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(57) Sang ché dé cap may do quang pho cam tay ¢ ving phd hoat dong rong trong khoang
230 nm dén 1100 nm voi do phén giai dén 0,2 nm dya trén nguyén 1y phan chia ving pho
hoat dong. May do quang phd theo sang ché co guong dién moi (4) phan chia chum sang
chuén tryc thanh hai phan truyén song song trong hai khong gian riéng biét. Cac phan anh
sang di ti cdp cach tir & hai goc ta khac nhau, pht hop lan lugt voi viing song dai (dai hon
670 nm) va ving soéng ngan (ngin hon 690 nm). Chum nhiéu xa tir hai cach tir dugc tao
anh boi guong cau 16m (8) trén bé mit hai dau thu 1a diy quang diot (9 va 10). Dai quang
phé tir 230 nm dén 690 nm va 670 nm dén 1100 nm duoc thiét ké phu day kich thudc cia
diy quang di6t. Tin hiéu phd ctia phan tring lap (670nm - 690nm) duoc phan tich va hiéu
chinh cho hai ving pho cho phép dung mét phd lién tuc trong toan dai rong, do phan giai
cao. Tin hi¢u quang phé ghi nhan duge xir Iy va hién thi trén man hinh may tinh thong qua
cong giao tlep micro-USB.
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Linh vyc k§ thuit dwgc dé cap

Sang ché thudc linh vuc co khi, dién ttr. Cu thé, séang ché dé cdp may do
quang phd cam tay do phéan giai cao, dai do rong sir dung cip dau thu day quang
diot.

Tinh trang k§ thuit cia sing ché

Céc thiét bi do quang phé 1a cong cu khong thé thiéu trong nghién ctru khoa
hoc, cong nghé. V& nguyén 1y cAu tao va hoat dong, mot may quang phd hoat
dong nhu sau: chum sang sau khi di qua khe vao, dugc chudn truc thanh chum
sang song song va duge hudng téi bd phan tén sac (lang kinh hodc cach ttr). Anh
sang tan sic dugc mot guong cdu hoi tu 1én cam bién quang dién (dau thu don
diém, day cam bién hodc mang cam bién) dat tai mét tiéu cda guong cau. Anh cta
khe hep tai cac budc song khac nhau s& 1a cac diém khac nhau trén mit tiéu phu
thudc theo hiéu tmng tan sic. Cac diém anh nay duoc quét va chuyén dbi quang
dién 1an luot trén dau thu don diém hodc duge thu ddng thoi néu day/ mang cam
bién duoe st dung.

Vi du vé thiét bi quang phd theo nguyén Iy hoat dong vira thu duoc dai rong
vira ¢6 dO phén giai cao da dugc boc 16 trong sang ché US 5.859.702 bang cach
str dung dong thoi hai thanh phin tan séc bao gdm kénh dai rong 13 lang kinh va
kénh phan giai cao 1a cach tir nhidu xa c6 hing s cach tir nhé. Khi cin phan giai
cao, cach tir duge quay dén ving phd mong muébn dé xem xét ma khong thé quan
sat duoc toan dai phd.

Mot vi du khac v& cdu hinh da duoc boc 16 trong sang ché US 7.019.833
B2 theo nguyén ly hoat dong cling st dung hai yéu t6 tan sic nhu trong sang ché
US 5.859.702 nhung theo kiéu chiéu sang lién tiép. Chim séng sau khi di qua yéu
t6 tan sic thir nhat c6 do phan ly nho dugc huéng t6i yéu td tan sic tha hai tai
ting khodng budc song riéng biét. Sau khi qua yéu t tén séc thi hai, phd birc xa
duoc tao anh trén dau thu anh CMOS. CAu hinh nay ¢6 vu diém 1a thu duoc anh
quang phd ¢6 d6 nhay cao tai timg ving mong mudn nhung khong dap tng duogc
céc yéu cau thu duoc dong thoi toan dai anh quang phd c6 do phén giai cao.
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Mot vi du khéc nira vé ciu hinh hoat dong theo nguyén ly st dung d@)ng
thoi giao thoa ké nhiéu bude song két hop véi mot cach tir duoc thay ddi goc chiéu
tiy theo bugc séng lya chon duge bdc 19 trong sang ché US 5.402.227. C4u hinh
nay cho phép dat dugc dd phan giai phd kha cao nhung chi c6 thé ghi nhén 4nh
phd theo timg ving budc séng (khoang vai nano-mét). P& ghi nhan toan dai phd
quang hoc, cac yéu t6 tan sic dugc didu khién quay, quét ddng bo theo chuong
trinh cai dat.

Viéc tmg dung, tich hop céc thanh tyu clia cong nghé vi dién tir, quang hoc
va co khi chinh x4c d4 tao ra nhitng may quang phd nho gon va ngiy cang duoc
tng dung rong rii vao doi sdng, san xuét ciing nhu qudc phong an ninh. May
quang phd c6 kich thuéc nhé hon 25x20x10 cm, nang dudi 1 kg dugc xép vao
loai may cam tay (handheld). Trén thi trudng hién nay phd bién may quang phd
cdm tay ctia cac hang nhu: Thorlab, Avantes, Ocean Optics, Hamamatsu,
StellarNet,... Céc thiét bi nay c6 vu diém 12 nho gon, nhung cé nhuoc diém 1a
ngudi dung phai lwa chon gifta hai cdu hinh: M4y c6 dai phé do rong nhung d9
phan giai khong cao hodc mdy ¢ dd phan giai cao nhung ving quang phd hoat
dong lai rat hep.

Do d6, nhu cau vé& may do quang phd két hop duge ca hai tinh nang la dai
phd do rong va do phén giai cao trén ciing mot may quang phd c6 kich thude nho
cam tay dugc d& xuat.

Ban chit ky thuat cia sang ché

Muc dich cua sang ché 1a khic phuc nhiing nhuoc diém néu trén.

Dé dat duoc muc dich d6, sang ché dé xuét thiét bi do quang phé cim tay
c6 thé ghi nhan ddng thoi toan bo dai pho quang hoc trong khoang tir 230 nm dén
1100 nm v&i d phan giai phd nhé hon 0,2 nm st dung cip cach tir phan xa.

Cu thé hon, sang ché 13 thiét k& va ché tao mot may quang phd c6 kich
thudc nhéd cam tay, do phan giai cao v6i kha ning ghi nhan ddng thoi anh quang
phd trong mét dai rong tir ngoai séng dai nhin thdy hdng ngoai gin.

Muc dich khéc cta sang ché 1a x4y dung mot phuong phép tinh toan trong
phép so sénh dic trung quang phd dé tao nén mot anh quang phd lién tuc trong

r
.....

Diém khac biét thi nhat 14 chum sang dén dwoc hoi tu vao mot soi cdp

quang da mét sau d6 phéan chia chum sang dén hai cach ti riéng biét ¢6 ciing hing
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s6 cach tr, nhung goc ta (blazed angle) tdi uvu khac nhau tao thanh hai dai phd
riéng biét duge thu nhan dong thoi bing hai ddy quang di6t. C4u hinh nay cho
phép vira dat duge ddng thoi d6 phan giai cao va ving phd phan tich rong.

Diém khéc biét thir hai 12 phéan tach chim 4nh sang ngudn phan tich theo
hai viing phd song ngén (tir 230 nm dén 690 nm) va séng dai (tr 670 nm dén 1100
nm). Hai viing phd di theo hai quang trinh riéng sau dé duogc tao thanh anh quang
phd trén hai dau thu day quang didt (photodiod array) dit song song v6i nhau c6
gbc nghiéng pht hop phu thude viao bude séng va goc tan sic cia cach tir. Mot
tdm phéing phan tich hai ving khong gian lan truyén, dam bao khong c6 cac chim
séng phan xa, tan xa, nhiéu xa, ... & vung khong gian nay lan truyén sang vung
khong gian con lai. Do d6, thiét bi c6 kha nang thu duogc tin hiéu phé trén dai rong
tir 230 nm dén 1100 nm ma van dam bao dwoc d phan giai cao.

Diém khéc biét thir ba ciia sang ché 1a sir dung chwong trinh tinh toan tu
dong khép phd tai viing giao nhau (670 nm — 690 nm), mot mit dé t6i wu gi4 tri
do vé cuong do va do phan giai bdo dam khong bi thiét hai vé cuong do va do
phan giai phd, dong thoi dam bao tinh chinh x4c v& phd ciia phép do trén toan dai
do.

M6 ta vin tit cac hinh vé

Hinh 1 14 hinh v& thé hién chi tiét duong quang hoc ctia hé may quang phd
va cach bd tri céc linh kién quang; a) khdi do ving phd bude séng ngén tix 230
nm dén 690 nm; b) khéi do budc song dai tir 670 nm dén 1100 nm.

Hinh 2 13 hinh v& thé hién phéi canh dang 3D md ta b tri khong gian dang
hai tng ctia hé may.

Hinh 3 12 hinh vé thé hién tinh toan co ban cho vung hoat dong, géc nhiéu
xa va goc nghiéng cua cach tir 6 (hinh trai) va cach ta 7 (hinh phai).

MO ta chi tiét sang ché

Sau day, sang ché s& duge mo ta chi tiét dua vao cac hinh v& kém theo.
Trong d6, céc sb chi dan gidng nhau dé chi dan cho céc chi tiét gibng nhau hoic
tuong tu. Céc hinh v& chi c6 muc dich minh hoa dé sang ché d& hiéu va khong
nhim giéi han pham vi ciia sang ché.

Chum sang can do quang phd tir dau cép quang da mét / di qua khe 2 sau
d6 duge chuan tryre thanh chum song song bang guong cau 3 va duoc chia thanh
hai ving phd boi hé két hop guong dién méi 4 va guong phan xa toan phén 5.
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Guong dién mdi 4 c6 hidu suit phan xa >90% trong vung budc séng dai,
670 nm-1100 nm. Tai mit guong dién moi 4, 4nh sdng c6 bude séng trong khoang
230 nm dén 690 nm duoc truyén qua, trong khi d6, phan 4nh sang c6 budc song
trong khodng 670 nm dén 1100 nm dugc phan xa t6i guong phan xa toan phan 5.
Guong 5 ¢6 tac dung diéu chinh huéng ciia chim anh sdng trong vung budc séng
dai song song v&i phan 4nh sang truyén qua phia dudi. Hai phan 4nh séng c6
phuong truyén hoan toan gibng nhau nhung dugc lan truyén & hai 16p khong gian
a, b khac nhau.

Hai 16p khong gian néu trén duoc ngin cach boi mot tm che chin dé han
ché su chdng chap do tan xa cua 4nh sang. CAu tao phan 16p vé khong gian cia
sang ché co tac dung han ché 51 da su anh huéng chéo gitta hai 16p truyén, lam
suy gidm ty 1€ tin hi€u trén nhiéu (S/N) va kha ning phan giai phd cta thiét bi.
Tét hon 13, hai 16p cia mat phing quang hoc duge bé tri cich nhau 10 mm va
duoc che chin bang mot ban phéing chéng phén xa.

Phan phd bude séng ngén ¢6 budce song 230 nm dén 690 nm duoc truyén
qua guong dién mdi 4 huéng dén cach tir 6 c6 hang sé cach tir 1200 vach/mm theo
quang trinh /7a. C4c tia sang /2a va I4a biéu thi cho hai budc séng cit cua dai
quang phd nim trong viing giéi han cua cach t 6 khi dat & goc té1 2,6° (hinh 3).

Sau d6, chum nhiéu xa /3a va 15a s& tao thanh anh cua khe 2 trén dau thu
9 bang guong cdu 8. Dau do 9 1a day quang di6t xép lién tyc theo huéng vuong
g6c voi truc quang, dit cach guong cau 8 bang véi tiéu cu clia guong ciu.

Chum sang c6 budc séng dai trong khoang 670 nm dén 1100 nm tir guong
dién mdi 4, qua guong phan xa 5, duoc truyén din trén tdng quang hoc trén theo
dudng truyén quang 115 téi cach tir 7 ¢6 hing sb cach tir 1200 vach/mm. Cach tit
7 dt cung vi tri v6i cach tir 6 nhung nghiéng mot goc 13,4° (hinh 3) dé cac bude
song cit 12b va 14b twong tmg voi giai phd chum séng t6i duge truyén dén guong
cau 8. Chuim 4nh sang nhiu xa 735, 15b duoc hoi tu trén dau thu (day quang diot)
10 cung chiing loai véi dau thu 9 ciing bing gwong cdu 8. Guong ciu 8 t6t hon 1a
¢6 béan kinh cong 80 mm stt dung chung cho c4 hai chim séng 1a guong cau 16m
ma nhom phan xa toan phén dai rong cho hiéu sudt cao ddi véi dai quang phé tr
230 nm dén 1100 nm.

Trong d6, tot hon 14 céc dau thu 9 va 10 13 hai day quang di6t c6 kich thude
nho6 hon 42 x 10mm. Cudng do tin hiéu dién tir hai ddy quang didt nay duogc ghi
nhén va xtr ly theo thuét todn so sanh va lya chon gia tri cao nhét tai ving giao
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nhau cta hai dai budc séng quang phd (680 + 10) nm. Trong dé, cic chum 4nh
sang dén 11a, 11b dn hai cach tir riéng biét c6 cting hing s cach tir, nhung géc
ta (blazed) ti wu khac nhau tao thanh hai dai phd riéng biét, duoc thu nhan ddng
thoi bang hai day quang diot néu trén dé cho phép vira dat duoc ddng thoi d6 phan
giai cao va viing phd phén tich rong.

Chum anh sang ngudn duge phan tich béi guong dién moi 4 thanh hai chim
anh sang dén 1/a, 11b thudc ving phd séng ngén (tir 230 nm dén 690 nm) va séng
dai (tr 670 nm dén 1100 nm). Hai chim 4nh séng nay di theo hai quang trinh
riéng sau d6 dugc tao thanh dnh quang phd trén hai ddu thu day quang di6t
(photodiode array) dit song song v&i nhau ¢6 goc nghiéng pht hgp phu thude vao
budc séng va gbe tan sdc ctia cach tir dé thit bi c6 kha nang thu duoc tin hidu phd
trén dai rong tir 230 nm dén 1100 nm ma vAn dam bao dugc dg phan gidi cao.

Chum nhiéu xa ddi v6i timg bude séng 1a cac tia séng song song s€ dugc
tao thanh anh cua khe vao trén mit phang tiéu cu ctia guong. Hai day quang diot
dugc bé tri tai mat phing tiéu cu cua guong cau 8 sao cho anh quang phd cia khe
vao 2 rd nét trén bé mit cha diy quang didt theo cong thirc céach tu
n(sina + sinf) = mA trong d6 n 1a chiét suét cua vat liéu pht trén mat cach tir;
ava fla goc t6i va goc nhidu xa; A 1a bude séng cia tia nhidu xa.

Tin hi€u quang — dién ghi nhén bdi hai ddy quang didt dugc ghi nhan béi
mach vi diéu khién gén lién v6i hé thiét bi, dir liéu ghi nhan dugc s& truyén vé
may tinh theo giao tiép chuén micro-USB, toan bo hé mdy dugc dét trong mdt hop
kin c6 kich thuéc dat chudn thiét bi cam tay, phdn mém didu khién, ghi nhan dit
liéu, xir Iy va biéu dién két qua duoc viét riéng biét trén may tinh bing ngdn nglt
13p trinh C hodc tuong duong.

M4y do phd cdm tay theo sang ché str dung chwong trinh tinh toan tu dong
khép phd tai ving giao nhau (670 nm — 690 nm) dé t6i vu gid tri do vé cuong do
va do phan giai, bao dam khong bi thiét hai vé cudng do va d6 phan giai phd, va
ddng thoi dam bao tinh chinh x4c vé phd ctia phép do trén toan dai do.

Toan bd hé may duoc dit trong mot hop kin co6 kich thude dat chuén thiét
bi cAm tay. Tin hiéu quang — dién ghi nhén béi hai ddy quang — didt duoc ghi nhan
b&i mach vi diéu khién 16 gén lién v6i hé thiét bi. Di liéu ghi nhan dwoc s& truyén
vé mdy tinh theo giao tiép chudn micro-USB.

Phan mém diéu khién, ghi nhan dir liéu, xt 1y va biéu din két qua duogc
viét riéng biét trén méy tinh bing ngdn ngit 1ap trinh C hodc twong duong.
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Phan mé€m c6 kha nang diéu khién céc thong s cia mdy quang pho:

Tho1 gian phoi sang: 10 us — m& lién tuc

Ché do 1ay mau: Lién tuc — roi rac — ¢6 trinh ty

Ché do ghi dit liéu: Pon mAu — liy trung binh

Phan mém c6 kha ning phan tich dit liéu: Phdn mém phan tich phd tai
hai viing phé tring nhau, 670 nm - 690 nm, trén hai dady quang-diot 9 va
10. Céc diém tin hi¢u déic trung s& duoc str dung dé chuin hoa vé Vi tri
khong gian, do khuéch dai cia day quang diot. Dam bao tinh chinh x4c
khi ghép hai ving tin hiéu thanh toan bo ving phd truée khi duoc bidu
dien

Thu va ghi nh¢ dwong tin hiéu nén

Tu dong trir nén

Thu hep va phéng to phan di liéu x4c dinh

Lam min dit liéu

Tu dong tim dinh.

Phin mém c6 kha ning bidu din dit liéu theo:

- Céc dang ham tuyén tinh, bac mi va da thac
- Hién thi & ché do théng ké

- Hién thi nhiéu dit liéu ddng thoi va két qua vi sai gifta céc dit lidu.
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Yéu ciu bao hd

1. M4y quang phd cam tay c6 do phan giai cao, dai do rong st dung cdp dau thu
day quang didt bao gom:

cap quang da mdt (1) dAn chim séng can do quang phd di qua mot khe (2)
sau d6 dugc chudn tryc thanh chim song song bang mdt gwong cau (3) va dugc
chia thanh hai viing phd bdi guong dién moi (4);

guong dién méi (4) cho truyén qua anh sang c6 budc séng trong khoang
230 nm - 690 nm, va phan xa >90% anh sang trong vung budc séng dai 670 nm -
1100 nm téi guong phan xa toan phan (5), guong phan xa toan phan (5) c6 tac
dung diéu chinh huéng ctia chiim 4nh sdng trong ving budc séng dai song song
v6i phin 4nh séang truyén qua phia duéi, hai phin 4nh séng c6 phuong truyén hoan
toan gibng nhau nhung dugc lan truyén & hai 16p khong gian (a, b) khéac nhau,
nhd d6 tach chum sang vao thanh hai chim anh séng dén (//a va 11b) 14 hai 16p
ctia mit phing quang hoc c6 tinh chit quang phé khac nhau chuén truc vao bé
mit ciip cach ti phan xa (6 va 7), hai 16p khong gian néu trén dugc ngén céch boi
mdt tAm che chin bing mot ban phing chdng phéan xa @& han ché su chong chép
do tan xa ctia anh sdng, ngén sy suy gidm ty 1€ tin hiéu ghi nhan va kha ndng phan
giai pho;

cap cach tr phan xa (6 va 7) dugc bb trf sao cho chim 4nh sang dén (11a
va 11b) ding vao goc ta (goc blazed) cua cach tir & dat dwoc ché d nhidu xa tdi
uu;

guong cau 16m (8), wu tién 1a ¢6 ban kinh cong 80 mm, dung chung cho hai
chim sang thanh phan dé tao anh cua khe (2) 1én bé mit dau thu;

cac dau thu (9 va 10) 1 hai ddy quang didt c6 kich thudc nho dép tmg tiéu
chuén kich thuéc cta thiét bi quang phd cam tay;

cuong do tin hiéu dién tr hai day quang diét (9 va 10) dugc ghi nhan va xu
ly theo thudt toan so sanh va lua chon gia tri cao nhét tai vung giao nhau cua hai
dai bude song quang pho (680 = 10) nm;

trong do:

cac chum énh séng dén (11a, 11b) dén hai cach tir riéng biét c6 cling hing
s6 cach tr 1200 vach/mm, nhung géc ta (blazed) tdi uu khéac nhau tao thanh hai
dai phd riéng biét duoc thu nhan ddng thoi bing hai day quang diot (9 va 10) dé
cho phép vira dat duoc dong thoi d phan gidi cao va ving phd phén tich rong,
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chum 4nh sang ngudn dugc phén tach boi guong dién moi (4) thanh hai
chum é4nh sang dén (11a, 11b) thudc ving phé séng ngén (tir 230 nm dén 690 nm)
va song dai (tr 670 nm dén 1100 nm), hai chim 4nh sang nay di theo hai quang
trinh riéng sau d6 duoc tao thanh anh quang phd trén hai dau thu day quang diot
(photodiode array) dit song song voinhau cé goc nghiéng phu hop phu thudce vao
budc song va goc tan sic cua cach tir dé thiét bi c6 kha néng thu dugc tin hiéu phd
trén dai rong tir 230 nm dén 1100 nm ma van dam bao duge do phan gidi cao,

mdy do nay str dung chuong trinh tinh to4n ty dong khép phd tai ving giao
nhau (670 nm — 690 nm) dé t&i wu gia tri do v& cudng d6 va do phén giai, bao dam
khong bi thiét hai vé cuong do va do phén giai phé, va déng thoi dam bao tinh
chinh x4c v& phé cua phép do trén toan dai do,

tin hi€u quang — dién ghi nhén boi hai ddy quang — didt dugce ghi nhan bai
mach vi diéu khién gén lién v6i hé thiét b, dit lidu ghi nhan duoc s& truyén vé
mdy tinh theo giao tiép chudn micro-USB, toan b hé may duoc dit trong mot hop
kin c6 kich thuéc dat chudn thiét bi cAm tay,

phin mém diéu khién, ghi nhan di liéu, xtr Iy va biéu didn két qua duoc
viét riéng biét trén mdy tinh bang ngdn ngit 14p trinh C hodc twong duong.

2. May quang phd cam tay theo diém 1, trong d6 hai mit phing quang hoc
duoc ngin cach bdi mot ban phang chdng phan xa, va duge bd tri cach nhau 10
mm.

3. M4y quang phd cam tay theo diém 1 hodc diém 2, trong d6 mdi 16p mit
phing quang hoc duoc bé tri trong mot hop kin dé ngan anh huéng cua anh sang
tan xa trong qua trinh lan truyén 4nh séng.
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