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Huéng dan thiét ké trinh diéu khién LED hai
giai doan PFC + LLC st dung ICL5102

Huéng dan thiét ké

Phién ban 1.0

Khai quat vé huéng dan thiét ké
Pham vi va muc dich

Hudng dan thiét ké nay mo ta cac quy trinh thiét ké trinh diéu khién LED driver ngoai tuyén hai giai doan
PFC+LLC st dung tiing budc ICL5102 dya trén bang ICL5102 cé dong dién khong doi (CC) 130 W.
Poc gia hudng dén

Hudng dan thiét ké nay hudng dén nhiing ai can thiét ké trinh LED driver ngoai tuyén AC-DC véi ICL5102
dé diéu khién hai giai doan PFC+LLC.
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1 Gidi thiéu

ICL5102 la trinh diéu khién két hgp Diéu chinh Hé s6 Cong suat (PFC) va cong nghé kiéu nifa cau cong

hudng (HB) dugc tich hgp cao da thic. Viéc tich hgp PFC va HB vao trinh diéu khién don cé thé giap giam

cac cau kién ngoai va t6i uu héa hiéu suat qua van hanh hai hoa hai giai doan.

Cac tiép can hai giai doan tach cac trach nhiém cua PFC ra khéi cac chiic nang diéu hoa dong ra, gitp dam

bao dién ap ra va dong ra it bién d6i va cho phép Téng Méo Hai hoa (THD) thap. Hé s6 Céng suat (PF) cao

cling nhu kha nang chiu dugc nhiéu dong AC tét han. Hoat déng da thic cla thiét bi chuyén déi PFC cho

hiéu suat xuat sac trén toan bd dai tai cong suat.

Thiét bi chuyén déi HB cdng hudng ho trg ca hai té-p6é LLC va LCC vdi diéu khién tan suat chuyén mach cé

dinh hay bién thién cho hiéu suat cao nhat va ché dé Truyén tung dot (BM) giup tiéu thu it dién nang & trang

thai cha.

1.1 Piém nai bat cua san pham

e Thiét bi diéu khién PFC vdi CrCM + DCM

Thiét bi diéu khién HB cong hudng vdi diéu khién tan suat chuyén mach cé dinh hay bién thién

e Tan suat chuyén mach HB cuc dai 500 KHz va tan suat khgi dong mém lén dén 1,3 MHz

e BM cua thiét bi diéu khién HB Vvdi gidi han cong suat dam bao dién nang chd thap < 300 mW & diéu
kién dim-to-off (ma tat dan).

e Toi uu héa THD dam bao méo hai hoa thap (THD < 10%) giam con 30% phu tai danh nghia.

1.2 bic diém thiét ké

e HO trg dién ap dau vao AC danh nghia théng dung (90-305 Vims)
o Hiéu suat hé théng xuat sac 1én dén 94%
e Dai cong suat ap dung Ién dén 350 W

1.3 Ung dung muc tiéu

e Trinh LED driver AC-DC ngoai tuyén chiéu sang thuong mai va cong nghiép véi cong suat [én dén 350
W
e Cap ngudn AC-DC mat d6 cao

Hinh sau cho thay viéc ing dung trinh LED driver dién hinh sif dung ICL5102 vdi t6-p6é PFC + LCC:
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Figure 1 Ung dung dién hinh s dung ICL5102 véi Té-pd PFC + LCC
1.4 Cau hinh va mé ta pin

Phan bé pin va mo6 ta pin cd ban trén ICL5102 nhu Figure 2 va Table 1 bén dudi.

LSGD = 1() 16 |=o HSGD
LSCS | 2 15 |- HSVCC
vCC ——| 3 & 14 |=o HSGND
GND c| 4 S 13 |[=o OVP
PFCGD | s (__l) 12 o BO
PFCCS | 6  al|=o ot
PFCZCD | 7 10 | BM
PFCVS | 8 9 | RF
PG-DSO-16 (150mil)
Figure 2 Pin caa ICL5102
Table 1 Pinh nghia va Chdc nang Pin
Tén Pin Loai |Chdc nang
LSGD 1 @) Driver céng ha ap HB
Dau ra truc tiép diéu khién MOSFET ha ap HB thong qua dién trg
LSCS 2 I Cam bién dong HB
DAau nai truc tiép tdi dién tré song song bén ngoai va nguén MOSFET ha
ap HB
VCC 3 I Cap nguén duong
Cap nguon IC
GND 4 - Mat
Mat IC
PFCGD |5 O Driver céng PFC
Dau ra truc tiép diéu khién MOSFET PFC théong qua dién trg
PFCCS 6 Cam bién dong PFC
Dau nai truc ti€p tdi dién tré song song bén ngoai va nguén MOSFET PFC
PFCZCD |7 Phat hién théi diém qua 0 PFC
D3u nai téi cudn thit cap cudn phu PFC théng qua dién trg dé phat hién
thgi diém qua 0 ctia dong cudn cam (ng PFC
PFCVS |8 I Cam bién dién ap bus PFC
Dau nai téi bo phan dién trd khang cao ti dau ra b diéu khién PFC dé
cam bién dién ap bus
RF 9 I Thiét 1ap tan suat chuyén mach nhé nhat HB
Dau nai t8i GND thong qua dién trd ngoai dé thiét 1ap tan suat chuyén
mach nho nhat HB
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Tén Pin Loai |Chuc nang

BM 10 I Thiét 1ap vao/ra ché dé Burst Mode (BM)
Dau ndi tdi bé ghép quang va tdi pin RF vdi dién trd ngoai dé thiét 1ap
vao/ra BM

OTP 11 Bao vé qua nhiét (OTP)
Dau ndi tdi dién trd nhiét NTC dé bao vé qua nhiét bén ngoai

BO 12 Phat hién day nguén/yéu nguén

D4u nai téi dién ap dau vao chinh luu thong qua dién trd ngoai dé phat
hién day nguén/yéu nguén dau vao

OVP 13 Bao vé qua dién ap dau ra (OVP)

D3u nai téi cudn phu HB thdng qua bd phan dién trd va di-6t dé OVP dién
ap dau ra thd cap

HSGND |14 - Mat cao ap
Mat driver cao ap ndi HB

HSVCC |15 Cap nguén VCC cao ap
Cap ngudn driver ndi cao ap HB, dugc cap thong qua mach bootstrap
(khgi déng)

HSGD 16 @) Driver céng ndi cao ap

Dau ra truc tiép diéu khién MOSFET cao ap néi HB thong qua dién tré.

Sd d6 mach dau néi pin ICL5102 nhu sau trong Figure 3:

VBus

HS MOSFET

RHsGD

1 OLSGD HSGD 16

T +—
2 LSCS HSvCC 15 :DT
Chisvee
3 vcce HSGND 14 :Dl

DHsvee

Vce
RHsvee

L=
BUS

4 GND o Owi13
BR_OUT o
RpFcaD —
PEC MOSFET 5 PFCGD u_I) BO 12
Vi Rprccs L_)
N e B 1| 6 PFCCS oTP 11
Lprcsec  Rzcd
Rprevs_t | mmm— (T || 7 PFCZCD BM 10 ] —
e L
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RrF
Rercus 2 PG-DSO-16 (150mil)
Figure 3 Pau ndi Pin ICL5102
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2 Tiéu chuan k§ thuat thiét ké

Mau thiét ké sir dung trong Hudng dan thiét ké nay la thiét ké tham khao thic dong khéng déi (CC) 130 W
dé diéu khién truc ti€p cac (ng dung chiéu sang LED dua trén t6-pdé LLC. Ngudi st dung c6 thé dé dang ap
dung cac tiéu chuan k¥ thuat riéng theo mau nay va tu dat dugc cac théng so thiét ké.

(infineon

2.1 Tiéu chuan ky thuat hé thang cua Thiét ké Tham khao PFC+LLC

130 W cho cac Ung dung Chiéu sang LED

Tiéu chan k§ thuat hé théng cua thiét ké tham khao ICL5102 130 W CC cho dng dung chiéu sang LED

nhu trong Table 2:

Table 2 Tiéu chuan ky thuat Thiét ké Hé théng dé Thiét ké Tham chiéu PFC+LLC 130 W
Théng sé Biéu tugng Gia tri muc tiéu Paon vi
Tiéu chuan ky thuat Pau vao/dau ra chung
Dién ap AC dau vao danh nghia VIN_nom 90-305 Vrums
Tan suat dong foong AC 47-63 Hz
bién ap bau ra Danh nghia Vour 38-76 Vbc
Dong ra Danh nghia louT_nom 1,75 A
Dong ra Nhé nhat louT_min 75 mA
Cong suat bau ra Danh nghia Po_nom 130 w
Hé s6 Céng suat PF >0,9
THD iTHD <10 %
Hiéu suat Céng suat n <92 %
Dién nang cha I6n nhat @ Khong tai Po_sTB_max 300 mw
Thai gian téi da dé sang @ 90 Vac traL 350 ms
Bao vé
Ngudng yéu ngudn Vin_eo 71 VRrwms
Ngudng day ngudn Vin_BI 90 VRrwms
Ngudng qua dién ap dau ra I6n nhat Vout_ovp 90 Vbc
Ngudng bao vé qua nhiét Torp 85 °C
Tuan tha Tiéu chuan
Séng hai - EN61000-3-2 Cap |-
C
EMI - EN55015 -
An toan - EN61347-2-13 -
Kich thudc Bang
Kich cg LxHxB 178 x 52 x 32 mm
Design Guide 6/44 V1.0

2019-02-26



o~ _.
Design Guide for Dual Stage PFC+LLC LED Driver Using mfmeon
ICL5102
Tiéu chuan ky thuat thiét ké

2.2 Sd d6 mach
Sa d6 mach thiét ké tham chiéu 130 W st dung ICL5102 cho (ng dung chiéu sang LED nhu trong Figure 4:
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3 Thiét ké B6 chuyén déi Tang ap PFC

Diéu chinh Hé s6 Cong suat (PFC) dinh dang dong dau vao cda cap nguén dugc dong bo hoéa véi dién ap
duong day dé téi da héa viéc kéo dién thuc té ti dudng day nguén. Trong mét mach PFC hoan hao, dong
dau vao theo dién ap dau vao nhu la mét dién trd thuan khong cé séng hai dong dau vao nao. Trong thiét
ké tham chiéu 130 W ICL5102, PFC dudgc thuc hién nhu la bé chuyén déi tang ap lam viéc ¢ Ché d6 Dan
dién T&i han (CrCM) va Ché dé Dan dién Gian doan (DCM) vdi diéu khién ding gis khdng déi dé cap dién
ap cao DC khong déi cho diéu khién HB.

Tiéu chuan ky thuat thiét ké caa b6 chuyén déi tang ap PFC nhu trong Table 3:

Table 3 Tiéu chuan Ky thuat Thiét ké Bé chuyén déi Tang ap PFC
Théng sé Biéu tugng Gia tri Paon vi
bién ap bau vao AC Téi thiéu VIN_min 90 VRrwms
Dién ap Dinh bau vao AC Téi thiéu VIN_pk_min 127 VRums
Dién ap Pau vao AC Taéi da VIN_max 305 Vrums
Dién ap Dinh bau vao AC Tai da V/IN_pk_max 431 VRums
Tan suat dong AC foong AC 47-63 Hz
Cong suat bau ra PFC Toi da Pprc_out_max 145 W
Dién ap Bus PFC Tai thiéu Vbus_min 400 \Y
Dién ap Bus PFC Danh nghia Vbus 450 Vv
Bao vé Qua ap PFC Cap 1 Vbus_ovp1
Ngudng yéu ngudn Vin_go 71 VRrwms
Ngudng day ngudn Vin_gl 90 VRrwms
Tan suat chuyén mach PFC Tai thiéu fPrc_min 35 KHz
Hiéu suat PFC Udc tinh NPrc < 96 %
3.1 Cudén cam tang ap PFC chinh

La mét bé phan ti chinh cda bé chuyén déi tang ap PFC, cuén cam tang ap cé chic nang chinh luu tri
nang lugng. Dién cam cha cudn cam tang ap theo cong thic sau:

VI%V_pk * (Vbus - VIN_pk) * Nprc

4 * Vipus * Pprc_out * frrc

Lppc =

Trong do

e Lprc -- Dién cam cla cudn cam tang ap PFC

e Vin_pk-- Gia tri dinh cua nguon AC dau vao

e Vpus -- Dién ap bus la dau ra PFC

e nprc -- Hiéu suat cong suat udc tinh cua bd chuyén doi tang ap PFC
e Pprc_out-- CONg suat dau ra cta bo chuyén déi tang ap PFC

e fprc -- Tan suat chuyén mach hoat dong cua cudén cam tang ap PFC

Dién cam kha di téi da nén dugc tinh toan & ca mdc thap nhat (ngudng yéu nguoén dau vao) va & dién ap dau
vao kha di cao nhat (ngudng qua ap dau vao) véi day tai va tan suat chuyén mach nhé nhat.
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Tai VinN_min = 71 VRruws:

(71 +VZ)” (450 — 71  V2) % 0.96

Lpre71 = 4+ 450 * 145 = 35 * 103 ~ 370.3uH

Tai Vin_max = 305 Vrws:

. (305 % v2)" * (450 — 305 * V2) x 0.96
PFC_305 — 4 % 450 * 145 * 35 = 103

~ 366.1uH
bién cam thich hgp phai thap haon gia tri nhé han cua ca hai.

Lppc < min(LPFle' LPFC_305)

M6t s can nhac khac vé dién cam khang PFC:

e Dién cam PFC chon loc phai du nhé cho cong suat dau ra I18n nhat tai dau vao nhé nhat (vi du: cho dac
tinh day nguén/yéu nguon).

e Dién cam PFC I8n han cé Igi thé tai phu tai thap so véi dién cam nhd han do thgi gian bat [au hon. biéu
nay dam bao céng suat dau ra nho nhat 8 DCM khi phu tai LED nho (vi du: 1% md dan) va tranh ggn
séng dién ap bus khéng mong muén do thgi gian bat téi thiéu gidi han cua trinh diéu khién IC.

e DE cong suat dau ra téi da, dién cam PFC Idn hon dang gid 1au han va cé tan suat chuyén mach thap
hon. Phai dam bao rang hai théng sé nay van trong gidi han cua ICL5102.

e Dién cam PFC I8n hon dan téi kich ¢& khang 16n han va lam cuén xoay nhiéu vong hon lam tén that cuén
day nhiéu han. Ngudgc lai, dién cam nhd hon c¢6 kich thudc nhé hon va lam cudn it xoay vong han nhung
tuan suat cao hon cé thé dan tdi tén that chuyén mach.

Trong thiét ké tham chiéu, Lprc = 0.36 mH dudgc chon dé tranh bdo hoa ti trong moi tinh huéng xau nhat

nhu khdi ddng va chuyén tai. Sau khi dién cam khang PFC dudc ¢cé dinh thi cac théng sé lién quan khang

cé thé dugc tinh toan nhu sau vdéi gia thuyét hoat déng & ché dé dan dién bién:

Dong dau vao Ién nhat (RMS) xay ra tai dau vao AC nho nhat va céng suat dau ra In nhat:

PO_PFC_max

=————=2124

I
m_rms_max
Vin_Bo * Nprc

Dong Dinh Dau vao Téi da:
lin_pk_max = 2 * lin rms max = 3.04

Dong Dinh Cudn cam Téi da:

I pk_Prc_max = 2 * Iin_pk_max = 6.0 A

. rSI\' fSl\'
17 e >t »
.....iL,pk
f“' j "
/\ —)e/\ e
»
0 \ >
’an {oﬁ d
v
PFCZCD g fosc/2
S
0 \ >
[(ir's j t
QRMI QRMI
Figure 5 Dang séng dong cuén cam tang ap trong chu ky chuyén mach
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Theo Figure 5 nhu trén, cac théng sé quan trong khac cua bd chuyén déi ting ap PFC c6 thé dugc tinh
toan nhu sau:
Thai gian bat I16n nhat:
Lppc * I pk_Prc max
t = = =215us
on_max \/z % I/IN—BO

Néu gia st Tosc = 1,5 us thi thdi gian ngat tai dau vao AC nhé nhat va cong suat dau ra I8n nhat:

Lppc * I pk_PFrc max
Vhus — V2 Vin_so
Tan suat thap nhat cho cong suat dau ra Idn nhat caa bd chuyén déi PFC trong QRM:

toff = + 0.5*Ty; =692 ps

1
m =———————=35.2kHz
fPFC_mm ton_max + toff

Dong Ién nhat (RMS) qua cudn cam PFC trong suét thai gian bat:

IL,PFC_on_rms_max = IL,pk_PFC_max * \/§ * Lon max * fPFC_min =3.04

Dong 18n nhat (RMS) qua cudn cam PFC trong suét thdi gian ngat:

1
11 prc off rms.max = ILpk_Prc max * \/g *Toff * fprc.min = 1714

Do dé, dong cudn cam PFC Ién nhat (RMS):

IL_rms_max = \/ If,PFC_on_rms_max+IL2,PFC_of f_rms_max =3454

DE nhan biét thgi diém qua 0 cta dong cudn cam dé chuyén mach CrCM, mét cudén day phu bé sung dugc
dua vao cudén cam PFC. Ty sé vong quan cda cudn day chinh va phu quyét dinh bién dé dao dong tai pin
PFCZCD. Do véy, b6 so dé phat hién thai diém qua 0 lam viéc phl hgp, bién dd dao ddng tai pin PFCZCD
dé phat hién thai diém qua 0 phai vugt Verczeptiry_max = 1,6 V. Ty s6 vong quan dugc tinh nhu sau:

Np_PFC Vbus - Vin_pk_max

Ng_prc 1.6V
Cac théng sé quan trong cta cudn cam tang ap PFC dudc tom lugc trong Table 4:

=11.68

Table 4 Théng sé thiét ké cuén cam tang ap PFC
Bd chuyén déi Tang ap PFC
Théng sé Biéu tugng | Gia tri Pan
vi
Dién cam chinh ctia cuén cam tang ap PFC Lprc 360 uH
Tan suat chuyén mach nho nhat trong QRM feEc_min 35,2 kHz
Dong dinh cudn cam I8n nhat IL,pk_PFC_max 6 A
Dong dau vao 18n nhat (RMS) lin_rms_max 2,12 A
Dong dinh dau vao I6n nhat lin_pk_max 3 A
Dong cudn cam I6n nhat (RMS) [L_rms_max 3,45 A
Thai gian bat téi da ton_max 21,5 us
Ty s6 vong quan ti cudn sc cap dén cudn phu | Np_prc/Na_prc | 9:1 -

Design Guide 10/44 V1.0

2019-02-26



o~ _.
Design Guide for Dual Stage PFC+LLC LED Driver Using mfmeon
ICL5102
Thiét ké Bd chuyén déi Tang ap PFC

Can cl vao tiéu chuan ky thuat dugc tinh toan & trén, cudn cam cé thé dudc cau tao theo cac yéu cau thiét
k& khac nhau nhu kich ¢8, hiéu suat cong suéat va nhiét dg, v.v. bang cach lya chon 13i cudn day. Dé trdnh
b3o hoa I6i va téi uu hda dugc tén hao 16i, mat do thdng lugng Bmax khdng nén vuot qua 0,3.

Trong thiét ké tham chiéu ICL5102 130W CC, cudn cam tang ap PFC dudc cau tao bgi Wiirth Electronic &
phan s6 750343180 nhu la thiét ké mau. Trang tiéu chuan kj thudt dugc mé ta nhu trong Figure 6 va
Table 5:

PART MUST INSERT FULLY TO - i_g__
EUDFZF‘A((.IIE‘]# IN RECOMMENDED GRID e i
| Leol asown, 220 5 DOT LOGATES TERM. #1 ELECTRICAL SPECIFICATIONS @ 25°C unless otherwise noted:
"-I Gl = ﬂ[&z%_:;]x‘ |" "Ag‘ I[ss;.uh;?x' —‘| PARAMETER TEST CONDITIONS VALUE
:,5,-71] @ | D.C. RESISTANCE 12=1 @20°C 0180 ohms max.
i 5 = —|— ’ & \Q Tj D.C. RESISTANCE 10-3 @20 0.250 ohms max
=] j H L 1.150 .,.M[J q% n ] INDUCTANCE 12-1 L0kHz, 1VAC, Ls 425 0uH 110%
& p =0 E 20211 — <8 i INDUCTANCE 2-1| 40kHz, 1VAC, 4.3ADC, Ls 360.0uH wmin.
E“ ) — _— l j oA 3 DIELECTRIC 10-12 1250VAC, | second 1000VAC, | minute
| = gy =l \ DIELECTRIC 10=Core 1250VAC, | second 1000VAC, | minute
I"-‘ \ DIELECTRIC 12-Care 12560VAC, | second 1000VAC, | minute
“ TERM. NO"S FOR REF. ONLY LOT CODE & DATE CODE
TURNS RATIO (12-1):(10-3) 9181, £25%
a.041{11) 1.000
[1.04] ’—w_|
I_ _____i .300(2) GENHRAL SPECIFICATIONS
@ ) - [7.52) OPERATING TEMPERATURE RANGE: —40°C to +125°C including lemp rise.
N2 D g._—'\_/ .150(8) —
_2 ¢ [3.81] :I: I [
| [l [P S
et 81 & 12 o i —
RECOMMENDED
P.C. PATTERN, COMPOMENT SIDE
Figure 6 Cuén cam PFC Wiirth 750343180
Table 5 Théng sé Cuén cam PFC Wiirth 750343180
Théng sé Gia tri Paon vi
bién cam 360 uH
L PQ2620 -
Vit lidu 15i TP4A hosc DMR44 -
Ty s6 vong quan tU cudn sc cap dén cuén | 9,18 -
phy
Cudn sg cap dién trg DC 0,18 Q
Cudn phu dién tré DC 0,25 Q
Dong bao hoa 7,2 A
~ > . ‘- Sn S
3.2 Bo chinh luu kieu cau dau vao

B6 chinh luu kiéu cau thugng cé ton hao cong suat ban dan cao nhat trong trinh LED driver. Can luu y
nhiing diéu sau dé luya chon phu hgp:

e Dién ap ngugc dinh I3p lai I6n nhat/dién ap can DC:
Nén dudc chon cao hon dinh dién ap dau vao I8n nhat vdi it nhat 20% bién:

Ver rrm > 1.2 * ViN pk max = 518V
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e Dong thuan trung binh chinh luu I18n nhat

Dong thuan trung binh chinh Iuu I6n nhat dugc tinh toan nhu sau:

2\/5 " PO_PFC_max

= 191A
T Ving, * Nerc

IBR_avg_max =
St dung bo chinh luu ki€u cau véi dong dién dinh mdc cao han ¢é thé giam sut ap thuan, lam giam muc
tiéu tan nang lugng & mdc chi phi tang dan thap.
e Dong thuan xung dinh
Dong thuan xung dinh phai dugc chon cho cac yéu cau dong dién xung I6n nhat.
e Dién ap thuan
Truc tiép lién quan tdi hiéu suat cong suat. Vi vay, dién ap thuan nén dugc chon nho nhat cé thé.
e Ton hao dién nang Ién nhat

Téng ton hao dién nang I18n nhat dugdc tinh toan s dung dong dau vao trung binh I16n nhat quan hai di-ot
chinh luu kiéu cau néu gia su dién ap thuan la 1 V:

PR 10ss. max = IBR_avg_max *2+Vppp= 3.83W
e Nhiét do di-6t I6n nhat tang khdng cé b tan nhiét

Gia su dién trd nhiét caa bé chinh luu kiéu cau la Rry_sa = 21°C/W (vi du: theo GBU8OM) thi nhiét do tang
cao nhat cua di-6t khdng cé b tan nhiét cé thé dudc tinh toan nhu sau:

ATpR max = RTHJA * PgR 10ss.max = 80.43°C

Théng sé quan trong cho bd chinh luu kiéu cau su dung trong thiét ké tham chiéu 130 W dugc téng hgp
trong Table 6:

Table 6 Théng sé Thiét ké B chinh luu kiéu Cau

Théng sé Biéu tugng Giatri |Don vi
Dién ap nguac I6n nhat VBR_RRM 1000 |V
Dong thuan chinh luu trung binh IBR_avg 8 A
bién ap thuan VER_F 1 Vv

3.3 Pi-6t Tang ap PFC

Chon di-6t tang ap la mét quyét dinh chinh trong thiét ké bo chuyén doi tang ap PFC va lién quan tdi hiéu
suat b chuyén déi. Can luu y nhitng diéu sau:

 Dién ap ngat ngugc

Nén dudc chon cao hon dinh dién ap bus vdi it nhat 20% bién:
Vrrm_p_prc > 1.2 % Vipys ovp1 = 594V

Di-6t 600 V phu hgp trong thiét ké tham chiéu 130 W & day.

e Dong thuan chinh Ivu trung binh
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Phai cao hon dong di-6t PFC trung binh I18n nhat dudc tinh toan nhu sau:
V3

Ip prc_avg max = > * I prc_off rms.max = 1.054
S dung di-6t véi dién dung dong dién cao sé cd Igi cho hiéu suat cong suat.
e Dién ap thuan
Tryc tiép lién quan tdi hiéu suat cong suat. Vi vay, dién ap thuan nén dugc chon nho nhat cé thé.
e Thdi gian phuc héi ngugc

Vi bd chuyén doi tang ap PFC dugc diéu khién theo ICL5102 trong ché d6 QRM+DCM nén dong di-6t tang
ap PFC quay lai s6 0 khi bdt MOSFET PFC. Do dd, khéng ¢c6 su chuyén mach dong dién giita di-6t PFC va
MOSFET va vi thé khéng c6 tén hao chuyén mach bdgi su phuc héi ngugc. Khdng can chon di-6t siéu nhanh.

e Ton hao cong suat

T6n hao céng suat duy nhat can dugc can nhac la tén hao truyén dan. Véi dién 4p thuan gia sit1a 0,5V,
ton hao truyén dan di-6t cé thé dugc tinh toan nhu sau:

P loss_D_PFC = ID_PFC_avg_max * VF_D_PFC = 0.525W
e Dd3c trung nhiét

Vdi nhiét trd clda di-0t Rp_prc_tH_sa Va nhiét d6 moi trudng Ta, nhiét do di-6t PFC khong cé bd tan nhiét
dugc tinh toan nhu sau:

Tp prc = Pross.p.prc *Rp prc i ja + Ta

Thong so6 quan trong cho di-6t tang ap st dung trong thiét ké tham chiéu 130 W dugc téng hgp trong
Table 7:

Table 7 Théng sé Thiét ké Pi-6t Tang ap

Théng sé Biéu tugng Giatri | Don vi
bién ap ngudgc I16n nhat VRRM_D_PFC 600 Vv
Dong thuan chinh luu trung binh Ir b_pFc 4 A
Dién ap thuan VE b_prc 0,5 \Y
3.3.1 MOSFET Cong suat PFC

Lua chon MOSFET céng suat PFC dugc can cl chu yéu vao viéc can nhac dién ap ngat can nguén va mic
tiéu tan nang lugng.

 Dién 4p ngat can ngudn
Theo dién ap bus hoat déng, dién ap ngat nén dugc chon nhu sau:
Visrypss > 1.2 * Vpys oyp1 = 594V
MOSFET 600 V sé& phu hgp cho céc ding dung véi bao vé xung tang cudng, nén chon dién ap ngat cao hon.
e Dong can lién tuc
Design Guide 13/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Tang ap PFC

Dong can lién tuc I18n nhat dugc tinh toan nhu sau:

ID_MOS_PFC_max =3 * IL,PFC_on_rms_max =6.334
e T6én hao truyén dan

Nhitng tén hao nay tan suat doc 1ap va khong cé ty 1é dang ké vdi tan suat. Bugc tinh nhu sau:

2
p _ I L, PFC_on_rms_max R
con_loss_MOS_PFC = 2 * Kps(oN)

e Ton hao chuyén tiép khi bat

Khi bd chuyén doi lam viéc & ché d6 QRM+DCM, ton hao chuyén tiép khi bat do dong tur hda gay ra cé thé
dudc bd qua bdi vi dong dién tang tir 0 khi bat dau chu ky chuyén mach. Nhung viéc thai nhiing tu dién ky
sinh nhu Coss (dién dung dau ra MOSFET) va Cps_wta (t0Ng dién dung tuong ducng can ngudn ky sinh) qua
kénh MOSFET c6 thé gay ra tén hao chuyén tiép khi bat dang ké. Cac tén hao nay xay ra mai chu ky chuyén
mach va do vay, cé tan suat phu thudc.

e T6n hao Eoss va l/2' CDS_totaI -\/?

Nang lugng trii trong Cos total Va Coss tai thdi diém bat phai dugc phan tan trong kénh MOSFET va dién tré
cam bién dong trong suét qua trinh chuyén tiép bat. Cac tén hao nay cs ban cé chic nang binh phuong
dién ap di qua va c6 thé rat quan trong trong diéu kién dusng day trén cao, xay ra & moéi chu ky chuyén
mach va do vay, cé tan suat phu thudc. Pé dan gian héa viéc tinh toan, gia su rang tén hao chuyén mach
tugng duong mét nifa tén hao truyén dan:

Pgy 10ss Mos_prc = 2 * Peon_loss_ M0S_PFC

e Ton hao driver cong

Cac tén hao nay ciing ty Ié tuyén tinh vdi tan suat nhung nhin chung cé gép phan khong dang ké gay ra cac
ton hao chung (tai cac tan suat chuyén mach dudi hang tram Khz) va phu thuéc gan nhu riéng cho MOSFET
Qg (t6ng nap céng). Dién nang driver céng dugc phan tan dién hinh trong dién trd céng ngoai va chinh driver
céng va do vay, khéng can dugc can nhac trong tinh toan nhiét cia MOSFET.

Trong thiét ké tham chiéu 130 W, hai MOSFET Infineon 600 V IPD60R400CE thudc dong CE dudc su
dung song song dé t6i giam su tiéu tan nang lugng. V4i Rosony 200 mQ, téng hao tén 16n nhat caa moi
MOSFET dugc tinh nhu dudi day:

Ploss_MOS_PFC_max =0.5* (Psw_loss_MOS_PFC + Pcon_loss_MOS_PFC) = 0.75 * Pcon_loss_MOS_PFC =096 W
Nhiét do tang I6n nhat cia moi MOSFET khdng ¢ bd tan nhiét la:
ATMOS_PFC_max = RTH_]A * Ploss_MOS_PFC_max = 76.8°C

Cac thong sé quan trong cua MOSFET PFC dugc tong hgp trong Table 8:

Table 8 Théng sé Thiét ké MOSFET PFC

Théng sé Biéu tugng Gia tri ban vi
Dién 4p ngat VER_Dss_PFc 650 \
Dién trd bat MOSFET Robs(on) 400//400 = 200 mQ
T6n hao truyén dan MOSFET | Pioss Mos_PFc con 1,93 W
PFC I6n nhat
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3.3.2 Cam bién Dong PFC

D& thiét ké dién trd mac song song cam bién dong PFC, phai tuan tha cac diéu kién sau:
I, pk_PFC_max * RCSPFC < Vocp1_prc.min = 095V

va

0.95V
RCS PFC L————= 022 Q
- IL,pk_PFC_max

Gia tri cua dién trgd cam bién dong dugc chon theo 0,2 Q véi 5 dién trd 1 Q dugc mac song song. Diéu nay
tach su tiéu tan nang lugng va giam sic nhiét. Tén hao dién nang I18n nhat cta maéi dién trd mac song
song la:

Ploss_shunt_PFC_max =0.2+% IE,PFC_on_rms_max * RC.S‘_PFC = 0.2 * 2-11A2 *0.2= 0.18W
Nén can nhac khi lya chon loai dién tr§ mac song song phu hgp.

Cac thdng sé quan trong cam bién dién ap bus dudc tong hgp trong Table 9:

Table 9 Théng sé Cam bién Dong PFC va Thiét ké ZCD

Théng sé Biéu tudng Gia tri Paon vi
Dai hoat dong I6n nhat OCP1 PFC Vocp1_pFc_min 0,95 \%
Dién trd cam bién dong PFC Rcs_prc 0,2 0
3.3.3 Cam bién Pién ap Bus PFC

Theo Figure 7 bén dudi, dién ap bus dugc do tai pin PFCVS cua ICL5102 thdng qua bd phan dién tra. Két
gua do ludng dugc st dung lam dau vao clia bo diéu tiét dién ap dau ra PFC dé tao tin hiéu diéu khién PWM
cho MOSFET PFC va dua ra cac chdic nang bao vé cho bd chuyén déi tang ap PFC. Khuyén khich bé sung
thém tu loc gan pin VS dé loc nhiéu 4m chuyén mach nham dat dudc két qua do ludng chinh xac va én dinh.
Pin VS cé dong dién that thoat rat thap, do dé cé thé bod qua su khéng dung nap.

Vbu.s

//
Rys.i
* O Vs
Rys.> %

//

Figure7 Do DPién ap Bus

Tinh todn bd phan dién tré nhu sau khi Vius = 450 V theo Veecvsrer = 2,5 V.

R Vus — Vi
VS1PFC _ Vbus — YPFCVSREF _ g

RVSZ_PFC VPFCVSREF
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(infineon

DE giam sai s6 do bd phan dién trg gay ra, can thiét lua chon cac dién trg cam bién dién ap bus véi dung sai
bang hodc it hon 1%. Trong thiét ké tham chiéu 130 W, dé giam (ing suét dién ap, dién trg trén Rvs:_prc bao
gom 3 dién trd cua moi 1,5 MQ va dién tré dudi vs1_prc dugc lua chon la 24,9 kQ.

Note: DE gidm nhiéu dm chuyén mach dugc ghép trong tin hiéu cam bién dién dp Bus, nén thay tu
loc 1 nF truc tiép gan pin PFCVS.

Cac thdng sé quan trong cam bién dién ap bus dudc téng hgp trong Table 10:

Table10  Théng sé Thiét ké Cam bién Dién ap Bus

Théng sé Biéu tugng Gia tri Paon vi
Dién ap dau ra bo chuyén doi tang ap PFC Vbus 450 \Y
danh nghia

Dién ap tham chiéu pin PFCVS ICL5102 VRer 2,5 Vv
Dién trg trén b phan cam bién dién ap bus Rvsi_prc 15x3 MQ
Dién trd dudi bé phan cam bién dién ap bus Rvsz_prc 24,9 kQ

Tu loc cam bién dién ap bus Cvs 1 nF

3.3.4 Tu Pau ra PFC

Tu bus PFC c6 thé dudc tinh toan véi cong thic sau néu ESR cua tu da nho dé bod qua va dinh cua ggn
séng dién ap dinh dudc chon 13 20 V. Luu y rang dung sai 20% cutia dién dung ciing can dugc tinh toan.

I out_PFC_max

Cous = * 1.2 =46 uF
e 2 %1% fline_min * Vbus_ripple_pp
Vi
P O_PFC
Lout PFC_max = _V—_max =0.244
bus

Theo dinh muc dién 4p vdi can nhac ngudng bao vé qua ap, can phai ¢ tu 500 V. ESR cua tu nén dugc
chon nhé nhat ¢c6 thé va dong ggn séng I6n nhat cho phép nén cé du bién. Trong thiét ké tham chiéu 130
W, chon mét tu 500 V clia 56 uF véi ESR thap.

Cac thdng sé quan trong luva chon tu bus dugc téng hgp trong bang sau:

Tablell  Théng sé Thiét ké Tu Bus

Théng sé Biéu tugng Gia tri bon vi
Dién ap dau ra bo chuyén doi tang ap PFC Vbus 450 \Y;

danh nghia

Cong suat dau ra bo chuyén déi tang ap Pout_PFc_max 130 W

PFC I8n nhat

Gon séng dién ap bus (dinh tgi dinh) Vbus_ripple_pp 20 Vv

Tan suat dong dau vao AC fine 45-66 Hz

Tu Bus PFC Chus 56 uF

Design Guide 16/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using ‘ |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Tang ap PFC

3.3.5 Cam bién Pién ap Pau vao va Pay nguon/Yéu nguén
Dién ap dau vao chinh luu dugc cam bién théng qua bd phan dién tréd ngoai gom Rgo1 Va Reoz tai pin BO

nhu trong Figure 8. Chilic nang cam bién dién ap dau vao nay cho phép day nguén/yéu nguén dau vao AC
dé bao vé tut ap cho LED driver.

Nén bé sung tu cao ap Cgo: truc tiép sau cac di-6t chinh luu Dgos Va Do dé gia tri dinh dau vao AC dugc
do lugng khéng phu thudc vao diéu kién phu tai. Khong cé tu Cgos, thi gia tri trung binh dau vao AC cén
bang dugc cam bién tai pin BO nhay theo phu tai. Do vay, ngudng day ngudn/yéu ngudn |a khic nhau dudi
diéu kién phu tai khac nhau.

RMS Rectified Voltage Inactive Half Bridge causes a Peak Value is NOT affected

Common Mode Distortion
POAKVAILE. |-+ et e e e —
AVAVAVASSEE
Mean Value // \ /J \

ICL5102
T BO 12
xﬁ Dgo1_2 _‘Rim'_' /
Rso1

= e

Capacitor for Peak Value Detection
Il
g Il

Figure8 Cam bién Pién ap Pau vao

Lic khai dong ban dau (cdm ngudn AC), dién 4p tai pin BO thudng phai vugt Vo = 1,4 V dé cho phép day
nguoén. Trong hoat déng binh thudng, yéu nguén dugc phat hién khi dién ap tai pin BO tut dudi muic Vo =
1,2 V 13u hon 50 ms. ICL5102 sé& diing chuyén mach ca PFC va HB va khdi dong tu dong. Hoat dong binh
thuang cua hé thong phuc héi néu dién ap tai pin BO trén 1,4 V lan nita.

Ty 1é bo phan dién tré ngoai dudc tinh toan nhu sau:

Rpo1 _ 1.414 = Viny o — Vb o — VBo_out min — 86

RBOZ VBO_out_min

Vi Veo out min= 1,14 V tif Thong sé ky thuat ICL5102 trong Bang 16, ngudng day nguon Vin s = 71 V va
Vp Bo = 0,7 V.

Trong thiét ké tham chiéu ICL5102 130W CC, chon Rgo1 = 6600 kQ. D& giam dién ap va (ng suat cong suat
cla dién trg, nén tach thanh 3 dién tré 1206 cua méi 2200 kQ. DE cai thién do chinh xac do ludng, nén chon
cac dién trg vdi dung sai it han 1%. Theo ty 1é b phan dién trd ngoai tinh toan trudc day, chon Rgo2 = 76,8
kQ.

Dién ap day nguon cé thé dudc tinh toan sau khi ¢é dinh Rgo1 va Reoz:

v _ 86 * Vgo in max + Vb o + VBo in_max
IN_BI —
- 1.414

Cac thdng sé thiét ké quan trong cam bién dién ap dau vao dudgc téng hgp trong bang sau:

=90V
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Table1l2 Théng sé Thiét ké Cam bién bién ap Pau vao

Théng sé Biéu tugng Gia tri Paon vi
Ngudng yéu nguén VinN_so 71 VRrums
Ngudng day nguoén Vin_Bi 90 VRrms
bién tré trén bo phan pin BO Reo1 6600 kQ
Dién trd dudi b phan pin BO Reo2 76,8 kQ
3.3.6 T6i uu hoa THD

Dong AC dau vao trgd nén méo nhat trong vung khi xay ra thgi diém vugt 0 cua dién ap dau vao AC. bé dam
bao dang séng dong dién hinh sin trong vung, ICL5102 gia han thgi gian bt PFC mot cach nang dong lén
dén gap hai lan thai gian bét toi da PFC theo gia tri tic thgi cia bién d6 dién ap dau vao. Phat hién thgi diém
vugt 0 clia dién ap dau vao AC thong qua cudn phu PFC. Khi dién ap vugt cudn phu PFC sau kni bat
MOSFET PFC dat gia tri nho nhat, phat hién ra thgi diém vugt 0 AC. Khai niém diéu chinh THD nhu trong
Figure 9.

ZCD @ AC Input Voltage ZCD @ DC Input Voltage

Rectified
AC Input Voltage

® ®

DC Input Voltage

0 >
A A
Voltage at
ZCD-Winding
A
PFC Gate

Drive Voltage ( —

PFC gate signal (blue) contrelled by the ZCD

Figure9 biéu chinh THD PFC

DE diéu chinh md réng thgi gian bat, dién trg ngoai gitta cudn phu khang PFC va pin PFCZCD dugc yéu
cau nhu trong Figure 10. Khi bt MOSFET PFC, dién ap dau vao dugc do theo dong ra cta pin PFCZCD.
Dau vao AC trung binh dong nho hon la vung A (xem Figure 9) yéu cau md rong thai gian bat PFC. Nhin
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chung, dau ra néi dong dién ctia pin PFCZCD cang nho thi thai gian bat PFC cang mad rong lau hon. Gia
tri dién trd nén dugc chon sao cho dong dién gidi han gitia Izcp = 500 pA - 1,2 mA.

" Ny
™ R |

PFCGD

Figure 10 Téi uu héa THD PFC théng qua Pién tré Ngoai

Cdng thic sau thé hién viéc tinh toan gia tri dién tréd ZCD dau néi véi gia thuyét rang lzcp max = 1,2 MA
dong ra dau ra cua pin PFCZCD tai dau vao dong AC Ién nhat:

1.414 * VIN_max — 399 KO

Hiéu suat THD cé thé dudc t6i uu hda bang cach thay déi gia tri dién trd quanh khoang 40 kQ.

Note: Cé su cdn bdng giira cdi thién hé sé céng sudt va gidm THD. Trong khi ¢é gdng dat dugc
dong tu do hai hoa, cé thé mang vé song hai trong dién dp va do vdy, PF thdp hon. Mdt
khdc, bdt ky né luc ngo thi lam cho hé sé céng sudt théng nhdt s dung cdc phuong phdp
théng thudong sé€ mang dén két qud la dong dién khéng phdi hinh sin, lam gia tdng THD.

Design Guide 19/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Céng huéng LLC HB

4 Thiét ké Bé chuyén d6i Cong hudng LLC HB

B6 chuyén d6i HB céng hudng cé nhiéu uu diém nhu hiéu qua cao, mat d6 céng suat cao va EMI thap.
ICL5102 cung cap diéu khién doc Iap cua bd diéu chinh HB cong hudng (vi du: t6-pd LLC hoac LCC) cho
dau ra dién ap khong déi (CV) hoac dong khéng dai (CC). N6 ho trg ca diéu khién tan suat chuyén mach co
dinh va bién thién.

Cac phan sau cung cap hudng dan thiét ké bd chuyén déi HB st dung ICL5102 dua trén t6-pd LLC vdi diéu
khién dong khong doi diéu hoa thi cap.

Tiéu chuan ky thuat thiét ké cho thiét ké tham chiéu dong khong d6i LLC 130 W nhu bang sau:

Table13  Tiéu chuan ky thuat thiét ké bé chuyén dai LLC

Théng sé Biéu tugng Gia tri Paon vi
Dién ap Dau vao DC Tai thiéu Vbus_min 400 \Y;
Dién ap Dau vao DC Danh nghia Vbus 450 Vv
Dién ap Dau vao DC Tai da Vbus_max 490 Vv
Cong suat dau ra bé chuyén déi LLC I6n nhat Po_max 130 w
Hiéu suat cong suat bo chuyén d6i LLC udc tinh Nrs <96 %
Dién ap dau ra I1én nhat b6 chuyén déi LLC Vout_max 76 \
Dién ap dau ra I6n nhat bé chuyén déi LLC Vout_min 38 \Y
Dong dau ra Ién nhat bé chuyén d6i LLC lout_max 1750 mA
Dong dau ra b6 chuyén déi LLC lout_min 75 mA
Tan suat cdng hudng bd chuyén déi LLC fi 100 kHz
T6-pd kiéu cau chuyén mach sg cap - Kiéu ntra cau -
T6-pé chinh luu thi cap - Tron bd chinh luu kiéu | -
cau

J phan sa cap, kiéu nita cau dugc sif dung l1am cau chuyén mach vi ICL5102 13 trinh diéu khién kiéu niia
cau. J phan thi cap, tron bd chinh luu kiéu cau dugc sif dung do céc dic tinh cao ap va dau ra dong thap.
Muc tiéu thiét ké la dat dugc chuyén mach dién ap vé 0 (ZVS) & phan sd cap va chuyén mach dong vé 0
(ZCS) & phan th( cap cho nguyén dai phu tai dé téi uu hda hiéu suat cong suat va hiéu suat EMI thap.

4.1 Thiét ké Bé Cong huéng LLC

Do ban chat phi tuyén tinh cua t6-pd LLC cdng hudng, cac tinh toan bé cdng hudng sau dudc dua trén
Tiém can Séng hai Bac nhat (FHA). Han nita, dé don gian hda thiét ké may bién ap LLC, s dung cudn
cam cong hudng ngoai.

4.1.1 Ty s6 vong quan May bién ap

Theo cac dac tinh ctia bé chuyén déi LLC kiéu ndfa cau vdéi tron bd chinh luu kiéu cau, Igi suat bé chuyén
déi c6 thé dugc tinh nhu sau:

Vour + 2+ Vp p

LLC Converter Gain = = 0.5 * Resonant Tank Gain * Transformer Turns Ratio (Ng/Np)

Vbus

Khi b chuyén doi LLC hoat dong tai tan suat ngang vdi tan suat cong hudng, Igi suat bé cong hudng la 1
khi st dung 16i riéng 1é cho cudn cam nai tiép. Do vay, ty s6 vong quan may bién ap cé thé dugc biéu dat
nhu sau:

Design Guide 20/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Céng huéng LLC HB

— Np — Vbus
Ny 2% (Voue + 2% Vg p)

Nén cho bé LLC dudi tan suat cong hudng (hoat dong & ché do tang ap) dé cé dau ra dong cong hudng.
Nham dam bao diéu nay cho hau hét dai phu tai, dién dp dau ra nhé nhat véi dién dp bus 16n nhat khi chon
diém hoat dong la hoat dong cong hudng LLC dé quyét dinh ty s6 vong quan may bién ap:

_ Np _ Vbus_max - 6.22
"= Fs B 2 * (Vout_min + 2 x VF_D) -
4.1.2 Lgi suat Bé Cong huéng LLC

Sau khi xac dinh ty sé vong quan may bién ap, Igi suat dién ap bé cong hudng M..c cé thé dugc téng hgp
nhu sau:

e Lgisuat dan vi Mic = 1 cho dién ap bus I6n nhat va dién ap dau ra thap nhat

e Ldisuat nhd nhat Muc min=Muc=1

e Lgisuat Idn nhat Miic_max cho dién ap bus nhoé nhat va dién ap dau ra cao nhat

N 2% (Vout max +2 * VFD)

MLLC_max = v =24
bus_min
4.1.3 Chon gia trim
Ty Ié tong dién cam so cap theo dién cam céng hudng dugc xac dinh la gia tri m nhu sau:
Lo+ Ly
m = Lr

Cac gia tri m thap hon cé thé dat dugc Igi suat tang ap cao hon va gitp cho diéu khién va diéu hoa linh
hoat han, cé gia tri trong cac Ung dung véi dai dién ap dau vao réng. Tuy nhién, cac gia tri m thap dong
nghia véi dién cam ti héa thap hon Ln. Do vay, dinh ti héa I6n haon theo ggn séng dong dinh gay ra nang
lugng tudn hoan gia tang va cac tén hao truyén dan.

Da&i vdi thiét ké tham chiéu CC LLC 130 W, gid tri m = 8 ban dau hdp Iy dudc chon dau tién. it I3p tré han,
gia tri m cé thé dudc t6i uu héa mién yéu cau Igi suat Idn nhat cho tat ca cac diéu kién phu tai cé thé dat
dugc.

4.1.4 Chon gia tri hé sé chat lugng I6n nhat Qmax
Hé sé chat lugng phu thudc vao phu tai va dugc xac dinh nhu sau:
Ly
Q= Cr
Rac

Cac diéu kién phu tai I6n hoat dong tai cac gia tri Q cao khi ma cac phu tai I6n hon cé cac gia tri Q thap
hon. Viéc thiét 1ap gia tri cho Qmax €6 quan hé véi diém tai I6n nhat 1a quan trong.

S dung céng cu tinh toan LLC ICL5102 dé dan gian héa viéc phan tich. Cac Igi suat dinh c6 dugc va
dugc mo ta trong Figure 11 cho thay Igi suat dinh (Igi suat I6n nhat dat dugc) khac véi Q nhu thé nao dé
cho céc gid tri m khac nhau. Dudng nhu cé thé dat Igi suat dinh cao han bang cach gidm cac gia tri m
hodc Q. V@i tan suat cong hudng cho trudc va gia tri Q, giam m déng nghia véi giam dién cam tu hda vdi
két qua la dong tuan hoan tang lén. Cé su can bang gitia dai Igi suat sdn cé va tén hao truyén dan.
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V4i Igi suat 18n nhat Mic_max Va gia tri m xac dinh, hé s6 chat lugng I6n nhat dat dugc théng qua biéu d6
dudng cong:

Qmax = 0.17

Peak-Gain vs Q - Graph

e =2.5
——m=32
——m=3.5
——m=a
—— =45

m=5

m=6

Peak Gain M

—— =7

= m=8
m=9
m=10
m=12

m=14

m=16

Quality Factor Q

Figure 11 Lgi suat Pinh so véi Q cho cac Gia tri m Khac nhau

4.1.5 bién tré Phan xa tuong duong Rac

FHA kh phi tuyén tinh va sinh mach cong hudng tudng dudng nhu trong Figure 12. bién ap séng vuong
dau vao dugc thay thé vdi séng hai bac nhat cua séng vuéng dién ap khi ma phan thid cap véi bd chinh luu
va tai dugc thay bang tai tuong duong Rac, dugc tinh toan tai day tai nhu sau:

8 V. + 2%V
Rac — _2* le " ( out_max FD) — 13880
T Iout_max
Cr Lr
._I |_rrm °
Vin_ac
H H Lm Rac § Vo_ac
[ O
Figure 12 Mach Céng huéng tuWong duang
Design Guide 22/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Céng huéng LLC HB

4.1.6 Tinh toan B& Cong huéng LLC
Sau khi dat dugc cac gia tri m, Qmax Va Rac, gia tri tu cong hudng ¢ thé dugc tinh nhu sau:
1
C, = = 6.74nF

=
Z*H*Qmax*fr*Rac

DE giam kich ¢3 cudn cam khang cdng hudng, chon tu cong hudng I6n hon cho thiét ké tham chiéu 130 W
nhu sau:

C, = 11.5nF

Dé giam dong dién kich khdi dong va dong ggn séng & hoat dong binh thudng thong qua tu cong hudng,
¢6 thé tach méot tu cong hudng thanh hai tu véi gia tri tiéu chuan (mot tu theo bus DC, tu con lai theo mat).
Diéu nay ciing giup dat dugc cac gia tri tu san cé.

C,, = 68nF
C,, = 47 nF

Dién cam ctia cuén cam khang cong hudng dugc tinh nhu sau:

L = 220 uH

Dién cam chinh cua may bién ap LLC L, dudc tinh nhu sau:
Lp=m=+L,=1760 pH
bién cam ti héa Ln dugc tinh nhu sau:
Ly =Lp—L, =1540 uH
Dién cam that thoat tudgng duang do kiéu nifa cau cé thé dudc udc tinh xap xi nhu sau:
Lieqk = 0.5 % 8% * L,, = 60 uH
Do vay, dién cam cua cudén cam khang céng hudng riéng biét dugc tinh nhu sau:

Ly ext = Ly = Lieax = 160 pH

4.1.7 Kiém nghiém Thong sé Bé Cong hudng LLC

Sau khi xac dinh dugc tat ca thong sé bé cong hudng, diém hoat dong clia tat ca cac tinh huéng diém gay
phai dudc tinh toan lai Ian nita dé dam bao rang van théa man dugc muc tiéu thiét ké cong hudng LLC.

Tan suat cong hudng:

= 100.1 kHz

1
f;,:
2 %1 % /L, x C,

= 35.3kHz

1
fp_Z*n*JLp*Cr

Hé sé chat lugng:

Ly
C

<

=01

Q=Ra

a
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Ty lé tong dién cam so cap theo dién cam céng hudng:

Ll g
m= T =
4.1.8 Pat dudc chuyén mach bién ap Vé 0 (ZVS) cua Bé chuyén déi LLC

DE dam bao hiéu suat cong suat bd chuyén doi LLC cao, ZVS phai dugc dam bao cho tat ca diéu kién dau
Vao va tai nap. C6 hai yéu td chinh can can nhac dé dat dudc ZVS:

e Vung Hoat déng ctia B6 chuyén déi LLC

Mién la bd chuyén dai chuyén mach & cac tan sé cong hudng cao hon f; thi luén chay & ché d6 ZVS. Khi
bo chuyén déi chuyén mach gilia cac tan sé cong hudng f. va fp, diéu kién tai nap (Hé sé Chat lugng Q)
xac dinh liéu bd chuyén déi c6 hoat dong & ché dé ZVS hay khong. G ché dd hoat dong binh thudng, bd
chuyén dai cong hudng LLC hoat déng véi tan sé cdng hudng cao nhe han f,, t6i uu cho hiéu suat cao
han.

e Dién dung Bau ra MOSFET

Dong dién cudn cam ung cong hudng phai di cao dé xa dién ap cua dién dung hiéu dung xuat hién song
song vdi can nguon cac MOSFET dién nang. Phan chinh cta dién dung nay la dién dung dau ra
MOSFET.

e Thai gian chét
Thai gian chét dugc yéu cau dé xa hoan toan dién dung hiéu dung xuat hién song song vdi can ngudn cua
MOSFET dién nang dé phat hién ZVS & diéu kién xau nhat dugc ap dung cho bd chuyén doi.

C6 bon dang séng théng dung nhat va cac giai phap cho ZVS thé hién trong Figure 13, trong dé hiéu
chinh mach dé t6i uu hiéu qua cé thé dugc thuc hién theo hudng dan dua ra. Figure 13 (a) minh hoa so
d6 ZVS hoan chinh. Trong Figure 13 (b), VDS khdng thé xa hét xuéng con 0 V trudc khi tin hiéu diéu
khién Vgs dugc gti di. Do vay, nén giam gia tri dién cam ti héa trong may bién ap, tang nhe thai gian chét
hodc thay MOSFET dién nang vdi Rpsony cao han. Trong Figure 13 (c), MOSFET dién nang dat dugc
ZVS nhung dong dién cam khdng du dé chuyén tiép lién tuc su phan cuc trén di-6t than. Do vay, nén giam
nhe thgi gian chét. ZVS dat dugc nhu Figure 13 (d) nhung thgi gian chét du lam giam hiéu suat; do vay,
nén giam thgi gian chét.

Less resonant energy

Perfect ZVS

Increase the resonant energy(current)

-2>Reduce the magnetizing inductance

Non-ZVS due to longer dead-time 7VS but longer dead time

Reduce the dead time ;
Reduce the dead time

Figure 13 Dang séng cho MOSFET bién nang ZVS va Giai phap

Design Guide 24/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using ‘ |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Céng huéng LLC HB

4.2 Thiét ké May bién ap Chinh LLC

Sau khi ty s6 vong quan va dién cam cua may bién ap chinh dugc xac nhan xong thi ¢ thé cé dugc cac
thong s6 thiét ké cia may bién ap.

V4i s6 vong quan thi cap dugc chon:
Ng = 6 turns

Sé vong quan sd cap cé thé dudc tinh nhu sau:
N, =n*Ng =387 = 40 turns

DE cap dién Vce cho ICL5102, cudn day phu dugc dua ra. Ty sé vong quan dugc tinh nhu sau néu gia su
Vcc=15V:
Np Vbus

=—=—————=14.33
" TN, T 2% (Ve + Vi)

Sé vong quan phu cé thé dugc tinh nhu sau:
Ny
N, =—=2.79 = 3turns
Ng

Theo biéu d6 biéu thi Igi suat sau, theo cac diéu kién tai khac nhau tif céng cu thiét ké LLC ICL5102, tan
suat chuyén mach nho nhat ctia bé chuyén déi LLC tai Igi suat I6n nhat cé thé cé dudc nhu sau:

Fnin = 44.7 kHz

SR GAIN vs. Frequency
240
\‘\ — 1005 d
220 = S — 8o
\\ 50% bozd
2,00 —
—
: 0% load
1,80
£ x
8 1,60
1,40
1,20
1,00
0,80
2 “ 16 a8 50 5
v freq (kHz)
Figure 14 Lgi suat so véi Tan suat cho cac biéu kién Tai Khac nhau

Dong RMS trén phan s cap qua bé céng hudng co thé dugc tinh nhu sau:

_ 1 T[*Iout_max 2 nx (Vout_max + 2% VF_D)
ILprms__* - +
o 2%/2%n 4*\/_*fr*(Lp—Lr)

2
> =0.73A
n
Dong dinh sa cap qua bé cong hudng cé thé dudc tinh:
IL_p_peak = \/E * IL_p_rmS = 103 A

Trong thiét ké tham chiéu ICL5102 130W CC, cudn cam cdng hudng ngoai LLC dugc cau tao bdi Wiirth
Electronic ¢ phan s6 750342805 nhu la mé hinh thiét ké. Trang tiéu chuan ky thuat nhu trong Table 14:
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Table14  Théng sé Cudn cam Wiirth 750342805

Théng sé Gia tri Paon vi
bién cam 160 uH
bién tré DC 0,33 Q
Dong bao hoa 3,5 A

= e
= 25
FART MUST INSERT FULLY TO = —r-al
SURFACE A IN RECOMMENDED GRID o  wiiET ELEKTRONIK
.020 50.(10) ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
s .100/.130 —A- — DOT LOCATES TERM. #1
[2.5475.50] 500 vAx. 250 wAX PARAMETER TEST CONDITIONS VALUE
™ D524 = T14.73] D.C. RESISTANCE 65 @20°C 0.330 ohms_max.
INDUGTANGE 65 40KHz, 1V, Ls 160.0uH +8%
; INDUGTANGE 65 40KHz, 1V, 3.5A, Ls 112.0pH min
1 » | DIELECTRIC 6-CORE 1250VAC, 1 second 1000VAC, 1 minute
S \
H .580 MAX o
[14.73] S )
5 )
8
i i =
L !
TERM. NO.’s FOR REF. ONLY LOT CODE & DATE CODE
8.047(3) 335
[1.20] 8511~
® .
D |
.394 |
[10.00]
® j— *—0 GENERAL SPECIFICATIONS:
OPERATING TEMPERATURE RANGE: -40°C to +125°C including temp rise.

Figure15  Cudn cam Wiirth 750342805

May bién ap chinh LLC dugc cau tao bgi Wiirth Electronic & phan s6 750342886 nhu la md hinh thiét ké.
Trang tiéu chuan ky thuat nhu trong Table 15:

SURFACE & N RECOMMENIZE GRID WITH SLECIRONS

ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:

o950 MAx. o D PARAMETER TEST CONDITIONS VALUE
D.C.RESISTANCE 43 @20°C 0.271 ohms_max
. D.C. RESISTANCE 5-2 @20°C 0.334 ohms max.
1 ° D.C_RESISTANCE 59 @20°C 0.210 ohms_max
2 D.C_RESISTANCE 10-9 @20°C 0.054 ohms_max
1o b D.C. RESISTANCE 911 @20°C 0.054 ohms_max
. S5 INDUCTANCE 5-2 40KHz 1V, Ls 1.50mH +8%
~ LEAKAGE INDUCTANCE 5-2]lie(3+4+8+3+10+11)40KHz, 1V, Ls|___47pH typ. 60uH max
| DIELECTRIC 5-8 fie{4+5), 4000VAC, 1 second 4000VAC, 1 minute
DIELECTRIC S-core| fie(4+5). 2000VAC, 1 second 2000VAC. 1 minute
& LaTE Lo DIELECTRIC 8-core 2000VAC. 1 second 2000VAC. 1 minute
TURNS RATIO (5-2)(4-3) 15:1, 2%
TURNS RATIO (5-2):(8-9) 15:1, 2%
TURNS RATIO (5-2):(10-9) 6.67:1, 2%

TURNS RATIO (5-2):(9-11) 6.67:1, +2%
. . ke O
[ ey [50.48
[
o Co - 7%
0 - . .
® . o . .
. .
@ *

GENERAL SPECIFICATIONS:
© ® RECCMMENDED OPERATING TEMPERATURE RANGE: ~40°C 10 +125°C incluing temp ise
PATTER! UFQNE 3

Figure 16 Cuén cam Wiirth 750342886

Table 15 Théng sé Cuén cam Wiirth 750342886
Théng sé Gia tri baon vi
bién cam chinh 1500 uH
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Théng sé Giatri Paon vi
Dién cam that thoat 47 uH

Ty s6 vong quan Ny/Ns 6,67 -

Ty s6 vong quan Ny/Na 15 -
Cudn chinh sg cap dién trg DC 0,33 Q
Cudn dau ra th cap dién trg DC 0,054 0
Dong bado hoa 2 A
4.3 Lua chon MOSFET So cap Kiéu Nifa Cau

Lua chon MOSFET dién nang sc cap kiéu nifa cau dudc can ci chd yéu vao viéc can nhac dién ap ngat can
nguoén va muc tiéu tan nang lugng.

 Dién 4p ngat can ngudn
Theo dién ap bus hoat déng, dién ap ngat nén dugc chon nhu sau:
Visrypss > 1.2 % Vipys ovpr = 594V
MOSFET 600 V sé& phu hgp cho cac (ing dung véi bao vé xung tang cudng, nén chon dién ap ngat cao hon.
e T6n hao truyén dan

Nhiing tén hao nay cé tan suat doc 1ap va khong ty 1é dang ké véi tan suat, dugdc tinh nhu sau:

2
Pcon_toss_Mos_HB = (IL_p_rms) * Rpscony = 0.21W

Trong thiét ké tham chiéu 130 W, hai MOSFET Infineon 600 V IPD60R400CE ctia dong CE family dudc suf
dung cho phia cao ap va ha ap. Véi Rpson) 290 mQ, téng tén hao I6n nhat cia méi MOSFET dugc tinh nhu
sau:

Ploss_MOS_HB_max =15=% Pcon_loss_MOS_PFC =0315W

Nhiét do tang I8n nhat cia moi MOSFET khéng ¢ bd tan nhiét la:
ATMOS_PFC_max = RTH_]A * Ploss_MOS_HB_max = 25.2°C

Cac théng sé quan trong cua MOSFET HB dudc tong hgp trong Table 16:

Table 16 Théng sé Thiét ké MOSFET PFC

Théng sé Biéu tugng Gia tri ban vi
Dién 4p ngat VER_Dss_He 650 \
bién tré bat MOSFET Robs(on) 400 mQ
Tén hao truyén dan MOSFET | Pioss_mos_HB_con 0,315 w
PFC Ién nhat

4.4 Lua chon Pién trd Cam bién Dong Phia Ha ap Kiéu Nia Cau

Dién trg cam bién dong phia ha ap dugc dau néi téi pin LSCS ICL5102 va nguon MOSFET phia ha ap HB
dé bao vé qua dong bd chuyén doi HB. Bén canh dé, bao vé ché do dung tinh va thai gian chét ty thich
nghi cling dudc thuc hién véi chiic nang cam bién dong dién tai pin LSCS.
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Theo trang thong sé6 ky thuat, cé hai cap bao vé qua dong. Gia tri dién trd cam bién dong phia ha ap cé
thé dudc tinh theo cap bao vé qua dong cdp 1 nhu sau:

VHB_O CP1_min

RLSCS < =0.710Q

IL_p_peak

Trong thiét ké tham chiéu 130 W ICL5102, chon Riscs = 0,5 Q. Dé dat dugc gia tri dién tré chinh xac va téi
giam héa su tiéu tan nang lvgng, dién tré cam bién dong dién dugc tach thanh ba dién tré mac song song
1,20//1,20//150.

DE c¢6 thé thyc hién chirc nang gidi han ngudn dién trong ché d6 BM, dién tré Re. gitta pin LSCS va dién
tré& cam bién dong dién dugc yéu cau nhu trong Figure 17.

HS MOS

LS MOSFET

Figure 17 Gidi han Nguén dién Ché dé BM ICL5102

Trong ché d6 BM trong suét pha chép mau, bat bd diéu khién ICL5102 HB véi tan suat chuyén mach
fus_sm Va giam déu dan xudng fus_max d€ khdi tao bat mém (xem ICL5102 Trang thong sé ky thuéat). Sau
khi bat mém, tan suat chuyén mach tiép tuc giam xuéng fus_pL, dugc thiét 13p bdi dién tré Re.

Theo Figure 18, ngudng tham chiéu cao han 0 dudc thiét 1ap bdi dién tré Re.. ICL5102 sé tich hop vung
trén va dudi ngudng nay theo dién ap tai pin LSCS. Tan suat chuyén mach HB s& ty diéu chinh (bang viéc
tang va giam) cho dén khi téi fug_pL d€ viéc tich hgp vung B giéng nhu vung Al va vung A2. Thay d6i gid tri
dién tré Re. , tan suat chuyén mach fug_pL dwoc thiét 1ap va do vay, ngudn dién dugc chuyén vao trong BM.
Gia tri dién tré khuyén dung Rp la gitta 200 Q va 1000 Q.

A2 B A2

i
|
This threshold is set by the value Of_RLL:_ o

1 2

Figure 18 Nguéng dugc thiét 1ap béi Re. d& Chuyén Nguén dién Giéi han vao trong BM

DE loc tang vot dién ap tai pin LSCS dé bao vé qua dong khdng khai déng sai, nén dung bd loc ngoai gom
ReL va tu nhé vai pF. Tu nén dudc thay tryc tiép gan pin LSCS.

4.5 Lua chon Pi-6t Chinh lvu Thi cap Kiéu Nira Cau
Nén can nhac nhiing yéu té sau khi lua chon di-6t chinh Iuu thd cap:

 Dién ap ngat ngudc
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Vi [udi chinh luu cau di dudc s dung & phia thf cap nén Ung suat dién ap di-6t nén giéng nhu dién ap
dau ra. Tuy nhién, do that thoat dién cam cta may bién ap LLC, cac di-6t bo chinh luu cé thé gap dinh
dién ap cao hon. Do vay, nén luu y dén bién hé so 2:

VRRM_D_sec > 2% (Vout_max + VF_D_sec) =155V
e Dong RMS I8n nhat

Dong RMS I6n nhat ra qua moi di-6t bé chinh luu dugc tinh nhu sau:
A
ID_sec_rms_max = Z * Iout_max =137A

S dung di-6t véi dién dung dong dién cao sé cd Igi cho hiéu suat cong suat.

e Dién ap thuan

Truc tiép lién quan tdi hiéu suat cong suat. Vi vay, dién ap thuan nén dugc chon nho nhat cé thé.
e Thdi gian phuc héi ngugc

Vi céc di-6t bo chinh luu doi n6i khé khan cé thé déi khi khéng tranh duge nén tét hon la chon di-6t phuc hoi
siéu nhanh.

e T6n hao cdng suat

Tén hao céng suat duy nhat can dude can nhac la tén hao truyén dan. V3i dién ap thuan gia st 13 0,5V,
tén hao truyén dan di-6t ¢6 thé dugc tinh todn nhu sau:

Ploss_D_sec = ID_sec_rms_max * VF_D_sec = 07W
e Dd3c trung nhiét

V4i nhiét trg cda di-6t va nhiét &6 maoi trugng Ta, nhiét d6 di-ot bd chinh luu khdng st dung bd tan nhiét
dugc tinh nhu sau:

Tp sec = Piossp_sec * RD_sec_THJA + Ty

Théng sé quan trong cho di-6t tang ap su dung trong thiét ké tham chiéu 130 W dudc téng hgp trong
Table 17:

Table17 Théng sé Thiét ké Pi-6t Bo chinh IuWu Thif cap

Théng sé Biéu tugng Giatri |Ddn vi
Dién ap ngugc Ién nhat VRRM_D_sec 200 \
Dong thuan chinh luu trung binh IF p_sec 18 A
Dién ap thuan VE_D_sec 0,7 \

4.6 Tu Pau ra Thif cap Nira cau

Dong gon séng ra qua tu dau ra la:

_ T * Loyt max 2 2 _
Icap_sec_rms_max = W - Iout_max =084 4

Gon séng dong dau ra dugc xac dinh la 2% cta dong dau ra I6n nhat:

Iout_ripple = 2% * Iyt max = 0.035 4
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Gon séng dién ap dau ra dugc xac dinh la 1% cua dién ap dau ra I6n nhat:
Vout_ripple = 1% = Vout_max =076V
Dién trg ndi ti€p tuong duong cla tu dau ra la:

Vout_ripple

ESR = =0.220Q

2% Iout_ripple
Gia tri tu dau ra sau do la:

1
Cout = = 80 pF

2
4 %10 * fline * (—V"”t—”p’”e) — ESR?
Iout_ripple

Déi khi, cd thé thoa man tiéu chuan k§ thuat gon séng véi tu dau ra don do ESR cua tu dién phan cao. Sau
dd, cé thé su dung cac giai doan loc LC (loc sau) b6 sung hoac thém cac tu song song (dé giam ESR). Khi
st dung cac tu loc sau, can than khéng thay tan sé diém gay qua thap. Tan sé diém gay qua thap co thé
lam hé théng khéng 6n dinh hoac lam gidi han bang thong diéu khién. Thiét Iap tan sé diém gay cua bé loc
sau quanh khoang 1/10-1/5 cda tan suat chuyén mach Ia dién hinh.

Thong so6 quan trong cho tu dau ra dugc st dung trong thiét ké tham chiéu 130 W dudc tong hgp trong
Table 18:

Table18 Thdng sé Thiét ké Tu Pau ra

Théng sé Biéu tugng Giatri | Dadn vi
binh muc Dién ép Vout_c_sec 100 Vv
Dién tré Néi tiép Tuong duong ESR 0,22 o)

Tu Dau ra Cout 220//220 | uF
4.7 Pbiéu chinh Pau ra Nifa cau

Trong thiét ké tham chiéu 130 W ICL5102, diéu chinh dau ra b6 chuyén déi LLC ndia cau gom ba phan:
diéu chinh dong khong doi, diéu chinh dién ap khong doi va lam ma dong dau ra:

e Diéu chinh Dong Khéng doi

Khi hoat dong binh thudng, bo chuyén déi LLC cung cap dong dau ra khéng dai. Diéu chinh dong dugc
nhan ra qua bd diéu chinh PI dua trén bd khuéch dai thuat toan LM358 nhu trong Figure 19. Dong dau ra
dugc do qua ba dién trd mac song song R50, R51 va R52. Céc dién trd cam bién dong nay phai cé dd
chinh xac cao dé diéu chinh dong mét cach chinh xac. Dong tham chiéu dau ra dugc thiét 1ap qua dién ap
dugc chia ti dién ap nguén phu hoac tu dién ap lam mg dimming.

e Lam mg Dong bau ra

Dua vao diéu chinh dong khdng d6i, b6 lam mg 1-10 V dudc thuc hién va cung cap tin hiéu tham chiéu
dong cho viéc diéu chinh dong dau ra. Cudn phu thd cap véi bo diéu chinh tuyén tinh dugc thiét ké dé cap
nguén cho mach ma dan.
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Figure 19 Piéu chinh Dong Pau ra phia Thi

e Diéu chinh bién ap Pau ra Khdng déi

cap

Ngoai vao viéc diéu chinh dong, diéu chinh dién ap dau ra khéng déi bang cach sif dung TL431 dé lam
LED séng Ién trong diéu kién ma tat dan dudc thuc hién dé dién ap dau ra khdng bi xa cao hon dién ap
LED thuén thap nhat cé thé. biéu nay nhu trong Figure 20:

L"‘!. R4-1 NUL
*hn
I\-&HW- [|C30 | B33 — |
i  I— I
' 100p TS0K200V/1%
.
VR2 E 1 R49
TL431CDBZR 4.7k 150V /1%
,ﬁJ CV control
L Optiomnal
NI Snr.ar.:lary cw :pt;a:‘.

Figure 20

Piéu chinh Pién ap Pau ra Khéng dai Phia Thid cap

Mét khi bd lam mg dua trinh LED driver vao diéu kién mg tat dan, bd diéu chinh dong khéng déi sau dé
dugc thay bang bé diéu chinh dién 4p dau ra khong déi. ICL5102 sé& vao ché d6 BM theo diéu chinh dién

ap dau ra.
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4.8 Thiét Iap Tan suat

Dé dong vong diéu chinh, tin hiéu phan hoi ti mach diéu chinh dong phia thi cap qua bé ghép quang phai
dugc dau néi téi ICL5102.

Trong suét qua trinh hoat déng binh thuang, bé diéu khién HB ICL5102 sif dung CCO dé xac dinh tan suat
chuyén mach. Tan suat chuyén mach dugc xac dinh bdi dong Ire ra ctia pin RF. Pin RF duy tri dién ap
khong doi Vre = 2,5 V. Dién ap nay cung Vvdi dién ap tai pin Vewm, cac dién tré Rem Va Rrr, cling nhu b ghép
guang xac dinh dong ra cua pin RF nhu trong cong thdc sau va Figure 21:

_ _ VrF
Rgr

IBM

Rem_pa
BM 10 |[T 31— C::i_> .
I1T Rem |, lop ’}//SE 8
RF 9
IRF RrF

Figure 21 Xac dinh Déng Pin RF ICL5102

DE xac dinh hai dién tré Rrr va Rgwm, €an ¢ tan suat chuyén mach nhoé nhat va I6n nhat cta bd chuyén doi
LLC HB.

Fnin = 41.6 kHz
Fnax = 260 kHz

CCO cua bg diéu khién HB ICL5102 dudc xac dinh tuyén tinh vdi ty s6 quét khéng déi Cec nhu trong
Figure 22:

Crc = 400 KHz/mA

HB switching
frequency fH

fHB_max —————

Crc =400 KHz/mA

fHBfmin __________________________

Current
IRF

| |
| |
0 } | >

IRF,min IRF,max

Figure 22 CCO cua ICL5102 & piéu kién Hoat dong Binh thuéng

Viéc tinh toan cua hai dién trd Rge va Regm nhu bén dudi:

Design Guide 32/44 V1.0

2019-02-26



o _.
Design Guide for Dual Stage PFC+LLC LED Driver Using ‘ |nf|ne0n
ICL5102

Thiét ké Bd chuyén déi Céng huéng LLC HB

RRF = CFC *15—V = 212.76 kQ
7*fmin_fmax
RBM == CFC *i = 271 kQ
fmax_fmin

Chon gia tri cua ca hai dién trg dé thiét ké tham chiéu 130 W ICL5102 khéng vao ché dé6 BM nham tranh
lam LED nhap nhdy. Ché d6 BM chi danh cho ché dé chd trong hoat dong ma tat dan.

4.9 Bao vé Qua ap Pau ra Sd cap

ICL5102 cho kha nang bao vé qué ap nhanh khac & phia s cap bang cam bién dién ap cudn day. Chic
nang nay dugc nhan ra bang cich diu néi pin OVP véi cudn phu ctia may bién dp HB nhu trong Figure
23:

Dusvee

Vce

HSVCC 15 :DT
Chsvee

RHsvee

HSGND 14

ove 13

Rove_1

Figure 23 Mach Phat hién OVP Pau ra HB

bé quyét dinh Rove_1Va Rovp_2, €6 thé sif dung cong thic sau:

Rovp2 Vovp ref
R - n_ -
ove1  Vout ovp * n, F.pvee — Vovp_ref

Néu cap dién ap dau ra sg cap dudc xac dinh 1a 90 V thi ty suat bé phan chia cé thé dat dudc nhu sau:

Rovp2

15
Rovp 1
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5 Cap Nguéon cho ICL5102

Cap ngudn cho bd diéu khién ICL5102 dugc cac tu dau ndi véi pin Ve thuc hién. Nén st dung ca tu dién
phan va tu s mac song song nhu céc tu Vcc. Do cé dién dung cao nén tu dién phan thich hgp lam bd nhé
dién tich nhung lai cé trang thai khit AC kém. Tu si ngudc lai ¢6 hiéu qua tai ghé AC xuat sac nhung lai ¢6
dién dung giam tai I6n phu thudc vao dién ap va nhiét do.

Cac tu Vece ¢6 thé dugc nap bdi mach khdi dong cao ap hodc bdi cudn phu PFC hay bdi cuén phu HB theo
cac yéu cau va diéu kién khac nhau. biéu nay dugc mo ta trong cac phan sau.
5.1 Cap nguén

Ngay vao luc khdi dong dau tién, sau khi dat dau vao AC thi cac tu Vcc phai dugc nap bdi mach khdi dong
cao ap trudc khi Vcc dat ngudng bat. Mach khai déng cé thé dugc thiét ké nhu minh hoa trong Figure 24:

Py

R3
2k/200V/1%

R4
2k/200V/1%

R3
2k/200V/1%

3|_H-|2 R&

o Tov
BSs126™ | OR/150V

330R
R37 D10

IN4148W
Cl15
2.20/25V/XTR

C4

Tluunssov

R16 GND

Figure 24 Cap Nguén Vcc ti Mach Khéi dong

Mach khgi dong dudc nai téi dau vao AC chinh luu sau bé chinh luu kiéu cau qua cac dién trd gidi han
dong R3, R4 va R5. MOSFET can nguén BSS126 dugc st dung dé chdc nang nap Vcc hoat dong mot
cach tu ddng sao cho Vcc & dudi ngudng nhat dinh phu thudc vao thiét ké theo yéu cau cua khach hang.

Dong dién nap bi cac dién trd R3, R4 va R5 gidi han phu thudc vao thai gian sang tif yéu cau hé théng
LED driver. Gia st thgi gian sang yéu cau la 500 ms, tu Vcc la 220 uF, thgi gian khdi dong PFC va HB |a
moi 50 ms thi dong dién nap nhé nhat cé thé dugc tinh nhu sau:

VVcc_on_max —12.2mA

IVcc_charge_min = Cyec * t ¢ ¢
time_to_light PFC_start HB_start

Pé dam bao rang dong dién nap nay cé thé dudc cung cap tai dau vao dong thap dé thgi gian sang la dudi
500 ms, gia tri dién trd gidi han dong dugc tinh toan nhu sau:

Vv 2 x Vin?min;rms

I Vce_charge_min
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Va dong dién nap I6n nhat tai dau vao dong cao la:

— \/E * Vin_max_rms — 43 mA

I Vcec_charge_max R
HV

Nén tach Ruv thanh ba dién trd mac néi tiép 1a R3, R4 va R5 dé téi giam héa (ing suat ngudn va dién ap
ctia moi dién trg gigi han dong.

5.2 Cap Nguén trong suét qua trinh Hoat déng

Sau khi dat ngudng bat Vcc, ICL5102 sé khdi dong giai doan PFC dau tién dé tang dién ap bus Ién Viys =
450 V va sau dd, giai doan HB bat dau hoat déng. Néu khéng cé cap ngudn Vcc tif cudn phu PFC dugc
thiét k&, mach khdi dong cao ap Vcc nén ding lam viéc mudn nhat khi HB bat dau l1am viéc va cudn phu
HB sé tiép quan viéc nap dién cua cac tu Vcc. Mach khdi dong cé thé mat tac dung bdi cap dién ap Vcc
nhat dinh hodc bdi chuyén mach cong ha ap HB nhu trong Figure 24.

Nén diéu chinh dién ap Vcc khdng cao han 16 V dé giam dién nang tiéu thu bdi ICL5102 va tranh qua
nhiét. Mach tham chiéu stf dung b6 diéu chinh tuyén tinh cho mach cap nguén Vcc nhu trong Figure 25
bén dudi:

T, DS
I 2 3 2
K} X /
IN4148W 05
_|BCcxse6-16
1 r2
.~ o 3k200V/1
L7 “hecs -
T. T C10A
lu =1 D7 _+
K0V P20w/25Vde 7S = L
TZMBIS fy 5 lw/50V/XTR
©1 )
GND

Figure 25 B Piéu chinh Tuyén tinh cho Cap Nguén Vcc

5.3 Cap Nguén cho Driver Cao Ap

Do mat néi cua driver céng cao ap cua ICL5102, cap ngudn cho cao ap dugc tach riéng va nhan biét qua
mach bootstrap. Biéu nay nhu trong Figure 26:

150V/1% D9 USIM
1 2vee
IC1 R30
10R IPD60RA00OC
R31
6
e | 2R 19
135
HSN
=cn3 e
14 100n/50V  pzcun
HSGND
TRTANRANN

Figure 26 Mach bootstrap cho Cap Ngudn Cao Ap
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DE t6i uu héa trang thai chuyén mach HB trong sudt qua trinh khai dong va & ché dé truyén tung dat, tu
HSVcc cé muc tiéu dat ngudng bat I1én trong vong xung cong ha ap dau tién. Do vay, dién dung cé thé
dugc tinh nhu sau:

0.5 * THB_switching + tdead_time

%4
ln 1— HSVcc_on * R
( VCC — VD_BS) HSVcc

Chsvee < —

Gia su tan suat khdi ddng HB bat dau vdi 300 Khz cé thai gian chét la 500 ms, ngudng bat Vcc cao ap 18n
nhatla 11V, Vcc la 15V, dién ap thuan di-6t bootstrap la 0,7 V, dién trg gidi han dong la 10 Q, gia tri tu la:

Chsyee < 120nF
Trong thiét ké tham chiéu 130 W ICL5102, chon tu 100 nF.
Di-6t trong mach bootstrap phai la di-6t cao ap 600 V theo cap dién ap bus. Téc dé phuc héi ngugdc phai la
siéu nhanh.
5.4 Céac can nhac khac cho Cap Ngudn ICL5102

Trong diéu kién md tat dan, ICL5102 1am viéc & ché d6 BM. Nham dam bao cap ngudn cho ICL5102 dé
Vcce khéng roi xuéng dudi ngudng UVLO, cudn phu khac cho cap nguén nhu la cac cudén phu cuén cam
iing céng hudng PFC hay ngoai cé thé dugc tinh dén.
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6 Bao vé Qua Nhiét

ICL5102 cung cap bao vé qua nhiét qua cam bién nhiét NTC mac ngoai tai pin OTP. Dong ngudn ra cua
pin OTP la lote = 100 UA. Dong dién sinh ra tut ap trén cam bién NTC dugc dau noi. Mt khi dién ap tai pin
OTP giam xuong Vore ot = 625 mV 1au hdn thgi gian xda tore_pianking = 620 us trong hoat déng binh thudng
thi ca hai giai doan PFC va HB ding chuyén mach va ICL5102HV sé vao ché d6 tu khai dong. Hoat dong
PFC va HB phuc héi sau khi dién ap tai pin OTP cao hadn Vorp stat = 703 mV d€ torp planking 1au han. biéu
nay nhu trong Figure 27.

»- P Vorp
VoTp_off VoTp_start

Figure 27 Bao vé Qua Nhiét Ngoai

DE kich ngudng bao vé qua nhiét, NTC dau ndi cé gia tri dién tra:

_ VOTP_o ff_min

ROTP_off_min - I = 5.6 kQ
OTP_max
DE phuc hoi tu bao vé qua nhiét, NTC dau néi cé gia tri dién trdg:
_ VOTP_start_max _
Rorp start.max = —F———— = 7.8 kQ

I OTP_min

Vi cac gia tri tinh toan, cac cam bién nhiét NTC EPCOS 8507 Series dugc so sanh lam vi du trong
Figure 28 bén dudi:

NTC Resistance 8507 Series EPCOS vs. Ambient Temperature
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Figure 28 P3c diém cua EPCPS NTC 8507 Series
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Tu dac diém, NTC 100 kQ phu hgp va dudc chon cho thiét ké tham chiéu 130 W ICL5102.

Thém vao dd, dé diéu chinh biéu do dién trd theo cac yéu cau khac nhau, dién trd mac néi tiép hay song
song c6 thé dugc bo sung vao NTC. Figure 29 thé hién cac vi du cach diéu chinh dac tinh caa NTC:

NTC in Combination with Rs and Re vs. Ambient Temperature
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Figure 29 Pac tinh Piéu chinh caa EPCPS NTC 8507 Series

Nén thay tu st chat lugng tét sat pin OTP dé tranh hut kich bao vé OTP do nhiéu am.

Pé lam OTP Ngoai mat tac dung, dién trd 20 kQ cé thé dudc bé sung vao pin OTP thay vi NTC nham gilt
dién ap luén cao han Vorp siart = 703 mV.
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Sd d6 Hoat dong ICL5102

Operating FLOW Chart ICL5102

Vcc Clamp OFF

UvLO

Vee < 9.0V
lcc <90pA

Vcc Clamp ON when Vcce > 16.3V

Monitoring

9.0V < Vce < 16.3V
Icc < 100pA

Vce <16.3V
VBo < 1.4V

Power-up

Gate Drives off
9.0V < Vcce < 16.3V
Icc approx 4.0mA

Vaus < 12,5%
Veus> 105%
OTP/OVP

Vcc Clamp OFF

Start-up

PFC Gate ON
Inverter Gates OFF
9.0V < Vce <16.3V

VBo < 1.2V
OVP / OTP

Vgus < 75%

Fault

Softstart
Inverter Gates ON
9.0V < Vce < 16.3V
fsoftstart = fssx

Full Protection

16.3V> Vce > 9.0V
Gate Drives off
POWER Down

AUTO RESTART

Run

9.0 V <Vce <16.3V
f=frRun

Full Protection

Vem < 0.75V

t> 620us:

OTP / CapLoad
t>5.0us:
OVP
Viscs > 1.6V

t>1.0us
Vce < 9.0V
BM Sleep ovp
BMEXIT1-4 0.25<VBm < 2.2V Ve < 8.0V

All Gates OFF
IBM = XXX HA

BM Pulse

Vcc Clamp ON

Vpys < 12.5%
Vaus > 109%

Full Protection

VBM < 2.2V
fBm = fRuN (stored)

EXIT 1 bis

EXIT 4

t=500ms

Exempt BO

Full Protection:
t>50ms:

VBo < 1.2V
Vprc > 115%
Viscs > 0.8V
t> 620us:

OTP / CapLoad
t>5.0us:

OVP

Viscs > 1.6V

t>1.0us
Vce < 9.0V

Figure 30
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Pac diém Bao vé

8 Pic diém Bao vé

T4t ca dac diém bao vé ICL5102 dugc téng hgp trong ma tran 16i sau.

Table 19 Ma trédn Loi ICL5102
M& ta Loi Pac tinh Loi Ché d6 Hoat dong Hé qua
Phat hién hoat déng
S £ 5 @ 5
; o AE, S 2 > g, % @\ S
=4 S & | B "tg:, s & E = 2 Phan (ng
c = o c| © O 5| Q| ¥
E |5 =% 8 8 7Egi3®
) T S| | O] ¥| ¥ O] X| O
Dién ap cap Ve < . .
16,0V trudc khi gggggﬂghd' W/ 1us | X Chsn C4p ngudn
cap nguon
bién ap cap VCE < Ngudng Ngat ngudn
9,0 y sau khi cap UVLO dusi Allpus | X | X | X[ X[ X|X]|X TU KHGI PONG LAI
nguoén
Phat hién YEU Ngat ngudn
nguodn BO A r?g X | X | X| X TU KHOI DONG LAI khi
Veo < 1,2V Vo > 1,4V
Diéu khién DAY
nguon BI W| 1lus | X Chan Cap nguoén
Vgo < 1,4V
Phat hién Qua 620
Nhiét Vorp; < 703 | OTP w X Chan Cap nguoén
s us
mV
Phét hién Qua 620 Ngat ng,ubnA
Nhiét Vorp, < 625 | OTP Al s X | X | X|X TU KHGI DONG LAl khi
mV Vorp > 703 mV
Pién ap Bus < Gilt TAT CA céng diing
12,5% Phat hién W/ 1ps X diéu khién,
clia cap dinh mic | Vong M& KHS1 DONG LAI khi Vgys
>12,5%
bién ap Bus < Phat hién Dtrr!g FET PFC
12,5% Vong Ms W | 1pus X | X | X|X KH3I DONG LAl khi Viys
clia cap dinh mdc > 12,5%
Dién ap Bus < 75% Tranh Khdi dong tdi khi
clia cap dinh mdc | bién ap Dudi wl 1ps X Vgus > 75% ‘
PFC Giill céng HB DUNG diéu
khién
pién ap Bus > Gilt TAT CA céng diing
105% , diéu khién
ctia cap dinh muc Quaap PFC | W1 5us X TU KHGI DONG LAl sau
Vgus > 105%
Dién ap Bus > Dung FET PFC
109% Qué dp PFC | W | 5 us X | X | X|X KH3I DONG LAl khi Viys
cua cap dinh mdc < 105%
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Mé ta Loi Pic tinh Loi Ché d6 Hoat ddng Hé qua
Phat hién hoat déng
’r13l1¢5f102p Bus > Qué ap Bo A| 50 x| x| x Ngat nguBnA
A .| daoluu ms TU KHGI DONG LAl
cua cap dinh muc
\Q/;‘Vap/ipz?;‘ﬂ/ra oVvP W | 5pus X Chin Cép ngudn
Qué Ap baura Ding TAT CA FET
Voue > 2,5 V OVP A | 5ps X | X | X | X| X |[KHSI DONG LAI khi Ve
<25V
H.‘iat dong Ph,u. t,éi N 620 Ngat ngudn
Diéu khién Phu tai | Biéu khién 1/2
bién dung Phu tai Bién | N | chu X | X Téng tan suat HB
dung ky
N = Budc xu ly

trong qua trinh
Hoat dong Binh

W = Chg trong khi biéu kién dugc dua ra

A = Tu Khdi dong

thuong
— N ‘:Es‘ o E
3 s |9 B glg .
CE [@)] o ~O (C o o S @
=S S| 5E| 3| 2 5 5 & = 2 Phan (ng
£ S| 25 gl g2 B e st
=} Il | F| Ol ¥| ¥| O X| O
Dién ap tai pin Qua Dong . o A
PFCCS PFC (Tiégp | N 2:30 X | x| x| x Eggpr;ggy thdi gian bat
Veeces > 1,0V tuc).
Dién ap tai pin - 1/2
LSCS Df,“ dlfhr:e” N | chu X | x| X Ting tan sudt HB
Viscs > 0,8V qua dong ky
’Elsegsap tal pin Péng Qua A| 50 % | x Ngat ngudn
Vo> 0.8V dong ms TU KHS1 DONG LAl
E'Segsap tai pin Qua dong bd A | 500 < | x| x Ngat ngudn
Vo> 1.6V dao luu ns TU KHS1 DONG LAl
N = bugc xt ly

trong qua trinh
Hoat dong Binh
thuong

W = Chd trong khi biéu kién dugc dua ra

A = Ty Khdi dong
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[1] Thong sé ky thuat cda ICL5102

[2] Bao cao Ky thuat Bang Quy chiéu 130 W ICL5102

[3] Cong cu Thiét ké LLC ICL5102

[4] Lua chon MOSFET Phia Sd cap cho Té-pé LLC, Luu y Ung dung, Infineon Technologies
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LUU Y QUAN TRONG

Nhiing thdng tin trong ghi chd dng dung nay dudc
cung cap vdi muc dich ggi y hudng dan cho viéc
st dung san pham va s& khong dugc xem la md 13
hodc bao hanh mot chic nang, dieu kién hosc chat
IUdng cu thé ciasan pham trong, bat ky trerng hgp
nao. Trudc khi st dung san pham, ngUdl doc ghi
chd dng dung nay phai xac dinh tat ca cac chdc
nang va thong tin ky thuat nao khac dugc dua ra
trong tai liéu nay 3 trong Lrng dung thuc. Infineon
Technologles tf chdi bao dam va ch|u trach nhiém
phap ly dudi moi hinh thitc (bao gom nhung khéng
gidi han bao dam khong xam pham quyén sé hitu
tri tué cua bat ky bén thd ba nao) déi vai bat ky va
tat ca théng tin dugc cung cap trong ghi chd Ung
dung nay.

Cac dif liéu trong tai liéu nay chi danh riéng cho
nhan vién da dugc dao tao ky thuat. B6 phan ky
thuat cua khach hang c6 trach nhiém danh gia tinh
phu hop clia san pham dsi véi ting dung dy kién
va tinh day du cua théng tin san pham dudc dua
ra trong tai liéu nay so vdi tiing dung do.

DE biét thém théng tin vé san phdm, céng nghé
diéu khoan va diéu kién giao hang va gia ca, vu
long lién hé véi van phong Infineon Technolog|e<
gan nhat (www.infineon.com).

CANH BAO

Do yéu cau ky thuat, san phdm cé thé chifa céc
chat nguy hiém. Dé biét thong tin vé cac dang cat
hoi, vui long lién hé véi van phong Infineor
Technologies gan nhat.

Tri khi dugc Infineon Technologies chap thuéar
mat cich cu thé dudi dang van ban cé chii ky cue
dai dién uy quyén Infineon Technologies, khéng
dugc sl dung san pham cua |Infineor
Technologies trong trudng hdp san pham bi 16
hodc qua trinh st dung cé thé gay thuang tich c:
nhan.
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