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THIET KE HE ANG TEN THU PHAT CHO HE TRUYEN TIN LASER
O KHOANG CACH NGAN

DESIGN OF TRANSCEIVER ANTENNA SYSTEM FOR SHORT DISTANCE LASER
TRANSMISSION SYSTEM

ThS. Ta Trung Kién', TS. Lwong Van Cwong'’, TS. Cao Xuan Binh?
'Vién Vit ly K¥ thuat, Vién Khoa hoc va Cong nghé Quan sy
’Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai bdo dd trinh bay cdc phwong dn thiét ké hé dng ten thu phat cho hé truyén tin laser ¢
khodng cdch ngdn. Dya trén cdc nguyén Iy quang hinh, mot hé quang cé thé thu gom tia laser &
khodng cdch trén lkm, loc dwoc nhiéu tin hiéu, véi géc thu Iém dén 26° va cdc gée phdt 6° da dwoc
thiét ké. Hon nita, hé nay bao dam ndng lwong phédn bé déu trong tiét dién ngang khi sir dung nguon
phat laser ban dan ¢6 dang mdng ma trdn chip 6x14. Két qua thu dwoc sé dinh hiedng cho viéc thiét
ké, ché tao hé truyén tin laser trong thoi gian tdi.

T khéa: Laser ban din; Ang ten thu; Ang ten phat; Truyén tin laser; Hé quang laser:
ABSTRACT

The article presented the design options of the transceiver for the laser communication.
The designed optical system satisfied the technical criteria: obtaining laser energy at a distance
of over lkm, filtering signal interference, and receiving a large receiving angle of up to 26°. The
transmitting antenna ensures the transmission angle of 6°, at the same time creating laser beam
with evenly distributed energy when using a semiconductor laser emitter in the form of a matrix
array of 6x14 laser chips.

Keywords: Semiconductor laser; Receiving antenna; Transmitting antenna; Laser
transmission, Optical laser system.

1. GIOI THIEU

Truyén tin laser 1d mot trong nhimg
linh vuc truyén thong quang hoc, déc biét trong
thong tin khong gian va quan sy nhu truyén
thong vé tinh cho cac hoat dong nghién curu vii
try, thu phat thong tin trong quan sy [1, 2]. Dua
trén wu diém nhu: tin hiéu laser truyén cé ty

1¢ nhiéu thép, cong voi kha nang chéng nhiéu
song vo tuyén, truyén tin laser da duoc quan
tam nhiéu va tré thanh mot trong nhitng linh
vuc nghién ciru quan trong trong truyén thong
khong day [3]. Trong khoang cach ngan, laser
ban dan duogc st dung nhu ngudn phat, vi du
trong hé truyén tin diéu khién drone (hinh 1)

[2].
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Hinh 1. M6 hinh hé truyén tin laser diéu khién
drone

Laser ban din nam trong ving séng
ngin (0,8-1,55 pm), do d6 c6 thé bi suy giam
trén quing dudng truyén qua moi trudng khi
quyén, dac biét, do phan ky cua laser nay rat
16n va khong dong nhat theo tiét dién chum,
didu nay s& anh huong rat I6n dén kha ning thu
va xac dinh hudng chum tia khi sir dung dau
thu dang ma tran. DPé vuot qua cac nhugc diém
trén, trong linh vuc truyén thong vii try, thong
thuong hé kinh vién vong: khiic xa, phan xa, va
Catadioptrics dugc st dung nhu mdt ang ten
thu [4, 5]. Trong cac hé do, h¢ Catadioptrics
duoc st dung phd bién béi c¢6 wu diém nhu da
nang trong thiét ké, chat luong tbt, két hop cac
vu diém quang hoc cua ca thau kinh va guong.
Tuy nhién, cac hé ang ten trén thuong thu hoac
phat chum tia laser c6 goc phéan ky rat nho, s&
khong phu hop trong nhitng bai toan truyén tin &
khoang cach ngan (1-2 km), goc phan ky chum
tia laser theo hai chiéu X va Y trong khong gian
16n (dén 6°) [4-6]. Dic biét, khi tich hop vao
cac hé quan sat gan 1én drone, hé ang ten phai
¢6 kich thuéc nho gon, dé& dang thao lap. Nhur
vay, can c6 mot hé ang ten thiét ké phu hop voi
hé truyén tin khoang cach ngan. Trong bai bio
nay, ching toi trinh bay phuong an thiét ké hé
ang ten thu-phat laser voi goc phat 16n to1 6°.
Hé duoc mo phong trén phan mém Zemax va
duoc ché tao, thu nghiém ngoai thuc dia, dam

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 304, thang 6 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

bao truyén tin & khoang cach 1 km.
2. TINH TOAN, THIET KE HE QUANG
2.1. Céc thong s can dat ciia hé

Ang ten cho truyén tin laser khoang
céch ngan dén 2 km can dat cac thong s6 quang
sau day: goc phat 1a 6°, gbc thu 16n hon 26°.
Yéu cau cua hé quang laser phat 1a phan b
ning lugng déu trén mat cit ngang clia chum
tia laser, dam bao dau thu laser khi dich chuyén
trong khong gian (dwgc gin trén drone) thu
duoc nang luong on dinh.

2.2. Thiét ké hé ing ten phat

Dau thu phat dugc thiét ké phu hop voéi
ngudn laser ban dan ILPI-137A [8] vdi cac
tham s6 nhu sau: Goc phat laser theo hai chiéu
vuong goc va song song véi p-n la 30° va 12°;
Kich thudc toan mat chip laser phat la 1,3 x
1,4 mm; S6 luong ma tran chip laser theo hai
chiéu: 6 x 14; Phan b ning luong theo tiét dién
ngang nhu trén hinh 2.

Hinh 2. Hinh dang ma trdn chip laser ban ddn

ILPI-1374 [8]
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Hinh 2 cho thay nang lugng laser phan
bd khong déu trén tiét dién ngang, goc phan
ky cling khac nhau qua 16n (30° x 12°), do do,
ngoai cac linh kién chuan tryc chum tia, cin c6
thém hai thdu kinh tru c6 tiéu cu khac nhau dat
vuong goc nhu hinh 3 [6].

Théu kinh tru

4

Laser ban dan

e

Hinh 3. Nguyén 1y bién doi vét ciia chivm tia laser
khi di qua thau kinh tru

Kinh tru duoc dat trude dau phat laser
sao cho mat bién song song véi tiép xtic p-n ciia
laser ban dan, khi d6 thau kinh truy chi dong vai
ban mit song song; Mit day vudng goc voi tiép
xac p-n ¢ vai trd nhu 1a mot thau kinh. Nhu
vay, theo hudng song song véi tiép xtic p-n, goc
phan ky cia chum tia laser dugc gilt nguyén
(12°). Trong khi do, theo hudng vudng goc véi
tiép xuc p-n, goc phan ky cua chum tia laser
duogc bién doi tir 30° giam tdi gan 12°. Sau khi
truyén qua thau kinh try, chum tia laser tiép tuc
di qua hé vat kinh d¢ tiép tuc bién d6i goc phan
ky vé 6°. Khoang cach tiéu cu cua thau kinh
tru va khoang cach tu thau kinh tru dén dau
phat laser ban dan duoc tinh theo cc cong thirc
trong [9]. Nhu vy, khi sir dung thau kinh try s&
dam bao gdc md chum tia theo hai hudng song
song va vudng goc voi tiép xuc p-n cia laser
ban dan 13 bang nhau. Tuy nhién, sir dung thiu
kinh try cudi cliing ciing khong thé cho phén b
truong laser ciing nhu goc phan ky déu tuyet
d6i theo khoang cach huorng tdm ma cod sai soO
nhat dinh. Sai s6 d6 co thé thay d6i va xac dinh
16mn hay nhoé phu thudc vao nhu clu cua thiét bi
va do nhay ctia dau thu. Bén canh d6, nhan thay
rang laser ban dan ILPI-137° ¢6 dang ma trin

1a t6 hop 6x14 chip ban dan rat nho, xép canh
nhau. Do vy, c6 thé coi chung 13 vat phat sang
c6 kich thuée 1a 1,3x1,4 mm, c6 thé xem la déu
theo hai tryc trén tiét dién ngang va dat tai mat
phang tiéu dién cua hé vat kinh. Trén co sé do,
hé ang ten phat ciing c6 thé thiét ké nhu mot
hé vat kinh dugc ghép tir cac thau kinh cau. Dé
phan bd nang lugng cua tung vi tri theo mat cit
ngang cta chum tia 1 twong dbi déu nhau, cac
goc phat ctia cac chip riéng 1& phai chong lan
lén nhau, khoang cach tur cac chip dén bé mat
thau kinh s& duoc tdi wu trén phin mém Zemax.
Tuy nhién, dé d& dang khang dinh sai sé ctia hé
quang, mdt hé dng ten phat sir dung thau kinh
tru s€ dugc mo phong va so sanh.

2.3. Tinh toan h¢ ang ten thu

H¢ quang thu dugc dung dé nhan buc
xa tir dau phat laser, loc phé burc xa laser khoi
nhiéu nén, hoi tu chim burc xa laser vao bé mat
thu cia APD va bién ddi blrc xa quang thanh
tin hi€u dién cho bang mach xtr 1y tin hiéu. bé
thu dugc cac birc xa laser tir dau phat thi truong
nhin cua hé quang thu phai bao trum géc mé
cua chum laser. Do goc m¢ cua chum laser phat
1a 6°, chung t6i dit ra yéu ciu truc cua thiét bi
bay (drone) c6 géc dao dong la 10° nén trudng
nhin cta h¢ quang phai lon hon 26°. B6 qua
anh huong yéu t6 nhiéu dong khi quyén dén su
tan xa ctia chiim tia laser khi truyén trong moi
truong khong khi, duong kinh hiéu dung nho
nhat dé dau thu co thé thu duoc tin hiéu xung
laser tai cy ly L c¢6 thé dugc tinh so bd theo
cong thuc sau [7]:

2
E :Eo'rl'rz (DeﬁJ

thu al, D
L

e
Trong d6: E 1a nang luong xung laser
phatra; E, la ndng luO’ng btic xa nho nhit cta
chum t1a laser ma dau thu co thé thu dugc ddi
voi moi bude song va do rong xung cho trude;
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T, 7T, la hé sd truyén qua cua hé quang phat va
thu; D_.. 1a duong kinh hi¢u dung hé quang thu;
alahé ’sé suy hao trong khi quyén; D, la duong
kinh vét laser tai cu ly L.

Hé duoc tinh toan dua trén mot bo
tham sé dugc lua chon tir dau phat laser va
dau thu dinh huéng nhu sau: E, = 0,05 mJ;
dau thu photodiode 1a loai APD 88890 cOE,
=6.10"J; cac dai lwong T, = 0,9; 1, = 0,9; a—
0,5 km™! [7]; L =1 km, va theo cf)ng thuce (1)
D,,= 3 mm. Nhu viy, duong kinh hiéuq dung
cua hé quang thu phai 16n hon 3 mm dé dam
béo dau thu thu duoc tin hiéu xung laser tai cu
ly 1 km. Dé dam bao viéc thu tin hiéu xung laser
chinh xac, tranh anh hudng ctia nhiéu sang gay
ra boi moéi trudong xung quanh thi trong ang ten
thu phai dat thém mot phin loc sang, phin loc nay
chi cho phép anh sang trong dai hep di qua. Doi
v6i hé quang trén thi phin loc s€ phai dat & ngoai
cung cua hé quang. Dbi véi dau thu photodiode
la loai APD S8890 c6 duong kinh ¢ = 0,5 mm,
hé quang thu phai c6 truong nhin 26°. Néu dau
thu dt tai mat phang tiéu dién cua hé thi khi do
tiéu cy cta hé sé bang ¢/(2*tg130) = 1,08 mm.
Tiéu cy qué nho nhu vay khién cho viéc thiét ké
va gia cong ché tao hé quang 1a rat khé. Do do,
phuong an hop 1y 1a mit phang dau thu s& duoc
dat tai diafram thi d6 cia hé quang. So dd hé
quang duoc thé hién trén hinh 7.

3. KET QUA MO PHONG, THAO LUAN
3.1. Két qua mé phéng hé éng ten phat

H¢ ang ten phat dugc md phong trén
phén mém Zemax & ché do khong tuan tu
(Non-Sequential Component).

a) Phin b6 ning lwong ciia chiim tia ban din

So d6 md phong phan bd ning luong
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cua chum tia laser ban dan duoc chi ra trén
hinh 4.

Céie chip bin din

Drau thu

Hinh 4. Phdn b6 nang lrong cia chim tia laser
bdn dan: a — So do mé phong; b — Vét laser tai cu
ly 0,05 mm; c — Vét laser tai culy 0,5 mm; d— Vét
laser tai cw ly 1000 mm va mdt dg cong sudt dwoc
thé hién twong ung theo bang mau (W/em?); x0z —
Mat phang song song véi tiép xuc p-n; y0z — Mat

phdng vudng goc vai tiép xiic p-n.

Nhan thdy rang & cy ly rat ngan 0,05
mm (hinh 4b), ngay tai bé mat cta laser ban
dan, vét laser phan bd roi rac theo diing hinh
dang céac hang, cot gibng nhu vi tri phan bd cac
chip ban dan. Vi khoang cach 0,5 mm (hinh
4¢) cac goc phat cua cac chip ban dan cé su
chdng 14n 1én nhau dan toi vét laser co dang ké
soc. Theo mit phang vudng goc véi tiép xuc
p-n (mit phing y0z) cac goc phat 1on (30°) cua
chip ban din chdng l4n 1én nhau 1am cho ning
luong phan bd déu doc theo truc Oy. Theo mit
phing song song véi tiép xtic p-n (mit phang
x0z), cac goc phat nho (12°) clia chip ban dan
chua du chong 14n 1én nhau nén hinh anh vét co
dang ké soc. Tuy nhién, ¢ cu ly 16n trén 1000m
(hinh 4d) cac goc phat theo cac hudng 0x, Oy c6
su dan xen chong l4n, vét laser luc ndy c6 dang
elip det, nang lugng phan bd c6 dang Gauss.

b) Phan b6 ning hrong ciia chim tia laser

khi di qua hé sir dung thau Kkinh tru
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So dd mé phong phan bd ning luong
ctua chum tia laser sau khi di qua h¢ thau kinh
tru va vat kinh dugc chi ra trén hinh 5.

Dam thu
Cae chip bin din

A LY.

Thau kisk trg 1§ viit kink
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Hinh 5. Hé thau kinh tru va vat kinh véi goc phat
3°: a— So do mé phong; b — Vét laser (104x112 m)
& cue ly 1000 m va mdt d cong sudt dwoc thé hién
twong vmg theo bang mau (W/cm?); ¢ — Phdn bo
nang heong theo truc Ox qua tam vét laser tai cu ly
1000 m; d — Phdn bé néng heong theo truc Oy qua
tam vét laser tai cu ly 1000 m.

Vét laser co dang hinh chir nhat voéi
kich thudc vét laser tai cy ly 1000 m (hinh
5b) dat 104x112 m (lay theo muc ning lugng
tir 0,4.10° W/cm?), goc phat laser dat duoc 1a
6°x6,4°.

¢) Phian bd ning lwong ciia chum tia laser
khi di qua h¢ khong sir dung thau kinh tru

So d6 mo6 phong phan bd ning luong

cua chum tia laser sau khi di qua hé vat kinh
thuong dugc chi ra trén hinh 6.

I):au thu

Cic chip bin din
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Hinh 6. Hé thau vit kinh véi goc phat 3°: a — So
d6 mé phong; b— Vét laser (106x110 m) & cu ly
1000 m va mat do cong sudt dwoc thé hién tuwong
ing theo bang mau (W/em?); ¢ — Phdn bé ndng
luwong theo truc Ox qua tam vét laser tai cur ly 1000
m; d — Phdn bé ning leong theo truc Oy qua tam
vét laser tai cur ly 1000 m.

Nhén thay rang, tuy hé ing ten phat
chi st dung hai thau kinh cau don gian (Hinh
6a), tuy nhién kich thudc vét va nang luong
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chum tia laser tai cuy ly 1000 m déu dat duoc
chat luong twong duong véi hé dng ten sir dung
mot thau kinh tru v6i hé vat kinh gdm hai thau
kinh cau (Hinh 6b). Kich thudc vét laser tai cy
ly 1000 m ciing dat 106x110 m (liy theo mirc
nang lugng tu 0,4.10° W/cm?), goc phat laser
dat duoc 1a 6,1°x 6,3°. Nhu vay, hé quang thiét
ké dat yéu cau.

3.2. Két qua md phéng va gia cong hé ing
ten thu

So dd hé quang duoc thé hién trén hinh
7. Mat phéng dau thu s& duoc dat tai diafram
thi d6 cia hé quang. H¢ gém 3 thdu kinh don va
phin loc sang dwoc dit & ngoai ciing. Mit phang
dau thu duoc dat & vi tri diafram thi do dé thu
dugc tat ca cac goc tir 0° dén 26°. Hinh 7b cho
thiy hon 90% nang luong nam trong vong tron
ban kinh 0,25 mm. Nhu vay, h¢ quang thiét ké
dam bao yéu cau, chum tia laser v6i cac goc
toi tlr 0° dén 26° déu hoi tu vao bé mat dau thu
APD.

0,00 (deg) 13,00 (deg)
10,00 (deg)

0 106 200 300 400 500

Radius From Centroid in pm
Hinh 7. Hé quang ang ten thu: a — So do hé
quang, b — Do thi phan bo nang luong trén mat
phdng anh.
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Sau khi thiét ké, hé quang ang ten thu,
phat dugc gia cong ché tao va kiém tra thu
nghiém nhu trén hinh 8.

a b

Ang ten thu

Ang ten phat

Hinh 8. Hinh anh hé quang dang ten phdat goc 6° (a)
va hé quang kénh thu thur nghiém (b)

Trén hop thtr nghiém ang ten thu phat
¢ gan tAm g4 mang ca dé ga kinh ngdm. TAm
ga s& dugc hiéu chinh sao cho truc tim ga tring
v6i truc cia hai dng ten thu phat dé dam bao
khi ¢ cu ly xa, hai ang ten thu phat s€ & trén
cling mdt truc ngam trong qua trinh thir nghiém
ngoai thyc dia. Hé quang thu phat ciu trac gon
nhe, don gian. Véi cu ly thir nghiém 1 km, hé
da phat va thu dugc xung laser.

4. KET LUAN

Trén co s& phan b nang luong cua
laser ban din khong déu trén tiét dién ngang
ctia chum tia, bai bao da nghién ctru thiét ké
hé quang thu va phat c6 cac tham sé phu hop
v6i cu ly truyén tin quang dén 2 km. So d6
thiét ké dugc thuc hién bang phan mém Zemax
cho thay phan bd ning luong twong d6i déu.
Céc tham sb k¥ thuat da dat dugc theo nhu cAu
mong muén, c6 thé thu duge nang luong laser
tai khoang céch trén 1 km, loc dugc nhiéu tin
hiéu, goc thu 16n dén 26°. Hé dng ten phat dam
bao cac goc phat 6°, dong thoi tao duge chum
tia laser c6 nang lugng phan bd déu khi sir dung
dau phat 1a laser ban dan c6 dang mang ma tran

6x14 chip laser. Hé co khi ga lip can chinh &
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dugc bé tri hop 1y, lam giam sy phic tap trong
viéc can chinh va giam gia thanh san pham. Két
qua nghién ctru 1a co sé dé tiép tuc nghién ctru
ché tao hé thong truyén tin laser voi cu ly xa
hon. %
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