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Chwong 4- B6 thu quang

# Cac khai niém co’ ban

+ CAc phan tir chuyén doéi quang- dién béan dan
(Photodiode)

+ Cac b tién khuyéch dai
+ Nhiéu trong bd thu quang

+ CAc tham so cua bo thu quang
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4.1 CAC KHAI NIEM CO BAN (1)

“* Mach thu quang:

Optical _ o Data
sigm Detector » Preamp » Equal » Amp > Filter » Decision———>
A
\ (42 e
. Nguodn thu quang: chuyén doi O/E

. Bo tién khuyéch dai: chuyén d6i 1/V va khuyéch dai, dam bao nhiéu thap.
. Bo can bang: két hop véi tién khuyéch dai dam bao bang tan bo thu

. Bo khuyéch dai: khuyéch dai va giit 6n dinh tin hiéu dién dau ra

. B0 loc: han ché bét nhiéu, loai bo c4c thanh phan tan s6 khdng muédn

. Mach quyét dinh: Tai sinh tin hiéu so
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4.1 CAC KHAI NIEM CO BAN (2)

“* Do dap ung:
. Qué trinh thu tin hiéu quang: hap thu ning luong photon

. P6i véi vat liéu ban dan: niang luong photon du 16n hv > E
photon bi hap thu = sinh ra cap e - h tu do.

g~

. Duéi tac dong cua dién truong dit vao = cac dién tir va 15 trong bi
quét ra mach ngoai sinh ra dong dién.

Incident light

<

/////////////%

ON: THONG TIN QUANG - KHO



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.1 CAC KHAI NIEM CO BAN (3)

“* Do dap ung:

. Dong quang dién ti 1¢ truc tiép vai cOng suat quang vao
I, = RP,, (4.1)
Trong d6: R - d6 dap tmg (d6 nhay) ctua ngudn thu (don vi: A/W)

. Hiéu suat luong tir:

~electron generationrate  1,/q hv

n= — = = —R, (4.2)
photon incidence rate Pn/hv q
. A
Do daptng: r=12 1 43
> dap ung hv 1.24° “3

—> Hiéu suat chuyén d6i O/E. R ting theo budc song.
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4.1 CAC KHAI NIEM CO BAN (4)

“* Do dap ung: , o
. Su phu thudc 1 vao A: lién guan dén hé so hap thu

Gia st 16p ban dan boc 16p chong phan xa = cong suat truyén qua
16p ban dan:

Py =exp(—aW)P,,. (4.4)
. Cong suat bi hép thu:

Pips = P — P = [1 - exp(—o:W)]Pin. (4.5)
. Mdi photon bi hép thu = cap e-h tu do duogc tao ra = Hic¢u suat
lwong ti:

N = Pus/Pn =1 —exp(—oW). (4.6)

=>nN=0khia=0,n — 1khi oW >>1.

ON: THONG TIN QUANG - KHO


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.1 CAC KHAI NIEM CO BAN (5)

< B§ dap tng:

1071

. Su phu thudc o vao A: - —{10°
. lg ’g
a=0ta A=A, - " s
o tang Khi A glam % o —10t 2
c % 2 e
aléon~10*cmt = s g 5
2 B S S .

Ay 2 B g A

n— 1 khiW ~ 10 pum 102 N 2 E 10

10! | l | | 103

0.4 06 08 10 14 16 18

Wavelength (um)
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4.1 CAC KHAI NIEM CO BAN (6)

% Thoi gian 1én va d6 rong bing tan:
. Do rong bang tan cua photodiode: Toc d6 tai d6 n6 dap tng voi
su thay doi cong suat quang vao.

. Thoi gian 1én: thoi gian tai d6 dong tang tir 10 dén 90 % gia tri
dinh khi cong suat quang vao dang bac.

Tr phu thudc vao:

- Thoi gian ma céac dién tir va 16 trong i
dich chuyén t4i cac dién cuc ngoai. 90% | |
L, ,, L LV_ 10%
- Thoi glan dap ing cua mach dién | t
T, T
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4.1 CAC KHAI NIEM CO BAN (7)

¢ Thoi gian 1én va do rong bang tan:

. Thoi gian 18n caa mach tuyén tinh: thoi gian dap tng tang tir 10
den 90 % gia tri dinh khi dau vao dang bac.

Dién 4p dau vao mach RC thay doi tirc thoi tir 0 dén V,
Dién ap dau ra thay doi:

Vout() = Vo[l —exp(—1/RC)], (4.7)
Trong do: R - dién tro, C - dién dung ciia mach RC
.Thoigilan lén: 7, = (In9)RC ~ 2 21k, (4.8)

Trong d6: tx = RC - hang so thoi gian ciia mach RC

ON: THONG TIN QUANG - KHO
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4.1 CAC KHAI NIEM CO BAN (8)

% Thoi gian 1én va d6 rong bing tan:
. Thot gian 1én cua photodiode:
T = (In9)( 1y + Tre). (4.9)
Trong do: t,, - thoi gian chuyén tiép, Tre - hang so6 thoi gian cua
mach RC tuong duong.

. Thoi gian chuyén tiép: thoi gian mat truéc khi cac hat tai dugc
gom sau khi sinh ra béi hap thu photon.

Thoi gian chuyén tiép cuc dai: bang voi thoi gian mot dién tir mat
dé di qua vung hap thy = t,, giam khi giam W

Tuy nhién n giam manh khi oW < 3 = C0 su bu trir gitra d6 rong
bang tan va do dap ung (toc do va dd nhay) cia PD
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4.1 CAC KHAI NIEM CO BAN (9)

¢ Thoi gian 1én va do rong bang tan:

. Hang s6 thoi gian: giéi han bang tan vi dién ki sinh.
. Gia tri T, VA Tpe phu thude vao cau tric PD va co thé bién doi
trén mot dai rong.
. Do rong bang tan cua PD:
Af =2rn(t:+ TRC)}_' (4.10)
dé hoat dong & 10 Gb/s trd lén: T, Va Tre < 10 ps
. Bén canh d6, mét tham sb quan trong cua PD la dong tbi: sinh ra
khi khong c6 tin hiéu quang.
Mot PD tot: I, < 10 nA
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4.2 DIODE THU QUANG P-N (1)

. Cau tric: tiép giap p-n phan cuc nguoc = ving nghéo
. Khi khong c6 anh sang chiéu vao = khong c6 dong

|

- |} ———

{a)
%\,,z

(b) (c)
ON: THONG TIN QUANG - KHO
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4.2 DIODE THU QUANG P-N (2)

. Khi ¢6 anh sang chiéu vao = sinh ra cip e-h nho hap thy = Dudi
tdc dong cua dién truong ngoai: e dich chuyén vé phia n, h dich
chuyén vé phia p = tao dong chay & mach ngoai (dong quang dién)

. Cac hat tai sinh ra trong vung ngheo (vung tap trung dién truong
16m) tréi nhanh chong vé phia n hoac p.

. Cac hat tai sinh ra ngoai vung ngheo:

- C4c dién tur sinh ra trong ving p phai khuyéch tan toi bién ving
ngheo trudc khi troi vé phia n.

- C4c 16 trong sinh ra trong ving n phai khuyéch tan t6i bién ving
ngheo trudc khi troi vé phia p.
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4.3 DIODE THU QUANG PIN (1)

. Cau trac: gom 3 16p, 16p i duge xen giira 16p p van

.Ldp i c6 dién trd cao = hau hét dién ap roi trén ving nay =
thanh phan tr61 >> thanh phan khuyéch tan.

. Do rong W duogc quyét dinh bai do day 16p i

AN
AN

P ——
~

P — — — —
e
o~

—

Electric
field

P . i MAAE  m— —

. —
—_—

Distance
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4.3 DIODE THU QUANG PIN (2)
. SI, Ge: W ~ 20-50 pm = 7, > 200 ps
.InGaAs: W ~ 3-5 um = 1, ~ 10 ps = B ~ 10 GHz (t,,>> t¢)

P
/ Antireflection coating
MNegative electrode

Field plate

Si0; insulator
: p* Guard ring

i b b
b B -
T

— | Electron—hole production region

Electran—hole pair production

la— N capping
Paositive electrode

Au/Au-Sn

_—InP

7

-—

n

A . — InGaAs
4 um L
¥ InP
..e'/

al

n*t=1InP
(substrate)

i
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4.3 DIODE THU QUANG PIN (3)

. Nang cao tinh nang cua PIN:

- Cau trac di thé kép = loai bé dong khuyéch tan

- Hop cong huong F-P = tiang hiéu suat luong tir

- Sir dung 6ng dan séng quang = tang hiéu suat luong tir, giam

dién dung ki sinh va dién tré ndi noi tiép.

Parameter Symbol | Unit | Si Ge InGaAs
Wavelength A um | 0.4-1.1 | 0.8-1.8 | 1.0-1.7
Responsivity R A/W | 0.4-0.6 | 0.5-0.7 | 0.6-0.9
Quantum efficiency n Yo 75-90 50-55 60-70
Dark current 1, nA 1-10 50-500 [ 1-20
Rise time T, ns 0.5-1 0.1-0.5 | 0.02-0.5
Bandwidth Af GHz | 0.3-0.6 | 0.5-3 1-10
Bias voltage Vi, \Y% 50-100 | 6-10 5-6
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4.4 DIODE THU QUANG APD (1)

. Cau tric: gom 4 16p, bo xung
thém 1 16p p gitra 16p 1 va n+. < —

Absorption Gain

°* A \ 2 \ . ;( I

. D1én truong cao o vung ti€p !
., + N A pt | ! p

giap p-n* = \Vung nhan anans P

|

]

. Hoat dong:
- Hap thu chu yéu tai ving i A —
- C4c e tr01 qua 1 t61 vung p-n*
—> Xay ra qua trinh nhan hat

tai (qua trinh 10on hoa do va [
cham)

field

Electric

Distance

(a)
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4.4 DIODE THU QUANG APD (2)

. Qué trinh ion hoa do va cham: VUng nhan ton tai dién truong du
16n (cuong @6 truong > 3x10° V/ecm) = gia toc cho hat tai co
dugc nang luong da 16n = sinh ra e-h moi do va cham

— 5 I
1 @ ~~— ~—
- s e g0
| NG Rl
6% Mo Lo ©
+~® o _9® @

+ PP 9

+ P9

+ @«

\ung nhan

1 gl |

. Toc do sinh hat tai méi dugc dic trung bdi cac hé s6 ion hoa do
va cham o, oy,
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Avalanche
region

Electron—hole
production
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4.4 DIODE THU QUANG APD (4)

Parameler Symbol | Unit InGaAs
Wavelength A um 0.4w1.1 0.8w1.8 1.0-1.7
Responsivity Rarp A/W | 80-130 3-30 5-20
APD gain M — 100-500 | 50-200 | 1040
k-factor K — | 0.02-0.05 | 0.7-1.0 | 0.5-0.7
Dark current Iy nA | 0.1-1 50-500 | 1-5
Rise time T, ns 0.1-2 0.5-0.8 | 0.1-0.5
Bandwidth Af GHz | 0.2-1 0.4-0.7 | 1-10
Bias voltage Vi, V 200-250 | 2040 | 20-30

. Nang cao tinh nang ctia APD:

- Céu tric ving nhan va hap thu tach roi (SAM)

- Céu triic ving nhan, giam dan va hap thu tach roi (SAGM)

- Cau trac siéu mang

ON: THONG TIN QUANG - KHO
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4.4 DIODE THU QUANG APD (5)

Absorption — n*-InP M| e Absorption
n— InGaAs -
Multiplication InGaAsP — . Grading
*\H‘ S —— Multiplication

~inP InP —InP
(buffer) (buffer}
pt-InP — InP

(substrate) SAM {substrate)
Zn diffused region S u pe r I attl Ce
Ti implanted guard-ring ~ A=1.5um
InP etching stop layer § I
Bump metal =
= 10 h
nt - InGaAs contact layer _% g
3 n+ - InAlAs cap layer = [ oy
—_- Superlattice multiplication layer : ]
I — p+ - InP field buffer layer = max=15. 2GHz
7 ‘ — p~ - InGaAs absorption layer o«
= [~ p* - buffer layer 1 — e -
/ I Py 1 10 100
SiN = = Ll e e Multiplication

Light (@)
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4.5 CAC BO TIEN KHUECH DAl (1)

< BJ tién khuyéch dai tro khéng thap

A ) b =ER ¢ +V
)

10 k2 5-15V (specified by PIN

30 uF (ceramic)

5060

PIN photodiode

b ; G
W—M ————————————— 9—’? 50—
e 50- Coaxial cable
T 50-02 Input — —

preamplifier

v

. Nguon PD hoat dong voi bo khuyéch dai trd khang thap (tro khang
dau vao ~ 50 Q) qua 1 cap dong truc.
. Bién tro tai dugce chon bang véi tré khang dau vao bd khuyéch dai.
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4.5 CAC BO TIEN KHUECH DAl (2)

% B0 tién khuyéch dai trd khang cao

. Tro khang tai cao = Giam nhiéu nhiét, tan so cat ciia dap Gng tan
nho = Phai sir dung thém mach can bang (mach // R,C,)

. Pién ap dau ra duoc phan chia giita tro khang cia mach R,C, va R,
. Mach tuong duong:

Operational
amplifier

O{>—,—'\N\/——O

L5 \

—_— Detector circuit Compensating circuit

ON: THONG TIN QUANG - KHO
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4.5 CAC BO TIEN KHUECH DBAI (3)

% B0 tién khuyéch dai trd khang cao

. Str dung mach hoi tiép am

Eral

Preamplifier

Operational amplifier

4

Vo

&
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4.6 NHIEU TRONG BO THU QUANG (1)

< Nhiéu no:
. Nguyén nhan: qua trinh lugng tir hoa dién tich thanh cac hat g
hoac tuong duong vaoi qua trinh luong tr hod nang leong anh
sang thanh cac photon.

. Cac photon t&1 hodc qua trinh sinh cac hat tai boi cac photon la
ngau nhién dugc Mo ta béi thong ké Poisson.

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (2)
< Nhiéu né:

. Mat d6 pho cua nhiéu né 1a khong d6i va duge xac dinh:
Ss(f) = qlp (4.11)
. Phuong sai nhiéu:

ol = (iz(t)) = /m Ss(f)df = 2qI,Af, (4.12)
. Khi xét toi ham truyén cta cac thanh phan b thu:
o; =2ql, /D H()Pdf = 241,08 @33 Af =[5 |Hr(f)Pdf G1a
Trong do: Af - 36 rong biang tan nhiéu hiéu dung.
|, - dong trung binh dau ra PD, o, - dong nhiéu rms

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (3)

¢* Nhiéu no:
. D6i v6i PIN: dong sinh ra tir PD gom 3 thanh phan
| = Ip+ I, + 4 (4.15)
Trong do: |, - dong quang di¢n sinh ra do dnh sang t6i
|, - dong do qua trinh birc xa nén

|, - dong t6i sinh ra khi khong c6 burc xa anh sang di vao, do nhiét & 16p tiép
gidp va dong do b€ mat vi cac khuyét tat.

. D6i v6i APD: qua trinh nhan thac cling dong gop nhiéu

0> = 2gM°F4(RP,y + I))Af. (4.16)

Trong do: F, - hé s6 nhiéu troi, 1a ham cia M va phu thudc vao vat li¢u, dang
cuong do truong E va toc do 1on hoa cua cac hat tai

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (4)

¢* Nhiéu no:
. Hé s6 nhiéu vuot:

FA(M) = kaM + (1 —ka)(2—1/M). (4.17)
Gan dang: ° //
~ X

Far MX (413 < uf e /
Si: x ~0,3-0,5 cop /
E 5 .02 /
Ge:x~1 S oA

= 005

InGaAs: x ~ 0,5-0,7 oL 0
11 é — ; - IIIE} EIO I 50 llélD 200 ISCIJCI

APD gain M
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4.6 NHIEU TRONG BO THU QUANG (5)
< Nhiéu nhiét:
. Tai nhiét do xac dinh, cac dién tir chuyén dong ngau nhién trong
vat dan (dién trd) = gay ra thang giang dong (thanh phan nhiéu bo
Xung goi la nhiéu nhiét - nhiéu Johnson)

. Dong quang dién sinh ra: I(t) =1, +is(t) +ir(1), (4.19)
Trong d0: i; - su thing giang dong gay ra boi nhiéu nhiét

. Mat do phé nhiéu: St(f)=2kpT /Ry. (4.20)
Trong do: Kg - hang s6 Boltzman, T - nhiét do tuyét d6i, R, - dién
tr¢ tai.

. Phuong sai nhiéu: o7 = (i3(1)) = /i Sr(f)df = (4kgT /RL)AS. (4.21)

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (6)
< Nhiéu nhiét:

. Bo thu quang goém nhiéu thanh phan dién khac nhau = b6 sung
nhiéu nhiét.
. Nhiéu b khuyech dai (KP): chu yeéu nhiéu nhigt (b6 xung phu
thudc vao kiéu bo tien KD va bd KD sir dung.
. Nhiéu nhiét & cac bo Kb khac nhau duogc dic trung qua dai luong
F. - hinh anh nhiéu b khuyéch dai

o7 = (4kpT /R )F,Af. (4.22)

Hé so F, ddc trung cho su ting cudng nhiéu nhiét boi cac dién tro
khac nhau duogc st dung trong cac bo tién khuyéch dai va bd
khuyé&ch dai chinh.

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (7)

¢ Nhiéu tong:

. Dong nhiéu tong: cong cic ddng gop cua nhiéu nd va nhiéu
nhiét.

. Vi ig(t) va i-(t) 1a qua trinh ngau nhién doc 1ap thong ké gan
dung dang Gauss.

. Phuong sai dong tong:

o = ((AI)*) = 0; + 07 =2q(I, + 11)Af + (4kpT /RL)F,Af.  (4.23)

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (8)
% Ti sb tin hiéu trén nhiéu:
. Ti s6 SNR dic trung cho chat lugng cta bd thu quang:

+ 2
average signal power [
SNR = P guon b = £ (4.24)
noise power 0°

. Dbi véi cac bo thu sur dung PIN:

R*P?
SNR = e . (425)
2q(RPy,+ 1;)Af +4(kpT /Ry )F,Af

Trong d6: 4o daptmg R =ngq/hv

ON: THONG TIN QUANG - KHO
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4.6 NHIEU TRONG BO THU QUANG (9)
% Ti sb tin hiéu trén nhiéu:

. Gi6i han béi nhiéu nhiét (6,2 >> 6.2):

R/ R°P:
SNR = m_ (4.26)
4kgTE,Af
. Gi6i han boi nhidu no (o2 << ,2): khi cong suat quang 16n

2gAf  2hvAf
. P6i véi cac bo thu str dung APD:
I (MRP,,)?

SNR= -5 =-—— ,
O; —|—0_T QQM FL’\(RPM+Iff)Af+4(kBT/RL)E?Af

ON: THONG TIN QUANG - KHO
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4.7 CAC THAM SO BO THU QUANG (1)
% Ti s0 16i bit:
. Tinh nang bd thu duoc dac trung bdi dd nhay bd thu.
. Doi v6i h¢ thong so: tinh nang thé hign qua ti so 16i bit (BER) -
Xac suat 101 (nhan sai bit) tai mach quyét dinh bd thu.
N N

BER = —%= —¢ (4.29)
N Bt

t

. Tin hiéu dau vao mach quyét dinh c6 gia tri duoc lay mau thing
giang quanh gia tri trung binh 1, hoac I,

|, - Dong trung binh tuong tng vai bit 1
|, - Dong trung binh tuong tng voi bit O

ON: THONG TIN QUANG - KHO
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4.7 CAC THAM SO BO THU QUANG (2)

** Ti so 101 bit:

Sign

Probability

. Mach quyét dinh so sanh gia tri mau véi gia tri ngudng I,
- Quyét dinh 1a bit 1 néu I > 1,
- Quyét dinh 1a bit 0 néu I <1
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4.7 CAC THAM SO BO THU QUANG (3)
% Ti s6 161 bit:
. Doi véi bit 1, 16i xay ranéu I <1

. D061 vo1 bit 0, 161 xay ranéu I > [

j; <= p(1)P(0]1)+ p(0)P(1]0) (4.30)

Trong d6: p(1), p(0) - xé4c suat thu cac bit 1 va 0
P(0/1) - x4c suat quyét dinh bit 0 khi thu bit 1
P(1/0) - x4c suat quyét dinh bit 1 khi thu bit 0
. Khi cac bit 1 & 0 c6 xac suat xuat hién nhu nhau:
p(1)= p(0)=0.5 — BER=0.5[P(0]|1)+ P(1]0)] (4.31)
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. X4c suat 10i: BER =
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4.7 CAC THAM SO BO THU QUANG (4)

% Cong suat thu toi thiéu:
. Xét truong hop don gian:

- Bit 0 khong mang cong suat quang Py~ 0= 1,=0

- Bit 1 mang cOng suat P, = I, = MRP . = 2MR P (4.32)
trong d0: P = A ;Pﬂ = 1;‘ (490) ¢dng suat quang thu trung binh
P(t)

Pl | | ‘
PD t -
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4.7 CAC THAM SO BO THU QUANG (5)

% Cong suat thu toi thiéu:
. D6i v6i bo thu PIN: gidi han bai nhiéu nhiét
.29
pin R
. D6i v6i bo thu APD: t6i uu M = P nho nhat

. o7 1/2 o7 1/2
Mmpl = /’{; ! (Qq‘ﬁf + kg — 1) ~~ (kAQqu> (4.34)

= (Brec) AP = (2gAf/R) Q% (kaMopi+ 1 — ky) (4.35)
.D0oi v6i bo thu ly twong: o, =0 _ 0’
P |piﬂ= YQB
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4.7 CAC THAM SO BO THU QUANG (6)

¢ G161 han luong tu:

. Bo thu ly tuéng: khdng nhiéu nhiét, khdong dong toi, n = 1, khéng
nhiéu n6é d6i véi bit 0, chi can 1 photon cho bit 1.

. Nhiéu nd tuan theo thong ké Poisson, khéng phai Gauss.
. D61 voi bit 0: Ny = 0, P(1/0) = 0
. Poi voi bit 1: P(0/1) = ? Lbi xay ra khi khdng cé cip hat tai nao

sinhra (n=0) = P(0/1) = exp(-N,)

1 -
— BER = EEXP(_ N p) (4.37) - P=N ph vB (4.38)

Céac bo thu thuc té thuong hoat dong xa gidi han luong tir > 20 dB
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