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Tém tit. Bai bdo trinh bay mot s6 két qua thuc nghiém trong ché tao bo phat ciia radar xung. Kit
phat trién vi diéu khién PIC16F877A phat ra ma Barker 13 bit va mot s6 ma da dang khac thuong
duogc st dung trong cic h¢ théng radar. B§ dao dong ndi dugc thiét ké trong pham vi dai tan tir
800MHz dén 900MHz boi bo t6 hop tan s6 LM2316 va mach VCO. Tan s6 ctia bo dao dong c6 thé
dé dang thay ddi voi su két hop cua PIC16F877A. Bo khuéch dai cong sudt cao tin dugc ché tao
c6 cong sudt xung 161 ra 90W sir dung cong nghé mach dai cho phdi hop tré khang 16i vao va 16i ra

cua transistor cao tan.

Twr khoa: Ma Barker, nén xung, dao dong noi, khuéch dai cong sut cao tn, mach dai.

1. Giéi thigu

Nén xung la ki thuat dugc st dung dé c6
duoc cong sudt trung binh cua tin hiéu phat
trong khi van ddm bao dugc do phan gidi cao
cho hé théng dinh vi vd tuyén. Nén xung dugc
thue hién béng cac bo loc phéi hop hodc ding
cdc ham tuong quan. Trong s6 cdc dang séng su
dung trong ki thuat nén xung, cic ma Barker c6
cdc ham tu tuong quan rat thich hop cho céc ki
thuat radar xung.

Bai todn lién quan dén ki thuét radar c6 rat
nhiéu phén lién quan dén linh vyc truyén thong
séng ngin. Véi bd khuéch dai cong suat cao
tan, tai dau ra coa bd phat, tin hi¢u can dugc
khuéch dai truée khi truyén. Khuéch dai cong
sut cao tan 1a phé‘m khong thé thiéu trong céc
ung dung truyén dan qua dng-ten.

* Téc gia lién hé. DT: 84-4-8582254.
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Tai cdc viing tan s thap, viéc thiét ké cic
b6 khuéch dai khong khé khan gi ma chi cé mot
chit chd y khi lya chon diém 1am viéc cho
transistor sao cho cé dugc cong suét 16i ra cuc
dai. Nhung véi bo khuéch dai hoat dong trong
mién tan s cao, ¢ 900MHz thi cin phai sir
dung ki thuét mach dai.

2. Mt s6 li thuyét ciia hé radar

So dd khdi don gian cua mot by phat radar
duogc trinh bay trén Hinh 1 [1].

H Mixer |"’

Hinh 1. So d6 khéi ctia mot bo phat radar.

| Phase code Microwave Power

Amplifier

Waveform generator

Khéi phat dang séng (waveform generator)
gém md dun ma pha dé tao ra cic ma cu thé cho
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xung ma pha; khéi dao dong noi on dinh (stable
local oscillator - StaLo) phét ra dao dong 6n
dinh tan sb RF dé tron trung tan cho khéi phit
va tich trung tin cho khéi thu. Khéi tron
(mixer) chinh dé thuc hién nhiém vu tron nay.
Khéi khuéch dai cong sut cao tan (microwave
power amplifier) dé cung cip du ning lugng
can thiét cho tin hiéu radar truéc khi truyén
phat ra ang-ten dé thyc hién viéc truyén thong
trén cdc quang duong dai.

2.1. Ma Barker [2,3]

Nén xung la mdt ki thuat quan trong khong
thé thiéu trong qud trinh xur If tin hiéu thu vé
ctia radar dé phén tich cdc thong tin ciia muc
tiéu. Trong qua trinh nén xung, mjt xung dai d
rong T dugc chia thanh N xung nho hon, mbi
xung c6 do rong At = 1/N. Pha clia mdi xung
nho nay theo didu ché khéa dich pha nhi phan
(binary phase shift keying signal - BPSK) thi s¢&
chon pha O cho bit “1” hodc dién dp “+”, pha ©
cho bit “0” hodc dién dp “-”. Ma Barker dugc
ua chudng vi dinh cda thuy chinh trong ham tu
tuong quan (autocorrelation function) c¢6 d¢ cao
chinh biang N, N 1a d dai cua ma Barker, trong
khi d6 cao ciia thity phu hai bén chi bang 1. Mot
s6 ma Barker ndi tiéng dugc trinh bay trong
Bang 1. Tin hi¢u va ham ty twong quan cua ma
Barker 13 bit dugc chi ra trén Hinh 2 va Hinh 3.

Bang 1. Mot s6 ma Barker quan trong

Chiéu dai M4 va do suy giam cua thity phu (dB)

2 10 (6.0)
3 110 9.5)

4 1110 (12.0)
5 11101 (14.0)
7 1110010 (16.9)
11 11100010010 (20.8)
13 1111100110101 (22.3)

Hinh 2. Ma Barker 13 bit va tin hiéu BPSK
tuong Uing.
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Hinh 3. Ham ty tuong quan ciia ma Barker 13 bit.

2.2. Khuéch dai cong sudt cao tan [4]

Pay 1a khéi mach khong thé thiéu trong
truyén dan séng dién tir qua dng-ten. Viéc thiét
ké khéi nay bao gém viéc chon va 6n dinh diém
lam viéc tinh cho transistor, do ludng cac tham
s6 S, thiét ké mach dai cho phdi hop tré khing
16i vao va 16i ra, do luong céc thong s ki thuat
ctia mach. So d6 khéi co ban ciia mach khuéch
dai duoc chi ra trong Hinh 4.

| Qutput
nput Transistor matching
matching 81 circuit 2o
circuit G0 GL
6 [ ar—

Hinh 4. M6 hinh khéi khuéch dai cong suét.

Hoat dong cua cac phé”m tr tai cdc tin s cao
tAn can dugc phén tich st dung céc tham s6 vé
tdn xa [S] (scattering). Cac tham sb nay dugc
xéac dinh theo cdc s6ng tuong ing.
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Céc bd phan dé phdi hop tré khang 16i vao
va 16i ra cho mach transistor (Input/Output
matching circuit) ¢ day st dung k¥ thuat mach
dai. Hé sb khuéch dai téng cong Gr = Gs.Go.GL
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Vi Gs, Go, Gy 1a cic hé s6 khuéch dai chi
ra trong hinh 4. T'y, T 1a cac hé ) phan xa tai
ngudn VA tai tai.

3. Cac két qua thwe nghiém

3] Tao ma Barker 13 bit sir dung bo mach vi
diéu khién PICI6F877A

Kit phit trién cho vi diéu khién
PIC16F877A dugc xiy dung dé c6 thé tao ra
bat cr mi Barker nao dé cap trong Bang 1.
Ngoai ra véi tbc d6 xtr 1 nhanh va sy linh dong
tién loi cua vi diéu khién, bo mach c6 thé tao ra
bét cr mot ma nao khéc dung cho yéu cau cua
radar (Hinh 5).

Ma Barker 13 bit trong Hinh 6 dugc tao ra
voi day du cdc thong s ki thudt can c6 trong
thuc t& cho mot hé radar: do rong bit 2us, chiéu
dai ca chudi 13 bit 14 26ys, tAn s6 13p lai xung 1kHz.

Ngoai ra vi diéu khién con dua ra tai 2 chin
khic 1a xung nhip dng hd va mot xung don
d4nh dau bat dau ciia chudi bit.

Khi nguoi 14p trinh muén phit ra mot ma
khic, ¢6 thé d& dang thay ddi trong chuong
trinh C nap vao vi diéu khién.
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Hinh 6. Ma Barker N = 13.

3.2. Khoi tao dao dong noi

LM2316 dugc ding ciing véi khéi dao dong
didu khién bang dién 4p VCO (Voltage
Controlled Oscillator) dé phat ra mét tin hiéu
nhidu rat thép, 6n dinh dé diéu khién bo dao
dong noi cua bo thu phat radar. Tén s6 cta dao
dong nodi ¢6 thé linh hoat thay déi boi dit liéu
phét ra tir vi didu khién PIC16F877A diy vao
trong thanh ghi dit liéu 21 bit cia LM2316.

Trong ndi dung thyc nghiém yéu ciu, ching
t6i da diéu chinh dé dai tin ciia khéi dao dong
ndi c6 thé thy bién tir S00OMHz dén 900MHz.
Sai s6 cua tan sb phat 1a 10Hz tuong duong
chét lugng 6n dinh cua thach anh. Hinh 7 va
Hinh 8 chyp tir mach thyc nghiém, Hinh 9 la
tin s6 tin hiéu do trén mdy phén tich phd.
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Jun 7 13:47:05

REF -40.5 dBm ATT 10dB A_wrt B_blnk

10dB/ Norm Norm
Marker
824.80 MHz

824.80 MHz T44.54 T8

Frequency Counter ¢1Hz)

4.988 658 MHz

START 820.00 MHz STOP 870.00 MHz
RBW 300 kHz YBW 100 kHz SWP 50 ms

Hinh 9. Tan sb dao dong trén mdy phén tich
pho R3131A.

3.3. Khoi khuéch dai cong sudt cao tan cong
suat xung 90W

M6 dun khuéch dai cong sudt lam viéc
trong ché do xung, cong sudt xung 90W duoc
thiét ké ché tao trén cong nghé mach dai
(Microstrip).

So db nguyén 1y ting khuéch dai cong suit
90W dugc trinh bay trong Hinh 10

Hinh 10. So d6 nguyén 1y mach khuéch dai
cdng suat cao tan.

Cong suét ra c6 thé didu chinh nhd diéu
chinh dién dp phan cyc trong so do nguyén ly
trén Hinh 10. Trong d6 bién trd RS diéu chinh
dién dp phan cyc cua transistor.

Cac bo loc nguén duogc trinh bay trong so
db lam 6n dinh ché do lam viée, loc nhidu va
tranh tw kich cho ting khuéch dai.

Transistor Q1 lam nhiém vu dich mirc 16i ra
ctia IC 6n d4p LM7805.

B loc gom C1, C2, C3, R1, R2 c¢6 nhiém
vu loc dién dp phén cuc cho cuc cta (cuc G).

Bo loc gom C7, C8, C9, C10, Cl1, C16,
Cl17, C18, C19, C20, cac cudn chan L1 va L2
c¢6 nhiém vu loc dién d4p mang (cuc D) cho
transistor MOSFET.

St dung dién tro phirc trén gian do Smith
Hinh 11 dé thiét ké mach dai phdi hop trd
khéng vai dién tré 16i vao va 16i ra trong dai tan
sO tir 830MHz téi 900MHz. Trd khang vao ra
clia transistor & tin s tir 830MHz t6i 860MHz
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duoc tinh tir phuong phap ngoai suy tuyén tinh
trén gian dd Smith. Cac tham s6 mach dai khi
st dung mang mach in PCB loai FR4 tinh toian
tir phdn mém thiét k& md phong Ansoft dugc
trinh bay trén Bang 2.
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Hinh 11. Biéu d Smith tinh toan tré khang 16i vao
va 10i ra cia transistor.

Bang 2. Céc thong s0 mach dai tinh boi
phin mém Ansoft

Mach dai (1) Zy(Q) D¢ dai dién (Do)
1 2.2784 12.6282
1, 11.3663 57.4394
13 10.7038 34.6279
14 49.7781 90.0268
ls 10.7038 6.28856
le 10.0064 6.87789
15 49.7781 90.0268
lg 49.7781 90.0268
Lo 10.0064 51.3795
Lo 12.1954 44.8828
1y 54.8981 79.1619

Két quad md phdéng dung phﬁn mém ADS
voi hé s truyén, khuéch dai cong suit, hé sb
song dung va cac tham $8 Si1 Si2 Sa; Sa khi
ghép ndi véi tai vao/ra 50Q duoc trinh bay trén
Hinh 12.
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Hinh 12. C4c tham s6 S md phong tai 850MHz.

Mach dién cua khéi khuéch dai cong suét
cao tan lap rap trong thuc té dugc dua ra trong
Hinh 13

Hinh 13. Khdi khuéch dai cong sut cao tan
dung mach dai.

- Ché d6 1am viéc cua Transistor dugc chon
nho dién ap phan cuc Ug cung véi bién do tin
hiéu vd dé cho transistor 1am viéc trong ché @6
AB.

- Dai thong bd khuéch dai (dai tan sb cong
tic) 820MHz t6i 890MHz, trong dai tan lam
viéc d6 nhap nho bién do khong qua 1 dBm

- Tré khang vao ra 50Q

- Pau nbi kiéu SMA chuin, diy cdp RG-58
A/U
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- Mach in PCB la mach déai (Microstrip),
tham sd hing s6 dién moi €, do day 16p dién
mbi h, do day 16p dan dién T dugc do tryc tiép
khi su dung mang mach PCB hodc theo tham
s6 k¥ thuat cta nha san xuét.

- D6 rong xung t6i da 210us, chu ky lap lai
2000us, cong sut tin hiéu vao cuc dai 30dBm,
cong sudt ra trung binh khdng nhé hon 40dBm
do trén mdy do cong sudt, tuong tng véi cong
suat xung khéng nhé hon 90W.

- Ngudn nuéi : Ngudn mét chiéu 12V va
24V cbng suat 250W

- biéu kién lam viéc :

+ Nhiét d6 mdi truong -20° tdi 70°

+ Do am mdi truong 100%

- Toan bd téng khuéch dai duoc gén trén
phién téa nhiét hop kim nhom va duoc tan nhiét
bing quat thong gio.

Két qua dugc kiém tra trén mdy phan tich
phd va do dac trén mdy phan tich mang vé dic
trung tin s6 bién d6 nhu Hinh 14 va Hinh 15.

START 188MHZ [-6.45 dbn] STOP 1.6GHZ

Hinh 14. Dic trung tan sé danh dau tai 612.5HMz.

START 753MHz [-6.45 dBn] STOP_1GHz

Hinh 15. Dic trung tan s6 danh dau tai 753.0HMz.

Dé nang cong sudt cao hon, mot giai phap
da duogc thir nghiém 13 cong cong suat tir cic
moé dun thanh phén st dung cidc bod
Dividers/Combiners cong suat 16n. Viéc ché tao
thanh cong cdc md dun co s¢ cho cidc bd cong
la cong doan quan trong nhét cho viéc ché tao
mdy phit cao tin cong suét 16n.

4. Két luan

St dung vi diéu khién PIC16F877A, ma
Barker cua tin hiéu radar ¢6 thé duoc tao ra rat
dé dang véi kha nang rat linh hoat trong viéc
thay di d¢ rong xung, chu ki Iap lai xung. Pay
hoan toan 12 mot vu diém ndi bat so véi céc
phuong phép truyén thong st dung céc IC s6
trong cac mach dién phirc tap méi cé thé tao ra
cdc ma nay. Hon nfira, theo cdc mach cii d6, do
do tré téng cong cua rat nhiéu linh kién s&
khéng thé thu dugc cdc mi c6 do rong xung
hep, thoi gian chuyén murc gan nhu tic thoi nhu
trong mach diing vi diéu khién. Ngoai ra, mach
vi diéu khién trong thyc nghiém nay con dugc
dung dé diéu chinh tan s cta khdi dao dong
noi ma khong cin thay di cdc thong sb linh
kién ctiia mach.
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Khéi khuéch dai cong suét cao tan ciing da
duoc lap rdp thanh cong véi viée tinh todn mod
phong va ché tao thuc té phé‘ln mach dai Kkét hop
Vv6i transistor cao tan dé c6 duoc su phéi hop
tré khang tot. Pay 1a mot két qua bude dau tot
dep dé tiép tuc xay dung cdc bd cong cong suat
dé c6 duoc mdy phéat cong sudt cao tdn cong
suat 1om.
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Research, fabrication of a transmitter of phased-code dm pulse
radar system
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This paper reports some of the experimental results of a pulse radar transmitter. A kit of
microcontroller PIC16F877A generates a 13-bit Barker code and various other codes that often use in
the radar system. A stable local oscillator is designed with the range of 800MHz to 900MHz by
LM2316 and VCO circuit. The frequency of the oscillator can be easily changed with the help of the
PIC16F877A above. A microwave power amplifier is fabricated that have output pulse power of 90W
using a microstrip technique for input/output matching network.



