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PHUONG PHAP TINH CONG SUAT BU BER THIET KE
CAC HE THONG TRUYEN TIN HIEU M-QAM QUA TUYEN THONG
TIN CAP SOI QUANG

Lé Trung Thanh
Khoa Dién- Dién tu, Truong Dai hoc Giao thong-Van tai Ha Noi

Tém tat: Trong bai bao nay ching té1 dua ra mét khai niém mdi vé cong suat bu BER
(APpgg ) cho viée thiét ké cac hé théng truyén tin hiéu M-QAM qua tuyén thong tin quang
trong ca hai truong hgp hé théng st dung tach séng PIN hodac APD. Cac két qua dude tinh
toan, so sanh va mé phong véi cac hé thong c6 s6 mic diéu ché khac nhau. Bai bao da chi ra
rang khi s6 muc diéu ché M ting thi hiéu suit sit dung bang thong tang nhung APppg lai
tang theo va hé thong dung tach song PIN thi c¢6 1gi vé mit quy cong sudt hon la dung tach
song APD.

1. Pat van dé

Viéc thiét ké cac hé thong thong tin quang dac biét 1a hé thong thong tin quang SDH
thi phai dua vao cac chuan duge khuyén nghi boi ITU-T [2]. Tuy nhién, tham s6 BER- tham
s6 thé hién chat luong cua hé thong thi chua dude quy chuin va cac nha thiét ké c6 thé chon
BER=10"'" hodc BER -10 '*. Do vay né anh hudng khong nho dén qua trinh thiét ké tuyén
thong tin quang [1].

Trong cac cong trinh [1] va [2] dd dua ra khai niém va phuong phap tinh toan cong
suit bu BER (APggg ). Véi phudng phap dé ta c6 thé tinh toan thiét ké hé théng truyén dan
cap soi quang bao dam moi gia tri BER theo yéu cau. Cac két qua nay da dude tich hgp vao
phan mém thiét ké hé thong thong tin quang BK Optic 3.0 cua truong DPai hoc Bach Khoa
Ha Noéi. Tuy nhién, cac két qua dé méi chi ding lai 6 viéc tinh toan cho cac hé thong théng
tin quang diéu bién cuong do, tach song truc tiép (IM-DD); dang tin hiéu dude st dung la
RZ hoac NRZ. Do vay trong cac hé thong thong tin quang truyén tin hiéu M-QAM thi két
qua d6 khéng con dudge ap dung.

Bai bao dua ra phuong phap tinh céng suat bu BER truyén tin hiéu M-QAM qua hé
théng thong tin quang, véi két qua dat dude cho phép cac nha thiét ké hé thong nang cip

dén moi gia tri BER thea yéu cau.

2. Tinh ty sé cong suat song mang trén tap Am (CNR) sau tach séng quang

Hé théng thong tin quang truyén tin hiéu M-QAM dugc chi ra nhu hinh 1[5]:
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Hinh 1. Heé thong truyén tin hieu M- QAM qua sdi quang

trong d6 ngudn Laser dung loai Laser Di6t (D), bd tach séng quang 1a PIN hoac APD.

Dé tinh cong suat bu BER, trudc hét ta phai tinh CNR sau tach song quang, CNR sau
tach song quang dudc xac dinh theo cong thic [3-5]:
272
m-I
5 2 (1)
2c’—tot

CNR =

trong dé: m la chi sé diéu ché quang, I, =wP, la dong photé sau tach séng quang; R, P,
tuong tng la dap Gng va cong suat quang tai ddu vao b tach séng quang; o;,, la tong cong
suidt tap Am sau tach séng quang, dudc tinh cho hai truong hgp dung APD va PIN nhu sau:

O = 261, +1)M2 FB, +2eB,I} +4kTR,/R, cho hé théng dung APD (2)
021 = 2eBe (I, +1) +2B.I; +4kTR,/R, cho hé thong dung PIN (3)

trong dé: k, h, T, B¢ tuong Ung la hiang s6 Boltzman, hing sé Planck, nhiét do tuyét déi va
bang tan dién cua b thu; M, 4, F (F = M*, x phu thugc vao vat liéu ché tao APD: x=0,4

véi Si, x=0,6 vdi InGaAs va x=1 vdi Ge) la hé s6 nhan thac va hé sd nhiéu tréi cua APD;
14,11, R, e lan lugt la dong téi, dong ro bé mit, dién trd tai sau tach song va dién tich

electron.
Do vay, CNR sau tach song quang khi hé théng st dung APD la:
05m”(P,)* M* (4)

%B,(NP, +1)MF+2R];, + 4}‘—%33

CNR =

va khi hé thong dung tach song PIN la:

24 2
0,5m (“PS) (5)

%BG(SIPS + Id) + %BGIL +4 k'II‘{Be

CNR =

3. Tinh co6ng suat bu BER (APggpg )
3.1. Tinh véi moi nguén tap am
Cong sudt bu APggg 1a gia tri cong sudt can phai thém vao quy cong suit dé nang ty

16 161 bit BER tir mot gia tri ban dau nao d6 dén gia tri mdi nham dam bao cho hé thong c6
do tin cay cao hon, vi du t BER , = 10°® dén BER, =10"® hodc BER, =107 [1]:
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Wiy = 101g{PLN%} [dB] 6)

tx
trong d6 P, va Py yew 12 cong suit phat dng véi gia tri ban dau cua BER, BER = BER va
gia tri m6i cua BER, BER = BER, .
Ta nhan xét rang phuong trinh (4) va (5) déu cé dang:

AP ?

CNR = ———, (7)
BP, +C

trong d6 cac hé s6 A, B, C dudc tinh nhu sau:
Hé thong st dung tach séng PIN:

A =0,5m?%R?
B =2eB.R
C= ZeBeId + 28BeIL + 4kTBe /IR
Heé thong su dung tach séng-APD:
A =05m*R>MZ 4
B = 2eB RMZ 4F
C =2eB. I M2 4F + 2eB.I, +4kTB, /R
Ta sé st dung cong thic chung vé CNR (7) dé tinh APgpg, sau dé suy ra cho ting
truong hop hé thong dung tach séng PIN hodc APD.
Tu phuong trinh (7) ta cé:
APZ -CNR(BP,)-CNR.C=0 (8)

Giai phudng trinh (8) ta tinh dudc cong sudt quang dén b tach song P.la:

_ CONR B + /(CNR .B)? + 4AC CNR

Py (9)
2A
Do vay cong sudt bu BER dugc tinh nhu sau:
2
CNR B+ \ﬁCNR B)” + (4AC)CNR
APBER -10lg txNew | _ 101g New New - New (10)
Pix CNRB+ J (CNR.B)“ + (4AC)CNR

Phuong trinh (10) la céng thic tinh ¢ong sudt bu BER cho hé théng thong tin quang
su dung tach séng PIN hoac APD. Ta c6 nhan xét ring gia tri cua cong suat bu BER phu
thuéc vao nhiéu tham sd cua hé thong nhu: s6 muc diéu ché, ty 1& 16i bit BER, téc do bit
truyén dan, hé sd nhan caa APD,...
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3.2. Tinh g(fn ddng APBER

Khi hé théng st dung tach séng PIN thi tap &m nhiét 1a nguon tap am tréi va khi su
-dung tach séng APD thi tap 4m thac li lai 1a ngudn tap 4m trdi [2], do vay tu (4), (5) va (10)
ta c6 thé tinh gan dung cong suat bu BER nhu sau:

Khi su dung tach séng PIN

05m%(RP,)? CNRy
CNR = L ———£2_ = APgpp =51 A 11
4kTB, /R BER =261 oNR W
Khi su dung tach séng APD
2ar2 2
CNR = 0,5m Mapd(cﬁps) = APBER _ 101g{%} (12)
2eB, (NP, ) (M2 4F) CNR

4. M6 phong két qua

Trong phan nay chung téi mé phong két qua dat dudc ti viéc phan tich ly thuyét ¢
trén cho cac hé théng su dung tach séng PIN hoac APD va c6 s& mic diéu ché M khac nhau
(M= 16, 32, 64 hoac 256). Cac tham sd dudc giit trong suét qua trinh mé phong nay la:

m=02:T =300K, R =50Q, R=08A/W

Hinh 2 va 3 thé hién moi quan hé giita cong suat bu BER va BER cua cac hé thon
S c 81 :
16-QAM, 64- QAM va 256-QAM (gia tri BER ban diu la BER, =107 )
. 2
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Hinh 2. M&i quan hé giira cong suat bi BER va BER cho APD  Hinh 3. Méi quan hé giira cong suat bu BER va BER cho PIN

Ta c6 nhan xét rang khi s6 muc diéu ché M ting thi hiéu suit su dung bang thong
tang ty 1é véi log, M [6], nhung bu lai gia tri cua cong sudt bu BER lai tang theo M, tuc la
quy cong suit cua tuyén ting lén khi M tang. Vi du dé tang chat lugng truyén dan thong tu
BER =10 dén gia tri mdi BER =10"° vdi hé thong 16-QAM yéu cau cong suit bu xap xi
2 dB, 64-QAM yéu cau 2,5dB va 256-QAM yéu cau xap xi 3dB khi st dung tach séng APD;
con khi hé thong dung tach séng PIN thi yéu cau 1dB cho tuyén 16-QAM, x4p xi 1,2 dB cho
tuyén 64-QAM va 1,5 dB cho tuyén 256- QAM.
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Gia tri cua cong suat bu BER trong trudsng hdp tinh gan dung véi tap Am nhiét la

nguon tap am troi (khi hé thong su dung PIN) va khi tinh dén anh hudng cua moi nguon
tap am tac dong lén hé thong dude mo phong trén hinh 4 (trong truong hgp M =16 va M = 64).

16- QAM

5 .
. — Xap » fp am nhiet
gd_ - - - Moi tap am -]
G: _’_/‘
w ., o
m I
5 N
e | -
g 2 r /,/ 4
o 7
(8] /!

107" 10’ 10

BER

10

64- QAM

5
g
— 4 i )
o -
i -~
=] 3 i ‘_/'/
o e
o 7
39l ,
2 ;
2./ |
o'/ — Xap » tap am nhiet
- - - Moi tap am
- -2 - 10
10 107 oep 10

Hinh 4. So sanh khi tinh gan dung véi tap &m nhiét va tinh dén anh hudng cta moi ngudn tap am (PIN)

Két qua m6 phéng cho thay hai dudng cong biéu dién quan hé gitta APggg va BER

gan nhu trung nhau hoan toan. Diéu nay c6 nghia la trong thuc té thiét ké tuyén thong tin
gquang truyén tin hiéu M-QAM va hé thong su dung tach séng PIN thi chi can tinh dén anh
hudng cua tap 4m nhiét ma khong lam anh hudng nhiéu dén quy cong suat cua hé théng.

Tuy nhién, khi hé thong dung tach séng 1a APD thi két qua mo6 phong cho thay (hinh
5) gia tri cua cong suat bu BER néu tinh toan gan ding véi tap Am thac i 1a ngudn tap am

troéi sé nho hon gia tri cua cong sudt bu BER khi tinh dén anh hudng cia moi nguén tap am
tac dong lén hé thong (tdc 1a tinh toAn gan gia tri thuc té hon). Theo nhu tinh toan thi do
chénh léch nay khoang 2 dB. Do d6 trong thiét ké tuyén thong tin quang, néu ta tinh xap xi
tap am thac la la ngudn tap am trdi thi phai thém vao quy cong suit khoang 2dB dé dam
bao BER yéu cau.

32- QAM
10 ,
ﬁ Tinh voi ol &p am .
— 8H - - - Tinh gan dung R
: =
@ 6 A
? o ~
0 e
Tﬁ ‘ﬂ 3 /' ”
o) o
@
o 2
!'5 'lf‘
‘ i
- D "
-2 -
10 107 10
BER

-10

64- QAM

10 v
E -
c O e
0 T
o gt -
2
34
o A
= e ——— Tinh woi rooi tap arn| 4
o '
Q 7] - = = Tinh gan dung
O LV _

-2 . o

10 10° 107"
BER

Hinh 5. So sanh khi tinh gan dang véi tap 4m thac I va tinh dén &nh hudng ctia moi nguén tap am (APD)
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Hinh 6 so sanh gia tri cua cong suat bu BER dudc tinh xdp xi cho hai hé thong su
dung tach séng PIN hoac APD; hinh 7 1a so sanh cho trudng hgp khi tinh dén tac dong cua
moi ngudn tap 4m 1én hé théng. Tit d6 thi ta c6 nhan xét ring gia tri cua cong sudt bu BER
khi hé thong dung tach séng APD luén luon 16n hon khi hé thong dung tach séng PIN. Mac
du khi dung APD thi dong phétd sau tach séng 16n hon so véi PIN boi n6 duge nhan 1én mot
hé so6 nhan thac (M,,4) cuia APD. Tuy nhién, bu lai tap 4m tao ra sau tach song APD lai
duge tang 1én theo M, 4, lam cho gia tri cong suat bu BER cta né 16n hon so véi PIN. Do

vay thuc té& trong cac hé théng théng tin quang téc do cao bo tach song PIN thudng duge su
dung rong rai hon APD.

o 64- QAM
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Hinh 7. So sanh thu PIN va APD khi tinh dén moi ngudn tap am
Méi quan hé gitia cong suat bu BER va hé s6 nhan thac M,pq cua APD cho cac hé

théng c6 s6 mic diéu ché khac nhau duge thé hién trén hinh 8. Tt két qua mé phong ta c6
nhan xét riang khi hé s6 nhan ctia APD ting thi APgpg téng theo tuong tng. Tuy nhién khi

M,,q tang dén mot gia tri du 16n thi gia tri cong sudt bu BER APpgp hau nhu khong tang

nita va dat dén bao hoa. Tit két qua thu dudc, trong thiét ké tuyén thong tin quang nha
thiét k& c6 thé chon dude mét photddiot APD c6 gia tri M, 4 t6i tu du lén (cho dong photo

sau tach song 16n) dé gia tri cong suat bu 1a nhd (dé giam nho quy cong sudt cia tuyén), d
day ta c6 thé chon gia tri t6i wu cua hé s6 nhan APD la Mggg ~90.
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Hinh 9 mé phong su phu thudc ciia céng suat bu vao hé sé nhan cua APD cho hé
thong 64-QAM véi cac gia tri BER khac nhau. Két qua mé phong cho thay khi yéu cau chat
lugng truyén dan cang cao (BER cang nho) thi cong suat bu BER c6 gia tri cang 1én. Dong
thoi ta ciing c6 nhan xét tudng tu nhu trén la gia tri cua cong suit bu BER tang theo M, 4.
Vi du nhu ta yéu cau tang chat lugng truyén dan tit BER =107° 1én BER =10, thi khi
M, =40 can cong suat bu xap xi 2dB nhung khi M,pq =70 can cong suat bu co gia tri

16n hon, xap x1 2,4dB
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He so nhan cua APD, Mapad He so nhan cua APD, Mapd
Hinh 8. Quan hé gilra cong suat bu va hé sé nhan APD Hinh 9. Quan hé gira cong suat bu va hé sé nhan APD
(BERtU 10 “dén 10°°) (hé théng 64-QAM)

Tuy nhién khi M, 4 ting dén mot gia tri ndo d6 thi céng suat bu khong con ting theo
niia va dat dén gia tri bao hoa. Diéu nay c6 thé dugc giai thich nhu sau: khi M,pq tdng thi
dong photé sau '\céch song quang tang lém‘cho ty s6 cong suat séng mang trén tap am CNR
sé tang theo. Dong thoi khiM,,q tdng dén mdt gia tri nao dé thi CNR sé khong con ting
theo nita do lic d6 tap dm thac li ciing sé tang ty 1& véi M, 4, do vay gia tri cong suit bu
BER sé dat dén gia tri bio hoa.
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Hinh 10. Su phu thu6c clia cong suat bu vao BER véi cac hé théng Hinh 11. Su phu thudc clia cong suat bu vao BER véi cac hé
co téc dé bit khac nhau (tach séng PIN) théng cé téc do bit khac nhau (tach song APD)
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Hinh 10 va 11 so sanh gia tri cua cdng suat bu phu thudc vao BER cho cac hé théng
¢6 toe do bit khac nhau. Ta thay riang khi téc dd bit truyén dan tang 1én thi gia tri cua cong
suat bu BER tang theo tuong ing trong ca hai truong hgp hé thong dung tach séng PIN hay
APD. Cé dugce két qua nay la bai vi khi téc dd bit truyén din tang thi bang tan dién B, d bo
thu cang tang lam cho téng cong suit tap 4m ting 1én, do &6 CNR sau tach séng quang sé
giam.

5. Két luan

Bai bao da dua ra mét phuong phap méi tinh toan cong suat bu BER cho viéc thiét ké
cac hé thong truyén tin hiéu M-QAM qua tuyén thong tin quang. Cac két qua dudgc tinh
toan, mé phong va so sanh trén may tinh cho ca hai hé thong su dung bd tach séng PIN
hodc APD. Két qua nay cho phép cac nha thiét ké hé thong thong tin quang nang cap hé
thong dang c6 1én chit ludng truyén dan cao hdn, dap ng dude vdi yéu cau truyén dan bang
thong réng ngay nay. Dong thdi né dic biét hitu ich khi thiét ké cac hé théng truyén tin
hiéu truyén hinh s6 dudce diéu ché QAM M miic qua tuyén thong tin quang.

Ngoai ra cac két qua dat cé thé duge md rong, ap dung trong viéc thiét ké, nang cap
hé thong théng tin quang ghép kénh theo séng mang phu SCM (Subcarrier Multiplexing)
dang dude nghién citu va trién khai réng rai trong cac hé thong théng tin quang toc do cao
ngay nay.
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A NEW METHOD OF BER COMPENSATIVE POWER CALCULATION FOR
DESIGNING M-QAM SIGNALS TRANSMISSION SYSTEMS OVER
OPTIC- FIBER COMMUNICATIONS SYSTEMS

Le Trung Thanh

Ha Noi University of Transport and Communications

This paper proposes a new method of BER Compensative Power for designing M-
QAM signals transmission fiber-optic communications systems. The results have been

calculated, compared and simulated with different parameters of the system.
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