PLL, cho phép bo PLL
sit dung bo chia phan hdi c¢6 hé sé N nho, 1am giam
nén tap va dat dugc do phan giai tan s6 dau ra nho,
vuot qua nhuge diém gidi han d6 phan giai bang tan
s6 tham chiéu trong cac bd PLL str dung tan s6 tham
chiéu ¢ dinh.
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