Chuyén doi twong ty - so photonic bang cach dung
buong cong hudong Fabry- Perot phl tuyen
Chuyen d6i twong tur - sb song song vé mat khong gian dugc dé xuit véi
budng cong huong Fabry- Perot phi tuyén duoc st dung nhu mot bo so sanh
da chtrc ning dua trén phuong phap tudn hoan xung. Pau ra truyén qua cta
bd so sanh photonic c6 dang tin hi€u nhi phan 0 hodc 1, phu thudc vao
cuong do to1 1on hon hay nhé hon cuong do chuyén mach tuong Gmg voi
trong s6 nhi phan. B9 so sanh photonic phan xa anh sang to1 rat t6t, co thé
trir hoac khong trur trong s6 nhi phan, va tra lai anh sang phan xa cho chu ki
sO thap hon t1ep theo. Bat dau tir bit trong s6 cao, mach dé quy duyét qua
lién tlep cac dau ra dugc mé hoa nhi phan Két qua mo phong cho thay
chuyen d6i twong tu - s c6 do phan giai 1én dén 6 bit ma khong co sai so
dang ké.
1. Gidi thi¢u

Thé gidi s6 phat trién khong ngimg doi hoi cac bo chuyén ddi tuong tu - sb
(A/D) ning suat cao dé diéu khién thong tin twong tu ching han nhu hinh
anh, am thanh, thoi tiét va dit liéu radar, bao trum céc linh vuc khic nhau
ching han nhu truyén thong, do ludng, diéu khién, va cac tng dung cam
bién. Cac bd chuyén d6i A/D c6 mit khip noi va dap Gmg nhu cau phat trién
nhanh ciia cong nghé xir li s6; tuy nhién, cling gidéng nhu cac thiét bi dién,
véan téc ctia ching cling chi gidi han & vai trim triéu mau trén gidy dbi voi
bo phén giai 8 bit hodc cao hon'. Kién trac flash twong du:ong v6i cac b so
sanh 2~-1 dé phan giai tin hiu tuong tu truc tiép thanh 2~ ma. Do do, loai
bd chuyén doi nay von di da nhanh, hoat dong voi toc do trén giga mAu trén
gidy; tuy nhién n6 can céc thanh phan phirc tap tiéu ton nang lugng cao va
cho ra d0 phan giai han ché. Pé khic phuc nhitng han ché co ban cua cac hé
théng chuyén d6i A/D toan dién, mot s hudng tiép can tap trung vao kién
truc photonic da duogc dé xuit va thuc thi; chu yéu st dung cac bo diéu bién
6ng dan song giao thoa Mach-Zehnder”™, cac bo lam 1éch &m — quang’, cac
thyristor quang dién®, va anh xa mién thoi gian sang mién bude song”®. Muc
dinh cua nhig h¢ thong nay la cung cap xtr 1i tin hiéu dién voi giao dién
A/D photonic toc dd cao, vi vay da sO dya trén kién trac doc ra mot cong.
Thoi gian thong qua va su tiéu ton nang luong tang khi kién trac dugc st
dung cho cac tin hi¢u va hinh anh da chiéu. Tuy nhién, véi cach tiép can bd
chuyén d6i A/D quang hoc khong glan tu do dua trén kién tric song song vé
mit quang hoc, mang ludi nira tong’ va cac bd diéu bién pha bang tinh thé
long hién ‘[al10 1 chua cho thay téc d6 nhanh hon.

Trong bai bao ndy,chung to6i dé xuat mot giai phap chuyén d6i A/D
photonic dua trén kién trac song song vé mit khong gian va tudn tu bit tan



dung céc tinh chit cia mot dau vao va hai dau ra bo sung cua bd so sanh
photonic. Khai niém hé thong cd ba muyc tiéu co ban: st dung quang phi
tuyén nhu mot phuong tién cho toc do xu li siéu nhanh, dat duoc xu li song
song vé mit ‘quang hoc tang tbc d6 1dy mau twong duong cua bd chuyén doi
A/D bang sb kénh song song, va duy tri su lién tuc cua tin hiéu trong cac
khéi xir 1i quang hoc.

2. Nguyén tic hoat dong o o ,
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hop gilta mot bo
so sanh photonic
véi mot bo khuéch
dai quang hoc nhu #nalog input " Digital cutput

dIIQC minh hoa - _| sampling comparatar
trong hinh 1. f j \ ﬂ |_|

M6t bo tri hoan - _
quang hoc thuong
duoc chén vao

\ A \ A ,J
vong tuan hoan dé /H\/l/\l\
diéu chinh dong r /UVH\

Amplifiad signal Reflecied signal

tin hiéu quang hoc. TN H
Mot trong nhing N i
uu diém cia kién b U

tric quang hoc 1a optical Delay

mach mot dau vao , o g o ,

\ - A ~ Fig. 1. Schematic diagram of photonie A/D conversion system.
va hai dau ra da The four insets represent the spatial intensity distribution of the
don glén hoa hé optical flow signals.
théng. BO so sanh
photonic thuc thi mét ham node phirc tap, bao gbm so sanh tin hiéu tuong
tur, trir trong s6 nhi phén, va tao ra dau ra sd. Mdi quan hé giira cuong do anh
sang truyén qua va phan xa theo cudng d6 anh sang téi dugc biéu dién trong
hinh 2a va 2b.

B¢ so sanh photonic phan xa anh sang toi, nhu guong binh thuong dudi
diém chuyén mach L. Khéng co dau ra truyén qua xut hién, tirc 1a tin hiéu
nhi phan 0. Trong chu ki dau tién, cuong d6 chuyén mach dugce xem 14 bit co
gia tri cao nhat (MSB), tuc 1a 7,,=2""1I (1) ,0 day 1, @ twong tmg vai bit co gia
tri nho nhét (LSB) & giai doan dau. Sau do tin hleu phan xa dugc dan t6i bo
khuéch dai quang hoc, tai day cuong dé dugc nhan doi dé so sanh vi bit ¢6
gi4 tri cao nhét thir hai. Mién 1a do loi cia mdi chu ki bit cho phép I, gidng
nhau gitra cac chu ki, mac du né biéu dién mot trong sé khac twong tmg voi
bit cy thé. Vi dy, diém chuyén mach I, tuwong tng véi 2N‘2]q(2) ¢ vong thu



hai. Nho 4p vao cuong do tdi 1om hon I, , bd so sanh photonic s€ chuyén

sang trang thai truyén.
Mot phan anh sang toi
Iy dugc truyén boi bo
so sanh photonic nhu
dau ra nhi phan 1.
Phan du cua anh sang
té1 dugc phan xa va
duoc cho vao bO
khuéch dai quang hoc.
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Fig. 2. Schematicrepresentation of the intensity-dependent char-
acteristics of the ideal photonic comparator:  (a) transmission and
ib) eflection characteristics.

chuyén d6i. Diéu chinh do loi cua bd khuéch dai quang hoc c6 thé bu sy mat
mat tudn hoan, lién quan dén guong va su mat mat do hap thy. O day tin
hiéu tuong tu theo kiéu song song dugc chuyén sang mot dong bit song song
tir MSB sang LSB. Néu tin hiéu dau vao 1a anh c6 kich thuét 16n, dau ra la
mot chudi cac anh c6 duong nét gidng nhau nhung chi chira cac anh gia tri

nhi phan.

Pé hiéu dugc mot hé thong thuc té, ching ta phai xét su tich hop hé

thong va sy tiéu
hinh hoa dé giam
kich thuot, gia
thanh, va su tiéu
tén nang luong.

Hinh 3 bicu dién
hinh dang cua
phién ban xép
16p ctia hé thong
chuyén doi A/D.
Su  khac nhau
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chu yéu vO1 hinh Fig. 3. Stacked version of the photonic A/D conversion system
1 14 mach 4nh  using the back-and-forth optical circuit mechanism.



sang qua lai gitta b so sanh photonic va bd khuéch dai quang hoc. Bo
khuéch dai quang hoc trong so d6 nay gip anh sang tin hiéu hai lan trong
mot chu ki. Trong cach tiép can khéc, cac ham photonic dugc sap xép thanh
mot kién tric dan song. So dd nay giam tinh da dang khong gian va day bo
chuyén d6i A/D thanh mot mach tich hop photonic, dugc diéu khién cong
sudt thap va gon nhe.

l.

Chudi ¥ tudng cta su chuyén dbi N-bit 1a nhu sau:

Lay mau. Thiét bi ldy mdu dugc dung dé dua tin hiéu tuong tu vao
mach chuyén d6i A/D dudi dang céc xung anh sang. Cong suit cia
xung 4nh sang sé& lién hé tuyén tinh véi cuong do tin hidu dau vao
dugc dua vao trong chu ki 1y mau. So dd nay ngin chin sy dao dong
dau vao trong qué trinh chuyén d6i. Bo diéu bién anh sang khong gian
(SLM) va mot chudi pixel thong minh 1a nhiing tmg ctr vién cho muc
dinh nay'>". Ciing nhu ddi véi cac tin hiéu dau vio twong ty trong
mot dong dién, mang laser phat xa mat budng cong hudng thang ding
thudong duoc dung dé chuyén doi tin hiéu dién thanh tin hiéu quang."
So sanh — ma hoa: Khi tin hi¢u dau vao X 16n hon mirc quy chiéu 7,,,,
bd so sanh photonic xuit ra / va phan xa (X-1,,) cung mot lac. Khi tin
hiéu dau vao X nho hon 7,,, bd so sanh photonic xuét ra 0 Va phan xa
X. O giai doan MSB, I,,, twong tmg v&i trong sd nhi phan 2V trong su
luong tir hda N-bit.

. Tri hodn. Xung anh sang luu thong trong vong chuyén doi A/D phai

duoc thiét 1ap dé tri hodn thich hop. Néu khong, xung anh sang phai
duoc diéu chinh bang mot khoa phu dugc diéu chinh bang mot khoa
ngoai thiét 1ap chu ki chinh x4c cho chudi bit quang hoc.

Khuéch dai. Bo khuéch dai quang hoc tang cuong tin hiéu quang hoc
duoc phan xa boi bo so sanh photonic dé 1ay lai ti 1¢ theo tiéu chuan
mdt bit thap hon. Vi vay, cuong do anh sang nhén doi tai dau vao cia
bd so sanh photonic, ké ca su mat mat quang hoc trong mot vong. Mot
b6 khuéch dai quang hoc vdéi bién dang hai chiéu ¢6 thé duoc thyuc thi
vO1 cac vat liéu tich cuc, chéng han nhu ban dan, thubc nhuém hoic
hoi kim loai halogen. Néu khong, mot SLM co6 thé duoc dung cho
muc dich nay. Trong truong hop d6, SLM ciing ¢6 thé diéu chinh
xung anh sang luan chuyén nhu mot thiét bi khoa.

. Su tuan hoan xung. Mot V(‘)ng m('yi bét dau, gui tin hiéu quang cho b

so sanh photonic dé so sanh 2™ truong hop trong giai doan MSB thir
hai. Déi véi chuyen d6i N-bit, xung anh ang luu théng N 1an dé mang
lai 2N 2N L ,2° mat phang dugc ma hoa nhi phan tuan ty.

Thiét ke bg so sanh photonic



Thanh phan dién hinh nhat duoc str dung trong kién tric nay 1a bo so
sanh photonic cung cdp ham ngudng nhu dugce biéu dién trong hinh 2.
Hoat dong bu duoc thuc hién bang buong cong hudng Fabry-Perot phi
tuyén (NFP) da dugc nghién ctru nhiéu ve€ kha néng cua ching trong cac
tmg dung xur 1i logic quang hoc, cong tic photonic, va sy tao xung anh
sang siéu ngan'®?’. Nhu duogc biéu dién trong hinh 4,
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chiét suat cua Fig. 4. Schematic arrangement of the asymmetric nonlinear
mo1 tI'lI(‘)’ng Fabry-Perot resonator with input and output signals. Rpand Bg,
phl tU.YéIl reflectivity at the front and the back mirrors, regpectively.

Anh sang tdi /
A- Frant Mirror 1

dugc  nhung
giita cac bé mat etalon. Sy ghép gitta anh sang bén trong va mode budng
cong huong dan dén dic tinh cong hudng, dan dén su bién doi nhanh cua
bién d6 anh sang t61 va anh sang phan xa. Do do, budng cong hudng NFP
nhay véi su thay doi nhé cia chiét suat, mic du cac hiéu ing phi tuyen
thuong doi hoi cuong do tdi cao dé tao ra su thay d6i dang ké tinh chat
vat liéu. Boi véi thiét ké nay, chung toi dé xuét str dung ban dan hop chét
gié’ng lwong tir'**' hogc ban dan khoi, thuy tinh dugc pha vi tinh thé ban
dan® , va thuy tinh tan sdc hat kim loal23 2* nhu cac vat liéu phi tuyén do
chiét suat phi tuyén 16n cua chung. Mot cip guong cé thé duoc t6 hop tir
cac 16p mot phan tu song xen k& nhau, ching han nhu AlAs/GaAs va
Si0, /TiO, dé lam mét mat do hap thu thép va hé sb phan xa chinh x4c.

O day chung ta gia su rang su phi tuyén quang hoc dugc xac dinh boi
sO hang chiém vu thé cuong do 4nh sang. DO dich pha bén trong cua
budng cong hudng NFP la:

_ 2mdn,],

+ 8, (1)
1\



0 day /. la cuong d6 anh sang bén trong etalon, n; la hé sO chiét suét phi
tuyén ctia vat liéu bén trong etalon, 0 la sy léch huong pha ban dau, va A
1a bude song cua anh sang to1. He sd chiét suat phi tuyén n, c6 1én quan
truc tiép v6i 46 cam bac I1I ¥ (don vi tinh dién) theo hé thuc'®:

47" Re[x']

Mg = " (2)
eng

o day ny la chiét suét tuyén tinh cua vat liéu. Thuc sy, ching ta s€ truy
cap gia ™ 1én quan dén su hip thu anh sang va su tiém hat tai dién char
khong phai ¥ thuc do moment ludng cuc phi tuyén bac cao hon.
Cuong do cua anh sang truyén qua, phan xa va anh sang bén trong ctia
budng cong hudong NFP twong tng 1a 1, I, va I. ¢6 dang"*:
ad(1 — Rg)exp( —ad)

I= ' - 4. (3
- [1 — exp(—ad)||1 + Ry exp(—ad)| o

ad[1 — Ry expl —2ad)]
[1 — exp(—wd)][1 + Rz exp(—ud)]

L=1I,- (4)

[ = (1 —Rp)[1 + Ryexpl—ud)][1 — exp{—ad)] I
* " ad[l — (RpRg)"? exp(—ad)F + 40d (RpR5)"? exp(—ud)sin®8

o day I, biéu dién cudng d6 anh sang toi va o la hé s6 hip thu cua vat liéu
phi tuyén. Trong phuong trinh trén, s6 hang exp(- ad) 1a h¢ sO truyen qua
cua etalon néu bo qua su mat mat do phan xa co. Can chu y rang hé thuc
giita su thay doi 6 hap thu va thay doi chiét suat khong duoc xét trong
mo phong nay dé don gian hoa viéc phan tich thiét bi. M6 hinh vat liéu
phi tuyén day du d6i véi budng cong huong NFP vuot qua pham vi
nghién ctru cta bai bao nay.

Cuodng d6 anh sang truyén qua 7, c6 lién hé voi cuong do anh sang toi
1, ttr phuong trinh (1), (3) va (5) nhu sau:

AR rR5)"* exp(—ad)

A B . .
' [1 — (ReRz)"* exp(—ad)]
” 5i112<[2ﬂn2[exp{&d} —'1][1 + FH exp(—ad)| L+ a]
| Aax(l — Rp) [
B (1 — Rg)1 — Rp)exp(—ad) I,=0. (6)

[1— (ReRgz)"* exp(—ad)F
Cac duong cong trong hinh 5 biéu dién cac két qua duoc tinh toan cia
phuong trinh (6) vd1 do 1€ch huong pha ban dau & bién doi tur sy cong



hudng Fabry-Perot.
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Fig. 5. Light intensity (a) transmitted and (b) reflected by the
NEFP resonator in dependence on the incident light intensity.
Cutput—input curves are caleulated with four different values of
cavity detuning (8) fom the Fabry-Perot resonance.

Cac gia tri tham s6 dé mo hinh héa 13 d=1.0 um, Rp=0.81, Rz=0.99,
a=1.10cm™, va n,=10"cm’/W. Budc soéng cua anh sang to1 duoc gilr
khong do6i o gia tri 0.85 um trong khi cudng do bién ddi. C4u trac nay c6
thé ludng on, c6 trang thai truyén qua thap do cudng d6 anh sang toi thap
va trang thai truyén qua cao do cuong d6 anh sang t6i cao. Bdi vi xung
anh sang dau vao di vao budng cong huéng NFP ludn ludn trong diéu
kién tbi, diém nghiém di theo nhanh thip hon trong chu trinh tré nhu
duoc minh hoa trong hinh 5a. Sau khi cudong d6 anh sang to1 dat dén I,
dau ra ting dan khi cuong do anh sang t6i tang. Budng cong hudng NFP
khong kep dau ra truyén qua cua nd ding nhu trong hinh 2. Thiét bi s6



tiép theo, chang han nhu cic thanh phan xir li s6 quang hoc hoic mang
detector quang, s& thiét lap ngudng cua nd dén gitra cac muc cuong do
truyen qua thap va cao. Vi thé chung ta nén str dung hé sO truyen qua
thap va cao & ca hai phia ctia diém xuat phat, chang han I, dé biéu dién
ma nhi phan 0 va | tuong tng.
Chung ta c6 thé rut ra hé thirc gitra cuong d§ anh sang téi 1) va cuong
do anh sang phan xa I, tr phuong trinh (1), (4) va (5) :
@ -Dl1 += 41{?;..&'3} E.'Kp1—ud} ;
[1 — (RpRpg)"* EKW—m‘E}J
: J2~Tn£[1 — exp(—ad)|[1 + Ry exp(—ad)]
4 Slll
|_ \o[1 — R exp(—2ad)]
X (I, — 1) + g}| - L= Bl - b it
1 — (ReRg)"~ exp(—ad)]

= 0.
_|

(7)

Hinh 5b biéu dién sy thay ddi cuong do phan xa khi cudng do t6i thay
d6i duoc rat ra tir phuong trinh siéu viét (7). Ching ta c6 thé thay doi
duong cong dau ra — dau vao tir mot ham lién tuc qua ham béc thang cua
duodng cong tré bé“lng cach tang sy 1éch hudng ban dau tir sy cong huong
Fabry — Perot. Pé giam cuong do phan xa vé€ murc quy chleu duong cong
cho thay rang d1eu kién ludng 6n chiém vu thé - hon. HE sO phéan xa c6 the
duogc chuyén xubng bang xung tin hiéu, mién 1a cuong do vuot qua
ngudng & nhanh cao, tic 1a Iy,. Xung tin hiéu & cudng do thap hon
ngudng s& khong chuyén mach thiét bi, vi vay thiét bi s& duogc giit ¢ trang
thai phan xa cao. Mac du cac budng cong hudng NFP duoc dé cip & trén
c6 hé s6 mém déo thap (<I5), anh huong cua sy thay d6i dén cac tham s
thiét bi va tinh dong déu cua chung van rét quan trong. Nhu duoc chi ra
trong hinh 5, nhitng sy 1éch nho so véi chiét suat tuyen tinh duogc thiét ké
ny thay doi cong huong. Do d6, bude song va sy didu hudng goc cua anh
sang toi s& 1a yéu td can thiét trong thuc hanh.

Yéu t6 1am cho hé sd goc tuyén tinh giam & muc quy chiéu 1a chirc
nang i tha nhat ciia budng cong hudng NFP dé loai bo cudng do trong sb
nhi phan tur anh sang toi. Puong cong dang rang cua nhu thé di duoc tim
thay trong cac thiét bi quang hoc ludng on'*>, va cac két qua s& duogc cai
tién thém voi thiét ké hudng dén bo so sanh photonic. Puong cong dau ra
— d4u vao nhu dugc biéu dién trong hinh 6 dugc kep boi hai dudng bao
twong ung voi hé sd phan xa léch hudng R, 7 va hé s6 phan xa cong
hudéng R, 26



_ (1 =Rp)1 — Rg exp(—2ad)]
[1+ (RpRp)"* exp(—ad)f ’

(1 — Rp)[1 — Ry exp(—2ad)]
[1— (RzR5)""* exp(—ad))”

Hinh 6 tién doan diéu kién tham sd mang lai sy khac biét 16n gitra cac
muc phan xa
cao va thap trén 400
vung ludng 6n.
Theo phuong
trinh (8), viéc
tang hé s6 phan
Xa cua cac
guong c6 thé
tang hé s6 goc
cua duong bao
0 trén. Mat . ; . L
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cua du’(‘mg bao Fig. 6. Reflection characteristics of the NFP resonator for four
phia duédi tiél’l diﬁerenl,“mirrur reflectivity couples: (1) RF = Li':fi'&Rf_r =0.99 8=
t5i 0. tae 13 —U'.'Z-r.ﬁ; i) R =_U.49:, R,=0.965= —U.Eaﬂ;[tll}RF = 0.9, R =
> 093,83 = 025w (iv) Rr = 0,34, R = 0.9, 8 = —0.28%. Two
R,,=0 duogc rut envelope lines indicate the offresonance reflectivity R, and the

ra to phlI'O'l’lg on-resonance reflectivity K.
trinh  (9) c¢o
dang:

Ry/Ry = exp(—2ud). (10)

Co ché chuyén mach tuong phan cao c6 thé duogc giai thich nhu sau. Vi
cudng do dau vao thap o trang thai 1éch huong, hé s6 phan xa tuyét d6i
duogc tang cuong néu h¢ s6 phan xa cua guong sau dugc lam cho hot cao.
Khi dit vao cuong d6 tdi cao, chiét sudt duge ting cudng lam cho toan
bd su phan xa bién mat khi hé sé phan xa hi€u dung cua guong sau c6 do
16n bang hé sé phan xa cta guong trude, dem lai trang thai cong huong.
Duya trén cac guong phan xa cao bi gidi han boi diéu kién bat d6i
xung cua phuong trinh (10), ching ta c6 thé thu dugc dic tuyén phan xa
véi ti sO tit — mé cao nhu biéu dién trong hinh 7. Sy 1éch huong pha
trong budng cong huong dugc thiét ké dé 1am cho hé sé phan xa ¢ diém
nhay tién t6i 0 (hinh 7a) hodc dé ting cudng chu trinh tré (hinh 7b). Su
can bang dugc quan sat thdy giita tinh thing cta canh sau va su offset

R:ut't' =

(8)

R:nu =1= 'kgjl

-

8

Reflected intensity (W/cmg)
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nator with mirror reflectivity of the same relation Ry /Ry =
exp(—ad): (i) R, =081, R, =0.499; (i) R, = 0.78, R, = 0.95; (iii)
Ry = 074, Rg = 0.9; (iv) R = 0.7, Rz = .85, Cavity detuning
& 1= designed for (a) zero reflection at dowoward switching, (1)
—0.07w, (1) —0.0Bw, (i) —0.1w, (iv) —012w, and for (b) enhance-
ment of the hysteresis loop, 1) —0.1w, 11) —0.12%, (m) -0 14w, (iv)
—{.18=.

ludng 6n duoc thoa
man. Hé sb phan xa
guong trudc Ry dugc
t6i uwu trong phuong
trinh ~ (10) voi
Rp=0.99 dé tao ra su phan xa etalon cuc tiéu khi cong huodng. Chuyén
mach murc thép dat dugc khi ad>0.1, & day viéc tdi wu khong nhay véi
viéc Iya chon chinh x4c hé sb hap thu va chiéu day etalon. Khi d6 1éch
huéng budng cong hudng § ting, ving ludng 6n duge mé rong sang cac
diéu kién ad 16n hon; tuy nhién, cuong do chuyén mach dugc tang 1én.
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4. Mo phéng chuyén doi A/D

Bo chuyén doi A/D li trong c6 ham truyén vOi budc ma dong déu
rong 1 LSB. Trong thuc té, cac ham truyen cho thay sai sb phi tuyen
cing nhu sai s6 do 1¢1 va sai s6 offset’’. Trong mo phong nay, sai so
d06 loi va sai so offset co thé dugc xac dinh bén ngoai ¢ bo khuéch dai
quang hoc va trong giai doan 1ay mau. C4c bai toan téi han cu thé 1a
cac sai s6 bat kha quy la phi tuyén vi phan (DNL) va phi tuyén tich
phan (INL). DNL xuét hién khi bang thong luong tir hoa 1éch so véi
truong hop li tudng, d?ln dén thiéu tinh tron trong ham truyén. Néu
DNL mo rong, mot s6 mé c6 thé bj thiéu; trong truong hop toi han,
ham truyén tré thanh khong don diéu. Sai sé DNL E, dugc dinh nghia
la do 1éch cuc dai cuia 4o rong ma thu’c P, voi gia tr1 li tuong P, (=1
LSB) trén gia tri toan thang do Prs™,

P Pq max

E, == % 100 (% (11)

F5

Tham chi khi DNL riéng nho, hiu tng tich liy c6 thé 1am méo tin
hi¢u khi tién t4i pham vi toan thang do. Bay goi la INL léch ham
truyén tir duong thang li twong. Sai s6 INL E; duoc cho boi do léch
truong hop xau nhét cia mot ma thue sy tur duong thang duoc v€ qua
cac diém cudi ciia ham truyén, dugc biéu dién nhu phan trim cua toan
thang do.

Pé danh gia tinh mém déo cua hé thdng chuyén doéi A/D, bd
khuéch dai quang hoc dugc gia st 1a thuc hién khuéch dai tuyén tinh,
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lech du’orc cong vai tin hleu mau dé xir 1 s hoa, dua dén sy bat dinh
lwong tir £1/2 LSB. Hinh 9 biéu dién hé thirc cudi cing giira gia tri
dau vao tuong tu va sd dau ra digital dbi voi phan giai 3 dén 5 bit.
Hoat dong ctia bd so sanh dua trén NFP dugc minh hoa trong truong
hop Rp=0.99, Rp=0.81, ad=0.1 va §=-0.07n trong hinh 7a. Trong
truong hop nay, buong cong huong NFP dat toi hé s6 phan xa bang
khong ¢ diém chuyen mach. Do loi ciia bo khuéch dai quang hoc
duoc thiét 1ap bang 4.77dB trén toan bo khoang cuong do dau vao.
Chung ta thay rang E, bang 2.9% va 2.1 % dbi véi chuyén do6i N= 3
va 4 bit twong (mg. Bdi vi sai s6 DNL > I LSB trong chuyén d6i 5 bit,



ma 01111 bi bo qua twong Gng voi diém thay dbi. Su chuyén doi don
diéu bi mat & dich chuyén giita thang ddi voi chuyén do6i 4 bit. Ciing
nhu d6i véi chuyén doi 5 bit, cic mirc ¥4 va % toan thang , cling nhu
Y5 toan thang tré thanh khong don diéu. Diéu nay 1a do hé sb phan xa
to1 han trong dap ung chuyén mach di xudng. Sai s6 INL cua E; dugc
wdc tinh 1én dén 2.2% va 3.5% turong Gmg voi phan giai 3 bit va 4 bit.
Sau 5 vong, do léch cua ham truyén tang dan dén 1 LSB, dan dén sai
s INL 3.2 %. Nhing sai s6 ndy c6 thé duoc cuc tiéu hoan bang cach
diéu khién d6 loi quang hoc nhung khong thé duoc han ché hoan toan.

Mot cach tiép can khéc la st dung su kién suon sau co thé rd
nét trong phan xa NFP. Nhu dugc biéu dién trong hinh 5b, suon rd nét
do d6 rong chu trinh dai cua tinh ludng 6n quang hoc. Can chu y rang
su tuyén tinh hoa hé sé goc dugc gilr gan lan céan cua dlem khong lién
tuc, mic du anh sang téi khong thé thiét 1ap lai hé s6 phan xa & I, .
Su phan xa dugc phan cyc nay khong tao nén gioi han co ban cua hé
chuyén d6i A/D photonic. Bo khuech dai quang hoc can diéu chinh
ngudng clia nd sao cho su truyén qua bang 0 tai Iy,. Nhu duoc minh
hoa trong hinh 10, chung ta c6 thé thuc hién bu offset béng cach kich
hoat vi tri ngudng ctia bd khuéch dai quang hoc theo hodc dau ra nhi
phan 0 (truong
hop 1) hodc 1
(truong hop 1I)
cua by so sanh
photonic. Trong
truong hop nay,
cac thiét bi dién
tr lien két voi

(&)

Reflected intensity

= 1 /(o)
X. . N g /
moi pixel bo so £ ;
, R b o
sanh chuyén 3 2
X . =3
xung dau ra nhi 5|/ ¢
~ \ ‘Il’
phan thanh xung —  Incident intensity
dlén, no kich Fig. 10. Schematic representation of the assoeiated output—input
‘A characteristics of (a) the photonic comparator and (b) the optical
hoat~ henq tu? amplifier with a shiftable threshold. (I) and (II} indicate the cazes
nguong cua bO for the binary outputs 0 and 1, respectively.
khuéch dai quang

hoc. Mot phuong phép tinh té dé diéu chinh ngudng nhu thé co thé
thu duoc béng cach hop nhat mot bo hr?ip thu bao hoa quang hoc hoac
budng cong hudng trong bd khuéch dai quang hoc™°, hodc bang cach
st dung ki thuat tron song khuc xa quang. Theo cach tuong ty nhu



trong hinh 9, chuyén d6i A/D dugc md phong ddi véi phan giai 5 dén
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Fig. 11. Transfer functions for (a)§-bit, (b 6-bit, and (c) 7-bit A/D
conversions for the optical thresholding amplifier associated with

7 bit nhu duoc biéu dién trong hinh 11. Tham sb thiét bi dugc chon 1a
Rp=0.99, R;=0.81, ad=0.1 va 8=-0.07x tr hinh 7b. B6 khuéch dai
quang hoc duoc diéu khién ngudng va do loi theo dau ra nhi phan.
Trong hinh 11, d9 loi quang hoc (theo decibel) d6i voi truong hop I
va truong hop II duoc diéu chinh la (a) 3.78, 3.71; (b) 3.87, 3.71; va
(c) 3.84, 3.69. Cac ham truyen cudi cung c6 bién dang bac thang dac
trung co su tuyén tinh tot cua phan xa NFP. Gio1 han phan giai dugc
cai tién dén 6 bit. Sai sd phi tuyén dbi v6i N=5 bit duoc tinh tai DNL
bang 0.94% va INL bang 1.1%, twong tng <1/2 LSB. Chuyén d6i 6
bit ¢6 sai sd DNL va INL tuong tng 12 0.94% va 1.5%. Nhiing gia tri



nay vuot qua tiéu chuan sai sé phi tuyén cuc dai £1/2LSB, vin con

giit & mirc +1/2LSB. M3 13i thiéu dugc quan sat tai cac diém mang

chinh trong ham truyén 7 bit. O ddy, mi thiéu c6 thé cho chiing ta biét

su 1éch cta phan xa NFP thyc té voi duong cong rang cua li tuong.
5. Thao luan
Su don gian vé mit ciu trac phy thudc vao ham truyén NFP cho thiy van
dé chinh x4c dit ra mét cach thuc té cho hé théng nay ddi vai su phan
giai bit cao. Viéc khdp duong cong phan xa véi dudong cong rang cua li
tudng s€ dat dugc viéc 1.'2,1}7 ti 1€ tuyén tinh bién do vd1 cac bit bac cao
hon. Phuong phap nay ¢ thé thuc hién dugc bang cach sir dung su tuong
g giita dap ung budc song va dic tuyén dau ra —dau vao cia budng
cong huong NFP?'. Ching ta c¢6 thé bo cic van bo loc Fabry-Perot bang
cach su dung céc bo loc dai gitra & buéng cong huong NFP, dan dén mot
chu trinh tré doc dung. Tuy thé, sy md rong truc tiép cta kién tric nay
dén hon 8 bit 13 bat kha thi. C4u hinh t6i vu d6i v6i su phan giai bit cao
hon 1& mot phuong phap lai héa v6i bd chuyén doi dong bit thap toc do
cao.

Kién tric photonic nay can mot bo khuéch dai quang hoc cung cép su
tuyén tinh dai rong trén cuong do téi tir mirc tin hiéu LSB hé thong dén
murc tin hiéu MSB cudi cung. Pay c6 thé 1a mot gidi han dang ké ddi véi
mot kién trac phan giai cao. Nb luce 1on trong vi€e thich ing voi cac bo
khuéch dai tuong tu quang hoc rat can thiét trude khi hé théng di vao sir
dung thuc té. Mot van dé khac nay sinh tir bo khuéch dai quang hoc 13
nhiéu phét xa tu phat c6 thé tich lily trong hoat dong theo chu ki. Tuy
nhién, bo loc 1y dai quang hoc thuong duoc sir dung dé chi cho qua
budc song tin hiéu.

Pic tuyén thoi gian ctia budng cong huong NFP bi anh huéng boi hai
yéu to chinh: Mot 13 thoi gian can thiét dé truong dat dén trang thai can
bang va yéu to con lai 1a dép Gng thoi gian cua chinh vat liéu phi tuyén.
Cac két qua duoc bao cao di cho thiy thdi gian thiét 14p nho hon 100 fs
trong thiét bi cong hudng day khoang 1 pm. Qua so sanh, thoi gian dap
g cua vat liéu phi tuyén duoc xac dinh 13 nam trong cic ving pico gidy
va nano gidy. Van toc xir li ctia bd so sanh NFP phu thudc vao dap tng
thot gian cua vat li¢u phi tuyén, nho d6 ¢6 thé dat duoc toe dd cao dang
ké 16n hon 10 GHz. Gia st rang dudng di tron mot vong trong khong
gian ty do la 90 mm, so do ndy s& st dung chudi xung dugc ma hoa bao
gom cac xung anh sang ngan véi khoang cach thoi gian 300 ps. Vi¢c nay
lam cho toc do 1dy mau & trong ‘khoang 500 tri€u mau trén gidy dbi VOl
hoat dong 6 bit. Kién trac co thé hoat dong két ndi voi ki thuat lay mau
quang hoc tdc do cao. Cac thiét bi léy mau dit liéu, chéng han nhu SLM,



cac pixel thong minh, va cac mang laser phat xa mat budng cong hudng
thang dung co thé cung cap hé théng chuyen d6i A/D photonic Vi cac
xung ldy mau giga Hz. Hon nira, 1am vi€c voi cac laser xung ngan cho
thay su phi tuyen dang ke va khic phuc duoc cac hiéu tng nhiét lam thay
d6i chiét suit voi hang s thoi gian 16n.

6. Két luan:

Chung t6i da dé xuit mot cach tiép can méi cho phuwong phap chuyén doi
A/D photonic tich hop budng cong huong NFP voi mot bo khuéch dai
quang hoc trong mot mach photonic hdi quy. Bo so sanh NFP c¢6 ca dau
ra tuong tu va so, hon nita n6 mang lai sy don gian cho cac thiét ké mach
nang cao ddi véi so dd chuyen ddi A/D. DPic tinh so sanh nhu thé duogc
thda mén khi 4nh sang dau ra tir budng cong huong NFP c6 dap ng ring
cua khi phan xa va dap tng timg bac trong khi truyén qua. Chuyén doi
A/D c¢6 kha ning cung cip dén 6 bit phan giai ma khong c6 sai sd dang
ké. Gi6i han co ban trong viéc phan giai bit 1a do sy udén ctia duong cong
phan xa phu thudc cuong do, no lam tang sai ) phi tuyén trén nhiéu chu
ki bit. Kién trac photonic méi ndy c6 cac dic tinh dang quan tim nhu
khoéa tde d6 cao, xir 1i song song va tuong thich véi cac h¢ hoat dong dua
trén photonic hién c6.
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