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TOM TAT

Qud trinh sita chita, bao dudng cdc mé dun xit Iy tin hiéu s6 luén doi hoi nhiéu thiét bi do lwong
chuyén dung, thoi gian thwc hién kéo dai va phitc tap. Pé giam thiéu thoi gian, chi phi sira chita
bdo dwong ky thudt, nhém tdc gia dé xudt phwong dn thiét ké bé do tham sé xung da kénh trén
cong nghé FPGA trén co sé nguyén Iy bién doi so héa thoi gian (time-to-digital converter). Cac
b do tham s6 xung nay dang dwoc img dung trong thiét bi Phan tich kiém tra danh gid chat lwong
cac mang mach 394111104-KT.

Tir khoa: FPGA; Do tham sb xung; X Iy tin hiu s§; Phén tich kiém tra.
1. PAT VAN PE

Céc bo xir 1y tin hidu trong ra da duoc thiét ké trén cac bang mach s6 vai kién trac xir 1y cong
kénh, st dung s6 lugng, ching loai 16n cac linh kién chuyén dung [1] gdy phuc tap cho qua trinh
danh gia chét lugng va stra chita. Phuong phap thuong dung khi danh gia hoat dong va hiéu chinh
sua chira cac bo mach nay thuong 1a sir dung do thu cong [2] hodc st dung cac giai phap ty dong
[3] nhu b tao duong tré phan nhanh (tapped-delay-line) [4], duong tré Vernier [5], duong tré khoa
pha [6],.. . dé do va danh gia tin hi¢u. Tuy nhién, cdc phuong phap nay chi c6 khd nang danh gia
ddng thoi mot sd luong nho tin hiéu hodc c6 kién trac trién khai phirc tap, tiéu ton nhiéu tai nguyén.

Trong xur ly s ra da, tan sb xir Iy cac tin hi¢u thuong nho hon 30 MHz. Chinh vi vay, nhém tac
gia de xuat xdy dung mot by phat hién tham 5O xung trén cong ngh¢ FPGA tng dung nguyén ly
bién ddi s6 hod thoi gian nham giai quyét nhu cau do ddng thoi mot luong 16n cac tin hiéu s6 !
d6 chinh xac dam bao phuc vu cho dénh gi4 chit luong va sira chita cac mé dun xi 1y tin hiéu sb.
Phuong phap nay khong doi hoi phai st dung ti cac thiét bi mdy phat, may do chuyén dung khac,
giam thiéu thoi gian, chi phi sua chira va bao dudng trang thiét bi. Bo phat hién tham s6 xung dugc
thiét ké trén chip FPGA véi tan sb dao dong chu t6i da 1én t6i 450 MHz. Tan sé nay hoan toan
dam béao kha nang xir 1y phat hién cac tham s6 xung tin hiéu trong ra da.

Bai bao s€ mo ta chi tiét kién triic va cac dic diém thiét ké cua bo phat hién tham sé xung tai
muc 2. Muc 3 trinh bay két qua img dung cua giai phap trong danh gia hoat dong cta cac m6 dun
xtr 1y tin hi€u s0. Két ludn, danh gia va phuong hudng phat trién sé dugc trinh bay trong muc 4.

2. NGUYEN LY THUC HIEN

Thanh phan chinh ciia by do tham 6 tin hiéu s6 12 bo do do rong xung va bd do tan sé xung.
Nguyén ly cua tung b do s€ dugc trinh bay dudi day.

2.1. Nguyén ly do dd rong giira 2 xung

Nguyén ly do d6 rong giira 2 xung dugc thuc hién trén co sé bd bién ddi thoi gian sb hoa (time-
to-digital converter) theo md hinh cua Nutt dua ra trong [7].

Gian d6 thoi gian cia bd bién d6i s6 hoa bao gdm c6 2 phan v6i giai doan do tho va giai doan
do tinh. B9 do tho 1a by d€m don gian theo dao dong chu cua h§ thong. Cac b do tinh s& do thoi
gian chinh xac gifta suon [én cta tin hiéu START (Tfine1 — bat dau c6 xung) téi thoi di€ém co suon

Tap chi Nghién citu KH&CN qudn su, 97 (2024), 173-176 173



Théng tin khoa hoc cong nghé

1én cua clock dao dong chu, va (Trine2) gilta suon 1én cua tin hiéu STOP va suon 1én cua clock dao
dong chu ti€p theo ti€p theo. Nhu trén hinh ta c6 thé thay d6 rong xung do dugc s€ la:
t = Thiner + T — Ttine2 = N. T + Triner — Ttine2 = N. Teik @

Trong d6, N 13 s6 chu ky dém duoc, Tak 12 chu ky ctua dao dong chu.

Do chiing ta khong biét trude pha cua tin hiéu nén tin hiéu xung gbc va xung dao ciia no sé dugc
str dung lam tin hi¢u bdo hi¢u bat dau va ket thuc b dém nhu hinh 1. Nhu vy bd do d0 rong xung
hoat dong theo nguyén tac ndy c6 kha nang tinh dugc do rong xung bat ké dic tinh pha cua xung.
2.2. Nguyén ly hoat dong ciia by do tham sé xung

Qua4 trinh do d6 rong xung s€ Qu'qc thuc hién truc tiép con do tan sd xung dugc do gidn tiép
thdng qua chu ky. Nguyén ly do ve co ban ciing tuong tu nhu do d6 rong xung, chi khéc 1a ta s
dl‘,mg ghérn‘ 1 b dém khac dé do gia t’ri. Sau d6 dua téi ’hai bo dé:m tach bié:[. Mot bé dém sé bat
dau dém bang suon 1én (n1) va dung dém khi c6 suon xudng, bd dém kia s€ bat dau dém bang suon
xuong va dung dém khi c6 suon 1én ctia xung (no). Khi do, ta s€ thu dugc tan so xung f sé la:

1 1 1 )
T T, (T, @

e ik wom duon

Kung s ong
Bo dém "
o mic 1
Tin hiéu vio in hicu vio g f
_ — B0 phat hién —
) suon xung B{ cong Bo kiem tra
Xung ng —‘ —‘ Ey

—

B dém w0
mic 0
im

S
ing suom 3

Hinh 1. Gidn do thoi gian va so do cdu triic bo do tan sé xung.

Dé dam bao do chinh xéac cua cac phép do, sau mdi bo dém co cac bd kiém tra. Cac két qua do
duoc luu vao thanh ghi, so do dua tdi b so sanh. Tai day, gia tri nay dugc so sanh véi gia tri trude
do, néu bang thi b dém so gia tri diing sé tang Ién, néu khac véi gia tri do trude do thi bd dém gia
tri ding s€ giam di. Khi by dém nay vuot qua gia tri ngudng bao on dinh a cho trudce thi két qua
s€ duoc dua ra. Néu gia tri dém giam nho hon gia tri ngudng bao sai s0 do cho phép thi s€ bao
xung khong do dugc. Két qua do luu ¢ thanh ghi cling dugc dua tdi bo cong tich lliy va tinh trung
binh gia tri do cung vai sai s0 cia phép do. Cac két qua nay ciing dugc dua ra khi dat téi cac gia
tri ngudng dé€ lam co sé danh gia phép do.

2.3. Lya chon tin s6 by dém

Dé t6i wru qua trinh do va tai nguyén tinh toan, can lwa chon céac tin sd phu hop voi dai gia tri
cua do rong xung. Vi duy, khi do xung c6 d6 rong c& 1ms, sir dung xung clock gia tri 10ns s€ dat
duoc ket qua do vai gid tri sai s0 1a 0,01% va st dung thanh ghi 16 bit, dieu nay khong thuc su can
thiét. Doi voi cac hé thong do chinh xac cac sai s0 chap nhan dugc thuong roi vao khoang 1% téi
3%. Cac may hién song do chinh xac cao s€ roi vao khoang 0.1% téi 1% [8].

Dé lya chon tan sé do phu hop, tan s6 dém xung can thiét s& 1a:

1
f>— 3
e-T

Trong do: € 1a sai s6 mong mudn (%); T 1a khoang gia tri can do.

Dé tinh toan lya chon d9 rong thanh ghi s dung trong b dém chung ta can tinh gia tri by dém
can thi€t, Nmin, d€ tao ra sai so €. Thong thuong ta s€ chon gia tri toi da ctia bd dém trong khoang
2Nmin. Ttr @6 c6 thé Iya chon dugc gia tri bo nhé thanh ghi bd dém phu hop:

C> 10g2(2Nmin) (4)
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Tuy nhién, théng thuong trudce khi do chung ta s& khong biét dugc khoang gié tri do. Do d6, co
thé sir dung hai bd dém so bd voi tan s6 dém tho dé xac dinh khoang tan s6 phu hgp. Vai bo dém
so b thtr nhét, chon tan sb fe, coi gia tri dém sau bo dém so bo thir nhét 14 ncy thi gia tri tan sb cua
bo dém thir hai. Sau do, str dung gid tri xung clock fc; méi chon lam tan s6 dém thu duoc gia tri
Ne2. Lic ndy gia tri tan s6 s& dugc lya chon theo cac cong thire sau:

N . R N
f,o>—"0.f va f>—"0.f
c2 nCl cl ncz c2 (5)
Do dé:
N . -N_. N2
f Z min min . fc1 —___mn min . fCl (6)
Ne - Ney Ne - Nea
3. KET QUA UNG DUNG

Thiét ké duorc trién khai trén chip FPGA Cyclone III ciia Altera. So @ nguyén 1y chung va va
thiét bi phén tich, kiém tra danh gia chat lugng cic mang mach 39411I104-K T ng dung nguyén ly
nay duoc dua ra trén hinh 2. Thiét b 394I1I104-KT s& tao ra mot b dit liéu dau vao mau cho cac
mach churc nang. Sau do6 céc tin hiéu dugc phan hoi tir dbi tuong kiém tra s& duoc doc vao thiét bi
kiém tra. B dit liéu chuan duoc luu trong cac b nh¢ tinh cua mach tao gia va dugc lam tré di mot
khoang tho1i gian twong ing voi thoi gian xu 1y cua mach chirc nang. Hai ngudn dir lidu nay duoc
kiém tra bang cach so sanh d6 rong xung va nhip tan s6 tuong tmg. Két qua so sanh duge dua qua
b6 loc xung kim dé loc céc xung gay ra do do léch duong truyén. Hai két qua so sanh d6 rong xung
va tan sb hoat dong duoc kiém tra déng thoi, tir d6 dua ra danh gia vé chit lugng tin hiéu. Mot
trong nhitng vu diém cua FPGA 1a cho phép xtr Iy song song ddng thoi nhidu quy trinh va thuét
toan. Do d6, qua trinh nay c6 thé thuc hién dong bo dbi véi tat ca cac tin hiéu dau ra (mdi tin higu
s& sir dung mot bd do tham sb xung) va dua ra danh gia cung luc, dam bao duge mé phong dit liéu
nhu khi hoat dong trong thuc té. Tir d6, dua ra danh gia mot cach toan dién va chinh xac vé chét
luong bo mach chiic nang.

Thiét bi kiém tra
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Hinh 2. So do thuec hién do lwong kiém tra va san pham.
4. KET LUAN

Bai bao da trinh bay céu triic va cac tinh toan dé xdy dung va thiét ké bo phat hién tham s6
xung ng dung trong do luong, danh gia hoat dong cac mé6 dun xu ly tin hiéu s0. Kién truc st dung
khong phure tap, dé thyc hién va tan dung duoc uu diém ciia FPGA trong xtt 1y song song va xu ly
téc do cao. Cac tinh toan vé Iya chon tan sb, dung lugng thanh ghi cling dugc dua ra dé co the t6i
uu dugce tai nguyén sir dung trong vi mach sd. Két qua thir nghiém cho thiy bd do tham sd xung
dam bao dugc do chinh xac phép do va co kha ning thay thé cac phuong phap kiém tra do ludng
cb dién. Uu diém cua phuong phap nay 1a cho phép do luong kiém tra cing lic nhiéu tin hiéu mot
luc, thoi gian thuc hién nhanh chong, d6 chinh xac cao.
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K§ thuat nay co thé phat trién 1én dé ung dung do ludng céc tin hidu twong tw. Khi sir dung

thém cac bd ADC (bién ddi twong tu - s§) va cac bo dém xir 1y phi hop chiing ta c¢6 thé ing dung
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thuét nay dé do luong tham s cac tin hiéu twong tu.
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ABSTRACT
A solution for pulse measurement based on the time-to-digital principle using FPGA

The process of repairing and maintaining digital signal processing modules always
requires specialized measuring equipment, which takes a long and tedious time. In order to
reduce the time and cost of technical maintenance and repair, the authors proposed a design
solution for pulse parameter measurement based on FPGA technology based on the time-
to-digital converter principle. Currently, these pulse parameter meters are being applied in
the 394111104-KT, module testing and analysis device.

Keywords: FPGA,; Pulse measurement; Digital signal processing; Testing and evaluating.
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