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Bai nghién citu

Giai phap méi nang cao hé sé céng suat va giam tong dé méo dang
séng hai trong bé nguén hai tang cho dén Led

Ngé Thanh Tung, Lé Minh Phuong, Nguyén Minh Huy, Nguyén Hoai Phong, Nguyén Dinh Tuyén”

TOM TAT

Ngay nay, den LED dan dugc thay cho céc loai dén cong nghé c nhu: dén sgi dét, huynh quang,
thiy ngan cao ap...vi hiéu qua cao vé mat nang lugng, than thién méi trudng, ciing nhu tudi tho
cao. Bai bdo nay phan tich va tién hanh thuc nghiém bd nguén cho déen LED c6 cong suat 250W
véi kha ndng nang cao hé s cong suét va giam dd méo dang séng hai dong dién ngd vao. Cau
hinh b6 nguén LED dugc trinh bay trong bai bdo nay dugc thiét ké dua vao cdu hinh hai tang bao
g6m mach hiéu chinh hé s6 cong suat dang mach tang dp hoat déng & ché do gian doan va mach
DC/DC cong hudng LLC ¢ dac tinh chuyén mach mém. Chiic nang clia mach hiéu chinh céng
sudt 1a nang cao hé sé cong sudt ngd vao clng nhu tao dién dp DC 400 V tir ngudn AC thay doi
tU 140V dén 265V. Chiic nang ctia bo DC/DC la diéu khién dong dién cung cap cho LED. Cac budc
tinh todn thiét ké cho nguén LED cong suat 250W dugc trinh bay chi tiét trong bai bdo. Mot mau
thr nghiém bd ngudn dén LED dugc xay dung trong phong thi nghiém nham cung cap cho dén
LED c6 cong suat 250W hoat dong & cap dién ap 54V DC ti ngudn dién AC 220V/50Hz. Cac két
qua thuc nghiém khi cho nguén AC thay d6i cho thay rang céc tinh chat dién ndng clia bd nguén
cho den LED nhu séng hai, hé s6 cong sudt déu théa man tiéu chudn EN 61000-3-2.
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d6 méo dang séng hai.

GIOI THIEU

Trong nhiing ndm gin day, chiéu sing bang dén LED
la mot cdng nghé xanh va tiét kiém da va dang dugc
st dung rong rai trong cong nghiép, ddn dung. Pen
LED c6 nhiing vu diém nhu giam chi phi bao dudng,
tudi tho cao, tiét kiém nédng lugng tiéu thu tit 50%-
70% so véi loai dén thdéng thudng. Trong linh vuc
chiéu sdng cong cong, trong cic cong trinh kién truc,
trong hé thong cong nghiép cac san thé thao, dén LED
trang cong sudt 16n da dugc dem vao st dung. Loi ich
ctia LED 14 sy than thién va bao vé moi truong, né
dugc ung dung dic biét cho chiéu sang dudng phd,
nha xudng san xudt, khu cdng nghiép, khu ché xuit,
kho hang, bén bai, nha may, ctia hang, siéu thi, nha
thi dau 2.

Trong nudc ¢ nhiéu thuong hiéu cung cdp dén LED
chiéu sang bao gébm dén LED va b ngudn cung cdp
nhu DPién Quang, Rang Pong, Philip, Osram hodc
nhép ti nudc ngoai: Trung Qudc, Dai Loan. Trong
do, cac bd ngudn phan 16n dugc nghién ctu va san
xudt & nudc ngoai. Nghién ctu phét trién ngudn
dién cho LED con rét han ché, trong nudc cong ty
bién Quang va Rang Ddng d4 va dang nghién ctiu cac
ngudn cho dén LED c6ng sudt nho (dudi 30W) dung
cho chiéu sang dan dung. O trong nudc, viéc nghién

ctiu ché tao nguén cho dén LED cong sudt dic biét 1a
ngudn cong sudt 16n ting dung cho chiéu sang cong
cdng chua dugc quan tdm dung mutc. Nguyén nhin
la do cac cong ty & Viét Nam chua lam cht dugc hoan
toan cong nghé va chua xay dung dugc day truyén
cong nghé san xut, vi vdy san phdm thudng cé chit
lugng khong cao va gid thanh lai khong canh tranh
dugc v6i san phdm nhép ngoai. Mic du viy mot s6
cong ty van dang nghién ctu d€ san xuit san phim
nay ¢ Viét Nam: nhom nghién ctiu va phiét trién ctia
Cong ty C6 phan Dién Quang da nghién ctu nhiing
bd ngudn diéu khién ting dung cho dén LED cdng suit
16n d€n 400W nhung chua dat tiéu chudn vé nhiét d¢,
hiéu suat thap va kich thudc1én; Cong ty Sai Gon LED
da thiét k& ngudn codng sudt 40W-60W dung cho cic
deén 80W-150W béng cach st dung song song nhiéu
ngudn véi nhau.

Phan 16n cac nguén cho dén LED cong suit 16n st
dung trong chiéu sang cong cong trén thi trudng Viét
Nam déu & dang khong diéu khién dugc, trong do
huéng diéu khién thong minh tich hop cong nghé
khong day chua dugc quan tdm nhiéu déc biét ting
dung trong dai cong suit 16n. Va hién nay, chua c6
cong ty hay t6 chic ctia Viét nam thiét k€ ché tao
ngudn cong sudt 16n dén 250W tich hgp céng nghé
diéu khién khong day. Mot s6 cong ty nhu VinaLed,

Trich dan bai bao nay: Thanh Tung N, Minh Phuang L, Minh Huy N, Hoai Phong N, Dinh Tuyén N. Giai
phap méi nang cao hé sé cong suat va giam téng d6 méo dang séng hai trong bé nguén hai tang

cho dén Led. Sci. Tech. Dev. J. - Eng. Tech.; 2(1):33-45.
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SaigonLed... cung cdp chon bo dén LED chiéu sang
duong phé, trong d6 c6 st dung ngudn c6 cong suit
50W cho tit ca cip cong sudt (50W, 100W, 150W)
béng cach mic song song cic ngudn véi nhau.

Trong k& hoach xay dung thanh phé thong minh,
thanh phé H6 Chi Minh dang cé quy hoach chiéu
sang dudng phd bang cong nghé dén LED, theo tiéu
chi tiét kiém ning luong, giam 6 nhiém. Trén thi
truong hién nay cé cac LED chiéu siang cong sudt
16n 100W-250W tng dung trong chiéu sing cong
cdng dugc cung cdp bdi nhiéu hang nudc ngoai nhu
Philips, GE Lighting Solutions, Maxion Technologies,
QD Vision, Lighting Science Group, Osram, Toshiba,
Solid State Lighting Systems Mitsubishi /Verbatim
Phillips, Osram hodc nhép ti Trung Qudéc. Nhim
huéng dén thiét ké mot hé thong chiéu sing thong
minh, ching t6i dang hudng dén thiét ké mot hé
théng hoan chinh bao gébm: dén LED, bd ngudn,
hé théng truyén nhén di liéu, xay dung phdn mém
quan ly, .... Tuy nhién, trong pham vi nghién ctu
nay, ching toi chi trinh bay ndi dung vé nang cao
chat lugng nguodn c6 cong suat 250W. Hé thong hoan
chinh vé chiéu sang thong minh st dung LED, ching
toi sé trinh bay trong mot nghién ctiu khac.

Mot den LED dugc cung cép bdi mot dong dién DC
khéng d6i, dong dién nay dugc tao ra tli cic mach dién

6-9  Mic du mach

dang mét ting>~> hoic hai ting
dién mot tdng c6 s6 linh kién it hon tuy nhién dién
ap DC dao dong l6n va dién ap ddt trén cac khoa
cdng sudt 16n 1a cdc khuyét diém cua cdu hinh nay.
Trong cdu hinh hai tdng, hai mach hiéu chinh cong
suét (Power Factor Correction - PFC) va DC/DC hoat
dong doc 1ap nhau. Dién ép DC dugc diéu khién &
mot gid tri 6n dinh khong phu thudc vao dién 4p ngo
vao va tai, do d6 hé s6 cong sudt sé cao va téng do méo
dang song hai sé nho. Bai bao nay nghién ctiu ché tao
bd ngudn cho dén LED c¢6 cdng sudt 250W ting dung
trong chiéu sang cong cong véi kha ning ning cao
hé s6 cong suit va giam téng do méo dang song hai.
Céu hinh ctia b nguén bao gébm b¢ tang ap c6 hiéu
chinh cong sudt va mét mach DC/DC cdch ly nhim
diéu chinh dong dién cho LED. Nhim dat dugc hiéu
sudit cao, mach cdng hudng LLC v6i dic tinh chuyén
mach mém sé dugc st dung & ting DC/DC.

TONG QUAN VE TONG PO MEO
DANG SONG HAI VA HE SO CONG
SUAT TRONG BO NGUON LED

Téng quan vé cac ngudn diéu khién LED
beén LED, khong giong nhu cac thiét bi phit sing

khéc, né khong thé truc tiép két néi vao ludi xoay
chiéu. Vi vay nguén cép cho LED phai la nguén DC,
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va nguén cung cip cho LED chiéu sing phai dugc
trang bi thiét bi han dong qua LED phu hgp véi dic
tinh ky thuat ctia nd. B nguoén cho dén LED c6 chiic
nang bién d6i dong dién xoay chiéu thanh dong mot
chiéu vé6i cudng d6 trong mot khodng nhat dinh. Bo
ngudn cho den LED tu dong diéu chinh dién ap dau
ra d€ gitt khong déi dong dién va do do giti khong d6i
d6 sang. Dac diém ctia nguén LED cho chiéu sdng
cdng cong la st dung nguodn dién ap ludi AC 220V
(£10%) va c6 dai cong sudt dinh miic khoang tit 20W
dén 250W. Tliy vao cac cdp cdng sudt ciia LED, ma cac
cdu hinh b6 nguén khdc nhau dugce stt dung d€ dam
bao cac tiéu chudn vé hiéu suit, hé s6 cong suit, va
téng d6 méo dang séng hai.

Céc b ngudn c6 cong sudt dudi 20W thuodng st dung
bd céu hinh mot tdng va bd DC/DC dang tuyén tinh
va gidm ap khong cach ly (Buck - Converter). Bo
ngudn c6 codng sudt trung binh dén 50W thuong st
dung bo céu hinh mét tdng va bd DC/DC dang Fly-
back. Trong ciu hinh mét tdng s6 lugng linh kién
giam va khong yéu cu s6 lugng I6n céc tu dién dau
vao, tiét kiém khong chi khong gian thiét ké ma con
giam chi phi. Flyback diéu khién d€ di€u chinh hé
s0 cong sudt va dong dién hai tiép nhu trinh bay &
Hinh 1. Hiéu suit ctia bo nguoén nay dat dugc dén
84%. Do cdu hinh st dung Flyback nén tén thit cong
sudt trong bién 4p va mach gidm gai xung khd nhiéu,
vi vay hiéu suét ctia b ngudn khong cao.

B0 ngudn c6 cong sudt dén 100W thudng st dung bd
cau hinh hai tdng va b DC/DC dang Quasi-Resonant
Flyback AC-DC két hgp PFC nhu trinh bay trong
Hinh 2. Ting 1 dugc st dung d€ diéu chinh hé s6
cong sudt diéu khién dong dién khong déi. Céu hinh
nay c6 thé dat hiéu sudt 1én dén 89-90% néu thiét ké
t6i vu mach loc nhiéu dién t va cai tién ché d6 dong
ngat khoa cong sudt.

B nguon c6 cong sudt trén 100W thudng sti dung bd
cau hinh hai tdng va bd DC/DC converter dang cong
hudng LLC ban ciu két hgp PFC nhu Hinh 3. Ting
thid nhat dugc st dung d€ diéu chinh hé s6 cong suét
diéu khién dong dién khong d6i vi vay c6 thé dat trén
0,95 & ché d¢ dinh mttc. C4u hinh nay c6 thé dat hiéu
sudtlén dén 91-94% néu thiét ké t6i vu mach loc nhiéu

dién ti va cdi tién ché d¢ dong ngat khoa cong sut.

Téng d6 méo dang séng hai

B¢ bién d6i cong sudt AC/DC 1 ting cho bo nguén
6 thé€ chia ra thanh 3 loai bao gom: mach PFC thu
dong, mach AC/DC dua trén c¢é s6 mach bom sac va
mach AC/DC dya trén sy tich hgp cdc khod cong sudt.
Khi st dung mach PFC thu dong thi hé s6 cong suit
khoéng 0,9, tuy nhién t6ng d¢ méo dang séng hai (To-
tal Harmonic Distortion - THD) cao. Khi & cdp cdng
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Hinh 1: So d6 mach cdu hinh mét tang st dung Flyback.

Mach hiéu chinh hé sé cong suat
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Hinh 2: So d6 mach Quasi-resonant Flyback AC-DC két hgp PFC.

sudit cao thi cdc yéu cdu vé hé s6 cong suit va THD
ctia mach PFC thu dong sé thong thod man cdc yéu
cdu ctia chudn IEC61000-3-2. Ky thuét bom sac ¢
thé ning cao hé s6 cong sudt va THD thdp nhung chi
pht hop véi miic cong sudt thdp. Ngoai ra, ky thuét
diéu khién phtc tap va dién ap dinh mtic céc linh kién
16n 1a cac ly do ma mach st dung ky thuit bom sac
khong dugc st dung rong rai. Gan day, cac nguon
dén LED dugc dé xudt nham giam THD & ngd vao
AC nhdm phu hgp véi tiéu chuén IEC61000-3-2 va cd
thé iing dung trong cac LED cong sudt 1én cho chiéu
sing dudng phd 111, Trong cic nghién ctiu nay, ciu
hinh nguén LED 1 ting dugc d€ xudt dua trén két
hop gitta mach gidm-ting 4p va mach DC/DC cong
huong LLC. O mach PFC, viéc st dung hai b giam-
tang ap hoat dong xen ké sé lam gidm song hai & ngo

vao. Do d6 véi thiét ké nay, tdng d6 méo dang song
hai dong dién la 5,7% khi hoat dong day tai véi mic
cong sudt 100 W. Cac nghién cttu gin day da cho thay
mach SEPIC c6 céc uu diém nhu hiéu sudt cao, song
hai thdp va hé s6 cong suit cao. Do d6, trong nghién
ctiu da d€ xuét ciu hinh LED Driver 1 tdng dua vao
su két hop gitta mach mach chuyén d6i stt dung cudén
cam ng6 ra don va mach DC/DC I6p E. Két qua thuc
nghiém ctia nghién ctiu® cho thdy téng d6 méo dang
song hai khoang 5,2 % trong diéu kién bd nguén hoat
dong day tai véi muic cong sudt thiét k& 1a 100W.

Hé sé céng suat

Bén canh yéu t6 vé téng do méo hai, thi hé s cong
sudt ¢ ngudn AC cdp cho nguén LED la mét trong
nhiing tiéu chuin quan trong khi thiét ké nhim néing
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Hinh 3: So dé mach céng suat hai tang dang LLC Half Bridge.

cao chat lugng dién nang. Trong nhiing nam gin day,
c6 nhiéu nghién ctiu d€ nang cao hé s6 cong sudt cho
céc nguén LED 12714, Bai bdo 14 da dé xudt cdu hinh
mdi cho céc ting dung chiéu sdng dudng phé véi kha
néang hiéu chinh hé s6 cong suidt bang cach két hgp
bo ting ap c6 PFC véi hai cudn cam ghép doi va bo
DC/DC cong hudng LLC ban cdu. Nguén LED trong
nghién ctiu nay da dugc phat trién va thi nghiém véi
dién 4p dau vao dong dién tii 100 V dén 120V véi cong
sudt 144 W.

Tu nhiing phan tich trén, viéc thiét k&€ mot bo ngudn
cho dén LED c6 cong sudt 16n phtt hgp chiéu sing
cdng cdng v6i hé s6 cong sudt cao, tdng do méo dang
song hai thép la viéc rdt cip thiét. C4u hinh dé xudt
va phuong phap thiét ké sé dugc trinh bay nhu trong
phén dé xudt cdu hinh nguén LED va phuong phap
thuc hién.

PE XUAT CAU HINH NGUON LED
CONG SUAT 250w

V6i cac bd ngudn sti dung cho chiéu sang cong cong,
b0 Flyback va giam dp déu boc 1o nhiing nhugc diém
von khong thich hgp véi dai cong sudt tii 100W trd
1én c6 thé thdy nhu:

e Dién 4p trén L ED nhép nho, dan dén dén L ED bj
chép theo chu ki dién ludi.

o Hiéu suit thdp, khong thich hgp véi cong sudt 16n.
e Bién 4p xung st dung cho flyback 16n hon so véi
bién 4p xung sti dung cho cdu hinh ban cdu cling cong
sudt.

o Khong cach ly (trong truong hgp st dung bd giam
ap ).

Vi cac ly do trén, cdu hinh thudng thdy cho cac bo
ngudn chiéu sang cong cdng co cong sudt tit I00W trd
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1én1a b6 tang dp c6 PFC va b cong hudng LLC dang
ban cau. Bo bién ddi LLC ban ciu cé thé cai thién
dang ké dong dién va hiéu suét ctia hé thong. Hon
thé niia, gid thanh va kich thudc ctia bo LED ciing sé
dugc giam di. Bo bién d6i DC/DC 2 tang: PFC va
LLC hién dang rdt phd bién v6i cdp cong sudt trung
binh, nguyén nhén la do cdc bo ngudn kiéu nay c6 hé
0 cong sudt tot, THD thap va hiéu sudt cao hon so véi
céc cdu hinh bién d6i DC/DC khéc véi cling cip cong
sudt. C4u hinh ctia mét bo LED Driver nhu hinh 4
bao gom:

o Mach loc nhiéu dién tu.

o Mach diéu khién hé s6 cong sudt: mach ting ép
¢6 tich hgp PFC

o Mach cong sudt DC/DC cdp cho LED: mach
c6ng hudng LLC ban ciu

» Mach bao vé: qua dong dién, dién ap, nhiét 4.
« Mach diéu khién - diéu khién 6n dong, do sang.
« Mach cadm bién-héi tiép.

Trong néi dung bai bdo, ching t6i trinh bay phuong
phap thiét ké mach PFC ning cao hé s6 cong suit va
gidm t6ng d6 méo dang séng hai 6 ngd vao AC.

PHUONG PHAP THUC HIEN

Trong bai bao nay, chung téi tap trung nghién ctiu
phuong phap dé€ nang cao hé s6 cong sudt ngudn cho
bd LED Driver. Viéc thyc hién bo PFC béng vi xu ly
sé rat ton kém va sé 1am cho kich thuéc mach sé 16n.
Hién nay, c6 nhiéu hang san xudt cac mach tich hop
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Hinh 4: Cau hinh bd nguén hai tang bao gém mach tang ap PFC va mach DC/DC ¢dng huéng LLC.

chuyén dung d€ thuc hién bd AC/DC v6i hé s6 cong
sudt cao va giam dugc séng hai & nguén AC. D€ thuc
hién dugc mach AC/DC c6 hé s6 cdng suét cao, chung
t6i da tim hiéu cic phuong phap diéu khién khéc nhau
va Iya chon céc thong s6 mach cho phit hgp véi b
ngudn ting dung trong chiéu sing LED. Phuong phép
thuc hién dugc chia thanh cdc bu6c nhu sau:

1) Chung t6i tién hanh phan tich hoat ddng ctia mach,
va lya chon ché d6 hoat dong phtt hop.

2) Sau d6, chung t6i sé chon mach tich hgp diéu khién
cung véi cic linh kién bén dan.

3) bé chting minh tinh dung din, chung t6i da thuc
hién thiét ké mach va do dac két qua. Cac budc thuc
hién dugc trinh bay tuin ty nhu trong cdc phén tiép
theo.

PHAN TiCH THIET KE MACH PFC
NANG CAO HE SO CONG SUAT VA
GIAM TONG DO MEO DANG SONG
HAI

B¢ diéu khién hé s6 cong suét dit ngd vao bo ngudn
tao dong dién AC sao cho cong sudt 16n nhit c¢6 thé
dugc cap ti ludi. Thuc té€ cac dén LED la thiét bi phi
tuyén tao song hai bac cao ngoai ra trong bd ngudn
LED c6 nhiéu cudn cdm va bién ap nén hé s6 cong
sudt sé rat thdp. Bo PFC tich cuc hoat dong trong ché
do6 dan t6i han ( Critical Conduction Mode-CRM) st
dung phét hién qua diém 0 (Zero Dectection). Phén
PFC ctia thiét bi nay bao gom mot bod khuéch dai 16i,
hé s6 khuéch dai, mach cam bién dong dién, b xac
dinh diém cat 0. Cac bd khuéch dai 16i noi bo dugc
sti dung cho thong tin phan hoi cta dién ap dau ra
trong cac thiét ké khong cach ly. Tuy nhién, né c6 thé
dugc vo hiéu héa cho céc thiét ké cach ly noi ma cac

bo khuéch dai 16i cin phéi dugc thyc hién trén phia
thi cép.

Mach PFC tich cuc dugc thiét ké stt dung véi ngudn
LED 200 - 250W sti dung cdu hinh ban cau. Mach
PFC ¢6 céu hinh ting ap, véi dién ap ngd vao 90 -
265V va dién ép ngd ra 400VDC nhu Hinh 5. B¢
ngudn xung chuyén déi dién ap va dong dién ngd vao
béng cach déng cit cic khoa dién tt, tich lay ning
lugng va chuyén d6i nang lugng dién sang dang tu
nhd¢ cdc bién dp xung va luu trit tam thoi bang cach
stt dung céc tu dién. Viéc st dung cac Diode 6 dau
vao 1a cin thiét d€ chuyén déi tit AC sang DC dé cac
bd ngudn hoat dong, viéc nay sé gay ra cac dang dong
dién dang xung, 1am cho hé s6 cong suit ctia bd ngudn
thép va sinh ra cic séng hai dong dién trén ludi.

Co6 nhiéu loai cdu hinh PFC nhu tang ap, giam ap,
giam tang ap va Flyback. Trong d6 cdu hinh dugc st
dung nhiéu nhdt 1a tang ap c6 tich hgp PFC. Trong
céu hinh tang ap c¢6 PFC, c¢6 3 ché d6 hoat dong la
hoat dong lién tuc (Continous Conduction Mode -
CCM), ché d6 dan t6i han (Critical Conduction Mode
- CrCM) va ché d¢ gian doan (Discontinous Conduc-
tion Mode - DCM. Chip NCP1608 dugc thiét ké hoat
dong & ché do dan t6i han trong sudt qua trinh hoat
dong binh thuong va hoat dong & ché do gian doan
trong trudng hop tai nho. Viéc nay sé giap giam tan
s6 dong cit ciia mach PFC trong trudng hop tai nhe
dé€ cai thién hiéu suat.

Nguyén ly hoat déng co ban ctia bé boost
ché& d6 dong téi han (CrM)

Dai véi cac ing dung cong sudt trung binh (<350W),
hoat dong & ché d6 t6i han 1a phuong phép diéu khién
thuong dugc lya chon. Ché d6 t6i han sé van hanh tai
bién gitia ché d6 dong khong lién tuc va ché do dong
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Rectifiers PFC Pre-Converter Converter
______ 1 T T |
| J
} i | Y » i [ |
AC Line [ | . :-:igh [ | .| Bulk [ I
-L Frequency — L
| 7T Bypass I NCP1608 iwm | T 2‘:‘3970 { H | g toad
| Capacitor | — | paciior l |
| L] | ! |
| , |

Hinh 5: So d6 khéi bo PFC tich cuc véi IC NPC 1608.

lién tuc no két hop gitia viéc gidm dong dong cat dinh
ctia ché d§ dong lién tuc va viéc déng cit mém & ché
d¢ gian doan. Phuong phép diéu khién lam cho tin s
bién thién véi dién ap ludi (V;, ) va tai dau ra. Hoat
dong va dang séng cua bo ting dp PFC dugc mo ta
trong Hinh 6.

Khi khéa ON, dong trén cudn cam sé ting tuyén tinh
t6i gid tri dinh v6i d6 d6c V in /L. Trong d6, V inla
dién ap tiic thoi ddt vao bo PFCva L1a gia tri dién cam.
Khi khéa tét, dong dién sé gidm tuyén tinh dén 0 véi
d6 doc (Vour - Vip )/L. Khi dong dién giam dén 0, cuc
D ctia MOSFET hé mach va bit dau gidm xudng. Néu
chu ki déng cit tiép theo khong dugc bat dau, dién 4p
trén cyc D bét dau dao dong tu do.

Dong dién di qua cudn cam c6 dang hinh tam giac.
B¢ diéu khién PFC c6 tic dung diéu chinh bién d¢
ctia dong dién trén cudn cam sao cho trj trung binh
ctia dong c6 dang hinh bén sin d€ hé s6 cong sudt c6
thé dat dén 1. Trong thuc té, tdn s6 déng cit sé rat 16n
hon tin s6 AC ctia dién ngudn. Cacbd loc ACkéthgp
v6i bo loc EMI sé loc dong dién. Do d6, trong 1 chu
ki déng cat co6 thé xem gid tri dai dién cho dong dién
hinh tam gidc la 1 gid tri trung binh cho béi I coil =
Icail?peak /2.

I coil_peak la gia tri dinh cta dong trén cu¢n day,
dugc diéu chinh tuyén tinh véi dién ap tiic thoi ngo
vao (V in) bang ty s6 k. Vivéy c6 thé tinh

Lot = V/2kV e sin(@r) /2 1)

Trong phuong phap diéu khién by PFC, thoi gian
khéa cong sudt & trang thai ON dugc git khéng d6i.
Thdi gian ON va OFF ctia khoa cong sudt c6 thé tinh

Thiét ké mach PFC tich cuc

NCP1608 1a m¢t bd diéu khién diéu chinh hé s cong
sudt ché do ap, dugc thiét ké dé€ ting dung doi vdi cac
bd bién ddi cong sudt tudn theo cac quy dinh vé song
hai dong dién nhu trinh bay trong Hinh 7. Dugc van
hanh & ché d6 dong t6i han nhim t6i wu hiéu suft
trong cac ting dung c6 cong sudt1én dén 350W. Ché do
diéu ap gitp hé s6 cdng sudt gin nhu bang 1 ma khong
can mang cam bién dién théludi. Dién dp ngd ra dugc
diéu khién mot cach chinh xdc bing mach khuéch dai
dugc tich hgp 6 vi sai chinh xéc cao. Bo diéu khién
ciing dugc trang bi sdn cdc tinh nang bao vé an toan
giup don gian ho4 thiét ké.

NCP1608 dugc san xuit boi ON Semiconductor, hoat
dong & ché d¢ t6i han va st dung cho cic bo PFC co
cdng sudt dudi 350W vdi cac tinh nang tét nhu:

¢ Hoat dong & ché d¢ t6i han, thoi gian khéa cong suét
& trang thai ON sé khong d6i, khong can hoi tiép dién
4p dau vao va cong suét khong tai thép.

o Thoi gian ON ¢6 thé tinh todn va cai dit mét cich
chinh xdc bing céch st dung 1 tu dién bén ngoai.

e Dién ap tham chiéu it tr6i theo nhiét do va ché do
hoat dong: Dién dp tham chiéu 1a 2,5V + 1,6% trong
sudt dai cong suit hoat dong va nhiét d6 lam viéc.

® Bao gbém céc chiic nang béo vé: Qua ép, thip ap, mét
hoi tiép, qua dong gitp 6n dinh dién dp dau ra trén tai.

Quy trinh thiét ké mach diéu khién PFC tich
cuc

Dudi déy la quy trinh thiét k€ bo bién d6i ché do dong
t6i han 400V, 250W st dung NCP1608

Budc 1. Xac dinh cic thong sd can thiét

Céc thong s6 cin thiét ctia bo bién d6i duge cho &

nhu sau: Bing 1.
P Py, ) Budc 2. Tinh toan thong s6 cudn cam
o V2 @ D6 tu cam L dugc tinh bing (4):
P, v,
oy =2V2L ’ sin(wt) (3 V?( out _y, )
ot Vee Vo —VDVwsin(or)) ") ) Vg e @
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AC Line

EMI
Filter

Lu®
Ln(©)

V

Critical Conduction Mode (CrCM)

Hinh 6: Nguyén ly déng cat MOSFET trong ché dé t&i han (CrM).

>
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Hinh 7: Mach Boost PFC sit dung NCP1608.

Bang 1: Cac thong sé dé thiét ké

Thong s6

bién 4p ngd vao tdi thiu
bién 4p ngd vao t6i da

Tan s6 luéi t6i thiéu

Tan s6 1udi t6i da

Dién 4p ngo ra

Dong ngo ra khi déy tai
Cong sudt ng6 ra khi ddy tai
bién dp ra t6i da

T4n s6 dong cit t6i thiéu
Hiéu sudt t6i thi€u khi day tai

Hé s6 cong sudt t6i thiéu khi day tai

Ky hiéu
VacLL
VacHL
fline(miny
fline(max)
Vou

Iout

Paut
Vour(MAX)
fsw v
n

PF

Gia tri

265
47
63
400
250
250
440
40
92

0.9

Pon vi
Vac

Vac

kHz

%
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Dé& dam bao tin s6 dong cat 16n hon tan s6 t6i thiéu, L
dugc tinh todn v6i ca dién dp ludi t6i thiéu va t6i da:

4
852 (ﬂ — 85) 0.92
V2
v/2.400.250.40.103

(5)

Lip < =232uH

Trong d6, Ly, 1& 6 tu cam tai Verr.

4
2652 (ﬂ - 265) 0.92
Ly < V2
v/2.400.250.40.103

(6)

=204puH

Trong d6, Ly, 13 d6 tu cam tai Vyepp.

Ta chon 150 pH. Sai s6 clia cudn cam la +£15%. Do tu
cam cuc dai (Lyax ) 1& 172uH. Cong thic (7) dugc
sti dung d€ tinh todn tan s§ dong cét t6i thiéu khi day

tai.
V2, V2V,
/P p— L P %)
2 : Lmax - P, out Vout
852.0.92 V2.85
- 1— =54.1kH
Foer) = 572 1076 250 ( 400 ) ¢
f _2652:0.92 V2265
swiHL) = 5172.10-6.250 400 9)
= 47.4kHz

fow bang 5 4.1 kHz tai V4o va bing 4 7.4 kHz tai
VacHL-

Budc 3. Lua chon dién dung tu C,

Tu C; dugc lya chon sao cho thoi gian bat la téi da
véi dién dp ludi vao t6i thiéu va cong sudt ra la tdi da.
Thoi gian bat t6i da dugc tinh todn nhu sau :

2 Linax - Pour _ 2.172.1076.250
NV, 09285

1
on(MAX) (10)

=12.9uF

Chon dién dung C; qud 16n sé dan dén viéc phat
codng sudt 6 ngd ra du va gidm tdm diéu khién tai
Ve hodc cdng sudt ddu ra thap. Dién dung C; dugc
khuyén lya chon 16n hon mot it so véi gia tri tinh todn
dugc & (Equation (11) ).

2 Pour * Linax - Icharge

nVuzL.(LL) VCt(max)

P> (11)
Trong d6 loparge V@ Veymax) dugc cho trong
datasheet cia NCP1608. D€ ddm bio bo diéu khién
dit thoi gian bat t6i da ¢ d€ chuyén tai cong sudt dau
ra yéu cau, gid tri Ij,q e cuic dai va Veimax) dugc st
dung dé tinh C;. T datasheet ctia NCP1608, ta co:

VCt(MAX) = 4775V (12)

Icharge =297 uA

40

Cén d¢ dy tri InF (+10%), ta lya chon gid trj 1.22nF
dé giam do méo dang song hai toan phan (THD).

2.250.172.107°.297.10~°

14
0.92.852.4,775 (1)

t = =804pF
Budc 4. Xac dinh ti s6 vong ddy ZCD
Dbékich hoat chan ZCD, ti s6 vong diay ZCD dugc xac
dinh sao cho dién ép tai chan ZCD trong moi diéu
kién van hanh phai dat t6i thi€u gid tri cta Vzeparm) -
Ti s6 day qudn boost va ZCD (N = NB:NZCD) dugc
tinh theo cong thitc.

< Vout - \ﬁ . Vac(LL)

< (15)
Vzep(arm)
N< % =16 (16)

Ti s6 d4y quén 1a 10 dugc lua chon cho thiét ké nay.
Rzcep duge néi gitia day quin ZCD va chan ZCD dé
gi@y bét dong dién tai chan ZCD. Dong dién nay phai
dudi 10mA. Rzcp dugc tinh theo cong thiic:

V2V,
Rycp > 7 (17)
ZCD(max)
V2265

Gia trj ciia Rzcp va dién dung ky sinh cua chan ZCD
dugc xac dinh khi tin hiéu day quan ZCD dugc phat
hién va mach lai dugc bat. Gid tri Rz¢cp 16n sé tao nén
delay dai trudc khi phat hién dong cudn day giam vé
0. Trong trudng hgp nay, b di€u khién van hanh &
ché& do DCM va hé s6 cong sudt giam sut. Néu Rzcp
qué nho, mach 14i bt khi Vp cao dan dén hiéu suit
suy gidam. Khi lua chon Ryzcp, thudng chon sao cho
gid tri sao cho khi bat thi dién ap VD la nho nhit.
Budc 5. Dat miic dién ap FB, bao vé qua ap (OVP)
va bao vé dudi dién ap (UVP)

Rour1 va Ry tao thanh mot mach chia ap lam giam
Vour xudng trudce khi ddt 1én chan FB. B¢ khuéch dai
vi sai diéu chiéu thoi gian bat ctia mach 14i d€ dam
bao dién ép trén chén FB bang vé6i dién ap tham chiéu
vi sai (Vger). Lua chon dong phan cuc mang chia
ap ngo ra la budc ddu tién trong qua trinh tinh toan.
Dong nay dugc lua chon dé€ t6i uu gitta kha ning
chdng nhiéu va t6n hao cong suit.

Vout

lbias(our)

Rouw1 = (19)
Chon dong phén cuc 100pA 13 cin bing gitia viéc
danh d6i tén hao cong suit va kha nang chéng nhiéu.

400
—— =4MQ
100u (20)

outl =
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Ry phu thudce vao Vo, Ry va dién trg hoi tiép
bén trong. R,,;2 dugc tinh theo cong thtic

Ry = Rou1-Rrp
outl —
RFB‘(‘YOW - 1) _Routl (21)
REF
4M.4.6M
R = =25.3kQ
ou 400 (22)

46M-( == —1)—4aM
(35-1)

Trong thiét ké nay, R,,;» dugc chon la 25,5 kQ. Véi
gid tri da chon, dién ép d4u ra dugc tinh theo cong
thic la:

R +R
Vour = VREF -(Rour1 'W +1) (23)
out2-INFp
25.5k+4.6M
Vour = 2.5. (4M : 255k 4.6M + 1) =397V (24)

Bing thong hep ctia PFC gay ra vot 16 khi tai qua do
hodéc khi khéi dong. NCP1608 hé trg bao vé qua dién
dp d€ ngan ngtia dién ap dau ra vugt qud ngudng an
toan. Mach bdo vé qua 4p so sanh VFB véi ngudng
qua ap d€ quyét dinh do c6 phai la sy ¢ qua dién ap
hay khong. Ngudng qua ap dugc xac dinh theo cong
thidc sau:

R
Rour +Krp (25)
(Ruutl R R )
out2 " INFB
25.5K+4.6M
=421V

Gia tri tu dau ra (Cp,x ) dugc chon sao cho dt 16n dé
gon dp ddu ra dinh-dinh (V,;,,;(
ngudng bado vé qua 4p. Cp, dugc tinh nhu sau:

peak—peak)) nho hon

Pout

Couik = AV (27)

ripple(peak—peak). fiine- Vout

Trong d6 fj, = 47 Hz 1a thip nhdt va

Vripple(peak—peak) <42V.

100

> 0 28
Coutk 2 525 27,400 (28)

= 20uF
Gid tri ctia Cp, duge chon la 68uF dé€ giam
Vripple(peak-pe ak) xuéng duéi 15 V. Diéu nay din
dén ap dinh dau ra 1a 406,25 V, thdp hon ngudng bao
vé qua dong (421 V). NCP1608 ciing tich hgp chtic
néang bao vé thdp ap. Trong luc khoi dong, Cp,,ix nap
dén tri dinh ctia dién 4p ludi. Néu Cp,y khong nap
dén mot tri dién 4p t6i thifu nhdt dinh, NCP1608 sé
nhan biét d6 13 mot sy 6 thip ap.

Rouw> +RFB

+1
Rour>-RrB )

Vou(wve) = Vove-(Rou1- (29)

25.5K+4.6.M

Vou(uve) = 0-31.(4M. — e

=49V

+1) (30)

Chtic ning bao vé thip ap bao vé mach trong diéu kién
vong hoi tiép bi hg. Néu chan FB vo tinh bi troi su
ghép ndi trong hé théng c6 thé lam cho VFB hoat
dong (tiic Vyyp < Vpp < Vger ). B diéu khién sé
diéu khién dé€ t6i da cong suét. Dién ap ra sé ting lén
va lam qua tai cac linh kién. NCP1608 dugc tich hgp
chiic ndng bao vé hé théng khi chan FB bj tréi. Dién
trg kéo 1én (R FB) dam bao cho VFB duéi ngudng bao
vé thap ap khi chén FB bi troi.

Budc 6. Lua chon cic linh kién cong suit

Cac linh kién cong suit dugc lya chon phai c6 du do
dit trit d€ chiu dugc ép va dong dit 1én chung. Véi
dién 4p vao t6i thi€u va cong sudt ra toi da thi dong
qua cudn cam la t6i da, din dén cdc linh kién cong
sudt phai hoat dong & cuong dd cao nhét.

- Dong dinh qua cu¢n cam (IL(peak)) dugc tinh theo
cdng thic:

V22-Pu V2:2:250

I - =9.0434
Lpeak) = "0 Ve 0,92.85

(31

Dong hiéu dung qua cudn cam (IL(RMS)) dugc tinh
theo cong thuc:

2-Pou 2.250
/ _ _ =3.694 (32
L(RMS) V3-Veeen  1/3.0,92.85 G2
2 ° Pout
IL(RMS) = m (33)
2.100
Lams) = N 1.484 (34)

Tri hiéu dung dong dién qua diode ngo ra (ID( RMS))
dugc tinh theo cong thic:

I 42 P (35)
D(RMS> 3 T n \Y Vac ° Vout
4 [2v2 250
I — oy EVE L T g6 (36)
DIRMS) = 3\ "7 0,924/85.400 86

bién dp cuc dai cta dit 1én diode (D) bang Voyp
(421V) cong thém do vot giy ra boi su ky sinh. D6i
v6i mach nay, ta ¢ dién ap cuc daila 450V. Mot diode
600V c6 thiia s6 giam dinh mtc 25%.

Dong dién hiéu dung qua MOSFET (M) (Iy1(zus))
dugc tinh theo cong thic:

V2.8V,

a 3n- Vout

2 Paut

1 -~ . . (37)
M(RMS) 3 Ve

a1
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; 2250 V2885
MRMS) = /30,92.85 3m400  (38)

=3.187A

Dién dp cuc dai dit1én MOSFET bang v6i Voyp (421
V) cong thém d¢ vot gay ra bdi su ky sinh. Déi véi
mach nay, ta c6 dién ap cuc daila 450 V.
Thong s6 diode va MOSFET st dung trong thiét ké
dugc trinh bay trong phén thuc nghiém.

KET QUA THUC NGHIEM VA THAO
LUAN

Sau khi thuc hién céc thiét ké nhu trinh bay 6 muc
4, cac linh kién thiét k&€ bo nguén dugc cho trong
Bang 2. M6 hinh thuc nghiém clia b nguén trinh bay
trong hinh 8 va dugc dat bén trong dén LED 250W
dugc trinh bay trong Hinh 9.

Hinh 10 trinh bay dang song dién dp va dong dién
ngudn AC, két qua cho thdy dong dién gin nhu dang
sin va cung pha véi dién ap. Va Hinh 11trinh bay hé
s6 cong sudt ctia ngudn AC theo gia tri dién ap thay
d6i, két qua cho théy hé s6 cong sudt cao hon 0,99.
Bang 3 trinh bay cac két qua thuc nghiém véi cac dién
ap ngudn vao AC khic nhau. Céc thong s6 nhu la
dong dién ngd vao, hé s6 cong sudt, dién 4p DC ngod ra
cép cho L ED, cong sudt cdp cho LED, hiéu suit, THD
déu dugc thé hién trén bang nay. Cdc két qua thuc
nghiém cho thdy rang, LED Driver c6 thélam viéc véi
dai dién ap tlt 140V-260V véi hiéu suit hdu nhu khong
déi dat trén 92,6%, hé s6 cong sudt dat 0,985-0,998
va dong dién ngd ra hiu nhu khong déi khi do sing
dugc giti 1a dinh muc. Khi d6 sang thay déi tit 20%-
110% hiéu sudt thip nhat 12 82% va cao nhit 1a 93,6%
v6i hé s6 cong sudt 0,835-0,985. Hé s6 cong sudt dat
0,95-0,985 khi tai trén 50%. Kha ning 6n dinh dong
dién trong ca dai dién ap dat 2,1% (<3% theo yéu ciu).
THD cao nhd t 10,6%. Néu trong diéu kién dinh mtic
thi THD 14 9,1%.

KET LUAN

Bai bao nay da trinh bay cach thiét ké mach tang ap c6
PFC trong viéc ché tao nguén cho LED c¢6 cong sudt
250W véi muc dich giam séng hai va nang cao hé s
codng suit. Mach ting ap ¢6 PFC dugc thiét ké dua trén
IC NCP 1608 v6i kha nang hoat dong & ché do bién.
Cac két qua thyc nghiém da chiin g minh tinh ding
dan ctia viét thiét k& Khi ngudn LED hoat dong & ché
d¢ dinh muic v6i cong sudt 250W va dién dp ngd vao
14 220V thi hé s6 cong sudt dat dugc 1a 0,994, tdng do
méo dang song haila 9,1 % va hiéu suét ctia bd nguon
LED la 93,2%.
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TUYEN BO XUNG POT LOI iCH

Céc tac gia tuyén b6 khong c6 xung dot lgi ich.

PONG GOP CUA CAC TAC GIA

Ng6 Thanh Tung dua ray tudng va thuc hién phan
gi6i thiéu, téng quan cac ciu hinh LED Driver.
Nguyén Minh Huy va Ngé Hoai Phong tién hanh
lam thuc nghiém va do dac cac két qua thyc nghiém.
Lé Minh Phuong va Nguyén Dinh Tuyén thuc hién
viét bai va chinh stia n6i dung bai bdo.

DANH MUC TU VIET TAT

LED: Light-Emitting Diode (Pi6t phat quang)

DC: Direct current (Dong dién DC)

AC: Alternating Current (Dong dién xoay chiéu)
MOSEFET: Metal-Oxide Semiconductor Field-Effect
Transistor (Transistor hiéu ting truong Oxit Kim loai
- Ban dan)

PEC: Power Factor Correction (Hiéu chinh hé s6 cdng
sudt)

THD: Total Harmonic Distortion (T6ng d6 méo dang
song hai)

CCM: Continous current mode (Ché do lam viéc
dong lién tuc)

CrM: Critical Mode (Ché d6 téi han)

ZCD: Zero Crossing Detection (Phat hién diém cit
khong)

OVP: Over Voltage Protection (Bao vé qud ap)

UVP: Under Voltage Protection (Bao vé thép ap)
PWM: Pulse Width Modulation (Piéu ché d¢ rong
xung)
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Bang 2: Cac linh kién thuc hién mach bd nguén

Linh kién Tén goi Mo ta

IC lai PFCLLC NCP1608 (Onsemi) FLS2100XS (Onsemi)
Bién ép ETD44 Lp: 400uH, Lr: 65uH

Tu dién PFC UPH2W151MHD(Nichicon)  150uF/450V

Tu di én ngo ra EKZE101ELL271MK30S 270uF/100V

Diode cau chinh luu ngo vao  TS15P05G Bridge Rectifiers 15Amp 600Volt

Mosfet PEC SPW20N60C3 CooIMOS Infenion 650V, 20.7A

Diode cdu chinh luu ngo ra MBR20100CT Schottky Diodes 20A 100V

"

= sasmrel TN

Hinh 9: Bé nguén dugc dat bén trong bo dén.

Bang 3: Cac thong sé thuc nghiém ctia bé nguén LED khi dién ap nguédn thay ddi

Vin (V) L (A) Cos Pin (W)  DCVyy (V) DClpy (A)  Poy (W)  Hiéusudt (%) THD (%)
151 1,793 0,998  269,5 54,09 4,52 247,3 91,76 6

160 1,689 0,998  270,3 54,15 4,54 248,6 91,97 6,1

180 1,505 0,997  270,5 54,21 4,55 249,7 92,31 6,7

201 1,354 0,996  270,8 54,25 4,57 250 92,32 8

220 1,251 0,994 2736 53,38 4,61 252 93,20 91

239 1,119 0,992 2653 54,05 4,61 253 93,10 91

260 1,01 0,99 264,3 54,15 4,62 254 93,14 9,3
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Hinh 10: Dang séng dién ap va dong dién ngd vao nguén AC.
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Hinh 11: Hé s8 cong suat ctia nguén LED theo dién ap thay déi.
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ABSTRACT

Nowadays, the incadescent, florescent, and high-pressure mercury lamps was replaced by the LED
(Light-Emitting-diode). .. due to the high efficiency, enviromenttally friendly and long life-time. This
paper presents an analysis and experimentation on 250W LED Driver with high power factor and
improving the toral harmonic distortion. The presented topology in this paper is designed based
on two-stage LED Driver which is included: the boost power factor correction circuit operating in
discontinuous mode and anisolated DC/DC LLC resonant circuit with soft-switching characteristics.
The function of the boost power factor correction stage is to ensure the high input power factor
and to generate 400VDC from variable AC power supply: 140VAC to 260VAC. The target of the
DC/DC stage is to control the DC current for supplying LED load. The guideline for design is in
detail described. A LED Driver prototype was built in laboratory for supplying 250W/54V from single
phase AC power supply 220V/50Hz. The experimental results are shown to verify the performance
of the LED Driver comply with the EN 61000-3-2 standard.

Key words: LED Driver, Power Factor Correction, LED Lighting, THD
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	Đóng góp của các tác giả
	Danh mục từ viết tắt
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