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Chirc nang co ban cua bo chuyén déi Buck

Tinh toan mach buck converter : TruGc khi di dén huwéng dan thiét ké bd chuyén doi
buck, minh sé thdo luan trudc vé céch hoat dong ctia bd chuyén déi buck dé hi€u day da vé
huéng dan sau. B6 chuyén déi buck la bo chuyén déi chuyén mach c6 dau ra dién &p thap
hon dau vao dién ap. N6 cling duoc goi la mot bd chuyén déi chuyén déi budc xudng.

Mot b chuyén doi buck chi c6 bén phan chinh. Ching la coéng tac (Q1 trong hinh bén duéi),
diode (D1 trong hinh bén dudi), cuén cam (L1 trong hinh bén dwéi) va bo loc tu dién (C1
trong hinh bén duéi). Pién 4p dau vao VIN phai cao hon dién 4p ddu ra VOUT dé du diéu
kién lam bo chuyén déi buck. Hay tham khao v6i Hocwiki nhé.

=

O -
-/ VIN . 212 .
7% D1 =C1 VOouT

- -
LinhKienThaoMay.Com
Zalo: 0389337723

Mot bd chuyén déi buck hoat dong nhw mot bd diéu chinh dién 4p nhung st dung hanh déng
chuyén ddi cia mot phan ban dan nhw BJT, MOSFET hoac IGBT. Q1 sé bat va tat lién tuc,
D1 hoat dong nhu mot diode freewheel, L1 sé sac va xa nang lwong trong khi C1 sé tich tri
nang lwong. Bo diéu chinh Buck la bd diéu chinh dién ap ton that thap va cd hiéu suat hon
90% khi duogc thiét ké phu hop.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Switch ON and OFF
Continuously

Charge and Discharge
/ Energy Storage
1o
PWMSignal - o
b —

A L1
</ VIN EEN .

m 1 VOUuT Lower than

‘ VIN

Charge and Discharge
/ Energy Storage

LinhKienThaoMay.Com
Zalo: 03B293TT23

Huwéng dan thiét ké bo chuyén d6i Buck - Thao tac co
ban cta bo chuyén déi Buck

Bo chuyén doi Buck hoat dong bang cach lién tuc BAT va TAT mot céng tac ban dan nhw
BJT, MOSFET hoac IGBT. Viéc BAT va TAT cla cobng tac duoc xéc dinh bdi chu ky lam viéc.
Chu ky nhiém vu ly tudng ctia moét bd chuyén déi buck chi don gidn la

Chu ky nhiém vu = VOUT / VIN

Buck Converter Hoat dong co ban - PWM cao

Khi PWM ¢ trang théi cao, Q1 sé dan ¢ trang théi bdo hoa (sut 4p rat thap). D1 sé duoc phan
cuc nguoc lai va khong phai la mot phan cua vong lap dong dién. Dong dién sé di tir VIN, di

dén kénh cua Q1, sau d6 nap L1 va mot phan sé nap C1 va cudi cung duong dan dong chinh
sé di dén tai.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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v

LinhKienThaoMay.Com
‘Ealo: 0382337723

Luc nay, L1 sé sac va mat chdm sé cd tiém nang cao hon. Dong dién cua L1 sé tang tuyén

tinh.

Buck Converter Hoat dong co ban - PWM thap

Khi PWM & mtc thdp, Q1 sé tat va khong con la mot phan cta vong lap dong dién. Mat
chdm cua cudn cam L1 sé tré thanh dién thé am vi L1 sé ddo nguoc cuc nhung van duy tri
cung chiéu cta dong dién. Puong dan dong dién sé tir D1, dén L1 dang phéng dién tai thoi
diém nay, sau d6 dén tai. Tai thoi diém nay, nang lwong C1 sé gitp cung cdp nhu ciu cla

tai.

PWM LOW

L

ril vouT BTe)-\s)

=7

LinhKienThaoMay.Com
‘Ealo: 03B293T723

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723



& (g !
f ‘.br\z Q \ ‘af jﬁ
-

LINH KIEN THAO MAY . COM

Tinh toan mach buck converter | 4
Huéng dan thiét ké toan dién bo chuyén doi Buck

Chtrc nang va hoat dong co ban cia bd chuyén doéi buck da dwoc giai quyét. Vi vay, & day
minh di dén chl dé chinh clia minh, d6 la huéng dan thiét k& b chuyén d6i buck. Dudi day
1a phéc thao clia huong dan thiét ké bo chuyén doi buck nay.

Nguoén goc dong dién cua cuén cam Ripple
Khoi tao chu ky nhiém vu
Nguon géc dong dién RMS cudn cam
Nguoén goc dong dién mot chiéu cudn cam
Chuyén d6i nguodn goc dong dién RMS
Chuyén d6i nguén goc dong dién DC
Diode RMS Nguon goc dong dién
Diode DC Nguon dong dién
9. Cong tac va xéac dinh dién 4p diode
10. Chuyén nguén mat dién
11. Can nhéc chuyén doi nhiét
12. Diode mat dién nguon goc
13. Can nhac vé nhiét cua Diode
14. Suy hao nguén dién dan
15. Tu dién Ripple Nguon goc dong dién
16. Hiéu qua phuong trinh Derivation
17. Thiét ké mau véi lva chon linh kién
18. Mau thiét ké

N E W=

1. Nguon goc dong dién gon cudén cam

Dé suy ra cac phuong trinh dong dién dan, diéu quan trong la phai biét dang séng cta no.
Nhén tién, mot bd chuyén doéi buck cé thé dwgc phén loai la CCM, TM hodac DCM. CCM la
viét tat cia ché do dan lién tuc trong khi TM la viét tat ctia ché do chuyén tiép hoac doi khi
dwoc goi la ché do bién. Mat khac, DCM la viét tat ctia ché do dan khong lién tuc. CCM va
TM dang c6 cung mot phan tich trong khi DCM yéu cau mot phan tich khéc. Péi véi cac ing
dung cong suat cao, khong c6 kha nang c6 y van hanh bd chuyén ddi buck & ché dé6 DCM.
Diéu nay sé dan dén mot khoan 16 rat cao va khong thuc té.

Tuy nhién, cé lic bd chuyén doéi buck sé vao ché do DCM va day la luc tai rat nhe. Vi vay,
diém thiét ké hoac lwa chon linh kién sé dua trén tai trong nang va diéu nay chi yéu la &
CCM. Vi vay, trong phan dan xuat nay, minh sé xem xét mot hoat dong CCM. Bén dudi mau
xanh 14 cay la dang séng dong dién ctua cudn cam hoat dong tai CCM. N¢ tang tuyén tinh khi
tin hiéu PWM cao. Sau d6 né giam tuyén tinh khi tin hiéu PWM ¢ mitc thép.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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waveform
A
Current ] =
\/\ di
Imin | Imax
0 > t "
Ton Toff
. . >
PWM
Signal T
Khi PWM cao, phan tich sé la:
PWM HIGH
—
01
-+ L1
(_.a-> VIN ﬁT\' T
- —_—
+C1  vour BETeI

v

Phuong trinh quan trong dé st dung la dién &p trén mot cudn cam la

VL = LX cua / dt

LinhKienThaoMay.Com
‘Ealo: 0382337723

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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di
Vil=I11—

dt

di VL1-dt
VLl=L1-— solve.di —

dt L1

Ton
VLI T Ton-VL1 T
di Ton= = Gﬂdtsimp]if:,r — di Tonz= —0 =291
B L1 - L1
0

Finding WVL1_Ton

VIN — V1 - VL1_Ton — VOUT = 0 solve VL1 Ton — VIN — VQ1 — VOUT

VL1 Ton= VIN — VQ1 - VOUT

T O TA(VO1 — V W
= Ton (VIN qul o substitute, Ton=D-T — di_Ton= 2 L'I]N+ =

‘Ealo: 03B283TT3

Khi PWM thap, phan tich sé la:

di Ton

PWM LOW
4 = L1
Q_# / VIN 1 1R I
ZL D1 —=Cl vOuT LOAD
v oy

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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rT
VL1_Toff VL1 _Toff(T-T
di_l'nff‘:J It Gt simplify —> di Toff = —=° L'i on)
Ton
VLI Toff (T-T T-VL1_Toff (D -1
di Toff = =0 I_[l on) substitute, Ton=D-T — di Toff = = El ( )

T-VL1_Toff (D - 1)
L1

di Toff =

Finding VL1_Toff

VD1 + VL1_Toff — VOUT = 0 solve VL1_Toff — VD1 + VOUT

VL1 Toff = VD1 + VOUT

T-(VD1 + VOUT)-(D - 1)

L1 LinhKienThaoMay.Com
Zalo: 0389937723

di Toff =

Ca di Ton va di Toff sé cho cung mét két qua.
2. Dutycycle Derivation
Néu ban kiém tra dang séng dong dién dan, sy tdng va gidm c6 do 16n bang nhau. Do do, ca

hai phwong trinh di Ton va di Toff & trén c6 thé dwoc coi la twong dwong va minh suy ra chu
ky nhiém vu cudi cung.

di Ton= di Toff

Substitute D with Dutycycle

Dutycyele- T-(VQ1 — VIN + VOUT) _  T-(VD1 + VOUT)-(Dutycycle — 1)
L1 L1

VD1 + VOUT
VD1 - VQ1 + VIN

—Dtyeycle-(VQ1 — VIN + VOUT) = (VD1 + VOUT)-{Dutycycle — 1) solve, Dutyeycle —

Dutycycle = VD1 + VOUT Dutycycle considering actual voltage drops

VD1 — V1 + VIN

VOUT

Dutycycle not considering the voltage dropslgaal ditvegecla

Lalo: 03BO93TTA3

Dutycycle =

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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3. Nguon goc dong dién RMS cudn cam

O day, minh sé day cho ban tat ca cong thic thiét ké cuén cdm cta bd chuyén déi buck.
minh sé bat dau v6i dong dién dan RMS la tong RMS cua di va Imin ¢ dang song dudi day.
minh sé thuc hién tich hop & day, nhung dung lo lang, minh da thuc hién phéan tich cho ban
roi.

Inductor current

waveform
A
Current
/ \/\ |ds
Imin Imax
0 > ¢ :
) Ton o Toff g
_ - .
PWM
Signal

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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IRMS_inductor ™ IRMS_gi + Imin_RMS

Bl

=
Iy

3

| % di| dt simplify — Ipyrg g =

pvs &= =

ch

IpMs &= =

r T

1 2 p.

Imin RMS= ? | Imin - dt solve Imn BMS — 2/ Imin
"0

Imin BMS = Imin

-

& .
IRMS inductor = N + Imin
I S
RMS_inductor = - LiEHAHESSRThaEN
- 3 W Tl ST

4. Nguon goc dong dién moét chiéu cudén cam

Cong thirc thiét ké cudn cadm cta bd chuyén déi buck tiép theo sé danh cho dong dién mot
chiéu. Nhung néu ban xem k§j trén so d6 bo chuyén déi buck, cudén cdm mac néi ti€p véi tai
dau ra. Do dd, mic DC cua dong dién dan giong voi mic DC cua tai. Day la cach dan xuét dé
dang nhat trong huéng dan thiét ké bo chuyén doi buck nay ?.

~2 e ~ ~ \ o N
5. Chuyéen doi nguon goc dong dien RMS
Cong tac trén bo chuyén dai buck c6 thé 1a BJT, MOSFET hoac IGBT. Trong huéng dan nay,
minh hay st dung MOSFET vi n6 la mét trong nhimg tng dung phé bién nhat trong céc tng

dung coéng suat thap dén trung binh. Dang séng dong dién cia MOSFET trong giong nhu
bén dudi.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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01 T
Current Al | di
AZ T 1min Imax
0 . i L
PWIM
- : LinhEienThaoMay.Com
Ton Zalo: (3B083T723

Dong dién RMS ctia Q1 la téng RMS cta vung Al va A2. Al 1a hinh tam gidc trong khi A2 la
hinh chit nhat.

RMS cua Khu vuc Al

S
~Teon 3-Ton-di
A
1 i dith” T
! A= | = | —— | dt simplify — [ A=
BMS Al T J \ Ton ) T RMS_Al 3
0
2
3-Ton-di
=
T : J3+D-di”
IE.."-{S__J!L]. = f 5'L'|.b5'|1t|.'|.tE.TDﬂ= DT — IR.."-{S_:‘L]. = T
T
3 D-di”
Rvs a1=——; —
1D
s A= d |- LinhKienThaoMay Com
— 3 Zalo: 03B0937723

RMS cua Khu vuc A2

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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2
Imin - Ton
T

~Ton
n
I.'l']’l.'i.ﬂ* dt Smlphf}' — IR.."-‘iS __15_-1:

1
Ipnvis 4= T
- 0

3
[ tmin™- Ton _
IE.."-‘iS__J!Il - T substitute. Ton=D-T — IE.."-‘iS__J!Il = ./ D-Imin

5

5

LinhKienThaoMay.Com

IE.."-‘iS__J!ll = DI‘I’]’Uﬂ‘
Lalo: 03B933TT23

Ipns_a2 = Imin/D

Vi vdy, RMS clia dong chuyén mach sé la
Ivs 1= lRvs an + Ievs o

|I D
I = di- | —; il
o -ﬁlu':.-ﬂ"IEﬂﬂ:;ﬂlj}m- 4

Pon gian héa d€ loai b Imax

g \ﬁ\fﬁdl
a

I ++/D-
- = RMS_Q1
3 /D

Ipngs_Qt = WD Imax - /D-di+

f3+/D-di
T TR
3 implify —> Imax= di— J3-di , RMS Q1
) \Jl'ﬁ

a

Ipngs_q1 + VD-di-

Imax =
/D
TP
I di \f?ﬁdl L RMS 01
3 D
) _ - ( o di)
Ipvs Q1= 4 J; + (Imax — di)-/D simplify —>IEMS_QI=\.'T}-LImax—d1+ )
_ & )
2 i)

( d ) o (
*|HLoad * 5 ~ &) /D simplity — Ignss g1 = V| HLoad

e

LinhKienThaoMay.Com

Ipnvg Q1= &
Zalo: 03BA83TTAI

di f3-di
s Q1= @'[‘Luad —5t i )
~2 e R ~ N P A * A
6. Chuyén doi nguon goc dong dien mot chieu
Dong dién RMS ctua MOSFET ludn cao hon dong DC va né la gié tri sit dung dé tinh toan
codng suat tiéu tan dé phong trwong hop hw nhat. Tuy nhién, mic DC cé thé can thiét vi cac

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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ly do gi ma mdt nha thiét ké dua ra. Vi vdy, hdy dé minh dwa né vao huéng dan thiét ké bo

chuyén doi buck nay.

Toéng mitc DC ciing 1a tong mitc DC cla Al va A2 & dang séng trén.

~Ton
1 di-t
I A= - — dt simplifyy — [ 81 =
DC_AL™ 14y J Ton P DC_Al
0
Ton-di
IDE_.—":.I = j.DII‘IS“._ substitute, Ton=D-Tsw — IDE__.J,LI =
_ D-di
Ibc 1= ——
1 ~Ton
ID'C- _"‘fl_jp= 1" _J I'r]‘mdtsﬂnphf'_‘,' —Z‘-IDE ___15_-)’:
_ swy _
Imin-T
ID{Z__'—‘Q= T:ﬂ substitute, Ton=D-Tsw — IDC_&‘Q= D-Imin

ID{Z__'—E = D-Imin
ID{Z__'—E = D-(Imax — di)
D-di
IDG_turta1= — + D-(Imax — di)

Viét lai phuong trinh dé loai trir Imax

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Ipc totat=Ipc a1+ Ipc A2

D-di —— D-(di — 2-Tmax)
IDC totat = —— + Dr(Imax — di) simplify — Ipe o = ——— ——

_ D-(di - 2-Imax)
IDC_tntal =T ~
_ D(2Imax - di)
IDC_tntal = -
. Dedi . L
Imax = I +di - — from inductor current derivation
load 5
. i . D-diy
D'[di =2 hoad * 4 - TJ D2y, q + di - D-di)
IDC_total = S simplfy — Inc total = 5
D-(E-Ihad + di— D-di]
IDC total = LinhKienThaoMay.Com
= 2 Zalo: 0360937723

7. Huong dan thiét ké bo chuyén déi Buck - Diode RMS
dong dién

Tham khao dang séng dudi day, minh c6 thé tinh toan dong dién RMS cua diode. Diode sé
chi dan khi MOSFET khong dan.

a
D1 E
Current Al | di
A2 [ 1min | [max
o >t ' :
a
PWIM
-. Ton L Toff .-
= LinhEienThaoMay. Com
Tsw Zalo: 0389937723

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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3-6i°(T - Ton)"

T
2 2
1 t— Ton 2 R T-Toff
I = [—- -di df sim — I =
RMS_ALT |7 [ Toff ) plify — Ippgs A 3
Ton
2 3
3-di (T — Ton) d.{z-{T — Ton)
T.Toff~ 3 T
IR.E'IS_AI. = 3 subsﬁtute,Tnﬁ' =T-Ton — IRL'IS_AI. = 3
d.{l-{T — Tom)
o T NEN RN S
IR.E'IS_AI. = 3 EUbEﬁtl.ltE,TDﬂ =DT — IRL':[S_AI. = 3

ff-a’ o
3

Ipnvs a1=

1-D
I =i | —— LinhKienThaoMay.Com
RMS_al 3 Ealo: 0389937723

~Tow
. 2 I'.mm ['I.'n:m Tsw)
Tras_a2® |70 '|I loin” d simgly —» Tpygg gp= [
lans_ A= {—W substitute, Ton= D-Tsw — Ipyge 40= xll—lmmr-(D -5

Ip_\m__u = Ilﬁ'!'l.ll“ - D:l

Tengs D1 = Ieaas a1+ TRaas a2

Iangs py= & + {Imax - 8}/ - D

I-n_D!I = [R_\IIS_Dl + i E._ ] =

1-D i S}
Iangs oo™ & . 4{1rm—¢“wl—nmrpﬁf_v-[x_usm-,.l_:_ui;mu_d“‘i: |

-thnm- :|i+-‘l'r':;—°"l:

Tengs pa= !

IH..\-IS D]I l—D-|:1ITLi‘.‘i.—d.i.'E 1- £|]
— L 3 )

d

Ima e [_load + —

f4)

'ql,_
IRJ{IED]-"l_ []10544'?—@ ]——l suﬂpﬁ'\ —F[E_'\.rs Dl-'\“—D |1l:lﬂd—?+

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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8. Diode Nguon DC dong dién

minh sé van st dung dang song trén trong viéc xac dinh dong dién mot chiéu cta diode.

T
1

[ ==
DC_A1S T

{t—=Ten)
| Toff

“Ton

I = d&i-{T - Ton)™
DC_ALS ™ T 1o

T-di — Ton-di

Inc ap™ T substitute. Ton= DT = Ipe 4=~

I‘Tl"\:

" Ton

Imin-{ Ton — Tsw)

I -
DC-""II = Tsw

Inc_az = Inin(1 - D)

Ipc_ay = (Imax — )-(1 - D)

= Iy

Ine pi=

i1 - I

Iman dt simplfy — ]DC A= —

=+ (Imaz - di)-{1 - D)

-didt simplify — Ipg 4=

substinate. Tof @ T~ Ton — Ipe- 4=

di(T - Tom)™
2T Taff

T-di - Ton-di
T

&-(D - 1)

Tsw

substitute, Ton= D-Tsw = Ipg a3 = =Imin (D = 1)

’ & \
Inc py® —— + | Lload + — - & |-(1 - I} simplify — Ing oy = ~Llead-(D - 1)

Inc_pi = Llead {1 - Dutycycle)

9. Cong tac va xac dinh dién ap diode

VD1 will be high when
D1is OFF

vQ1l will be high
when Q1 is OFF

=C1 yout

VQ1 max = VIN max + VSpike

LinhKienThaoMay.Com
Zalo: 03BO93TTS

Vspike 1a do cAm Ung ky sinh va né cé thé duoc gia dinh la 40-70% VIN.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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VD1 max = VIN max + Vspike
Vspike 1a do cam umg ky sinh va né cé thé duoc gia dinh la 50-120% VIN.

7 x o ~ ~ A ~2 e ~2
10. Huwong dan thiet ke bo chuyén doi Buck - Chuyeén
e ~ N ~ Vé

doi nguon dien mat mat
Ton that dién nang cua coéng tac bao gom hai yéu t6. Pau tién 1a mat dan va thi hai la mat
chuyén mach. Suy hao dan 1a do sut 4p c6 dinh trén cong tac trong khi tén hao khi déng cat

la do hoat dong ddng cat cua cong tac. Trong hwéng dan nay, minh nhdn manh st dung
MOSFET. Vi vay, cac phuong trinh belo la hop 1é cho MOSFET.

Mat dan dién

Thaﬂ
PEDﬂduEUDﬂE_'[

Mat chuyén mach
Ploss_gatecharge = —iQ;ﬂotal-Td.tive-Fs'-\'

-
Ploss Coss= —-Coss-Vmax FET -Fsw

[ -

1
Ploss trise tfall= — [mse + tfall) ey pec VdEv g F sy
Talo: (3R2937T23

Tong ton that dién nang MOSFET

. LinhKienThaoMay. Com
Ploss_total = Pconduction + Ploss_gatecharge + Ploss_Coss -zathe ssedeawyasall

Where;
ROSon - drain to source on state resistance of the MOSFET
Qgtotal - total gate charge of the MOSFET
Vdrive - voltage applied to the MOSFET gate
Fsw - switching frequency
Coss - output capacitance of the MOSFET
Vmax_FET - drain voltage of the MOSFET when open base

trise - rise time of the MOSFET LinhKienThaoMay.Com
tfall - fall time of the MOSFET Zalo: 0389937723

11. Can nhac vé iwng suat dién va can nhac nhiét khi
chuyén doi

Uhg suat cong sudt clia cong tac chi 1a cong suat tiéu thu thuc té chia cho kha ndng cong
suat.

Pstress = ké phiém thuc té / Kha nang tan gau

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Kha nang tiéu tdn cong suat cé thé duoc 1ay tir thong tin biéu dit lidu.

Poi véi truomg hop khong cé tan nhiét (cong tac khéng duoc gan trén tan nhiét):
Kha nang tan gau = (Tjmax - Tamax) / Rthjc

0] dau;

Tjmax - nhiét d0 moi néi toi da cua thiét bi

Tamax - nhiét d6 moéi truong hoat dong t6i da

Rthjc - dién tré nhiét tir duong giao nhau dén vo may

Trong truong hop can thiét dé tinh todn nhiét d6 moi ndi thuc té cla thiét bi, n6 cé thé duoc
thuc hién nhu sau:

Tjactual = (Kha ndng tan gau X Rthjc) + Tamax

P6i véi véi bo tan nhiét (cong tac duoc gan trén bo tan nhiét):
Kha néng tén gau = (Tjmax - Tcmax) / (Rthjc + Rthchs + Rthhsa)

0] dau;

Tjmax - nhiét d6 moi néi toi da cua thiét bi

Tcmax - nhiét do truong hop toi da cho phép

Rthjc - dién trd nhiét tir dwong giao nhau dén vo may

Rthchs - dién tré nhiét tir vo dén tan nhiét. Pay la dién trd nhiét cua vat liéu lién két gitra
tan nhiét va vo may.

Rthhsa - dién tré nhiét tir tan nhiét véi khong khi. Day thuc sw la dién trd nhiét cua bo tan
nhiét duoc st dung.

Nhiét d6 moi néi thiét bi thuc té c thé duoc tinh nhw sau:

Tjactual = [Kha ndng tan gau X (Rthjc + Rthchs + Rthhsa)] + Tcmax
~2 ~ * A - ° ° °

12. Ton that dien nang Diode Derivation

Diode Ploss = Irms X VF

Where;
WF - diode fnmﬁrdhi{lnlt e
Irms - RMS curremmuﬁnt Egﬁaiérigm

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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13. Cang thang cong suat diode va nhiing can nhac vé
nhiét

Uhg suat cong suat cta diode chi 1 céng suat tiéu thu thuc té chia cho kha ndng cong suat.
Pstress = ké phiém thuc té / Kha nang tan gau

Kha nang tiéu tdn cong suat cé thé duoc 1ay tir thong tin biéu dit liéu.

P6i véi truong hop khéng cé tan nhiét (diode khéng duoc gan trén tan nhiét):

Kha nang tan gau = (Tjmax - Tamax) / Rthjc

O dau;

Tjmax - nhiét d6 moi néi toi da cua thiét bi

Tamax - nhiét d6 moéi truong hoat dong t6i da

Rthjc - dién trd nhiét tir dwong giao nhau dén vo may

Trong truong hop can thiét dé tinh todn nhiét 46 moi ndi thuc té cla thiét bi, n6 cé thé duoc
thuc hién nhu sau:

Tjactual = (Kha nang tan gau X Rthjc) + Tamax

Poi voi voi bo tan nhiét (diode dwoc gan trén bd tan nhiét):
Kha nang tan gau = (Tjmax - Tcmax) / (Rthjc + Rthchs + Rthhsa)
0] dau;

Tjmax - nhiét d0 moi noi toi da cla thiét bi

Tcmax - nhiét do truong hop toi da cho phép

Rthjc - dién tré nhiét tir dwong giao nhau dén vé may

Rthchs - dién tré nhiét tir vo dén tan nhiét. Pay la dién trd nhiét cta vat liéu lién két gitra
tan nhiét va vo may.

Rthhsa - dién tré nhiét tir tdn nhiét voi khong khi. Day thuc sw la dién tré nhiét cua bo tan
nhiét duoc st dung.

Nhiét d6 maoi néi thiét bi thuc té cé thé duoc tinh nhu sau:

Tjactual = [Kha ndng tan gau X (Rthjc + Rthchs + Rthhsa)] + Tcmax

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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14. Suy hao nguon dién dan
Ton that cong sudt ciia cudn cdm goém hai phan: tén hao dién mot chiéu va dién 4p xoay
chiéu. O tan s6 chuyén mach thap va coéng suét thap, ton that AC la nho va do d6 don gian la
khong duoc dwa vao tinh todn. Nhung d6i véi tan s6 chuyén mach rat cao, ban c6 thé cho
rang ton that chuyén mach gan giéng véi ton that DC. Ton that DC doi khi con duoc goi la
ton that dong trong khi ton that do chuyén mach con duwoc goi la ton hao 16i.

DC loss

.
Ploss_DC = Imms -DCR

Where:;
Ploss_DC - loss of the inductor due to DC resistance
Irms - RMS cgrrent to the mg:luctnr LinhRienThaoMay.Com
DCR - DC resistance of the inductor  zalo: 03s2337723

15. Lua chon tu dién dau ra

Dudi day la tinh toén dién dung dau ra (C1) chung chung. Tuy nhién, cac bd diéu khién cu
thé cé thé cé phuwong trinh riéng dé tinh gié tri cia dién dung dau ra vi diéu nay cé lién
quan dén phan bu vong lap. Xét khong cé anh hudng ctia ESR, phuong trinh dudi day c6 thé
duoc st dung dé xac dinh kich thuoc cua tu dién dau ra.

Cl =di/ (Fsw X Vripple)

D6i voi tu dién, ESR la rat 16m, vi vay can phai xem xét né trong phéan tich. Dién dung duoc
tinh todn & trén phai ¢ ESR khong cao hon phuong trinh dudi day.

ESR = Vripple / di
O dau;

ESR - dién trd loat tuong duong

di - dong dién cudn cam

Fsw - tan s6 chuyén mach

Vripple - dién 4p gon dau ra cho phép
Ripple dong dién

Tu dién dau ra duoc chon phai c6 danh gia dong gon séng cao hon két qua cua phuong trinh
dudi day.

0] dau;

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Irms_inductor - dong dién dan RMS
I load - tai dong dién
16. Cong cu chuyén déi Buck Hiéu qua Phuong trinh
Derivation
Hiéu suét bo bién doi Buck co thé duoc tinh todn bang cach st dung phuong trinh dudi day.
Hiéu qua = (Pout / Pin) X 100%
Pout = Iout X Vout
Téng s6 Pin = Pout + Ploss
Hiéu qua = [Iout X Vout / (t6ng s6 Pout + Ploss)] X 100%
O dau;
Tout - tai dong dién
Vout - dién ap dau ra
Biu moi - tong ton that dién nang
17. Hwéng dan thiét ké bo chuyén déi Buck - Thiét ké
mau voi lua chon linh kién

minh da thuc hién vdi tat ca cac phwong trinh can thiét. Hay dé minh 4p dung huwéng dan
thiét k& bo chuyén d6i buck nay vao kich ban thiét ké thuc té.

.
L JE o | load

) VIN P

—_—

f

s D1 - C1 vouT

LinhKienThaoMay. Com
N Talo: 039837723

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Gia tri cho trudc:

Below are the minimum given to start the calculations.

Vin = 24V Input voltage

Vout = 12V Output vaoltage

I load = 10A Load current

VQl = 0.1V Estimated on state voltage drop of the MOSFET Q1

VF = 0.7V Forward voltage drop of the diode. this can be replaced by MOSFET on state
voltage if a synchronous buck converter is used.

Fsw = 300kH=z Switching frequency

Vout_ripple = 240mV Otput ripple voltage

Designer's Call

Seinductor_ripple = 10% The design engineer will set the amount of inductor ripple current to select the
inductance. Usual value is ranging from 10%-50% of the load current. Too low
ripple current needs bigger inductor. High ripple current requires smaller inductor
size but sacrfices efficiency and may require expensive MOSFETs and diode.

. . . . Lo . LinhKienThaoMay.Com
By setting the %inductor_ripple to 100% means the converter operation is in the transition mode dabopaskaaymaiode.

Bang cach dat% inductor ripple thanh 100% c6 nghia la hoat dong cta bd chuyén déi dang
& ché do chuyén tiép hodc ché do bién. Nhung trong thiét ké mau nay, minh sé chi dat thanh
10% c6 nghia la hoat dong CCM.

Tinh toan chu ky

Vout + VF
Dutycycle = au—
Vin — VQL + VF

Dutycycle = 51.626-%

Where;
Wout - output voltage
WF - diode voltage drop or MOSFET on state voltage for synchronous buck converter

Vin - input voltage LinkKienThaoMay.Com
VQ1 -MOSFET on state voltage drop Zalo: 0369837723

Tinh toan dién cam

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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1
Dutycycle:- ——-(VQ1 — Vin + Vout)

1= Fsw
' Yeinductor ripple-1_load
L1=20478-pH This is the theoritical value of the inductance based from the %inductor_ripple
assumed. Choose a standard value near to this.
o ) ) ) . LinhKienThaoMay.Com
L1_selected = 22pH This is the selected inductance and this will be used to continueiéhe 38RIST32DNS.

Nguon goc dong dién cua cuén cam Ripple

1
Dutyeyele-——-(VQ1 — Vin + Vout)
di = Few

L1_selected

Where;
di - inductor ripple current
Fsw - switching frequency
V1 - MOSFET on state voltage drop
Vin - input voltage

Vout - output voltage i rienThaoMay Com
L1 selected - selected indialéar3sasanias

Tinh toan dong dién cao nhat

MOSFET Q1, Diode D1 va cudn cam L1 sé c6 cung dong dién dinh.

- L1
VIN+ 11‘3 i_ . d J_Lr:'d_h':lﬁ‘L '
§ D I
s 2 | A L RLOAD
' | Diode E | I <
t | Current i
| Y -, | |
VIN 5 [ * ! =
i i | peem——
Switch | = Inductor
Current ™— | i | Current
i Peak
current

LinhKienThaoMay.Com
i ] | S Talo: 0369837723

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Imax =1 load + %

Imax = 10463 A This is the level of the peak currents seen by the diode, MGSFET and mn:lun:tn:ur
FienThaoMay.C
considering no effect of noise. Ea_m . <A

Dong dién dan RMS
(Mote: the DC value of the inductor current is the same to the load current.}

. di .

Irms_inductor = — + Imax — di

NE

LinhEienThaoMay.Com
Irms inductor = 10072 A Zalo: (389937723

Lwu y thiét ké 1: Chon cudn cdm cé gid tri L1 selected, véi dinh mitc dong dién RMS cao
hon Irms_inductor va xép hang dong dién bdo hoa cao hon Imax.

~2 ~ TS
Ton that dién dan
DCR = 0,030 DC resistance of the inductor

-
Ploss_inductor = DCR.-Imms_inductor”™

Ploss_inductor = 5.072W Inductor BEiis desazmas

MOSFET Q1 RMS va Dong dién DC

Dutycyd
Ems QL = di- | o Y€ | (max — di)-/Dutycycle

Ims Q1 =T23TA

Dutvevcle-di
Idc Q1 = % + Dutycycle-(Imax — di)
LinhKienThaoMay. Com
Ide Q1=3163A Zalo: 0380937723

Lwu y thiét ké 2: Chon MOSFET c¢6 dong RMS hodc dong DC cao hon Irms Q1. Panh gid
dong dién dinh phdi cao hon Imax. MOSFET duwoc chon phdi c¢é dinh mitc dién dp cao hon
dién dp dau vao toi da. Quy tac chung la chon dinh mitc dién ap gap déi dién ap ddu vao toi
da. Vi du: MOSFET dinh mitc 30V ¢6 thé duoc st dung cho dién dp ddu vao téi da la 12V.
MOSFET Mat nguon Q1

Dé biét ton that dién nang, phai biét thong tin dudi day:

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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EDSon = 0.00941) this is the typical RDSon of the MOSFET at 25°'C centigrade.

FDSon norm = 1.3 This is the normalized RDSon of the MOSFET at junction temperature of interest. For
instance, for high power applications, MOSFET junction temperature will be 100°C
usually, so get the normalized value at 100°C.

In case the MOSFET selected specifies a RDSon value at desired junction temperature of interest (say at
100°C), just put 1 to RDSon_norn above for the template to wark correctly.

Qgtotal = 110nC This is the total gate charge specification of the MOSFET. Use may use the max value
for warst case or the typical value for typical result.

Coss = 420pF COSS specification of the MOSFET. Use may use the max value for worst case or the
tvpical value for tvpical result.

trize = 70ns rise time of the MOSFET. Use may use the max value for worst case or the typical
value for typical result.

tfall == 45ns fall time of the MOSFET. Use may use the max value for worst case or the typical
value for typical result.
Vdrive = 12V Voltage applied to the gate of the MOSFET
. . . . LinhEienThaoMay.Com
Vmax FET = 24V Drain voltage of the MOSFET. Idealy, just equal to the maximum input Zalagzeoasr2s

Mat dan dién

Pconduction_Q1 = Ims_QI>RDSon RDSon_nom

Pconduction_Q1 = 0.733 W loss due to oritfidea Thesies fee
Mat chuyén mach

1 .
Ploss_gatecharge = ;Qgtntal-‘-'dm‘e-l-'sw

Plozs_gatecharge = 0.198°W loss due to gate charge
1 . 2

Ploss_Coss = ;-Cnss-‘- max_FET -Fzw

Plosz_Cozs = 0.036W loss due to COSS

1
Ploss_trise tfall = ;-[trise + tfall}-Irms_Q1-Vdrive Fsw

Ploss_trise_tfall = 1.615W loss due to HeE aRda e aee

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723



i &0 N
ﬁ]b R of [ 3
». A% Tinh toan mach buck converter | 25

Téng ton that dién nang ctiia Q1

Ploss_total Q1 = Peonduction Q1 + Ploss_gatecharge + Ploss_Coss + Ploss_trise tfall

LinhFienThaoMay.Com
Ploss_total Ql = 2.388W total losses of Q1 Sal: VR

Kha nang cap nguéon caia MOSFET Q1 ma khong can tan nhiét

D€ biét liéu MOSFET Q1 da chon c6 thé xu Iy Ploss_total Q1 & trén hay khong, ban nén
biét thong tin sau.

Tj_max = 175A°C Maximum junction temperature of the MOSFET
Tamb = S0A°C Maximum ambient or surrounding temperature of the MOSFET
Tc_max = 100A®C Maximum case temperature allowed
: ARC . . . ) .
Rthja = ﬁl—w Thermal resistance from junction to ambient of the selected MOSFET. This is the one

to use if the MOSFET is not attached to a heat sink and no air cooling.

Rthjc = mﬁ Thermal resistance from junction to case. This is the one to use when the MOSFET is
W

intended to attach on a heat sink.

Compute for the MOSFET Q1 Power Capability

Without heat sink and natural cooling

Tj_max — Tamb
Peapability (1 _without heatsink = M
Ethja
Pcapability Q1_without_heatsink = 2.083 W This is the maximum power capability of the MOl

Operation above this will damage the M

Kha nang cap nguon caa MOSFET Q1 voi tan nhiét

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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AFC

Bthchs = 0.1 — This is the thermal resistance from case to heat sink. Basically this is the thermal
w resistance of the bonding of the MOSFET body and the heat sink. If the bonding is very
good, this is negligible.
ARC _ . : .
Bthhsa = 1 — This is actually the thermal resistance of the heat sink used. Get this value from the
W

heat sink datasheest.

Tj_max — Tc_max
Ethjc + Rthchs + Ethhsa

Peapability Q1 with heatsink =

Pcapability Q1 with heatsink = 6.757W This is the power capability of the MOSFET with heat sink

Ploss_total Q1

PowerStress (J1_with heatsink = - _ :
Peapability Q1 _with_heatsink

PowerStress (1 with heatsink = 38.302-% This is the power stress of the MOSFET with heat sink. Do not

q i 1ahili LinhKienThaoMay.Com
exceed 80% for higher reliability. e e e -

Diode D1 RMS va DC dong dién

3-di
Irms_diode = -1 — Dutyeyele-| Imax — di + \I{_i |
:'. -‘I

Ims_diode = 7003 A

di-{1 — Dutyeyele)

Ide_diode = ; + (Imax — di)-{1 — Dutyeycle)
- LinhKienThaoMay. Com
Ide_diode = 4837 A Talo: 0369937723

Lwu y thiet ké 3: Diode duoc chon phdi ¢6 dinh mitc dong dién lién tuc dong dién cao hon
Irms_diode. Pinh mitc dong dién dinh cao phdi cao hon Imax. Dinh mitc dién dp nghich
ddo dinh cua diode phdi cao hon dién dp dau vao téi da. Vi du, mét diode 50V phu hop véi
dién dp dau vao l1én dén 24V.

Mat nguon Diode D1

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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VE =07V
Ploss_DI1 := VF-Irms_diode

Ploss D1 = 4904W

Where;
WF - diode forward voltage
Irms_diode - EMS current to the diode. This is the same RMS current to Q2 if a EiphEienTheaMainlon
converter is used as Figure 2 above. Zalo: 0363337723

Dé biét liéu diode D1 duoc chon c6 thé xir Iy Ploss_diode & trén hay khong, ban nén biét
cac thong tin sau.

Tj_max_D1 = 175A°C Maximum junction temperature of the diode

Tamb = 50-A°C Maximum ambient or surrounding temperature of the diede
Tc_max = 100-A°C Maximum case temperature allowed
. ARC . i : . . .
Rthja D1 = ﬁ{r? Thermal resistance from junction to ambient of the selected diode. This is the one to

use if the diode is not attached to a heat sink and no air cooling.

Rthjc D1 = m% Thermal resistance from junction to case. This is the one to use whasribsTdiasayrigon

intended to attach on a heat sink. Zalo: (360937723
Kha nang cap nguon cua Diode D1 ma khong can tan nhiét

Tj_max D1 — Tamb

Peapability D1 _without _heatsink =

Rthja DI
Pcapability D1 without _heatsink = 2.083 W This is the maximum power capability of the diode O1.
Operation above this will damage the diode.
Ploss_D1

PowerStress_D1_ without_heatsink = — - -
Peapability (31 without heatsink

PowerStress_D1_without_heatsink = 233.373-% Power stress of D1. For high reliability, this EELL%trE’aniE“J'EEm
than 80%. Zalo: 0382937723

Kha nang cap nguon cua Diode D1 véi tan nhiét

D6i v6i tan nhiét, théng tin b6 sung phai duoc biét.

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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Rthchs D1 = 0_1% This is the thermal resistance from case to heat sink. Basically this is the thermal

resistance of the bonding of the diode body and the heat sink. If the bonding is very
good, this is negligible.

Rthhsa D1 = 1% This is actually the thermal resistance of the heat sink used. Get thizpaluwe figm the

heat sink datasheet. Talo: 0389937723

Tj_max D1 — Tc_max
Ethjc D1 + Rthchs D1 + Rthhsa D1

Peapability D1 _with_heatsink =

Peapability D1_with_heatsink = 6. 737TW This is the power capability of the diode D1 with heat sink

Ploss_D1

PowerStress D1 with heatsink =
-0 T Peapability Dl with heatsink

PowerStress D1 with heatsink = 72.374-% This is the power stress of the diode D1 withohaat sk e peh

exceed 80% for higher reliability. Zalo: 0380937743
Lua chon tu dién dau ra C1
Cl= m
Cl= 12028 pF this is the minimum capacitance to use just to meet the required u%j%ﬁ%@@

Chon tu dién c6 gia tri tiéu chuédn cao hon gid tri duoc tinh todn.

LinhKienlhaoMay Com

CZalol$3808372230 F

Tai liéu nay duoc tai tir website: http://linhkienthaomay.com. Zalo ho tro: 0389937723
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The selected capacitor should have ESR of not higher than

v 1
ESR = —“mf’l’le

ESR = 025802 using ESR higher than this will not meet the required output npple voltage

Where;
ESR - eguivalent series resistance
di - inductor npple current
Fsw - switching frequency
Vrpple - allowable output ripple voltage

The selected output capacitor should have a ripple current rating higher than

irp cap = J Irms_inductor” — [ load™
ifp cap = I20AN  select a capacitor with a ripple current rating higher than this value.

Where;
inp_cap - computed RMS ripple cumrent on C1
Irms_inductor - inductor RMS current
|_load - load current

i 1E3 —- i -
The voltage rating must be higher than the output voltage with enough margin. ZeZald30388032223

Tinh toan hiéu suat cia bo chuyén déi Buck

TRUNG TAM SUA CHUA DIEN TU QUANG BINH

MR. XO - 0901.679.359 - 80 V6 Thi Sdu, Phwong Quang Thuan, tx Ba Pén, tinh
Quang Binh

& TRUNG TAM SUA CHFA DIEN TU
.. X® NGUYEN

LINH KIEN CHINH HANG @ mé m m Cleﬂ/ ‘&[&u l’lﬁd
COTTIIETTI Gmy‘“““ I o do dor
5 s st Bhing minh
SANYO HE MSUNG De: @mwg?}tmt- tx Ba Dén,
Pansssnds: TNl tinhQuing Bink - 0901.679.559

Cubi cung, hiéu qué cta b chuyén déi buck la
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Ploss_total = Ploss_inductor + Ploss_total Q1 + Ploss_D1

Ploss_total = 12564 W

I load-Vout
Efficiency = 0T o
I load-Vout + Ploss_total

Efficiency = 90.322-% This is the buck converter efficiency
Where;

lout - load current

Vout - output voltage LinhKienThaoMay.Com

Ploss_total - total power losses Zalo: 03B003TT23

Kiém tra ché doé hoat dong

Bo chuyén doi buck cé thé la CCM, DCM hoac ché do chuyén tiép. Trong CCM, dong dién
cua cudn cam sé khong cham vao 0. Mat khéc, dong dién trén DCM sé xuong duéi 0 trong
khi dong dién trén ché dd chuyén tiép chi chinh x4c & ché do khong.

This section tells if the buck converter is operating in CCM or DCM. If yvou declare a %inductor_ripple on the
Jpper portion of this template less than 100%, the operation of the buck converter is surely CCM.

Iminn = Imax — di

Operationhlode = |"CCM" i Imin = 0
"Boundary" if Imin= 0
"DCM"  otherwise

Operationhlode = "CCA" LinhKienThaoMay Com
Zalo: 03B9937723

Cac bai viét tuong tu:

1. Céach chon tu cho mach nguon va tinh toan mach snubber
2. Dai kin invecter 1chieu 12000. - Em cé con diéu hoa Daikin invecter 12000btu 1 chiéu.

Khi khién dén nquén sdng khodng 10 s la bdo 16i. Dan lanh, dan néng ko cé dong tinh j.

A

An nut tets & mach dan néng thi quat va bloc chay bt. Dan lanh van béo loi. Thay mach
dan nong khac vao thi chay bt. C6 pro nao giup em ca nay véi. Bac nao c6 mach dan

nong, lanh daikin inverter 12000 1 chieu béo gia cho em véi. Ca mach séng va mach
chet. Lh. 0969.625.829

. Mach chuyén d6i USB sang 12V & 9V buck boost

Mach khuéch dai thuat toén la gi ? Nguyén ly lam viéc cua mach khuéch dai thuét toén

5. Man hinh mdy tinh doi cti Samsung 743NX - Dén nguén binh thwong, Bi soc trang den

toan man hinh, man hinh tir tr chuyén toan bd sang den. hixxx.
6. Nguyeén li hoat dong clia nquon xung kiéu Buck .

Thiét ké mach buck converter
8. Tinh todn co ban trong lap trinh nhing

w
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~
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Tinh todan mach snubber

tivi .G ULtra SLim 21SA2RG - Minh vira nhéan tivi LG tinh trang may bi sét danh hu
tong AN5715, nd céng suat LA42102, nit ic AV, LA7230, xét thay tinh trang huw hw
nhiéu minh thay sdn NIKEN sang, tinh trang sau khi thay méy bi co hinh ca bon bén
chi con khung hinh nhé nam gitta, theo minh nghi 1a do 14i khéng dung, minh chua
ting xt 1y 18i kiéu nay

tivi panasonic mode tc-21rx28v IC téng hai hang chén - hién thi binh thuong ko dua
tinh tinh hiéu vao man hinh vAn sdng xanh binh thuong . chay duwong av ciing bi kiéu
nhw 4&m anh vAy.dua tinh hiéu vao thi man hinh téi thdy hinh md& md hién thi van tét.

toi co may in canon2900 khi ket noi may tinh thi bao co nhan USnhung khong ket noi
dc voi may in va may tinh khong tim dc thiet bi B nhung khong ket noi dc voi may in va
may tinh khong tim dc thiet bi - toi co may in canon2900 khi ket noi may tinh thi bao
co nhan USnhung khong ket noi dc voi may in va may tinh khong tim dc thiet bi B
nhung khong ket noi dc voi may in va may tinh khong tim dc thiet bi
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