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Nghién ctru phat trién hé do nhiéu cwong do laser twong doi bang thong rong
40 GHz sir dung b dieu khien PID va b xit Iy tin higu ESA
Ngb Hai Long’, Luu Hoang Pat, Tran Pinh Chi, P§ Viét Hoang, Lé Vin Binh, Cao Khic Thién, Banh Quéc Tuin

Phong Thi nghiém nghién ciru phdt trién irng dung Fiber Laser, Vién Ung dung Cong nghé
Ngay nhan bai 1/7/2022; ngay chuyén phén bi¢n 5/7/2022; ngay nhén phan bién 20/7/2022; ngay chap nhan dang 26/7/2022

Tém tit:

Po kiém, danh gla chit lwgng nguon laser str dung trong thong tin quang va do hro’ng chmh xac Ia rit can thiét. Nhiéu
cwong d§ twong d6i (RIN) Ia mot tham s0 anh hudng truc tlep dén chat lwgng hé thong cin phal dwoc do dinh ky. Nghién
ciru nay trinh bay mét hé do RIN c¢é dd nhay cao, bing thong rong (40 GHz) sir dung cim bién quang dién (RIN box) dwoc
kiém soat nhiét d chinh xac va b§ phén tich tin hi¢u dién ESA (Electrical spectrum analyzer). Gia tri RIN dwgc xac dinh
thong qua viéc do gian tlep cac thanh phan nhiéu nhiét (Thermal noise), nhiéu tong hop (Total detected n01se) va nhiéu
dién tir (Shot noise) ciia ngudn laser sir dung may phan tich phé dién tir ESA va do van nang k¥ thuit sb siéu nhay (6"
Digital multimeter - DMM) Két qua thye nghiém viéc do RIN ciia nguon laser ban din phin hoi phan b6 (DFB) tham

khao da chi ra su tuwong dong cta gia tri RIN do béi hé thong va gia tri RIN cung cap b6i nha san xuit.

Tir khoa: b diéu khién PID, ESA, laser, nhiéu cuong do laser tuong dbi.

Chi 56 phén logi: 2.2
Md dau

Cong nghé song anh sang hién dai dang phat trién vo cling
nhanh chéng v6i nhu cdu ngdy cang ting cao va dugc tmg dung
rong rai ¢ nhiéu linh vuc khac nhau. B truyén quang va laser ro
nén ddc biét quan trong vi ching 1a mgt trong nhimg xuong song

ctia nhiéu hé thong quang hoc, dong thoi anh hudong tryc tiép dén

hiéu qua cta cac hé théng nay. Mot trong nhiing (g dung quan
trong nht ma 1aser dong mot vai trd to 1on 1a lién lac bang cap
quang v6i nhu cau toc do dir liéu dang tang 1én hang ngay Ngoai
ra, trong mot s tng dung do va cam bién rat chinh xac can phai sir
dung laser c6 do don sic quang phd cao, chudn tryc. .. Tuy nhién,
ngudn laser thuong xuét hién nhimg van dé nhu sy thay d6i vé mat
d6 photon din dén sy thay doi cong sudt quang dau ra tao ra nhiéu
cuong do, khi su dao dong ctiia mat do song mang dan dén nhiéu
tin s6 hodc sy khong 6n dinh trong budc song dau ra duoc gy ra
bai sy thay doi nhiét do... Diéu ndy tao ra mot dai phd nhidu hiru
han cho céc ché do laser va anh huong truc tiép 1am giam gia tri tin
hiéu trén nhiéu (Signal to noise ratios - SNR) hodc lam tang ty 18
13 bit (Bit errors rates - BER). Do do, trong nhiéu tmg dung thong
tin vé phd nhiéu cudng do rit dugc quan tam, dic biét Ia trong cac
hé thng thong tin lién lac truyén din quang, ngudi st dung can
biét cac ddc tinh nhidu cuong do cua laser vi nhimg anh huong cia
no tac dong truc tiép dén hiéu qua va toc do truyén dir liéu cua hé
théng [1-5]. Vay nén, aé tang toc do dir liéu, cin mot gia tri dai
dién dé x4c dinh va danh gia gia tri nhiéu cuong do trén.

RIN 14 gia tri thuong duoc sir dung dé danh gid nhidu cudng
o ciing nhu chat luong cua nguon laser [1-4, 6]. Trong cac hé
thong analog, RIN quyet dinh chi s6 SNR can thiét dé nhan duogc
tin hiéu. Do voi hé thong Digital, RIN quyét dinh chi s6 BER. Do
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d6, nhu cau ca thi truong thé gioi véi céc thiét bi do RIN kha Ion,
dic biét 1 cac nha san xudt ngudn laser cho thong tin quang va do
ludng chinh x4c. Hién nay, c6 3 cach phd bién duoc ap dung dé do
RIN la phuong phép trur (Subtraction method), hiéu chuan nhiéu
dién tir (Shot noise calibration method) va hiéu chuan laser RIN
thap (Low - RIN laser calibration method). Trong d6, phuong phap
tru dugc s dung nhiéu trong céc thiét bi do RIN trén thi truong
nhu: Agilent 71400C, Agilent 71401C, Agilent N4371A cua Hang
Agilent hay DSA8300 ctia Hang Tektronix [5, 7-9]. Vay nén viéc
nghién ctu, xay dung, ché tao va thir nghi¢ém mot h¢ théng doRIN
theo phuong phép trr s¢ dem lai kha néng so sanh tinh nang cua
hé thong so v6i céc thiét bi phd bién trén thé gii. Trong nghién
ctru nay, chung t6i trinh bay mot hé do RIN ¢6 dg nhay cao, bang
thong rong sir dung RIN box dugce kiém sodt nhiét d9 chinh xéac va
b6 phan tich tin hiéu dién ESA dé danh gia nhidu RIN ciia nguon
DFB laser tham chiéu c6 bu6c song 1550,12+0,1 nm. Hé thiét bi
do RIN s& la mot giai phap xac dinh chét lugng ngudn laser voi do
chinh x4c cao va chi phi thip hon so vdi cac thiét bi hién co trén
thi truong. Nguyén 1y hé thong do RIN, cac thiét bi dugc st dung
trong thuc nghiém va két qua do duoc trinh bay chi tiét trong bai
bao nay.

Nguyeén Iy hé thong do RIN
Do RIN bing phwong phip triv

Nhiéu cudng do laser chi yéu 1a do su birc xa hdn loan cua cac
budc song khac nhau trong budng cong hudng laser bén canh bude
song laser chinh. Nhiéu cudng do phu thude vao cac thong sb cau
tric cia budng cong huong va méi truong khuéeh dai laser. Céc
diéu kién hoat dong nhu mirc phan cyc va tin s6 diéu ché ciing anh
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Research and development of 40 GHz
bandwidth laser relative intensity
noise measurement system using PID

controller and ESA spectrum analyser
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Abstract:

Measuring and evaluating the quality of laser sources
used in optical communications and in the precision
measurement system is essential. Relative intensity
noise (RIN) is a parameter that directly affects the
system quality. Therefore, RIN needs to be measured
periodically. This study presents a high-sensitivity,
broadband (40 GHz) RIN measurement system using
a precisely temperature-controlled photodetector and
an electrical spectrum signal analyser. RIN value is
determined through indirect measurement of noise
components: thermal noise, total detected noise, and the
shot noise of the laser source. These noises are measured
by using an Electrical spectrum analyser (ESA) and
a super sensitive 6'/» digital multimeter (DMM). The
experimental results of the RIN measurement of the
reference Distributed feedback (DFB) laser source show
the similarity between the RIN value measured by the
system and the RIN value provided by the manufacturer.

Keywords: ESA, laser, PID controller, relative intensity
noise.

Classification number: 2.2

huong truc tiép dén do nhidu. Sy tac dong tir bén ngoai hodc phan
Xa nguoc tia laser ciing lam ting nhiéu nay. Nhidu cuong do laser
dat cuc dai tai diém cong huong. Trong thuc té, cac nguén nhiéu
phu khac tir nhing linh kién dién tir s& thém vao nhiéu cudng do
laser. Céc nguén nhiéu phy nay thuong la dong t6i (Dark current)
tlr cam bién quang, nhidu nhiét tir céc thanh phan dién nhu bo
khuéch dai, thiét bi ESA va mot nguon nhiéu khac xuét phat tir ban
chat lugng tir 4nh sang d6 1a nhidu dién tir. Mot hé thong thu quang
dién hinh bao gf")m mot by photodetector (PD) va bd khuéch dai,
nhiéu do dugc ¢ dau ra may thu 13 tong cia cac ngudn nhiéu co ban
néu trén [1]. Tong cong sudt nhidu cta hé thong N, (f) s& dugc tinh
toan 1a gia tri tuyén tinh tong hop cla 3 ngudn nhicu nay:

N (O=N (O+N N, () (M
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trong do: N (f) 14 cong suat nhiéu cuong do laser trén 1 Hz; N la
cong suat nhleu dién tir trén 1 Hz; N, (f) 1a cong suét nhidu nhlet
trén 1 Hz.

Xét v6i timg loai nhiéu, ta s& co thé x4c dinh gia tri cua chiing
theo c4c phuong phap va thiét bi khac nhau. Dau tién, nhidu nhiét
¢6 thé dugce thé hién theo nhidu cach va thuong duge mo ta nhu
mot hé sb nhidu duoc biéu thi bﬁng dB, thong thuong s€ 16n hon
so voi gioi han dudi cua nhiét do phong 1a -174 dBm/Hz [1, 4, 6].
Khi cac hé théng xu Iy tin hi¢u quang hoc, b khuéch dai va cac
thiét b dién tir di kém theo diode quang van hanh ciing s& tao ra
nhiéu nhiét. Theo cong thitc (1), khi laser tét hay khong c6 tin hiéu,
ta co gia tri N=N (t) 0. Vay nén, gia tri nhiéu nhiét s& dugc xéc
dinh trén ESA khi tat laser ddu vao. Gi4 tri nhiéu nhiét N, dugc
xac dinh theo theo cong thuc sau [1, 4-6]:

Teon 2)

Khi bat nguon laser cap tin hiéu quang hoc dau vao, cam bién
hoat dong on dinh, nhidu nhiét thuong s& khong thay doi. Cac
photon khi dén cam bién va cac tinh toan thu tin hiéu lién quan s&
gy ranhiéu dién tr. Do 6, nhiéu dién tir N_ xudt hién tai cam bién
quang hoc va tang theo ty 1¢ thuan voi cong suat quang hoc duge
thu boi cam bién. N6 ¢6 thé duoc xac dinh bang phép do cudng do
dong tai cam bién [1, 4, 5]:

N =2..1,.R, (3)

trong do: q la dién tich electron (1,6x10" 'Coulomb); I, 1a cuong
d6 dong dién ra khoi diode theo cong suat quang tmng binh thu
vao tir cam bién theo dién tro tai R..1, co thé dugc xéac dinh bang
cach do cong sudt quang trung bmh P dén cam bién quang nhu
sau:

I,=tP, 4)
trong do: r 1a 6 nhay ciia bo cam bién quang.

Tuy nhién, vi ¢6 sy ton hao & phan cim soi quang (neu str dung
fiber) va luong cong suat quang tac dong 1én cam bién chi dugc

xéc dinh x4p xi, nén cong sut quang P, pha1 dugc xac dinh gian
tiép bang cach do dién ap U, trén di¢n tr()r diu ra.

Uout
P . Rout (5)
Thay phuong trinh (4) va (5) vao (3) ta dugc:
R
Ng=2.4q. Ugye. R—L (6)

Cudi cung, gia tri d nhiéu tong thé N, dugc do bing ESA ¢6
bat laser. Nhiéu nhiét N, va nhiéu dién tu’ N, lan luot 1a két qua
cua cdc phuong trinh (2) va (6). Thay vao phuong trinh (1) ta s€
thu dugc gia tri nhidu cudng do laser N, theo bi€u thirc lién h¢ sau:

N, (B=N,(H-N N, (H) ()

H¢ thuc nghiém do RIN

Hinh 1 mb ta so do hé thong do RIN. Theo do, chung toi sir
dung thiét bi do 1a ESA va DMM d¢é do nhiéu nhiét N, nhiéu dién



tir N, va nhiéu tong thé N, theo cac phuong trinh néu tren Chung
{61 thibt ké, ché tao mot RIN box dé thu tin hi¢u tir nguon laser can
do va chuyén vé cac thiét bj do. Mot b bién doi quang dién (PD)
c6 mitc noise thip, bang thong rong dugc sir dung. Pay 1a linh kién
rat quan trong quyét dinh chat luong ciia hé théng do RIN. PD can
dugc hoat dong trong diéu kién o6n dinh nhiét do cao va cach ly
nhiéu dién tir truong dé khong gay anh huong dén hiéu suét bién
déi quang di¢n. Tin hi¢u vé ESA sé duoc di qua bd khuéch dai tin
hiéu (RF Amp) bang cap RF trude khi duge xir 1 va hién thi trén
ESA dé xc dinh nhiéu nhiét N, va nhiéu tong thé N_. Bén canh
d, gid tri nhicu dién tir dugce tinh thong qua gid tri cuong do dong
cua PD. Gid tri dong nay dugc xac dinh theo cong thirc (4 va 5) tur
dién ap trén tro dau ra cia DMM sau khi l?iy tir RIN box qua ro le
ngudng dong (Current monitor). Cac cam bién PD va khuéch dai
RF Amp déu dugc On dinh nhiét bf“ing céc thiét bj kiém soat nhiét
d6 PID s6 (PID temperature control). PD st dung trong thiét bi
RIN box can duge dat trong mot hop cach ly nhiéu song dién tir
(EMI box) dé loai b anh huong ciia song dién tir (Electromagnetic
interference - EMI) tir mdi truong c¢6 thé tac dong dén bo chuyén
d6i quang dién. Céc thiét bi két ndi trén EMI box can phai thong qua
mot EMI filter @€ loai b nhiéu tir cac thiét bi két ni véi RIN box.
Fiber collimator

Fiber coupler

......

DFBaser driver  |— DFB Laser Free space isolator Optical Attenuator

6% digital multimeter

aaaaaa

Optical Attenuator ESA

FC/PC|P,,D temperature
control

FC/PC

aaaaaa

control

RIN BOX

Hinh 1. So’ d6 nguyén Iy hé théng do RIN.

Ngubn laser DFB sir dung trong thir nghiém can duoc 6n dinh
nhiét dé cuong do laser 13 khong doi trong qua trinh do nhidu RIN.
Laser phat ra sé dugc di qua he cach ly quang hoc dé ngan su phan
xa tro lai nguon va gdy mat on dinh. Dé dam bao cudng do laser
khong bi qua manh gay bao hoa by PD, mot b suy hao quang
duge st dung trude khi dua laser vao RIN box. Thiét bi suy hao
quang ndy c6 tac dung On dinh cong suét laser theo thong sb duoc
cai dt tir bd dicu khién trude khi truyén 0 cam bién quang hoc
PD trong RIN box. Khi do, cc gi4 tri nhiéu nhiét N, nhiéu dién tir
N, va nhidu tong thé N 1 trong tin hi¢u thu dugc tur cam bién quang
s€ duoc ghi lai bang cac thiét bj do nhu ESA, DMM va guri vé PC
Xir Iy trén phan mém qua phuong phap trir dé xac dinh dugc RIN.
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Thuc nghiém
H¢ théng do RIN

Hinh 2 md ta nguyén mau hé thong do thir nghiém RIN. Theo
do, ching t6i st dung FRL1SDCWD-A81-19340 DFB laser cta
Furukawa Electric Company Ltd. lam ngudn phat laser dé do kiém.
Nguon laser ndy ¢6 budc séng 1550,12+0,1 nm, cong suat dau ra
t01 thiéu 1a 10 mW va thong s RIN tai cudng do suy hao cong suat
tr¢ lai (Optical return loss) <25 dB, trong dai tAn sd tir 100 MHz
dén 10 GHz 1a -133 dB/Hz [10]. Nhiam muyc dich on dinh nhiét do
va cuong d6 cua ngudn laser nay, bo didu khién CLD1015 DFB
Laser Driver cua Thorlabs [11] duoc st dung dé 6n dinh nhiét
do o muce 25°C va cuong d§ dong tai 29 mA. Ching t61 da phat
trién va ché tao mot hé théng thu nhan st dung RIN box. Trong
d6, cam bién duoc st dung 1a P-40A/HP/8V/Z50 (Picometrix) co
cong suat thu trung binh t6i da 13 10 mW [12]. Dé thiét bi c6 thé
do dugc cong sut tin hidu tir ngudn phat va 6n dinh cong suat thu
0 gid tri dugc cai dat trude va nam trong vung do ctia cam bién, tin
hiéu quang hoc duoc truyén din tir ngudn phat dén mot bo suy hao
Optical Attenuator N7752A [13] cua Keysight thong qua sgi fiber
don mode. Sgi fiber nay co tic dung nhu mét by cach ly quang
nhim han ché hién tuong phan xa mot phan tlr cac hnh kién quang
trong hé thong. Tin hidu tir RIN box s& dugc truyén sang may
Keysight ESA N9010B [14] dé ghi lai va luu dit liéu nhiéu tong
hop va nhiéu nhiét qua cap RF. Nhiéu dién tir dugc tinh theo dong
ciia cam bién khi nhan laser. Gi tri dong dién nay do gian tiép tir
dién ap trén tro dau ra cua Keysight 62 DMM 34461A [15]. Cac
gi4 tri do duoc luvu trit va chuyén vé méy tinh ca nhan PC dé xu Iy
va tinh ra RIN cling nhu quan sat cac gid tri N, Nq, N, do dugc.

Digital Multimeter
- Optical Attenuator | § A

Hinh 2. Hé thwc nghiém do RIN.
RIN box

Pé c6 mot bd RIN box do duge nhifu laser véi do chinh
xdc cao thi viéc chon linh kién va thiét ké vi tri linh kién t6i
uu ciing 1a mot trong nhimg yéu t6 quyét dinh. Hinh 3 1a so do
thiét ké RIN box gom c6 4 PCB chinh bao gdm: mach nguon,
mach kiém sodt nhiét do, mach PD va mach diéu khién. Trong
do, mach nguon ¢6 chire nang chia nho ngudn tong thanh nhicu
ngudn dién dé cung cip ngudn nudi cho cac mach khac. Thiét ké
mach nguon phai c6 yéu cau cao vé do o 6n dinh, sir dung nhiéu
b6 loc va can phai tich riéng 4m ngudn cua tin hidu twong ty va
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tin hiéu s6. Mach kiém soat nhiét do la mot ph?m quan trong cta
RIN box, n6 ¢6 chlic nang diéu chinh bd 6n dinh nhiét do cho
RIN box mdt cach chinh xac (sai sb +0,1°C). Tiép theo, mach
PD c6 nhiém vu cung cap dién p cho RIN box, ngudn dién phai
6n dinh va co thé thay doi tuy vao ngudi sir dung dé cam bién
hoat dong & trang thai tot nhat gitp két qua do RIN c6 dg chinh
Xéc cao. Ngoai ra, trén mach PD ¢6 dau ra cong BNC dé lay tin
higu cuong d dong dién ciia diode quang - 12 thong s6 dé do N,
Mach diéu khién str dung vi diéu khién Atmega328P, la mot vi
diéu khién tién tién va ¢6 nhiéu tinh nang. Céc tin hiéu tir thiét
bi bao gom: thong s6 nhiét do, dién ap cai dit cho RIN box, cac
hé s6 PID, cong suat 1am viéc ctia hé théng 6n dinh nhiét... s&
dugc mach diéu khién thu nhan, xtr 1y va giao tiép voi méay tinh
ca nhan thong qua giao tiép USB.

Hinh 3. Hé thuwc nghiém RIN box.

Nguon laser dugc dan boi sgi quang don mode di vao bo
chuyén d6i quang dién. Duong di va vi tri cua soi quang cling can
phai dugc tinh toan va thiét ké sao cho soi quang trong tinh trang
on dinh nhat. Bo chuyén doi quang dién dugc dat trong hop kin daé
tranh sy can nhiéu trong qua trinh hoat dong, cac tin hiéu ra vao
hop kin nay déu dugce di qua bd loc nhidu. Ngoai ra, vo clia RIN
box dugc thiét ké bang nhom va dam bao cac mat phai tiép xtc voi
nhau tao thanh mot khdi hop hoan chinh tuan theo nguyén 1y long
Faraday nham han ché sy tac dong cua dién truong tir bén ngoai
anh huong dén thiét bi.
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Két qua va danh gia

Laser dugc phat tur nguén DFB laser 6n dinh nhiét ¢ 25°C nhd
PID sb. Bé RIN box hoat dong 6n dinh va chit luong dAu ra duoc
tot nhat thi viéc on dinh nhiét do cho cam bién 1a diéu can thiét.
Bién d¢ dao dong nhiét d§ ctiia RIN box trong 1000 gidy duoc thé
hién trong hinh 4. Theo d6, nhiét do 6n dinh & mirc 25°C+0,08 voi
d6 1ach chuan 0,1 ¢6 thé dap tmg duoc cho cam bién quang hoat
dong 6n dinh va cho tin hiéu dau ra c6 chat lugng tot. Cuong do
dong cép cia ngudn laser 1a 29 mA (=4 mW) thong qua driver
CLD1015. Cong suat nguén laser dwoc On dinh b?mg bo suy hao
& mic 1 mW dé kiém tra hoat dong ctia h¢ thong. Sau do, ching
to1 thuc hién do RIN ¢ cac murc cong suat: 1, 1,5,2,2,5 va 3 mW.
Diéu kién thyc nghiém ciia ching t6i dugc thé hién trong bang 1.
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Hinh 4. Biéu dd nhiét dé cua RIN box trong 1000 giay sau 90
gidy kh&i déng PID sé cai dat tai 25°C.
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Bang 1. Piéu kién thwe nghiém.
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Nhiét @ 6n dinh: 25°C Céng suat dau ra: 1 mW
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Két qua do cac gi4 tri nhidu nhiét N, va nhiéu tong hop
L tr ESAva nhiéu dién tir tr DMM duorc thé hién & hinh 5.
Theo do6, gia tri nhiéu nhiét va nhiéu tong hop ¢ muc cong
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Hinh 5. Két qua do nhiéu nhiét, nhiéu tbng hoip va nhiéu dién tce. (A) Nhiéu tbng hop N., nhiéu nhiét N, & cong suét 1 mW; (B) Két

qua do nhiéu dién t& N_ khi thay dbi cong suét.
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suét laser | mW sau khi qua bd suy hao dugc thé hién trong
hinh 5A. Céc gié tri nay dugc 4y tryuc tiép tir ESA qua logfile,
do d6 d6 phan giai cua cac truc dd thi phu thudc vao thiét bi
do, v6i hinh 5A d6 phan giai truc tan s6 1a 2 Hz [14].

Gié tri nhi€u nhiét N, va nhi€u tong hop N, ciia thiét bi
khi do riéng 1¢ xuat hién cac nhicu nén khac. Cac thiét bi dién
tu trong RIN box [a nguyen nhan gy ra nhiéu nén. Nhidu
nén nay gdy ra sy thay doi voi cuong d6 ¢b dinh kh1 do nhiéu
nhiét va gid tri cudong d6 nhidu nén 1a twong ddi 6n dinh. Do
@0, nhidu nén nay c6 thé loai bo khi trir hai gi4 tri nhiéu tong
hop va nhiéu nhiét khi tinh RIN theo phwong trinh (7). Tuy
nhién, céc gia tri nhidu ¢6 tin s6~245 MHz va cac harmonic
béc cao cua né khién viéc do gi4 tri nhidu cuong do laser ¢ dai
thap (<1 GHz) cua hé gap khé khan. Cing v6i d6, bo khuéch
dai tin hiu RF Amp lam viéc & tin s6 0,5-40,0 GHz [16], do
vy tin hiéu trong khoang <0,5 GHz khong duoc khuéch dai
va 6n dinh. Viéc khic phuc gi tri nhiéu nay béng cach hoan
thién cac thiét bi dién tir c6 trong hé théng RIN box la hudng
phat trién trong tuong lai clia chung t6i. Vi dai tan s6 cao
hon (>1 GHz), gi4 tri nhiéu tong hop va nhidu nhiét theo do
thi hinh 5A c6 thé cho thiy hé thong hién tai c6 thé xac dinh
dwoc RIN & dai tin sé cao hon (>1 GHz). Dé xéc dinh gia
tri RIN cta ngudn DFB laser theo cac mirc cong suat khac
nhau, gia tri nhiéu dién tir ciing dugc chiing toi thuc nghiém
do theo cic mic cong suat néy Gia tri do dién ap tr DMM
va nhiéu dién tur N, dugc thé hién ¢ hinh 5B. Gia trj RIN
16n nhat thu duoc bO‘l cac cong suat toan dai 1a -133,2 dB/
Hz (hinh 6). Gia tri RIN trung binh toan dai la -143,31 dB/Hz
voi d6 1éch chuén 1a 5,22. Véi gia trj RIN tdi da ctia nguon
FRL15DCWD-A81-19340 DFB laser 1a trong dai tan s tir
10 MHz dén 10 GHz, tir két qua thuc nghiém c6 thé két luan
rang, ngudn DFB laser trén dam bao gi4 tri RIN mong mudn
theo nha san xuat.
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Bing cach sir dung nguyén 1y do RIN theo phwong phap
trir v6i cac thiét bi do ESA dai 10 MHz dén 3,6 GHz, 6%
DMM va RIN box, chung t6i da trinh bay mét hé do nhiéu
laser dai rong (>1-40 GHz) c6 d§ nhay cao, bang thong rong
su dung RIN box dugc kiém soat nhiét do chinh xéac va bd
phan tich tin hiéu dién ESA dé danh gia nhidu ciia nguon
DFB laser budc song 1550,1240,1 nm. Két qua do thu duogc
v6i gia tri trung binh 13 -143,31 dB/Hz vé6i do 1éch chuin
5,22 ching minh nguén DFB laser str dung van dam bao
gi4 tri nhiéu cuong do theo thong s6 nha san xuat cung cép.
Tuy nhién, trong qué trinh thuc nghiém va ché tao hé thiét
bi, chung t6i nhan thiy hé van con gia tri nhidu khong mong
mudn & tan s6 ~245 MHz gy khé khan khi do nhidu cuong
d6 & dai tan sb thap (<1 GHz). Viéc khic phuc va loai bo
gi4 tri nhidu nay 1a mot trong sé nhimg huéng mé rong va
phat trién hé trong twong lai bén canh viéc md rong dai do
va ting d¢ nhay cta hé thong.
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