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Giai phap thiét ké méi bo loc dién tir cho LED
driver cOong suat 16n cau hinh hai tang

Nguyén Hoai Phong, Ngo Thanh Tung, Nguyén Minh Huy, Nguyén Dinh Tuyén,
Lé Minh Phuong”, Ngo Cao Cuong

Tém tir— Ngay nay, LED dan dwgc thay cho
cac loai dén cdng nghé cii nhw: dén soi dot,
huynh quang, thiy ngin cao ap...vi hiéu qua
cao vé mit ning lwong, than thién méi truong
ciing nhu tudi the cao. Thiét ké mot by ngudn
LED theo tiéu chuin cong nghiép dé c6 thé san
xuét rong rii 1a mot vin dé dang dwoc cac co
quan Nha nwéc quan tim. Tuy nhién, viéc thiét
ké mot by déen LED gip kha nhiéu khé khin
khi phai dong thoi dap tng nhiéu tiéu chuin,
quy dinh nhu: hi¢u suit ning lwong, séng hai,
hé s6 cong suit, nhiéu di¢n tir. O Viét Nam, vin
dé nhiéu dién tir it dwec quan tim vi khé khin
trong viéc xay dung mot phong thi nghiém do
dac nhiéu dién tir ciing nhw chi phi do dac ngoai
cac trung tdm con kha cao. . Trong nghlen ciru
nay, chuing toi trinh bay cau hinh nguon dén
LED sir dung ghép hai ting: ting Boost-PFC va
ting DC/DC cong hwong cudn diy — cudc diy —
tu dién (LLC). Ngoai ra, bai bio dé xuit
phuong phap thiét ké bd loc EMI bing cach
giam cudn loc so véi by loc EMI truyén thong,
qua d6 gidm dwgc kich thwée cling nhw gia
thanh cia nguén LED. Cac két qua thye
nghiém da xac dinh phuong phap dé xuit da
dap lrng tiu chuin kiém dinh do lu’o’ng Vlet
Nam. DPé minh chlrng cho phwong phap daé xuat
ngudn LED chiéu sang sir dung ciu hinh 2 tang
PFC va by cong hwong LLC véi cong suit
150W dwoc sir dung dé kiém tra. Trong bai bio
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nay, ba két qui khac nhau wng véi ba truong
hop mach loc khic nhau dwoc trinh bay dé thay
tinh hiéu qua ciia phwong phap dé xuit. Két
qua thye nghiém do dac di dwogc cip chirng chi,
cho thiy bd diéu khién LED dat tiéu chuin Viét
Nam vé nhiéu dién tir.

Tir khoi— EMI, B¢ diéu khién LED, B hiéu
chinh hé so cong suat, By dieu khien LED 2 tang, B
cong huwéng LLC.

Danh muc tir viét tit

LED: Lighting Emitting Diode: Diode c6 kha nang
phat sang

CM: Common Mode: Ché d6 nbi chung

DM: Different Mode: Ché d6 tach riéng

SMPS: Switching Mode Power Supply: Ngudn
cung cip dang xung

EMI: Electromagnetics Interface: Tuong thich dién
o

CRM: Critical Conduction Mode. Ché d6 dan t6i
han

LISN: Line Impedance Stabilization Network:
Dong trd khang 6n dinh mang

PFC: Power Factor Correction: Hi€u chinh cong
suat

CMN: Common Mode Noise: Nhidu & ché do ndi
chung

DMNL Diffrential Mode Noise: Nhiéu & ché do
tach riéng

FET: Field-effect Transitor: Transitor hi¢u tng
truong

IGBT: Isulated Gate Bipolar Transitor: Transitor
¢6 cuc diéu khién cach ly

1 GIOI THIEU

rong nhitng ndm gan day, chiéu sang bang dén
LED la mét cong nghé khong giy 6 nhiém
moi trudng va tiét kiém nang luong, di va dang
dugc su dung rong rai trong cong nghiép va dan
dung [1-3]. Dén LED c6 nhimg wu diém nhu
giam chi phi bao dudng, khong chira chét doc hai
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nhu thiy ngan chi, tudi tho cao dén 100000 gid sir
dung, thoi gian khoi dong nhanh trong vong vai
micro gidy, tiét kiém ning lugng tiéu thu tir 50%-
70% so v&i loai dén thong thuong. Pén LED tring
cong suat 1on da duoc dem vao sir dung mot cach
pho bién trong linh vuc chiéu sang cong cong,
dudng phd, nha xuong san xuét, khu cong nghiép,
khu ché xuat, kho hang, bén bii, nha may, ctra
hang, siéu thi, nha thi déu, trong cac cong trinh
kién truc, trong hé théng cong nghiép cac san thé
thao [1-8].

Trén thé gidi, viéc nghién ciru thiét ké ngudn
LED hau nhu chi yéu tp trung giai quyét mot
trong cac van dé nhu:

= (ai thién, nang cao hi¢u suit ctia b bién
d6i cong suat [9]

= Ting hé s6 cong suét [10]

* Giam song hai, nhleu diéntu [11, 12]

Nhung thyc té dé phat trlen mot san pham cong
nghiép ra thi truong, ta can phai giai quyét tat ca
céc van dé trén.

Vé tdng quat, ciu trac bo diéu khién LED bao
gdm 3 tang, nhu trinh bay trong hinh 1:

= Téng 1: loc nhidu dién tir, loc song hai
EML

» Tang 2: PFC ting hé s cong suit.

= Tang 3: DC/DC tao ngudn dong LED
t6n hao thap.
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Hinh 1. CAu tric tdng quat hé thdng bd didu khién LED

Nhu mo ta hinh 1, tang 1 1a bd loc nhiéu dién tir
EMI tir thiét bi dua 1én ludi (nhidu din) hodc burc
xa ra moi truong xung quanh, ting 2 ¢6 chirc ning
tao dién ap DC tir ngudn AC va diéu chinh hé sé
cong suét. Tang 3 bién ddi dién ap DC thich hop
v6i mie dién 4p LED yéu ciu dong thoi diéu khién
dong dién. Tang 2 thuong c6 cau hinh Boost-PFC
nhim diéu khién hé s6 cong suit ngd vao gan 1.
Tang 3 c¢6 nhiéu dang cu hinh khac nhau: Buck
converter, Boost converter, Buck-Boost converter,
fly back, half-bridge... va dugc sir dung tuy thude
vao yéu cau vé dién ap nguon dau vao va dién ap
ngo ra trén tai LED. CAu hinh Fly-back thuong
duoc str dung cho cac bd bién ddi c6 cong suit nho
hon 100W va hiéu sut dat dugc khoang 88%. Cac
b6 ngudn LED sir dung véi cdu hinh Flyback s& co
cac bét loi nhu: néu sir dung 1 tﬁng Flyback va
PFC s€ gdy ra hién tuong dong dién tai gon theo
dién ap tan sd ludi; néu sir dung boost PFC va

Flyback s& lam hi¢u suét tong khong dat do ban
than bo Flyback hiéu suat thap [13]. Dé nang cao
hiéu sudt cua bd Flyback, thi b Quasi Resonant
Fly-Back [14] dugc dé ra va nang hiéu suit lén
dugc khoang 90%.

Céu hinh Half-bridge LLC Resonant Converter
két hop PFC duoc dé xuat dé tang hiéu suat toi da
cho bo diéu dén LED theo md hinh hinh 1 duoc
trinh bay trong [15, 16]. Cdu hinh nay c6 thé dat
hiéu suit 1én dén 91-94% néu thiét ké t6i vu mach
EMI, PFC va cai tién ché do dong ngat MOSFET
ctia bd DC/DC tang 3 [17-20].

Viéc hoat dong & tan sb cao s& lam giam kich
thudc cia cac linh kién thu dong mot cach dang
ké, chang han nhu bién 4p va bo loc. Nhung nguoc
lai khi d6 ton hao dong ngit lai tang 1én 1a mot
khuyét diém. Dé giam ton hao chuyén mach va
cho phép hoat dong & tan sb cao, k¥ thuat chuyén
mach cong hudng di dwoc phat trién trong céac
nghién ctru [21-24]. Nhung ky thudt nay xu ly
cong suat theo dang sin va cac thiét bi chuyén
mach dugc thuc hién chuyén mach mém (soft-
switching). Do d6, ton hao chuyén mach va nhiéu
¢6 thé duoc giam dang ké. Bo cong huong LLC
Half Bridge duoc sir dung trong thiét ké nhim ting
hiéu suit bdo DC/DC dén 94% [19]. Véi dic diém
hoat dong & ché @6 cb dinh ty s6 diéu ché nhung
tan s6 thay doi da dang cua bo LLC Half-Bridge
cang lam ting nhidu dién tir phat sinh trong hé
thdng. Didu nay gy nhiéu kho khan khi thiét ké bo
loc dién tur.

Pa s6 cac chin luu dién tir va cac bo ngudn
xung (SMPS) sir dung cau Diode va tu tich trix
nang luong dé tao ra dién ap DC tir dién ap ludi
AC. Didu nay 1am méo dang dong dién ngd vio
AC, giam hé $6 cong sudt. Mach PFC 1a mot giai
phép dé nang cao hé s6 cong suat. Bo Boost-PFC
1a cau triic thuong gip nhat d6i voi PEC tich cuc.
N6 tao ra dién ap ngd ra khong ddi va diéu chinh
dong dién ngd vao vé dang Sin [25-27]. Trong mo
hinh by Boost PFC hoat dong & ché do t6i han
CRM dé giam ton hao dong cat, tuy nhién tan sb
thay doi lién tuc gay ra nhidu dién tir kha 16n [14,
25, 28].

Qu4 trinh dong ngit tan s cao cua ca hai bo
Boost-PFC va bg cong huéng DC/DC Half-Bridge
s€ gdy anh huong 1én ludi dién va phat xa ra moi
truong gdy anh hudng suc khdée nguodi st dung
cling nhu cac thiét bi dién tu khac. Vi vay, bo loc
dién tir EMI c6 chiic ning giam nhidu dién tir, va
dugc nghién ciru dé dua vao cac thiét bi dién tir
cong suat.

Viée cac thiét bi ndi vao dién ludi déu phai dat
tiéu chuan cho phép vé nhiéu dién tir. Trong do,
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ngudi ta quan tim nhiéu dién tir va phat xa dién tir.
Vi dai tan sO nhu bang 1 [29].

Béng 1. Dii tan sb nhiéu — phat xa

10kHz — 30MHz
30Mhz — 1GHz

Dii tAn nhiéu dién tir

D3i tan phat xa dién tir

Dic diém cia bd ngudn dén LED tng dung
trong chiéu sang duong phd 1a: tan sb dong ngit
cao, toc do thay ddi dién ap dv/dt 16n, dong dién
di/dt 16n lam phéat sinh nhiu dién tir trong hé
thong cling nhu phat xa ra khong gian xung quanh,
thiét bi s& gay nhidu dién ap ludi ¢ tan sé radio,
diéu nay lam anh huong dén cac thiét bi trén
dudng day, may phat, tram bién ap...dong thoi mot
phin phat xa ra mdi truong xung quanh thiét bi
gdy anh huong dén stc khoe con ngudi [30-32].
Bai bao nay tap trung vao thiét ké bo loc dién tir
nham giai quyét nhidu dién tir cho bo diéu khién
LED véi 3 tang co ban nhu hinh 1. Trong d6, s& dé
xuét cdu hinh giam sb linh kién trong bd loc so vaoi
v6i cac cdu hinh bo loc truyén thdng trude day.
Diéu nay c6 ¥ nghia vé& mit kinh té ciing nhu giam
kich thudc cta bd loc.

2 THIET KE BO LOC PIEN TU CHO BO

NGUON DPEN LED
Dong dién

A qua cudn day
ton Tsw t

A N . x

fon Tan sb ché

dé CRM
Tswnin

=t

Hinh 2. Dang séng déng cit CRM PEC

B6 diéu khién PFC hoat dong & ché d6 tan sb
thay d6i (CRM) nhu hinh 2 dugc sir dung trong
cac bo nguon dén LED cong sudt 16n umg dung
trong chiéu sang duong phd boi vi tinh hidu qua
clia phuong phap nay trong viéc giam tén hao,
dong nhép nho ciing nhu chi phi bo PFC [18, 27].
Tuy nhién, viéc thay ddi tin s6 lién tuc ciing tao ra
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ngudn nhidu phirc tap, dai tn nhidu rong hon, giy
kho khan trong viée thiét ké bo loc dién tir [14].

Dé giai quyét van dé nay, nhiéu thiét ké dugc
dua ra. Tuy nhién c6 kha nhiéu van d& khé khin
gdp phai khi trién khai nhu dic tinh vat ligu ché
tao cac cudn ddy theo tan sb 1a khac nhau va kho
khin trong kiém tra do dac gia tri tai tan sb cao.
Viéc dau tu mot phong thi nghiém kiém tra tuong
thich dién tir ding chuén rat ton kém, ciing nhu chi
phi mdi lan kiém tra 1a kha cao. Nén viéc nghién
clru nhidu dién tr & Viét Nam con nhiéu han ché
dan dén it nhom nghién ctru vé vin dé nay. Trong
quéa trinh nghién ctru bd diéu khién LED chiéu
sang nhom da dugc sy hd tro do dac nhiéu dién tir
tir cong ty cd phan bong dén Pién Quang cho két
qua kiém dinh chat luong bo diéu khién theo tidu
chuén Viét Nam.
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Hinh 3. Mach LISN phéi hop tré khang

Pé do dac nhifu dién tir nguoi ta thiét ké mot
mach phéi hop tré khéng, ngan can tin hiéu tin sd
thip d6 1a LISN nhu hinh 3. Khi d6 cac tin hi¢u
nhiéu tin s6 cao (f > 2*ff igbt sw) chay qua mach
LISN duoc dua vao may phén tich phd dé ghi nhan
do suy giam phd nhidu dién tir theo do thi logarit
bién d¢ song hai véi tan sb. Tin hiéu nhidu duoc
chia 1am 2 thanh phan chinh d6 13 CMN (Common
Mode Noise) va DMN (Differential Mode Noise)
[27-29]. Puong di cta tin hiéu nhiéu CM va DM
dugc minh hoa trong hinh 4. Trong do, vang CMN
1a ving nhiu ¢6 tin sé cao va cuc cao tir 500kHz
tré 1én, ving DMN 14 ving nhidu tan s6 trung binh
tir 150-500kHz nhu trinh bay trong hinh 5.
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Hinh 4. Pudng di tin hiéu nhiéu CM va DM
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Hinh 5. Ving nhidu DM va CM

Ving CMN sinh ra do nguyén nhan chinh 1a toc
d6 bién thién dién ap dv/dt trén cac tu dién ki sinh
nhu tan nhiét, board mach, may bién ap. Con ving
DMN sinh ra chii yéu do su thay ddi dong dién 16n
di/dt khi dong cit linh kién cong suit nhu FET,
IGBT...6 tan s6 cao. Dé loai bo nhiéu nay nguoi ta
dung cudn loc CM, DM dugc quén boi 2 cudn day
trén cung 1 16i xuyén mic vai tu dién. O day can
chu y cuc tinh cudn day dé mic dtng cyc tinh triét
tricu dong nhiéu [34, 25, 37]. Trong d6, tu dién
cua mach loc CM thuong c6 gid tri nho hon vi
mach loc CM chu yéu thiét ké loc tin sb cao
(f£>500kHz). Theo tiéu chudn EN 60335-1 [38] gia
tri tu dién loc CM nho hon 4700pF mdi pha vi ly
do an toan ndi dit. So @6 dau ndi cua loc nhiéu
DM va CM dugc trinh bay tuong ting ¢ hinh 6a va
6b.

(a) Loc nhiéu Different Mode

i
1]

(b) Loc nhiéu Common Mode
Hinh 6. M6 hinh d4u néi loc nhiéu (a) DM va (b) CM

Bén budc dé thiét ké mot mach loc EMI nhu sau:
[38, 39]:

Budc 1: Tach nhidu thanh CM va DM va
phan tich phd quan sat.

Buége 2: Kiém tra nhidu 16n nhét khi chua co
loc EMI gém nhiéu CM va DM, tinh toan do
suy hao tin hiéu nhidu can thiét &é dap ung tiéu
chuén dé ra.

Budce 3: Cl}on mach loq thich hop, tinh toan
gia tri cu thé linh kién dé tré khang mach loc
dap g do suy hao tin hiéu can thiét. )

Bu('yc 4: Kiém tra thuc té va hoan thanh thict
keé.

C6 nhiéu md hinh lopc EMI dugc dé xuit
nhu L, C, CL, LC, =, T. Trong do, chia lam 2
loai chinh 1a loc 1 tang va loc 2 tang nhu trinh
bay tuong tng trong hinh 7 va hinh 8 [36, 38]

= Mach loc 1 tang (hinh 7)

LT

C.‘l Cvz
PE T T PE'

Hinh 7. Mach loc mot tﬁng

bay 1a mach loc truyen thong su dung phé bién
hau hét trong cac nguén dong ngét tin sé cao. Cau
tao don gian, co thé bo tu Cy thay thé chire nang
loc CMN béng tu Cys, cudn diy La; ciing ¢6 thé bo
qua bang cach st dung cudén L méi ¢6 cam khang
béng 2 cuén déy Ldl va Ldz.

= Mach loc 2 ting (hinh 8)

Li : e -
T T Tfewd [ % o] L T
—I—C,, 2R, .— —_— Chrre

PE @ =Gy @ Cuu== =Cp Cos
(PE) F*—GND

Hinh 8. Mach loc hai té”mg

bay 1a mach loc thé hé mai 1a su két hop mach
loc truyén thong va thém 1 tang loc thir 2 14 cudn
day Lcom, viéc nay gitp bu dong bat di ximg khi
qua bd loc chinh ting kha nang loc dédc biét cho
cac hé thdng c6 tan sb thay ddi lién tuc nhu PFC &
ché do CRM [14, 36].

Trong bai bao niy, ching t6i tién hanh nghién
ctru thiét ké bo loc nhidu cho bd nguf‘)n dén LED
v6i cong sudt 150W. Céu hinh cua b ngudn dén
LED nay da dugc chung t6i thuc hién trude day va
trinh bay trong nghién ctru [37]. Trong cu hinh
nay, ching t6i st dung bo Boost-PFC ¢ tang
AC/DC va cau hinh cong huong LLC Half-bridge
& ting DC/DC. Hinh 9 trinh bay dong dién nhiéu
DMN, CMD trong bé diéu khién PFC. O day tin
hiéu nhiéu CM khong di qua cudn day L, vi & tin
s6 cao tré khang L 16n.

Phuong phap dé xuat thiét ké bo loc nhiu dugc
thuc hién bang cach do thuc nghiém cac nhidu cua
ngudn dén LED khi chua co gin bo loc. Tir d6 xac
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dinh céc tan sé c6 nhidu vuot gia tri cho phép va B 1
chung tdi tinh toan d¢ xuat cac thong so cho bd loc S Qrf) x2C
c y

nhidu méi. | (3)
e ‘ (27 x17.6€3)* x2e—9
LISN . —
e T T 1P R B Chon Cyo=Cy3=470nF (4)
i Vin EN R ”'\ s Ta tinh dugc Lpm
l 1L« f et ki | ' ‘ I 1
= P Qe f) xC,
( | (5)
== — =174(uH)

T (27 x17.6¢3)’ x470e-9

Hinh 9. Nhiu dién tir trong bd Boost PFC Két qua tinh toan ta lra chon thong s6 mach loc
2 tang theo mo hinh loc cai tién nhu bang 3.
Két qua do dac tir thuc nghiém bo dicu khién

LED PFC LLC half-bridge dugc cho ¢ bang 2, cho

Bang 3. Cac gia tri mach loc

thay tai tan s6 168kHz bién do nhiéu vuot qua gidi Linh ki¢n mach loc Gia trj
han 16n nhat 33,2dB G, Gy InF/400V
Bang 2. Gié tri nhidu dinh thyc nghiém Cyni, Cyo.Cyn 1nF/400V
Cy2, Cy3 470nF/240V
ID |Tansb Atten.  |Detector|Meter |Meas Lever |Limit Lem 20mH
Read |Giatrido Gidi han
(dBuV) (dBpV) LDM 150uH
1 |[168MHz |QPeak 683  |98,3 65,1 332 Leom 20mH
3 [213MHz |QPeak [65.8 [958  [63.1 32,8 Theo két qua tinh toan, vi cuon ddy LDM cb
5 [294MHz [QPeak [57,5 (87,5 [604 27,1 dién cam kha nho, diéu nay cho thay co6 thé bé qua
7 |348MHz |QPeak [468 [76,8 59,0 17,8 cuon day LDM bang cach quan cudn day CM co
9 [402MHz |QPeak [43,7 73,7 |57.8 158 dién cam ro xap xi bang gia trj dién cam LDM. Tu
12 |582MHz |QPeak |416 |716 |56,0 15,6 d6, bai bdo dé xuat md hinh loc nhi€u nhw hinh 10.
14 [888 MHz |QPeak [41,1  [71,1 56,0 15,1
15 [1.176 MHz |[QPeak [39.8  [69.8 56,0 138 | L
LI R L1
16 [1.473 MHz |[QPeak [370  [670 [56,0 11,0 o 5 .| il 1,
17 [1.779 MHz |QPeak (35,8  [65,8  |56,0 9.8 T : % - . i IR
19 [2373 MHz |QPeak |35,7 |65,  |56,0 9,7 i i T . g — N
Tli== e vl yf2
PE Cy.13
r s g:A - X ;1A A 12 X v |7—j7—{|—GND
Xét tai diém nhiéu co6 bién do 16n nhat 168kHz (PE) gl
tin hiéu nhi€u vuot qua gidi han cho phép 33,2dB, B? cuon
tan so cit mach loc can thiét dé do suy hao tin hiéu day DM
nhicu dat yéu cau tiéu chuan kiém dinh [14, 30, L1 i
40]: TCH SR,
f" AVyorse =Vimir ( ) C_,,—I— =+C, <
10 PE__ [ T
(PE")

Vi mot s6 thanh phé‘m ki sinh nén d6 du trir an
toan thém vao 6dB

f‘cz ffw

Vpgak =Vimr +64B

10 40

168k
= T 33.2dB16dB =17,6(kHz)
10 40
Chon Cy1=Cy»=1000pF < 4700pF theo tiéu
chuén EN 60335-1 [38]

Ta tinh duoc Lem

(@)

Hinh 10. M5 hinh b loc EMI d& xudt

Thiét ké cudn déy c6 dién cam ro dugc trinh bay
trong mot sé nghién ciru, tap trung & hai dang 15i
quin day chinh d6 1a cudn day dang xuyén va dang
EE nhu hinh 11.
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Lai xuyén

Loi EE

Hinh 11. L5i xuyén va 16i EE

Cuon day 15i xuyén c6 nhuge diém 1a kho khan
trong qua trinh quan day, ciing nhu viéc phai quin
day trdi theo goc thiét ké dé thay ddi dién cam ro
[34, 35]. Loi EE sir dung dé dang, déc biét dé thay
d6i dién cam ro ngudi ta c6 thé ding 16i c6 khe ho
tir hodc quin day xen k& nhau, ting khoang cach
giita cac cudn day [36]. Tang phan bé sirc tir dong
lam tang dién tro ro cudn ddy, diéu nay xay ra khi
quin cac cudn day tap trung. Trong bai bdo [36]
chi ra khi quén 2 cudn diy P va S véi 16p cach
dién dién cam ro bi anh hudng nhu hinh 12 :

= Trudng hop A: quén tap trung, sy phan
b sic tir dong 16m, dién cam ro 16m.

= Trudng hop B: quan xen k& 2 cudn day
v6i nhau, sy phan bd stre nhé hon, dién cam ro
nho.

= Trudng hop C: quin xen k& tirng cudn
day voi nhau, sy phan bé strc nho, dién cam ro
nho nhét.

Hinh 12. Su phén b strc tir dong trong cudn day

bién cam ro cudn day EE phu thude vao do day
cuén day cling nhu 16p cach dién, va dugc tinh
theo cong thirc, voi hy, hy 14 d6 day 16p day quan P
va S, ha 1a d6 day 16p cach dién nhu hinh 12:

[, | 11h +4h,
Lleakage ﬂO bw |:4—8 ZhA:l (6)

Dién cam ro cang 16n khi 16p cach dién cang
16n. Trong mo6 hinh thyc nghi€ém bai bao st dung
cudn loc CM 16i EE nhu hinh 13 ¢6 thong s6 sau:

= Levm =20mH

= Lpm=150uH

= Hai cudn day quan tap trung.
= hy=3mm

= h;=h;=4mm

Hinh 13. Cudc loc CM d& xuét

3 MO HINH VA KET QUA THUC NGHIEM

M5 hinh thyc nghiém bo ngudén LED trong bai
bao nay thiét ké dugc trinh bay trong hinh 14, bao
gom: ting loc EMI, tang hiéu chinh hé sé cong
suat va tang DC/DC diéu khién dong dién cép cho
LED.

High Power Resonant

Power factor controller Half Bridge

EMI Filtor | Rectifiar L o
o B — H I E'.'
e ) W 13
R ! B o = 245
) stivoc E: 2
- I 4 l:t_‘_;+ =3
Current Pwm PWM urrent,
PFC PWM Dimming [ DC/DC PWM User
Controller I | CONTROL MODULE || Control i Controller [§ Interface
(TIVA 123G+
overcurrent | FLs2100xs+NCP1608) Temp [ peak Current ]| Thermal
Protection Sensors Control Monitor
Voltage Sensor Current System
Regulation | B I | Interface [| Feedback | Monitor

Hinh 14. So d6 khdi chirc nang mé hinh bd dén LED 150W

Téng 1: Mach loc EMI d& xuét, bé qua cudn day
Lpum duoc trinh bay trong hinh 10. Tang 2: Mach
diéu khién Boost PFC s dung IC diéu khién
NPC1608 hoat dong & ché d6 t6i han CRM. Tang
3: Mach diéu khién dong DC/DC half bridge cong
huong LLC st dung IC diéu khién FLS2100XS.
So d6 cua ba tang nay dugc trinh bay lan luot &
hinh 15a, 15b va 15c¢. Sau khi thuc hién thiét ké va
thir nghiém thi mé hinh thyc cta by nguon cho dén
LED dugc trinh bay ¢ hinh 16. Hinh 16: ab,c
tuong ung v6oi mach cong sudt, mach diéu khién
gan vao mach cong sut, va hoan thién san phiam
cuoi cung.
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Power Factor Correction

bl

L : 4
oo Tilnm T

©

Hinh 15. So d mach cua 3 tﬁng (a) Mach loc (b) T?mg PFC
(c) Tang DC-DC cong huéng LLC

(c)
Hinh 16. P}lén clmg sau khi hoan chinh (a) Mach cong suét (b)
Gan thém phan dieu khién (c) Bo6 keo chong nude

Dé danh gia cac két qua phim chat loc nhidu
dién tir, chiing t6i ing dung tiéu chudn Viét Nam
TCVN 7186:2010 (Tiéu chuan nay ung vdi tiéu
chuan thé gi¢i 1a CISPR 15:2009). Trong tiéu
chudn nay, giéi han va phuong phap do dic tinh
nhidu tin s radio cua thiét bi chiéu sang va thiét
bi twong ty dugc trinh bay trong bang 4.

21
Bang 4. Giéi han dién ap nhiéu tai d4u nbi dién ludi
Gidi han dién ap nhiéu tai cac dau ndi dién ludi
Dai tan Gidi han dB(V)*
Tya dinh Trung binh
Tu 9kHz dén 50kHz 110 -
T S0kHz dén 150kHz Tur 90 dén 80° -
Tur 150kHz dén 0.5SMHz | Tur 66 dén 56° Tir 56 dén
46°
Tiur 0,5MHz dén SMHz 56 46°
Tir SMHz dén 30MHz 60 50

*Tai tan s0 chuyén tiep, ap dung gi¢i han thap hon

® Gi¢i han giam tuyén tinh theo logarit ciia tan sé trong dai
tan tir S0kHz dén 150kHz va 150kHz dén 0.5SMHz

¢ Pdi véi cac bong dén va dén dién khong co dién cuc, trong
dai tan tir 2,51MHz dén 3MHz 4p dung cic gidi han tua
dinh 73dB(V) va trung binh 63 dB(V)

Chu thich: ¢ Nhat Ban khong giéi han trong dai tan tir 9kHz
dén 150kHz

Két qua tinh toan dugc trién khai thuc té trén
b6 ngudn LED duoc thiét ké boi nhém nghién ciru
tai phong thi nghi€ém “Nghién cuu Dién tir cong
suat” — Bo mon Cung cép dién — Khoa DPién-Dién
tr - Truong Pai hoc Bach Khoa, PHQG-HCM.

Ba trudng hop duogc tién hanh thi nghiém:

= Truong hop 1: khong su dung bd loc
EMI.

= Trudng hop 2: sir dung bo loc 2 tang véi
CU.C)I] dﬁy LCM, Lom

= Truong hop 3: sir dung b loc dé xuét,
cit bo cudn loc Lpy, thay vao d6 la thiét ké
cudn diy Lew c6 dién cam rd xép xi bang gia
tri cudn day Lpm

Trwiong hop 1: Bo nguon dén LED khong co
b6 loc EMI

N T1e 20

I [1 [
L i ‘/ Bién ¢ dinh nhidu dign tir (dBuV) [ 1

Dueng gisi han
bién da dinh nhiéu |
dién ti theo TCVN

7186:2010

\ TN
| Buwéng gioi han
bién dé trung binh
nhiéu dién tir theo
TCVN 7186:2010 1 1 i 1 |
| Trwong hop 1: Khong co bé loc EMI

@

Bién 46 trung binh nhidu dién tr @Bwv) |

Hinh 17. Két qua trude khi loc nhidu dién tir

Trude khi loc diém nhifu cao nhét tai tdn sb
168kHz cao hon giéi han cho phép TCVN
7186:2010 33,2dB.

Truong hop 2: B dén LED su dung bd loc 2
tang

Mo hinh thye nghiém st dung b loc 2 t?mg
duoc trinh bay trong hinh 17 a
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]_ “Bien o mnn-nmé.-. a.'én-lu: [d!u\‘!] J

Tin Wigu nhiéu tép

Duomg gidi han xisc duromg gidi han

bién db dinh nhiéu
dién tir theo TCVN St
7186:2010 i 4,1--

:\ ‘.'ﬂ*"‘wu B i e g
\ T 1o VAR ‘)"MJ\.‘,M
W \ W"‘

Bién d§ trung binh nhiéu dién tir (dBuV)

Duémg gisi han
bién 46 trung binh
nhiéu dién tir theo

higu digntotheo |17 Trurgmg hop 2: SW dung bS Toc EMI2 tang

(b

Hinh 18. Két qua sau khi loc nhiéu dién tir v6i mo hinh cai tién

Két qua do dac nhiéu dién tir sir dung bo loc 2
tang cho thiy bién d¢ nhidu da giam xudng cén
mirc cho phép. Mot sé diém van cao hon gi6i han
khong dang ké vi gia tri linh kién c6 sai sd.

T, rwong hop 3: Bo dén LED st dung bd loc dé
xuat

[ |

Buémg giéi han
bién @6 dinh nhiéu

1 dién tir theo TCYN
7186:2010

== ,-.r\

Buéng giél han
bién dg trung binh
nhidu dign tir theo

TCVN 7186:2010

Trwong hop 3: Stk dung bé loc EMI/dé xuat |

(b)

Hinh 19. Két qua sau khi loc nhidu dién tir voi mé hinh cai
tién bo qua cudn day LDM

Mo hinh thyc nghiém d& xuét trinh bay trong
hinh 19a. Két qua do dac nhiéu dién tir sir dung bo
loc dé xuat bé qua cudn diy Lpm chimg té c6 thé
dung dién cam ro béi cudn day loc CM thay thé
cho cudn day DM.

Sau khi loc dién tir, tin hiéu nhiéu suy giam da
dat tiéu chuan TCVN 7186:2010 cho bd diéu khién
ngudén LED chiéu sang. So sanh két qua ¢ hinh
17,18,19 cho thay rang, két qua do dac nhidu EMI
ctia phuwong phap dé xuét (hinh 19b) da giam dugc

nhidu, cic nhidu di thap hon so véi phuong phap
truyén théng (hinh 17, 18b).

Dé danh gia do 6n dinh ctia B LED Driver va
mach loc EMI, LED Driver da dugc thir nghiém
“Kiém tra thir tudi tho” dai Phong thtr nghiém,
Cong ty C6 phan bong dén Pién Quang. Piéu kién
tht nghiém 1a thyc hién chu ky ON/OFF la
30s/30s va dugc thyc hién lién tuc tr ngay
13/09/2018 dén ngay 24/09/2018. S6 chu ky dat
tho 1a 15000. Tinh trang hoat dong cia LED
driver: hoat dong tdt.

Céc két qua do luong vé nhidu EMI ciing nhu
tudi tho d3 duoc thuc hién va céip ching chi vé
kiém dinh nhiéu dién tir tir cac co quan kiém dinh.

4 KET LUAN
Bai bao trinh bay phwong phap thiét ké mach
loc dién tir cho mach nguén LED véi cong suét
150W st dung cau hinh ba ting. Két qua kiém
dinh dat yéu cu va duoc cap ching chi, cho thiy
mach loc dap tmg tot va gin dang véi tinh toan 1y
thuyét, ddp ung tiéu chuan vé nhidu dién tir cho
thiét bi nguén chiéu sang ¢ Viét Nam. Vai bo loc
dé xuét, cudn diy Lpm duoc bo di bang cach sir
dung cudn day Lew co gia tri dién cam ro xap xi
bang Lpm. Két qua dwoc kiém dinh chirng minh
khi bo cude loc Lpum bd loc van dap tmg duge tiéu
chuin dé ra. Piéu nay c6 ¥ nghia kich ¢& va chi

phi ciia mach loc s& giam xudng.
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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. Design the LED driver according to the
industry standard for mass production is a matter of
concern of goverment. However, the design of LED
driver will be meet some difficulties due to comply
with many standards as efficiency, harmonic, power
factor, voltage/current ripple and EMI. In Vietnam,
the study of EMI was not received the consideration
because of difficulties in building a laboratory for
measuring EMI as well as the cost of measurement of
the qualified test center is quite high. In this paper,
we investigate the design of EMI filter for LED
driver which is bulit based on two-stage topology:
Boost-PFC stage and LLC resonant half-bridge DC-

DC converter. Futhermore, this paper proposed new
EMI filter by reducing the fitler coil. As comapre to
the conventional method, the size and cost of the EMI
filter in this paper is dramatically reduced. The
experimental resutls are proved that the
performance of proposed LED driver are complied
with Vietnam Standard. In order to demonstrate the
effectiveness of the proposed method, an
experimental setup was built in laboratory. Three
case studies with difference EMI fitler was shown
and compared. We have received certificate for EMI
with the proposed LED driver topology.

Index term- MI, LED Driver, Power Factor
Correction, Two-stage LED Driver, LLC resonant
Half-Bridge DC-DC converter.



