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TOM TAT

Bai bdo nay sé trinh bay mét cau triic bg ha dp mét chiéu bdc cao g dung cho cdc b sac
pin Li-ion, tan dung cam khang ky sinh trong cap USB déng vai tro cugn cam. Cdu triic nay
cung cap hiéu sudt chuyén doi cao, ddi chuyen doi rong nhu cau triic Buck truyen thong. Dong
dién dau vdo c6 dang lién tuc gitip giam nhiéu va nhiéu dién tir (EMI) khi chuyén mach. Cdu tric
dé xuat dwoc danh gid voi thiét ké cho bé sac pin Li-ion sir dung cdp sac USB type-C logi I m.
Két qua mé phong cho thdy hiéu sudt Iom nhdt ma cdu tric dé xudt c6 thé dat dwoc la 95% cao
hon 8% so véi mach truyén théng ¢ cung diéu kién.

Tir khoa: Bo chuyén d6i DC-DC; B chuyén dbi Buck; B chuyén dbi bac cao; Pin Li-ion, Sac nhanh.
1. PAT VAN BPE

Xu huéng ciia cac thiét bi di dong hién nay 1a kich thudc ngay cang nho gon, nhidu chirc ning
phtre tap duoc tinh hop va c6 kha ning sac pin nhanh véi dong sac 16n. Do 6, yéu cau dit ra ddi
voi bd chuyén ddi 1a hiéu suét cao véi dong tai 16n va c6 mat do cong suét cao. Xem xét cac
mach sac pin di dong, bo chuyén d6i kiéu low dropout (LDO) [1, 2] da duoc st dung phd bién
nhung né gap van dé tang nhiét nghiém trong khi cong suat dong dién cho sac pin tang Ién. Gan
day, cac ciu trac két hop cia chuyén mach cudn cam (SI — Switch Inductor), chuyén mach tu
dién (SC — Switch Capacitor) va mach nhiéu mirc dugc tap trung nghién ciru [3-10]. Céc cau trac
nay cho thdy hiéu suat tot phu hop voi cac ing dung sac pin nhanh. Tuy nhién, véi cudon cam
nam ¢ phia_ dau ra bo chuyén ddi khi yéu cau dong sac dau ra tlep tuc tang dé sac nhanh hon,
cudn cam can c6 dong bio hoa du 16n va dién trd ky sinh nho dé duy tri dwoc hiéu suit cao. Hai
yéu ciu nay déu doi hoi kich thudc cudn cam 16n. Diéu nay duoc khic phuc bang cach chia dong
tai thanh nhiéu dong nho trong cau triic nhiéu mirc [7, 10]. Nhung lai doi hoi nhiéu cudn cam
hon va van giy ra van dé toa nhiét bén trong mach.
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Hinh 1. (a). Cdu triic buck truyén thé'ng (b). Cdu triic dé xudat HO USB_BUCK.

Mat khac, trong cac mach chuyen d01 xuong thi dong dau vao lubn thap hon dong daura. Y
tuong di chuyén cudn cam tir dau ra vé phia dau vao dé giam tén hao dan, ting hiéu suat va giam
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yéu cau vé dong bdo hoa cudn cam duoc thuc hién trong [11, 12]. Ngoai ra, trong cac cau tric
tuong ty mach Buck truyén thong (hinh 1.a), dong dién dau vao c6 dang xung gy ra nhidu va
EMI l6n trong qua trinh chuyén mach. Khi cudn cam duoc di chuyén t6i dau vao, dong dién dau
vao c¢6 dang lién tuc giup lam giam nhidu va EMI di dang ké.

Trong cac mach chuyén d6i mét chiéu, cuén cam 1a mot thanh phan khong thé thiéu. Trong
khi do, cac cap sac USB ludn c6 céc gid tri ky sinh R, L, C ma trong cdc thiét ké thuong phai tim
cach loai bo. Y tuong sir dung cam khang ky sinh ndy dong vai trd cic cuén cam cua bd chuyén
doi da duoc thyc hién trong [12] 1am giam kich thuéc mach dang ké. Tuy nhién, ciu triic ndy c6
hé s6 chuyén doi dién ap hep khong phu hop khi mo rong dai dién ap dau vao. Trong bai bao
nay, ching t6i dé xuat sir dung mot cau triic bac cao v6i cudn cam dit o phia dau vao [11] va st
dung gia tri dién cam ky sinh trén cép sac USB nhu mét phan cta mach (hinh 1.b). Céu trac dé
Xuét dugc goi la HO_USB_BUCK (High-order_USB_BUCK). Hinh 2 minh hoa tng dung cta
thiet ke.

Thiét bj di dong
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Hinh 2. Minh hoa iing dung ciia thiét ké.

Tiép theo, phan 2 sé trinh bay cy thé vé cau tric dé xuat, hoat dong, wu nhugc diém, cach tinh
toan thiét k€ mach. Cac két qua mo phong va thao luan trong phan 3.

2. CAU TRUC MACH HO_USB_BUCK PE XUAT

Dé str dung cap USB nhu mét thanh ph::ip ciia mach, ta xem xét mo hinh duong trqyén ap
dung cho cap (Hinh 3). Dién cam ky sinh tong céng cua cap c6 thé duoc tinh theo bi€u thirc
sau [14]:

L=(L +Ly)+(L —L,,)=4107In(D, /e ¥*r)l, 1)

véi Dy, 1 va || 1a khoang cach giita hai dy, ban kinh day va chiéu dai cap. Hinh dang cap khong
anh huong dén gia tri ky sinh cta cap [13]. Gi4 tri ky sinh ctia cap chi phu thudce vao chiéu dai cap
va dudng kinh cap, két qua do céc gia tri ky sinh nhu trong hinh 4 [12]. C6 thé thiy, cam khang cap
1a ddng ké trong khi dién dung shunt tuong dwong dugc bo qua khi f<10 MHz véi cap USB. Trong
cau triic dé xuét (hinh 1.b), cam khang ky sinh ciia cap USB déng vai trd cudn cam L.
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Hinh 3. M6 hinh mach twong duong cia cap ~ Hinh 4. Két qua do tré khdng cap USB [12].
cho chuyén doi cong suat [14].
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O trang thai tinh, hoat dong ctia mach dugc chia thanh hai pha nhu trong hinh 5. Pha 1, S;
dugc bat trong thoi gian D.Ty, dién ap tai cic nit chuyén mach V,, =V, va V,, =V, —V,.

Trong pha 2, S; duoc bat trong thoi gian (1-D). Ty dién ap V,, =V,, -V, VOut vaV,, =V ,.Ap
dung diéu kién can bang tir thong cho hai cuén cam L, va L, ta co:
L1 : (Vin _Vout)D + (Vin _VF _Vout)(l_ D) =0 (2)
L, (V. —Ve)D+ Out(1—D)=0
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Hinh 5. Hoat dong o trang thdi tinh cua HO_USB_BUCK.
Tu (2) rat ra: Ve =V,, va V,, =DV,

> ttc M=D nhu trong mach Buck truyén thong véi D 1a
chu ky nhiém vu (Duty cycle) ciia chuyén mach S;. Nhu véy, cdu trac nay dam bao mdi quan hé
chuyén ddi rong giita dién p vao va dién ap ra nhu mach Buck truyen thong Tu bay Ck (fIylng
capacitor) co gia tri dién ap dit 1én né 13 ¢d dinh bang Vin. BO chuyén d6i co hai nut chuyen
mach ¢ mét trén va mit dudi cua tu bay voi gia tri dién ap lan luot 14 Vg va Vio. Dong dién dau

vao chinh ladong i, c6 dang lién tuc gitp gidm nhiéu va EMI trong mach.

Trong pha 1, S; duoc bat, V,, =V, ,,
Vy, =V, vaV,, =V,

out out

tuong ung V,, =V,, —V,,. Trong pha 2, S, duoc bat,
+V,, . Co thé thay, dién ap dat 1én hai dau chuyén mach S; va S, 1a giéng
nhu trong mach Buck truyén théng. Vi vay, ton hao chuyén mach khong tang so vai mach Buck
truyen thong. Ma dong qua L; va L, c6 gia tri trung binh lan lugt 1a DI, (1-D)I, . Trong khi &
mach Buck truyén théng dong trung binh qua cudn day la I,. Do do, t6n hao din dugc giam
bang (1—2D+ 2D2) lan tén hao dan cta Buck truyén théng (hinh 6). Tai ving D gan 0.5 la
vung mach co6 hiéu suat tt nhat. Nhu ‘vay, so voi mach Buck truyén théng, cudn cam dit & dau

vao giup giam tdn hao dan di dang ké. Ma ton hao dan 1a tdn hao chu y€u trong mach, vi vay,
diéu nay glup tang hi¢u suét cta mach.

Véi céu trac kiéu Buck truyén théng, dé giai quyét van dé dong dién dau vao c6 dang xung
gdy nhiéu va EMI 16n khi chuyén mach, thuong phai st dung bg loc & dau vao voi cudn cam cd
kich thugc kha lon. Mach HO_USB_BUCK c6 dong dién dau vao dang lién tyc, cac linh kién Ly,
Crval,vua dong vai tro b loc du vao vira chuyén dbi cong suit, gitip giam kich thudc mach.
Hon nira, két cAu xep tang cua Ly, Ly, Cg v6i Ly chinh 1a cap sac dau vao, co thé ndi day kha don
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gian gilra chung, viéc lya chon b6 tri co thé thu gon kich thugc thém nira. Ngoai ra, trong céu
trac HO_USB_BUCK, tang cong suit va tai ndi tryc tiép v6i nhau ¢ thé dé dang cung tich hop
trén mot chip gitp giam kich thude mach. Trong ciu tric Buck truyen théng, phan chuyén mach
va tai cia n6 bi ngan cach nhau boi cudn cam off-chip. Cac yéu t nay lam tang mét do cong suét
cho mach khi sir dung HO_USB_BUCK. Tuy nhién, d6 gon song dong dién dau ra bang tong do
gon song dong dién qua hai cudn cam, nén ty dién dau ra cin c6 gia tri 16n hon dé dam bao do

gon song dién ap dau ra.
So sanh ton hao dan

[ —a— HO USB BUCK {
r —o— BUCK TRUYEN THONG ]

foo

08|

Ton hao dan [mW]

o
-
o

o
-l
T

0.85

01 02 03 04 05 06 07 08 08
Duty cycle

Hinh 6. So sdnh ton hao dan giita mach HO-USB-BUCK véi mach Buck truyén thong.
Céc tinh toan thiét ké cho bd chuyén ddi phai dam bao cac chi tiéu vé do gon song dong dién
va dién &p ra trong mach.
Nhu phan tich hoat dong ¢ trang thai tinh trong hinh 5. B$ gon séng dong dién qua cac cudn
day duogc tinh theo biéu thirc sau:
Aile _ (\/I; _Vout) D (3)
' sw L1,2

Véi AiL12 la d6 gon song dong dién trén cudn cam L,, L,; L;, 1a gia tri ciia L; hoac L, tuong
Ung voi Ai . Vi Ly 1 cam khang ky sinh trén cdp c6 gid tri xac dinh trude. Tén sé chuyén

mach dugc lua chon sao cho d6 gon song dong dién qua cudn déy khong vuot qua 30% gia tri
trung binh cua né. Gia tri L, dugc rat ra tir biéu thirc (3) va d6 gon séng dong dién mong mudn
qua L,.

Céc bong chuyén mach chiu dién ap Vps ding bang dién ap Vi, vi vdy, tily vao timg tng
dung ma c6 lya chon bong ban din cho phu hop. Tu dién diu ra dugc lya chon sao cho do gon
song dién ap dau ra khong qua 1% dién ap dau ra. Do dién tré ky sinh ESR (Equivalent Series
Resistance) trén tu c6 thé rit nho (2+4) mQ nén do gon song dién ap dau ra co6 thé coi nhu hoan
toan trén tu dau ra C,. Do gon song dién ap ra dugc tinh dya vao dién tich trén tu C, nhu sau:

Al
AV — out
out 8 fsw Co (4)

trong do, Al _, 1a d6 gon song dong dién dau ra va Al =Al +Al

out

Dé danh gia hiéu qua ciia mach dé xuat, ching t6i thiét ké mot b chuyén ddi dién ap xudng voi
dau vao Viy=5 V, daura Vo= (2.9 V + 45 V), 1,=(0.1 A+3 A) phu hop véi cac pin Li-ion 1 cell cho
thiét bi di dong, sir dung cap sac 1m type-C c6 cam khang ky sinh 278 nH, dién tro ky sinh 141
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mE. Mot bd chuyén ddi xudng kiéu truyén théng dé dbi chimg véi cung chi tiéu va sir dung cudn
cam gi4 tri gap doi gi4 tri cam khang ky sinh ciia cdp 560 nH, dién tr¢ ky sinh 1a 59 mQ, kich
thuéc 2 mm x 1.6 mm. Mach diéu khién giéng nhau duogc ap dung cho ca hai cu trac. Ap dung
cach tinh toan dugc trinh bay & trén va biéu thirc (3), (4) tinh dugc cac gia tri linh kién trong mach
nhur trong bang 1. Két qua mo phong va thao luan duogc trinh bay trong phan tiép theo.

Bdng 1. Cdc gia tri linh kién sur dung.

L Cout fsw I—1 L2 Co CF fsw
Buck | 560 11 6.5 HO_USB_BUCK | 278 180 4.7 4.7 6.5
nH pF MHz nH nH UF pUF MHz

3. KET QUA MO PHONG VA THAO LUAN

IL1 lo

0.00066 0.00068 0.0007 0.00072 0.00074 0.00076 0.00078 0.0008 0.00082
Time (s)

Hinh 7. Pdp itng qud do bé chuyén doi khi tai thay doi.

Thiét ké dugc danh gia & cdp d6 mo hinh trén phin mém PSIM (Power Electronics
Simulation Software), 1a phdn mém mé phong mach dién tir, dugc thiét ké dic biét dé s dung
trong dién tir cong suat va md phong truyén dong dién, cac hé thdng chuyén dbi va diéu khién
ning luong. BO chuyén dbi dwoc didu khién vong kin theo kiéu diéu khién ché d6 dién ap. Pap
g qua dg khi dong tai thay d6i tir 0.5 A 1én 3 A trong hinh 7 cho thay mach c6 thé diéu khién
dugc. Tuy nhién, phan thoi gian dap Gng qua do tai con 16n 20 ps, do bai bao nay khong tap
trung vao phan t6i vu mach diéu khién. Hinh 8 1a két qua mé phong twong tng trong cac ché do
sac pin khac nhau. Pién ap tai hai nut chuyen mach, vi du trong truong hop Vin=5V, V,=3 V thi
V1 s& thay doi giita hai mirc 3 V va 8 V, Vy, thay doi giira hai muc dién ap 3 V va -2 V. Tuong
tu cho cac truong hop con lai. Trong ca ba trudng hop, dién 4p dau ra c6 do gon séng nho hon
1%. Dong dién dau vao chinh 12 dong qua cudn cam Ly (IL1) c6 dang lién tuc. Két qua mé phong
cho thay bo chuyén doi c6 thé tao ra cac gia tri dién ap ra khac nhau, v6i cac dong tai khac nhau
dap tmg dugc yéu cau trong cac ché do sac. HO_USB_BUCK c6 thé duoc str dung nhur mot phan
trong mot bd sac pin Li-ion. Hiéu suét cua mach duoc danh gia trén mo phdéng voi cac gia tri
trung binh nhu sau:

IO_an XVO_an

xV. )

in_avg in_avg

Hieu suat =

Két qua so sanh giira hidu suét clia cdu trac d& xuat so vi cu tric truyén thong thé hién trong
hinh 9. Mach HO_USB_BUCK c6 hiéu suit thap ¢ viing dong tai nho, hi¢u suét cao tai ving tai
trung va 16n. Diéu nay 1a phu hop voi qua trinh sac pin c6 thoi gian cha yéu 1a sac ¢ ché @ dong
¢d dinh 16n. Céu tric c¢6 thé dat duge hiéu suit cao nhét 1a 95% tai 4.5 V, 1 A.
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Trong qua trinh sac pin khi dién 4p sac 3.3 V 1a thoi diém dong tai tang tir ché do sac c¢b dinh
dong nho 1én dong 16n. Khi d6, vin dé hiéu sudt va téa nhiét trén mach duoc dic biét quan tam.
Twong ting véi thoi diém nay, hidu suit cia cau trac dé xuét t6t hon mach truyén thong 7.5% tai
dong tai 3 A. Ngoai ra, phan t6n hao cia mach Buck truyén thng tip trung toan bo trén bo
mach, con trong mach HO _USB BUCK, vai tro cudn cam L; do cap USB dam nhan. Do do, néu
chi tinh ton hao do cac thanh phan linh kién trén bo mach gay ra thi mach HO_USB_BUCK c6 it
t6n hao trén bo mach hon so véi mach truyén théng 15%.

VX1 (V) VX2 (V) -

IL1 (&) IL2(8) To (A) -
0.8 T v T
06 - 2aee ST : S Cathbls .
L e e . S ot e T
o : :
0.0005193 0.0005194 0.0005195 0.0005196 0.0005197
Time (s)

() Twong iing ché do sac dong dién co dinh nhé 1,=0.5 A, V,=3 V;

VX1 (V) VX2 (V) =

IL1 (A) 1L2 {A) lo (A) [

Il e T T T T T L T

0.0005193 0.0005194 0.0005195 0.0005196 0.0005197
Time (s)

(b) Twong itng ché dg sac dong dién cé dinh 1om 1,=3 A, Vo=4 V;

VX1 (V) VX2 (V) -

Vo (V)

4.502
45
4.498

4.496

IL1(A) 1L2(A) lo (A) "

0.0005193 0.0005194 0.0005195 0.0005196 0.0005197
Time (s)

(c) Twong vung ché do sac dién ap cé dinh 1,=0.1 A, V,=45V.
Hinh 8. Két qud mé phong dang séng dong dién va dién dp ra ¢ trang thdi tinh.
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Hinh 9. So sdnh hiéu sudt ciia HO_USB_BUCK va Buck truyén thong.

Nhu vay, tai thoi diém bat ddu sac nhanh nay, mach s€ gidm bdt dugc phﬁn toa nhiét di rat
nhiéu. Giai doan sac thir ba, ché do dién ap cb dinh 4.5 V v6i dong thay ddi tir 3 A t6i 0.1 A,
mach HO USB_BUCK c6 hiéu suét t6t hon trong hau hét thoi gian khi dong tai 16n hon. Véi
nhing truong hop thudng khong dé pin dén mirc hét sach pin va mubn sir dung nhanh, pin khong
sac dﬁy dén muc 100%, tirc 1a cha yéu sac & ché do dong dién ¢ dinh 16n thi céu trac nay hiéu

qua 10 rét.

So sanh voi cau tric PS3B [11] ma bai bao dd tham khao dé xay dung ciu trac véi cap,
HO USB BUCK c6 hiéu suat dinh tét hon (bang 2), viéc str dung cap USB gitp giam b6t mot
cudn cam so voi PS3B, déng thoi giam dugc phén tda nhiét do dién trd ky sinh trén L; tir mach
sang cap. So sanh v61 mot sO cong trinh nghién ctru trude lién quan dén sac pin Li-ion, ciu trac
dé xuit c6 hiéu suit tét hon gitp giam van dé toa nhiét trén mach. Dai chuyen ddi cua
HO USB BUCK tuong dwong véi cac cdu triuc khac va rong hon [12]. Dong dién dau ra cyc dai
cao hon [2, 15, 16] cho phép pin c6 thé sac nhanh hon.

Bdng 2. So sanh cau truc dé xuat voi cdc thiét ké khac.

Chu tric | Seo_2018° | Ouremchi | Nguyen Fouad Abdulsla
dé xuat [12] $2018 [2] Van Farah® m* 2019
Hao® 2017 | 2021 [16] [11]
[15]
L HO_USB_ .
Cau trac BUCK S-Hybrid LDO - LDO PS3B
bién ap 5V 5V 5V sv  [2TVEAS T gy
dau vao \Y
Dién ap 29V+45 | 33V+38|28V+42|29V=+45 42V 05V =+15
dau ra \Y4 \Y4 Vv Vv ' \Y
Dbng dién 01A+3 |[01A+39|01A+11|005A+1| 0A+1 |01A+25
dau ra A A A A A A
gf}‘: suat 95% 91.5% 90% 92% 90% 94%
1 M6 phong PSIM; : Po PCB; *: M6 phong Cadence; *: Po chip.
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4. KET LUAN

Bai béo dé xuit sir dung cam khang ky sinh cia cap USB dong vai tro cudn cam trong mot
cdu triic bd chuyén d6i xudng bac cao. Viée st dung cap giip giam bot s6 luong cudn cam can
cho mach, giam kich thuéc mach va di chuyén mot phan téa nhiét tir mach sang cap. Voi cdu
tric nay, dong dién dau vao c6 dang lién tyc gitip giam nhiu, mach khong can ding thém b loc
dau vao gop phan giam kich thuéc. Cudn day dat phia dau vao c6 ton hao dan nho hon lam tang
hiéu suét ciia mach. Két qua mo phong trén PSIM cho thdy, mach co thé dat t6i hiéu sut 95%
trong giai doan sac nhanh. Diéu nay rat c6 y nghia d6i voi viéc giam ting nhiét trong qué trinh
sac pin. Mach cung cap dai dién ap rong tir 2.9 V dén 4.5 V t6i dau ra, véi cac dong tai khac
nhau tir 0.1 A d&én 3 A c6 thé sir dung trong cac bd sac nhanh cho pin Li-ion. Hudng nghién ctru
tiép theo cua bai bao 1a hoan thién mot bg sac pin Li-ion, md rong cAu trac voi céac loai cap USB
khac, ap dung cho céc pin Li-ion nhiéu cell hon ¢ dai dién ap vio, ra cao hon.
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ABSTRACT

Improving the efficiency of DC-DC converters with high-order structure
utilizing parasitic inductance for Li-ion battery chargers

This paper presents a high-order DC-DC down-converter structure using the parasitic
inductance in the USB cable as an inductor for Li-ion battery chargers. The structure
provides high conversion efficiency, wide conversion range similar to the conventional
Buck converter. Thanks to the continuous input current, the noise and electromagnetic
interference (EMI) at the input are significantly reduced. The proposed structure is
evaluated with a design for a Li-ion battery charger using a 1 m USB type-C cable.
Simulation results show that the achievable peak efficiency of the proposed structure is
95% which is 8% higher than that of the conventional Buck under the same conditions.

Keywords: DC-DC converter; Buck converter; High-order converter; Li-ion battery; Fast charging.
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