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pO CHUA LED PUJC NAP PHOTPHO

(57) Sang ch& dé cap dén d6 chia diot phat sang (Light Emitting Diode - LED)

dugc nap photpho c6 d6 bén cao hon va phuong phép 1am ting do bén cta d6

chita LED dugc nap photpho. Lép phii silicon dugc tao ra trén 16p hdn hop

photpho silicon.
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Linh viee k§ thuit dwoc dé cip

Noi chung 13, sang ché dé cap dén cac diot phat sang (Light Emitting Diode -
LED) ma dugc nap photpho. Cu thé hon 13, séng ché d& cap dén cac dd chira LED dugc
nap photpho ning c6 d6 bén cao hon va phuong phap lam tang do bén ciia cac dd chira

LED dugc nap photpho nang.

Tinh trang ky thuit ciia sang ché

Céc LED la céc thiét bi phat sang bing chat ban dan thudng dugc st dung dé
thay cho céc ngudn sang khac, ching han nhu cac dén day téc. Cu thé 13, chiing hitu
dung dudi dang céc ngudn sang trong céc tng dung noi ma 4nh sang khong lién tuc hogc
tap trung cao 4§ dugc mong muén. Mau cia 4nh sang dugc tao ra boi @b chira LED phy
thudc vao loai vat liéu ban din duge st dung trong qua trinh san xuét dd chira nay va,
trong d6 hé thdng photpho dugc st dung, hdn hop photpho ma dugc st dung.

Céac LED bing chit ban din dugc tao mau, bao gdm céc didt phat sang va céc
dung cu phat tia laze (ca hai néi chung dugc goi trong ban md ta nay 1a cac LED), da va
dang duogc tao ra tir cac hop kim thugc nhom III-V chéng han nhu gali nitrua (gallium
nitride - GaN). Lién quan dén cac LED dya trén GaN, anh sang n6i chung la dugc phat
ra trong tia UV dén pham vi xanh 14 cdy cia quang phd dién tir. Cho dén cac ndm gin
day hon, cac LED khong phu hgp cho viéc sit dung dé phét sang noi ma 4nh sang tréng
cAn, do mau vdn c6 cta anh sang tao ra béi LED.

Céc photpho bién ddi (n3ng lugng) phét xa thanh anh sang trong thdy duoc. Cac
su két hop khéac nhau ctia cdc photpho tao ra cac su phat ra 4nh séng c6 mau khéc nhau.
Mau séc clia anh sang trong théy duoc dugc tao ra phu thude vao cac thanh phz“m cu thé
cua vat liéu photpho. Vat li¢u photpho c6 thé bao gdm chi mot thanh phan photpho hogc
hai hoac nhiéu hon hai photpho c6 mau séc co ban, vi du viéc tron cu thé v6i mot hodc
nhiéu photpho vang va d6 dé phat ra mau (mau séc) anh séng mong mudn. Nhu dugc st

dung trong ban md ta ndy, cac thuét ngit "photpho" va "vat liéu photpho” c6 thé duoc
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sir dung dé biéu thi ca hai thanh phan photpho don ciing nhu hdn hop ctia hai hogic nhidu
hon hai thanh phan photpho.

Trong céc (mg dung théng thudng noi ma anh sang “tring” dugc mong mubn,
cac photpho dugc sir dung ciing v6i cac LED dé tao ra quang phd phat ra thuc chip nhan
dugce gdm céc dic tinh mong mudn. Anh sang “tring” thuong dugc xéac dinh 12 gén véi
noi than den vé mau & cac ving c6 cac nhiét dd mau twong quan (Correlated Color
Temperature - CCT) tir 2.500 dén 6.000°K (2.227 dén 5.727°C). Vi du, trong tmg dung
phat sang thong thuong, cac LED lam tir Indi Gali Nitrua (Indium Gallium Nitride —
InGaN) ma phét ra trong ving xanh duong quang phd dién tir duge sir dung cling v6i
cac photpho vang, xanh 14 cdy va d6 dé tao ra céc d4u ra quang phd composit c6 pham
vi tir khoang 2.500 dén trén 6.000°K CCT (2.227 dén trén 5.727°C CCT). Nhiét d6 mau
va diém mau két qua trong biéu dd hdn hop ba mau do, xanh 14 cdy, xanh duong CIE
phu thudc vao ndng luong va budc séng quang phd déu ra cua thiét bi phat diot, ty 1¢
hdn hop, cic dic tinh giao hop va cac lugng photpho dugce sir dung.

Bing doc quyén sang ché My sb 7497973 boc 16 cac LED bao gbm ngudn sang
bang chét ban din va vat liéu photpho bao gbm photpho phtrc hoat héa véi Mn**. Vat
liéu photpho cu thé 1a Ko[SiFs]:Mn*" (kali florua silicon hodc PFS).

LED khac str dung su két hop ciia photpho PFS va photpho ytri nhom granat dugc
thay ddi mau xanh duong (blue-shifted (Yttrium Aluminum Garnet - YAG) - BSY). Su
két hop nay dugc goi 1a BSY-PFS va né tao ra anh séng tring. Mot phuong 4n wu tién
ctia dd chra LED béng cach st dung su két hop BSY-PFS 1a d6 chira LED ning lugng
trung binh (<1W), dugc st dung duéi dang phuong an dé 1am vi du trong ban mo ta ndy.
Db chira da va dang duoc ché tao bang cach st dung photpho Nichia Mint (BSY) va
photpho GE PFS trong dd chira Nichia 757. Viéc st dung cac photpho granat trong cc
LED tréng dugc bao pht bdi cac bang doc quyén sang ché My sb 5998925 va 7026756.
D& véi cac chuyén gia trong linh vuc k§ thuét ndy, sé& 12 rd rang rang viéc thue hién cac
yéu td sang tao khong chi giéi han & Nichia 757. Séng ché c6 thé duoc thuc hién theo
s6 lwong cac dd chira LED khéc nhau noi ma PFS dugc st dung cung véi photpho BSY
hodc photpho tuong tu vé quang phd.

Do d6, viéc str dung cuia cac photpho trong céac dd chira LED tao ra c4c wu diém

va 1 phé bién. Tuy nhién, néi chung 13, céc dd chira LED bao gdm céc photpho PFS thé
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hién cac vin dé mau sic 1au dai va d6 bén lumen. Vi du, dbi véi yéu cu vé mau cia hé
théng BSY-PFS & chi s6 thd hién mau (color rendering index - CRI) cao 4.000°K
(3.727°C) cén phai c6 viéc nap photpho rét cao ciia dia/khudn silicon/photpho. Trong
cac thir nghiém vé& do tin cay ¢6 do dm, sy phat xa trong thdy duoc tao ra tir cac dd chira
LED duoc tiép ning luong thay ddi mau sic. Chu yéu 13, thanh phin d6 cua sy phan bd
ning lugng phd 1am mit cuong d6 mot cach dan dan sudt thoi gian véan hanh. Viéc nap
photpho cao con dan dén cac sy tao ra "ranh” & vach bén va céc hiéu ng khac ma din
dén su thay ddi diém mau thue.

Céc nhuge diém duge md ta & trén lam gidi han mot cach déng ké sy hitu dung
ctia cac LED PSF ching han nhw LED BSY-PSF. Vi véy, s& 13 hitu ich dé c6 céc su cai
thién vé cép d6 ciia dd chira LED ma lam giam su khong bén mau.

Sang ché nay dé cap dén viéc cai thién dd bén cua cac dd chira LED bing céch
st dung photpho PFS. Néi chung 13, trong cic dd chira nay, viéc nap photpho 13 cao nhur
dugc dé cap o trén. Viée nap cao trong ban md ta nay d& cap dén cac ty 18 trong lwong

photpho trén silicon bang hoic cao hon 20%.

Ban chit k§ thuit ciia sang ché

Theo it nhat mot khia canh, sang ché dé xut 6 chira LED dugc nap photpho
niing c6 d6 bén cao hon. Tt hon 13, dd chira LED 14 LED ning luong tir thp dén trung
binh. M6t phuong 4n dé 1am vi du 13 d6 chira LED ning luong trung binh Nichia 757,
ma dugc nap cao hdn hgp photpho BSY-PFS. Hon hop photpho duge phi véi 16p phi
silicon ma bao v¢ photpho va tao ra su céi thién vé su thay dbi mau.

Theo phuong 4n khéc, sang ché @& xuit phwong phép cai thién d bén va do tin
cdy dai han cuia cac dd chira LED ma st dung cc hé thdng photpho PFS. Theo phuong
phép nay, 16p phu silicon dugc tao ra & trén 16p silicon/photpho.

MBS ta vin tit cac hinh vé
Fig.1 minh hoa hinh v& duéi dang gian dd cia LED theo giai phap k¥ thuat da
biét.

Fig.2 minh hoa dd chira LED véi 16p phu silicon.
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Séang ché c6 thé c6 dang cac thanh phan va cac cach sip xép cac thanh phan khac
nhau, va theo c4c cach van hanh quy trinh va céc su sip xép cac cach van hanh quy trinh
khac nhau. Sang ché dugc minh hoa trén cac hinh v& kém theo, qua d6 céac s6 chi din
gidng nhau c6 thé chi bao cic phan twong duong hodc twong tu trén cac hinh v& khac
trén c4c hinh v& khac nhau. C4c hinh v& chi nhim muc dich minh hoa cac phuong 4n vu
tién va khong duoc hiéu 14 giéi han séang ché. Phin md ta c6 thé sau vé cac hinh v& dugc
dua ra, cac khia canh tinh méi cia sang ché s& trd nén rd rang véi ngudi c6 hidu biét

trung binh trong linh vuc k¥ thuét nay.

M3 ta chi tiét sang ché

Phin mo ta chi tiét sau chi dé 1am vi du v& ban chét va khong du dinh han ché
cac (mg dung va cac st dung dugc bdc 1§ trong ban mo ta ndy. Ngoai ra, khong du dinh
dé han ché boi hoc thuyét bat ky c6 trong tinh trang va ban chét k§ thuat ctia sang ché
d3 néu hodc phin mé ta chi tiét sau. Trong khi cdc phuong 4n clia sang ché dugc mo ta
trong ban mé ta nay mot cach so bo lién quan dén cac do chira LED PFS, va dic biét 1a
dd chtra LED BSY-PFS Nichia 757, cac khai niém con c6 thé ap dung cho céc loai cac
LED dugc nap photpho khéc va dac biét 1a vai cac loai LED dugc nap photpho ndng
khéc. Cu thé 13, cac khai niém nay kha dung nhét & cac dd chira LED noi ma ty 1€ trong
luong photpho trén silicon 1a cao (bing hodc cao hon 20%) va it nhét mot trong sb cac
photpho thé hién d6 nhay véi cac thanh phan khong khi xung quanh chéng han nhu do
am.

Fig.1 thé hién dd chira LED 10 theo giai phap k¥ thuat da biét dé lam vi du. D6
chtra 10 bao gdm vi mach didt phat sang (LED) 12. Lép hdn hop photpho va silicon 22
pht 1én vi mach 12. Vi mach LED 12 va l6p hdn hop photpho silicon 22 dugc bao boc
boi thiu kinh 18. Dd chira LED 10 bao gdm vo boc bén ngoai 30.

Lép hdn hop photpho silicon 22 dugc ghép phat xa duge véi vi mach LED 12
theo hudng dugc chi ra boi mii tén 24. Viée dugc ghép phat xa dugce c6 nghia 1a céc bo
phén duoc két hop v6i nhau sao cho it nhit phén ctia sy phat xa dugc phat ra tir bo phan
nay dugc truyén dén bd phan khac.

Mot phuong 4n vé dd chira LED dugc nap photpho ning 50 c6 d6 bén 16n hon
duoc thé hién trén Fig.2. P chira 50 bao gbm ngudn phat xa UV bang chit ban din
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hodc trong thdy dugc, ching han nhuw vi mach didt phat sang (LED) 52. Lép hdn hop
photpho va silicon 54 phu vi mach 52.

D6 chira 50 ¢6 thé bao gdm ngudn sang trong thdy duoc bang chit ban din hoic
UV bit ky ma c6 thé tao ra anh sang tring khi su phat xa phat ra ctia n6 dugc huéng vao
photpho. Sy phét ra cao nhét wu tién cia vi mach LED 52 s& phu thudc vao dic tinh ctia
cac photpho duge st dung va c6 thé nim trong pham vi tir, vi du, 250 dén 550 nm. Tuy
nhién, theo mot phwong 4n wu tién, sy phat ra cia LED s& trong ving tim dén xanh
dwong-xanh 14 cdy va c6 bude séng cao nhét nim trong pham vi tir khoang 420 dén 500
nm. Thuong 13 sau d6, ngudn sang bing chét ban din bao gdbm LED c6 14n céc tap chit
khéac nhau. Do d6, LED ¢6 thé bao gém diot ban dan dua vao cac 16p ban dan I11-V, II-
VI hodic IV-IV thich hop bét ky va c6 budc séng phét ra cao nhit 1a khoang tir 250 dén
550 nm.

Mic du, su thao luan chung cua céc két chu d@é 1am vi du theo séang ché dugc dé
cap trong ban md ta nay dugc hudng vé cac ngudn sang dwa trén LED v co, can phai
hidu ring vi mach LED c¢6 thé dugc thay thé boi két cAu phat sang hitu co hoic ngudn
phat xa khéc trlr phi néu khong thi dugc ghi chi va chi dan bat ky dén vi mach LED
hogic chit ban din 1a dai dién duy nhét cia ngudn phat xa thich hop bat ky.

Lép hon hop photpho silicon 54 mong mudn 12 duoc nap ning véi photpho, dic
biét 1a bang hodc 16n hon 20% trong lugng photpho. Lép hdn hop photpho silicon 54
n6i chung 1a c¢6 do day khoang 0,2 mm. Theo cic phuong 4n uu tién, photpho 1a hdn
hgp ctia photpho PFS va photpho BSY hodc photpho trong tu vé phd. Cu thé 13, photpho
Nichia Mint (BSY) va photpho GE PFS dugc uvu tién, mong mubn 12 trong db chira LED
ning luong tir thdp dén trung binh. Mbt vi du 14 dd chira Nichia 757.

Lép phu silicon 56 duge tao ra & trén 16p hdn hop photpho silicon 54. Lép phu
¢6 do day khoang 0,1 mm, mong mudn 13 nim trong khoang tir 0,1 dén 0,5 mm. Silicon
duogc st dung mong mudn 13 cling loai nhu loai trong 16p hdn hgp photpho silicon 54.

Lép phu silicon 56 mong mudn 13 duge 4p dung hodc tao ra mot cach tbng hop
tir hdn hop ngay sau su phan phat cia bun silicon/photpho va sau d6 ddng thoi hoa rin
dé tranh su phén tach. Theo phuong 4n wu tién, truge khi hoa rén hdn hop silicon
photpho trong dd chira LED, 16p phti bao v& silicon 56 ¢6 thé dugc tao ra bang cach ling

do trong luc ciia photpho trong hdn hop silicon. Quy trinh ling c6 thé dugc hd tro bing
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céch nhan tao tao ra thém trong luc qua may ly tdm hoic thiét bi twong tu. Hoat dong
trong luc ndy ling mot cach vét Iy 16p hdn hop photpho silicon 54 xubng trén vi mach
LED 52 va cho phép su 10 silicon 1én phia trén dé tao ra 16p bao vé chi silicon 56.

Vi mach LED 52 va 16p hdn hop photpho silicon 54 c6 thé duoc bao boc béi thdu
kinh 58. Thiu kinh 58 ¢6 thé 14, vi du, epoxy, nhyua, thiy tinh nhi¢t do thép, polyme,
chét déo nhiét, vat lidu nhiét rén, nhya, hogc loai vét liéu bao boc LED khac nhu dugc
biét trong linh vuc k§ thuat. Tuy v, thiu kinh 58 14 thay tinh kiéu quay nhanh hodc mdt
s6 vat liéu khac ¢6 chi sd khiic xa cao. Theo mdt phuong an uu tién, thau kinh 58 1 vat
lidu polyme, ching han nhu epoxy, silicon hoic silicon epoxy, mic di céc chit bao boc
hitu co hodc vo co khac c6 thé dugc st dung.

Tét hon 13, thiu kinh 58 14 trong sudt hodc gan nhu truyén qua dugc vé& mit quang
hoc véi bude séng cia anh séng tao ra bai vi mach LED 52 va vit liéu hdn hgp photpho
silicon 54. Theo mdt phuong an khéc, dd chira 50 c6 thé chi bao gém vat li€u bao boc
ma khéng ¢6 thiu kinh bén ngoai.

V6 boc bén ngoai 60 ctia dd chira LED thudng dugc 1am bang vét liéu polyme
composit hop chit dic duoc Epoxy (Epoxy Moldable Compound - EMC). Vi mach LED
52 ¢6 thé dugc d, vi dy, boi khung chi (khdng duogc thé hién trén hinh v&), bdi cac dién
cuc tu do, phén day cua vo boc 60, hodc bdi bé (khdong duogc thé hién trén hinh vE) lép
va0 v6 hoidc vao khung chi. Vi mach LED 52 duoc gén dién véi cac tiép diém dién & bé
mit day ctia vo boc bén ngoai 60. Céc chuyén gia trong linh vuc k§ thudt nay s& hiéu
r%mg c6 thé ¢6 nhiéu vi mach hién hitu trong céc dd chira LED ma c6 cac thudc tinh
tuong tu.

L6p phu silicon 56 d3 dugc x4c dinh 13 tao ra su cai thién khoang 25% vé su thay
d6i mau ciia dd chira so véi dd chira LED twong tw ma khong ¢6 16p phi silicon do su
bao vé cia n6 v& photpho va sy cach Iy khéi cac thanh phan xung quanh ching han nhu
nudc.

Vi du

Céac LED Nichia 757 véi viéc nap photpho BSY-PFS cao (ty 1€ trong luong
Silicon:PFS:BSY 14 49:40:11) dugc thuc hién cé hodc khong c6 16p phu silicon va so
véi cac didu kién van hanh duoc kiém soét. Trong ca hai trudng hop, lwong photpho

duogc st dung 13 gidng nhau va cac didu kién dan dong LED va méi trudng xung quanh
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duge duy tri khong dbi. Céc didu kién van hanh LED 1a 30 mA trong khoang ¢4 nhiét
d6 khong ddi 1a 47°C.

Bang 1 bén duéi thé hién sy cai thién tuong d6i vé su thay dbi mau.

Sy thay d6i mau trong MPCD sau cé4c gid van hanh
Céc gio van hanh 500 1.000 2.000 3.000 4.000
C6 16p phu silicon 0,51 0,64 0,7 0,8 0,9
Khong ¢6 16p ph silicon | 0,77 0,81 0,8 0,94 1,26
Bang 1

Su cai thién vé su thay d6i mau sau 500 gid van hanh 13 34% va sau 4.000 gid
van hanh 13 29%.

Céac phuong an, cac vi du va céc cai bién khac ma s& vin dugc bao gdbm bdi sang
ché nay c6 thé dugc thuc hién béi cac chuyén gia trong linh vuc k§ thuat nay, cu thé 1a
trén quan diém cac phan néu trén. Ngoai ra, cin phai hidu ring thuat ngit dugc sit dung
@& mo ta sang ché duoc du dinh can phai nim trong ban chit clia cic tir ngit cia phan
mo ta hon 1a gidi han.

Céac chuyén gia trong linh vyc k¥ thut cling s€ hiéu ring cac su thay d6i va cac
cai bién khac nhau ctia cac phuong an uu tién va cac phuong an khac duge mo ta & trén
6 thé dugc tao nén ma khong l1éch khéi pham vi va tinh thin cua séng ché. Do d6, can
phai hiéu ring sang ché c6 thé duoc thuc hién theo cac phurong 4n khac ngoai céac phuong
an dugc mo ta trong ban mo ti ndy mién la nim trong pham vi clia cac diém yéu cau

bao ho kém theo.
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YEU CAU BAO HO

1. P chira di6t phat sang (Light Emitting Diode - LED) dugc nap photpho bao gdm:

LED;

16p thir nhat bao gdm hdn hop photpho va silicon dugc lang bai trong luc pht 1én
LED, trong &6 hdn hop nay gdm c6 ty 1é trong lwgng photpho trén silicon it nhét 12 20%,
va trong d6 hdn hop nay bao gdm it nhét photpho K»SiFs:Mn** (PFS); va

16p pht bao gdm silicon, 16p phti nay phu Ién 16p thir nhét, trong d6 16p pha
silicon c6 d6 day bang hodc 16n hon khoang 0,1 mm, va trong d6 16p ph silicon duge

1am bang silicon giéng nhu trong hdn hop photpho silicon.

2. D6 chtra LED theo diém 1, trong d6 photpho PFS trong hdn hop photpho silicon thé

hién d6 nhay véi hoi 4m trong mdi trudng bao quanh.

3. D chira LED theo diém 1, trong d6 hdn hop photpho silicon con bao gdm photpho
BSY.

4. Db chtra LED theo diém 1, trong d6 LED tiéu thu bt thip dén trung binh va hdn hop
nay bao gdbm photpho BSY-PFS.

5. Db chira LED theo diém 1, trong d6 16p hdn hgp photpho silicon ¢6 do day bing
khoang 0,2 mm.

6. D6 chtra LED theo diém 1, trong d6 16p ph silicon c6 do day nim trong khoang tir

0,1 mm dén 0,5 mm.

7. Db chira LED dugc nap photpho bao gdm:

LED;

16p thi nhét bao gdm hdn hgp photpho va silicon phu 1én LED, trong d6 hdn hop
nay bao gom ty 1& trong lugng photpho trén silicon it nhét 14 20%, va trong d6 hdn hop
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ndy bao gdm it nhét 1a photpho ytri nhom granat (Yttrium Aluminum Garnet - YAG) va
photpho K>SiFg:Mn** (PFS); va

16p phit bao gbm silicon, 16p phu nay phil 16p thir nht.

8. D6 chira LED dugc nap photpho theo diém 7, trong d6 16p phu silicon c6 dd day bang

hodc 16n hon khoang 0,1 mm.

9. P6 chira LED duoc nap photpho theo diém 7, trong d6 16p hdn hop photpho silicon
c6 d6 day bang khoang 0,2 mm.

10. P chaa LED dugce nap photpho theo diém 7, trong d6 16p phu silicon ¢6 do day

nim trong khoang tir 0,1 mm dén 0,5 mm.

11. P4 chira LED dugc nap photpho theo diém 7, trong d6 16p phu silicon duge 1am
bang silicon gidng nhu trong hdn hop photpho silicon.

12. D6 chira LED duge nap photpho bao gdm:

LED;

16p thir nhét bao gdm hdn hop photpho va silicon phi 1én LED, trong d6 hdn hop
nay gdm c6 ty 18 trong lugng photpho trén silicon it nhét 1a 20%, va trong d6 hdn hop
nay bao gdm it nhét 14 photpho K2SiFs:Mn*" (PFS); va

16p phit bao gdm silicon, 16p phit nay phu 16p thir nhét, trong d6 16p phu silicon

c6 do day bang hodc 16n hon khoang 0,1 mm.

-10-
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