TNU Journal of Science and Technology 226(16): 252 - 259

DESIGN PULSE GENERATOR, FREQUENCY DIVIDER
BASED ON FPGA AND VHDL

Nguyen Thanh Tung”, Pham Van Ngoc
TNU - University of Information and Communication Technology

ARTICLE INFO

ABSTRACT

Received: 24/9/2021
Revised: 29/11/2021
Published: 30/11/2021

KEYWORDS

FPGA

VHDL

Pulse generator
Frequency division
Wave generator

Pulse generator is a measuring device widely used in many industries
such as education, satellite television, manufacturing, repair and
maintenance in the fields of electricity, electronics, and
telecommunications. Function generators that are limited by hardware
and scale will not be able to respond to diverse signals in waveforms
and resolutions in measurement, survey, analysis, testing and
verification. The article presents the results of the research and
application process of FPGA and VHDL to create a number of
flexible, reconfigurable pulse generators when upgrading, tuning, and
programmable. to create microchips without using additional
peripherals and electronic components. The results of the article
contribute solutions to the application of technology in life, and at the
same time can be used as a knowledge base and reference material in
learning, research and teaching in the field of information technology.
news and communication.
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May phat xung la thiét bi do dwoc sir dung rong ri trong nhiéu nganh
nhu gido duc, truyén hinh vé tinh, san xuét, sira chita va bao dudng
thuoc linh vuc dién, dién tir, vién thdng. Cac bo tao ham bi gisi han
boi phan cimg va thang do s& khdng dap tmg duoc tin hiéu da dang
vé dang song, do phan giai trong cong tac do luong, khao sat, phan
tich, thir nghiém va kiém dinh. Bai bao dua ra két qua cua qué trinh
nghién cuau, trién khai tng dung cia FPGA va VHDL vao viéc tao ra
mot sb bo phat xung linh dong, c6 kha ning tai cau hinh khi cin nang
cap, hiéu chinh, c6 thé lap trinh dé tao ra vi mach ma khong can sir
dung thém cac ngoai vi, linh kién dién tir. Két qua cua bai bao dong
gop giai phap tng dung cong nghé vao cudc séng, dong thoi ¢ thé
duogc st dung 1am nén tang kién thuc, tai liéu tham khao trong hoc
tap, nghién cau, giang day thudc linh vuc cong nghé théng tin va
truyén thong.
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1. Gi6i thiéu

May phét xung hay con goi la may tao séng do lwdng 1a bo nguon tao ra cac tin hiéu chuan vé
bién d6, tan sb va dang song trong thir nghiém hoic do luong thuc té. Méay phét xung la cong cu
déc lyc dugc sir dung rong réi trong nhiéu nganh nhu gido duc, truyén hinh vé tinh, san xuét, sira
chita va bao dudng thudc linh vuc dién, dién tir, vién thong. O giang duong, mdy phat xung cling
c6 vai tro quan trong, dung dé kiém tra cac thong sé ky thuat dién tir dé ting tinh khach quan,
thyuc té va dé hiéu cho hoc sinh, sinh vién [1].

Trén thi truong hién nay, c6 nhiéu thiét bi phat xung da dang vé kiéu dang, tinh ning, co thé
ké dén nhu DDS Koolertron 60MHz, HanTek DSO4072C, Koolertron DDS, Rigol DG1022Z,
Siglent SDG2042X, Waveform Generator Fluke 290 series 294-U 115V, TTi TGA12104, v.v.
Pic diém chung cua cac bo tao song do lwdng nay 1a déu tao ra tin hiéu chuan vé cac dang séng
phd bién I1a vudng, tam giéc, sine, ring cua, v.v. Tuy nhién, do la méay chuyén dung nén gla thanh
kha cao, dugc san XUit tir cac nudc co nen cong nghiép, phét trién, kich thuéc cong kénh nén
thuong dé cb dinh, khong thuan loi khi can di chuyén, dong thoi cac bo phat xung ludn bi gisi
han bai phan cuang qua cac thong sb ky thuat ghi trén thiét bi [2]. Diéu nay s& gap trg ngai trong
truong hop khi can sir dung cac ngudn tin hiéu nam _trong vung khong duoc maéy hd trg dé lap
dat, khao nghiém nhu dang séng, thang do, goc pha, tan s, chu ky, bién do, v.v. Bén canh do, lap
trinh vién khong thé can thiép dugc vao hé thong dleu khién cua cac san phiam thwong mai de
hiéu chinh, stra dbi, nang cap, v.v qua cach tiép can vé& phan mém, ma chuong trinh, bai cac yéu
t6 vé ban quyén, hoic dang déng gbi bao mat.

Dé cd thé tao ra cac bd phét xung, chia tin mang tinh mém hon, linh déng hon phuc vu cho
cong tac do luong, khao sat, phan tich, thir nghiém, kiém dinh, v.v d3 c6 mét sé nghién ctau vé
hudng nay nhu bd tao séng tam giac va séng vudng véi tan sb, bién do cé thé diéu khién doc lap
ung dung cho may phéat dang song rang cua [3] — [6], b6 tao tin hiéu séng hinh sine, vubng va
tam giac dua trén 15i vi diéu khién MSP430 [7], may tao dao dong hinh sine c6 thé cung cép hai
s6ng sine vai do léch pha 90° sir dung mot dién tre, hai tu dién ndi dét, hai phan tir tich cuc, bo
khuéch dai chénh léch dién &p sai léch (VDDDA) 14 hai IC thwong mai [8], [9], hé thdng tao song
tly bién dua trén bus VXI, c6 thé tao ra soéng sine chit luong cao, séng vudng, song tam giac,
song ham d6 dbc, song ham do doc am, co thé diéu ché bién do, diéu tan, diéu ché cum, tan sb
quét [10], thiét bi tao s6ng tam giac, vudng dai tan kép cong suat thap (WFG) c6 thé diéu chinh
duoc voi dau ra 16 kénh duoc ché tao bang quy trinh CMOS 8RF-DM 130-nm cua Global
Foundries, 16i WFG (dai 1) c6 thé duoc diéu chinh trong khoang 6,44+1003 KHz va tan s thap
hon (dai II) trong doan 0,1 Hz+502 KHz [11]-[13]. Tuy nhién, c4c cong trinh dugc trién khai tur
cac hé thong phan cung chuyén dung, chi phi cao, can phdi hop st dung nhiéu linh kién dién tu,
chip diéu khién va chuong trinh phan mém tir nhiéu nha cung cap khac nhau. T day, dat ra mot
huéng nghién cau ve cach tao ra mot bo ngudn phét song tuy chinh, nho gon, dong b6 vé phan
ctrng, phan mém, ngon ngit thiét ké, co kha nang tai cau hinh, c6 thé lap trinh dé tao ra vi mach
ma khong nhat thiét can st dung thém cac ngoai vi, linh kién dién tir, 1C sb, v.v. Cing cong cu
phan mém mé phong truc quan cho phép kiém thir thiét ké truée khi di vao trién khai san XUat,
gilip toi wu thoi gian thanh pham, tiét kiém chi phi va thuan loi cho qué trinh dong bo hod di ligu.

Field-programmable gate array (FPGA) cho phép tich hop sb lugng 16n cac phan tir ban dan
vao 1 vi mach, dung cau trdc mang phan tir logic ma nguoi ding c6 thé téi 1ap trinh dugc, khdng
phu thudc vao day chuyén san xuat phuc tap cua nha may ban dan. Tinh linh d6ng cao trong qué
trinh thiét ke cho phép FPGA giai quyét lop nhing bai toan phirc tap ma trudc kia chi thyc hién
nho phan mém may tinh, ngoai ra nho mét do cong logic 16n FPGA dugc tng dung cho nhitng
bai toan doi hoi khdi lwong tinh toan 16n va ding trong cac hé thong 1am viéc theo thoi gian thuc.
Thiét ké, lap trinh cho FPGA dugc thuc hién chu yéu bang cac ngdn ngir mo ta phan cimng HDL
nhu VHDL, Verilog, AHDL, v.v. Céc hdng san xuat FPGA 16n nhu Xilinx, Altera thuong cung
cap cac goi phan mém va thiét bi phu tro cho qua trinh thiét ké, ciing c6 mot s cac hang thi ba
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cung cap cac goi phan mém kiéu nay nhu Synopsys, Synplify, v.v. Cac gbi phan mém nay c6 kha
nang thyc hién tat ca cac budc cua toan bo quy trinh thiét ké 1C chuan voi dau vao 1a ma thiét ké
trén HDL (ma RTL) [14].

Xuét phat tir nhitng phén tich trén, nhom tac gia dé xuat trién khai FPGA dé tong hop s truc
tiép DDS (Direct Digital Synthesis) sur dung ma VHDL, nham tao ra bét ky dang song nao vai
bién d9, tan s, goc pha tuy bién tir mot xung nhip CLOCK tham chiéu. DDS ¢6 nhiéu loi thé
trong viéc cai thi¢n nhidu pha va c6 kha ning diéu khién chinh xac pha dau ra qua cac qué trinh
chuyén ddi tan sb.

Trong Hinh 1 thé hién hoat dong cua ba khéi chirc ning chinh cua du éan la: Nguon xung nhip
CLOCK, FPGA va bo DAC. Pau ra caa FPGA s& la dit liéu sé cap cho B chuyén doi s6 sang
tuong tr DAC (Digital Analog Converter), dé tao ra tin hiéu da ning, linh hoat. DAC va FPGA
str dung mot ngudn xung nhip CLOCK duy nhét. Vi st dung FPGA lam phan ciing, nén trong
tuong lai c6 thé d& dang stra chita hoic nang cip b tao tin hiéu bang cach thay di thiét ké phan
mém. Khéng can thém chi phi dé dau tu thém bo tao song do ludng méi.

FPGA
DDS

Digital data

|
[ Clock Source J

Hinh 1. So do hoat déng cua cac khoi chire nang tao cac bg phat song, chia tan
2. Thiét ké bd tao ngudn phat xung cic dang séng

Nhém tac gia sir dung ma VHDL dé tong hop nham tao ra céc dang song co ban khac nhau
nhu séng vudng, song tam giac, song rang cua, song sine, dong thoi co thé tao ra cac song két
hop tur cac song chuan nay, hay nguon phat véi song c6 dang bat ky. Nhu trong Hinh 2, chung t6i
str dung cac khéi logic riéng biét dé tao tirng dang song va mot bo chon tin hi¢u (twong tw nhu bo
ghép kénh) duoc sir dung dé chon dang song dau ra can thiét.
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Hinh 2. So do tao céc dang séng cua cac khoi logic va chon kénh

Viéc trién khai DDS duoc chia thanh hai phan riéng biét nhu Hinh 3, mot bo tao pha thoi gian
roi rac (b6 tich lily) - Phase Generator (The Accumulator) Xuat ra gia tri pha ACC va mot bo
chuyén doi pha thanh séng - Phase to Waveform Converter dé xuat ra tin hiégu DDS mong muén.
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Phase ACC Phase to
Fo—» Generator »> Waveform » Qurput
(Accumulator) Converter

Hinh 3. Quy trinh DDS co ban

Phase Generator (The Accumulator): Bé tich lity pha hoat dong twong tw nhu bo dém duoc dat
lai dinh ky sau n xung nhip CLOCK, ¢ day str dung n = 512. Do d6 chu ky cia mdi dang séng s&
bang n xung dong hd. Pau vao cho Phase Generator la xung 1 bit va gia tri n tvong ng la 8 bit,
Dau ra The Accumulator 1a b dém 16 bit. Néu tang gia tri n, tan sb song tao ra co thé giam
xudng. Bo tich lily pha nay 1a chung cho tat ca céc khoi.

Phase to Waveform Converter: By chuyén doi pha sang dang séng s& bién doi gia tri pha (sé
dém) thanh bién do dang song. bay ciing duoc goi la bo Chuyen ddi pha sang bién d6. Khéi nay
s& khac nhau ddi véi mdi song. Dau vao cho bo chuyén ddi dang séng sang pha l1a bo dém 16 bit
vagiatrin. Va dau ra 1a d6 16n bién do ¢ wave_out’ 8 bit.

Gia tri cua bo tao tin hiéu DDS [15], [16]:

- D6 phan giai diéu chinh c6 thé duoc thuc hién nho tuy ¥ dé dap wng hau hét moi dic diém
cua ky thuat thiét ké.

- C6 thé kiém soat pha va tan sb cua dang séng trong mét chu ky mau.

- Viéc trién khai DDS ludn 6n dinh, ngay ca véi céac tir diéu khién cd do dai hiru han, khong
can diéu khién d6 loi ty dong.

- Tinh lién tuc caa pha duoc duy tri bat cir khi ndo tin s duogc thay doi.

- DDS trong FPGA tiéu thy rat it dién ning so voi bo tao tin hiéu thong thuong.

Céc dang song duoc thiét ké nhu sau:

- S6ng vuong: Bién d¢ cua song cao (logic 1) va song thap (logic 0) twong tng véi n/2 chu ky.

- Song rang cwa: Bién d6 duoc ting 1én tdi da cho n miu va sau do6 dit lai & mac thap. Toc do
tang ty 1€ nghich véi gia tri n.

- Song hinh tam gic: Bién do phai ting 1én toi da dén n/2 chu ky dau va sau n/2 chu ky, gia tri
lai phai giam dan dén logic thap.

- S6ng hinh sine: Viéc tao ra song sine la phan quan trong nhat trong viéc tao ra mét b6 tao tin
hiéu DDS. C6 nhiéu phuwong phéap c6 sin dé tao ra song sine, nhu: Xap xi chudi Taylor va Tra
ctu bang logic - Table lookup.

Trong phuong phap xap xi chudi Taylor thi chudi Taylor caa ham sine la:

sin (x) =x - ()31 + (x°)/5! - (x")/7! +. (1)

Véi x tinh bang radian, 1a mot gia tri dong, loai tiép can nay co the duoc thuc hién bang phan
cang. Mot nhuoc diém ciia phuong phap nay 1a chi phi thuc hién cao.

O phuong phép tra bang logic - Table lookup, can tao tat ca cac gia tri sine cho n mau va luu
trir trong mot b nhé. Cach trién khai nay tao ra rat it 18i so véi cac phuong phap khéac va viéc
thuc hién bang phan cing ciing don gian hon. Nhom tac gia lya chon phuong an nay dé thuc
nghiém nghién ctu.

Yéu cau bo nhd: Sir dung n = 512, nén can lwu trix 512/4 = 128 gid tri song sine mau. Ta chi
can luu trit c&c gia tri tir 0 dén 7/2, con cac dir liéu khac duoc tao ra boi tinh chat ddi xang caa
séng sine. Vi cac gié tri trung gian, ching ta c6 thé ndi suy giita hai mau. Sé bit duoc sir dung
dé luu trir cac gia tri mau 12 8 bit. Vi vay bd nhé can 8x128 bit = 1024 bit = 128 byte.

Dua vao cac yéu té dau vao (gia tri mau n), dau ra cho cac thiét ké (cac dang song), cing voi
phuong an dé trién khai thuc nghiém (St dung Table lookup, DDS trong FPGA), tién hanh viét
ma& VHDL [17], ta thu duoc cac két qua 1a bo phét cac dang song nhu sau: Song vudng (Hinh 4a);
song rang cua (Hinh 4b); song tam giac (Hinh 5a); song hinh sine (Hinh 5b); song vudng két hop
V6i song riang cua (Hinh 6a); song vudng két hop véi song sine (Hinh 6b); song vudng két hop
véi song tam giac (Hinh 7a); séng mot chiéu DC (Hinh 7h); bg tao dong thoi 4 séng: séng vudng,
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song rdng cua, séng tam gidc va song sine (Hinh 8a); B6 tao ddng thoi céc song: Song sine, song
vudng ket hop véi séng rang cua, song sine ket hop vei song vudng, song vuong ket hop Vi
song tam giac va song 1 chiéu DC (Hinh 8b); B tao séng bat ky (Hinh 9).

TUUL [
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Hinh 4. B¢ phat (a): séng vudng, (b): séng rang cua

00
’\ , ; ;"’i :,»i \\ i"i' \ J;j \ \ f; / \ fj; \
\ ] ' .-’/ / l \ ;’jf \‘ / / \\ i':: \‘ / /
4 ,/"' « 7 / \ / \\ / \ / \ /

TRIANGULAR WAVE SINE WAVE

(@) (b)
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Hinh 6. B phat (a): séng vudng két hop song rang cura, (b): séng vudng két hop véi séng sine
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Hinh 7. B¢ phét (a): séng vudng két hop séng tam giac, (b): séng mét chiéu DC
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Hinh 8. Bé phdt (a): dong thoi séng vudng, séng rang cuea, séng tam gidc va song sine, (b) dong thoi song
sine, song vudng két hop Véi séng rdng cua, song sine két hop véi song vudng, séng vudng két hop véi
s6ng tam gi&c va soéng 1 chiéu DC

Hinh 9. B¢ phéat xung bat ky
3. Thiét ké b chia tan

M6 ta thiét ké: Mot tin hiéu ddng hd CLOCK c6 tan sé 10 Hz mudn tao ra c&c xung tin hiéu
c6 tan s6 1 Hz thi ta sir dung mach chia 10 hay con goi la mach dém mod-10, xung tao ra c6 do
day 50% (Con goi la hé sé cong tac 50%; Xung thap = Xung cao = 1/2 Chu ky). Trong pham vi
trién khai thuc nghiém nghién ciu, nhom tac gia xét riéng cho trudng hop xung vuéng, cac séng
khac qua trinh dugc thyuc hién tuong tu.

1 2 3 4 5 6 7 8 9 10 11

Sipipipiptpipiptpipipip!
n SN S e S e B B e N

d1hz_next 5 3 o 0 | | ] 00

D> ckht Q 0 0 0

ckht 0 1o

@ 80% : 20%
Mt chu ky dém 10 xung
1Hz 50% 50% |
(@) (b)

Hinh 10. B chia tan xung vuéng (a): so do khoi, (b): két qua cua bg chia tan mod-10
Tién hanh viét méd VHDL cho thiét ké véi 3 phan nhu trong so d6 khéi Hinh 10a nhu sau:
+ Phan mach tuan tu: Khi c6 xung ckht thi gia tri d1hz_reg duoc cap nhét gia tri ke d1lhz_next.
_+ Phan mach t6 hop tao trang thai ke: So sanh gia tri d1hz_reg neu bang N thi gan gia tri bat
dau lai 1a 1 dé bat dau lai 1 chu ky mai, néu chua bang N thi gia tri ké d1hz_next bang gi tri hién
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tai d1hz_reg cong thém 1. Ca 2 phan nay chinh Ia mach dém xung mod-N va dém xung ckht. Gia
tri N bang tan s6 xung clock ckht caa KIT FPGA. Néu tan s6 xung clock cia KIT FPGA la 50
MHz thi mdi chu ky xung clock 1a 20 ns. Khi d6 mach dém s& dém xung 20 ns nay va gia tri ¢ém
cua mach la N = 50000000. Chu ky cua mach dém 13 20ns*50000000 = 1000000000 ns = 1s.
Néu tan sé xung clock cua KIT FPGA 1a 100 MHz thi mdi chu ky xung clock 1a 10 ns. Khi dé
mach dém s& dém xung 10 ns nay va gia tri dém ctia mach la N=100000000. Chu ky cua mach
dém 1a 10ns*100000000 = 1000000000ns = 1s. Trong chuong trinh st dung hing s N de de
dang thay d6i theo dting tan sb cua KIT, N dugce gan 1a 100000000 1a do KIT dang dung c6 tan sb
la 100 MHz. Néu KIT dang dung c6 tan sé khac 12 50 MHz thi hiéu chinh lai cho dung bang
50000000.

+ Phan thir 3 1a xir ly tin hiéu ngd ra: Ng ra cklhz 1én muc 1 khi gi tri ¢&ém cia mach dém
mod-N nho hon nira chu ky N/2 va xuéng mic 0 khi gia tri dém 1on hon nira chu ky N/2, mach
ctr thé 13p lai nén ta dwoc xung 1 Hz.

Sau khi bién dich md VHDL ta thu duoc két qua cia bo chia tin mod-10 nhu Hinh 10b, véi
mach chia nay thi tan sé ngd ra Q3 1a 1 Hz nhung xung khong d6i xirng ma theo ty 1& 1a 80% va
20%. Néu hé thdng yéu cau tin hiéu c6 hé s6 chu ky 1a 50% thi ta khong thé dung tin hiéu Q3
dugc, khi d6 ta phai thém mach dé tao ra tin hiéu c6 hé sb chu ky 50%, d6 1a mach so sanh: lay
gia tri cia mach dém mod-10 so sanh v&i hing s6 1a 5: néu nho hon 5 (tir 0 dén 4) thi tin hiéu ra
bang 1, I6n hon 5 (tir 5 dén 9) thi tin hiéu ra bang 0, hoic dao lai. Do d6 néu tin hiéu c6 tan sé la
N, mudn chia va tao ra tin hiéu c6 tan sb 1a 1 Hz vai hé s6 chu ky 1a 50% thi ta dung mach dém
mod-n dé dém xung cé tan s n. Lay két qua cuia mach dém mod-n dem so sanh vé6i hang sé n/2:
néu nhé hon n/2 thi tin hiéu xung 1 Hz bang 1, nguoc lai tin hiéu xung 1 Hz bing 0.

4. Két luan va danh gia

Dé tao ra cac bo phat xung véi cac dang séng, véi tan sé (chu ky), bién do va pha khac nhau,
nhom tac gia da ap dung mot phuong phap bang tra ciu logic Table lookup trén nén tang phan
cang FPGA va ngon ngir 13p trinh VHDL. Mac du s& can st dung mét it bo nhé, nhung né 1a mot
phuong phdp hi¢u qua dé tao ra ngudn phat xung. Ddng thoi khong chi co thé tao ra cac tin hiéu
tiéu chuan ma con cé thé dat duoc cac dang song, loai diéu ché va tron tin hiéu bang cach sir
dung DDS trong FGPA nhu trong Muc 2, loai tao dang song tly bién nay c6 thé bi gii han khi
thyc hién bai cac bo tao ham hay may phat thuwong mai thong thuong. Trudc Khi gui cac gia tri
dén DAC, ta c6 thé xir ly ki thuat s6, mang lai sy linh hoat va sticc manh cho céc thiét ké dua trén
FPGA cua b¢ tao tin hi¢u. Bién do cua dang song dau ra dugc thuc hién boi b khuéch dai va
duoc diéu chinh bang chiét 4 ap. Khi duoc trién khai bang DDS cung véi cac ky thuat xu ly, ching
ta c6 thé diéu ché, ma hoa, bat ky tin hiéu. Hon nita, n6 ciing c¢6 thé giao tlep véi may tinh, cho
phép nguoi ding xem hoic truy cap cac dang séng do FPGA tao ra. Thiét ké FPGA nay c6 thé
duoc trién khai cho cac ASIC c6 chat lugng tin hiéu, nhidu pha, nhiéu thiét bi rat thap, tiéu thu
niang lugng thap, kich thudc nho gon khi sir dung 1 board mach tich hop. Pdng thoi c6 thé bam
xung, chia tan véi chu ky (thoi gian) khac nhau nhw Myc 3 bing céch thay doi xung clock ckht
cua KIT FPGA (N) hoac diéu chinh gia tri can chia (n), giup tang d6 phan gidi (chinh xac) cho
cac phép do yéu cau do chinh xac cao, ma cac san pham thuong mai s& gap phai gisi han trén
thang do.

Két qua cua nghién ciu c6 thé duoc st dung lam tai liéu nén tang cho cac nganh, chuyén
nganh lién quan dén linh vyc dién, dién tu, tin hoc, tw dong hoa va h¢ thong nhing. Cung véi san
pham la cac bo ma ngmn s€ gilp cho cac ky su thiét ké, nghién cau vién khi mudn tao ra cac
nguon phat mong muon, chi Can goi cac chuong trinh con véi cac thong s6 la dang song, chu ky,
bién do (ddng nghia vai tan s6, pha s& thay ddi) dé cd thé thu duoc cac bo phat xung véi gia tri
tuy bién hoac thich nghi. Tir d6 s& co duoc b kiém dinh, phan tich, du doan va canh bao 15i
trong qua trinh do ludng céc hé thdng.
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Loi cam on

Két qua nghién ciru ndy la san pham ciia dé tai nghién ctiu khoa hoc cap co s ¢6 mé s6 T2021-
07-06, dugc tai trg boi kinh phi cua Truong Pai hoc Cong nghé Thong tin va Truyén thong.
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