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L C4, C5: 22uF / 16V 1206 Murata GRM31CR61C226ME15

L1: 22uH, 135mOhm, TaiyoYuden NR6028T 220M

& 30
Wt FROER 2 e F BB R R IE TS R TE, R R iR A A4, HbsR iRsii 2o

0.3*ILoAD_MAX :
Y Vi
L {foICE(L:\IAx; } ) {1_ VIN?I\-L‘\JPT\X) }
K24 VIN = 15V, Vour = 3.3V, f=800kHz, AlL=0.3 *0.5A =0.15A, Ll L =21.5pH, i%#E 22uH i)
AU o

ANO038-02 © 2023 Richtek Technology Corporation 15


http://richtek.transim.com/?lang=zh-CHS&utm_source=RTWWW&utm_medium=RTWWW&utm_campaign=AN038
http://www.richtek.com/RedirectToProduct?specid=RT7247C&utm_source=RTWWW&utm_medium=RTWWW&utm_campaign=AN038

RICHTEK BRI GMIF S DOIDC FeR35

2405 FH PR i R G 3O e B AT DN G, & 31 Bl M B B L T IRES, IR IR LA AR

P e s somy | KIRHESHOEATHE (BOVWERERN 3.3Vde, fEH
o A la gaee|  Co =2 x 1TpF MZ4D 17 . fc = 67kHz, K5I
Do | ] A RENRAAFARTT; fp_LoaD = 710Hz (X 0.5A £
M | DT | BOs BURE DR R AL OR MO U OO fe_sH =
] R | o 400kHz; fp Esr = 1.9MHz (3£F 3 2 5mQ MLCC 1
{ e IFIER); AME LRI A1 fp = 851kHz (JET 11pF I B
| onamin | CpHIAD; AMEHLERE AT fz = 2.84kHz.
«
B : A
[Chi] 1;00m\j”\;9w ; M[40.0us ;A| Chd r SSOmA
Ccha[ T.00 A2 | 12 Nov 2015
i[15.80 % | 19:16:30
& 31
PRIX ST TR BIERSE , AL 2 MR F RS 1, /T fsw [ 1710 A2 FLES 10 % s SR AR AEAR

T RAL, HAR SR AREEE fow. MOREEERTE, BOA T2 I IR D AT DR 9 A 2 AR R A%
BT

SR, UG E AR 3.3V i 4.7uH mHHARE, XKDV EARR] 30% IS0 I, MoK
HAH 0.5A, R FEURAMHEE.

KL AR S BURMR I BRI SCE,  HARRPRIT R TAMEE SRR, 1AM S 5 I RER AR 8
N IC R KB R 2A [ 30% Bt .
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High-load to Low-load transition

I u 1
shows fluctuating overshoots. Minimum |
Soar

Ch3 High
4 2124

1 ch3tow
660mA

Ch1l 50.0mVANCH2 5.00V  WM40.0us A Ch: L 1.20A
EE 1.00ANChd] 1.00 A Gl 8 Apr 2015
uz7daes 17:3212

! Chimax
113mv

\Ba Ch1 Min

1 —15.1mv

Soarovershootdepends on the timing i BiEa ;R
betweenconverterTonandloadstep —

falling edge

b | chitow
1 7ooma

Chi| 50.0mvAmChz 5000 UM2.004s A Chl \ 93.0mV
n 1. ErLY]

AY 8 Apr 2015
260 % 17:31:12

& 42

FH A B 51 ey AR A2 Ay R AR o Pk D PR IS R RS o R A5 Pl RAE B, i b L T 1 i 2
AFEAEE o AN SN RO AEAE e e dn UL I TRI Y, e e RO e PR TR 17, Fedleds A gkt
DRIF T IR AR SE A T B A2 . (RN SR B BRAS B A AR AR B 23 T 00— VOB (1 S 1 2 10
%, BATHL A SRR EE R, G A 2T a6 RO T BRI R, 0 iR 38 e L v (1 i L
LD . 7EIE B B R SRR BRINS,  TAT L AR AS [ R R P AN N A R M A AR e a4k T AN
R RS IR &

PSM #4085 FI55 H] PWM 53628 TH X} 5 2 M BB B9 AS [ R

HLt DC/DC ¥ #dniliid R PSM TAEEAIRTHREEE N R #%0% . PSM & Pulse Skipping Mode
My 7% S, 48 X4 AN PFM (Pulse Frequency Modulation, fi 3 4% 3 i ] ) 5 DCM
(Discontinuous Conduction Mode, A4 SRR XL AE T S8 3 A H B0 A B e A F i &
KT, FEFERHIRARMRE S BRI DI AR . 2 — N ge TAEAE PSM #ia0 R, HFHdt f
JE £t H T./E7E CCM(Continuous Conduction Mode, %2 S BB A iE . Rk, 4B ER S ff
H PSM #iEE N CCM i, FEHMaSrnaif ke BRI ZE. Bih, ERIBRNERS SEL
BAKRA B ERER, FA PSM FEHag AN S NAT A L. X S 4518 M 0 2 V4 o] R T i 73 DA B,
)5 rhi R i) RT7272A Fil RT7272B #5572 36V/3A/500kHz () Toll4% Buck #5#e2%, RT7272A & LLigH]
PWM # 0 TAEM#84F, RT7272B N2 L PSM B TAER 284, RATEEATHAE 24V % 3.3VI2A HINH
HREAT IR, N P LI 43,
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RT7272BGSP (PSM)
RT7272AGSP (force-PWM)

VIN

EN

[ RLIM COMP
GND

2
BOOT
c11
100n
1 Vout
Sw ) 3.3V/2A
Cc4 Cc5
. 6.8uH R1
75k 22u'|' 22u'|'
Fe |2 L
5 =

ji(pad)

T

-+
R2
C7 24k
2n7
-+

R3

18k c1, C2: 10uF / 50V 1210 Murata GRM32ER61H106KA12
C4, C5: 22uF / 25V 1210 Murata GRM32ERE1E226ME15
L1:6.8uH / 25mohm Taiyo-yuden NR8040T 6R8N

A 43

PSM #E AN 53 i PWM A 88 AHE 7B B A F R AR DB AR R BLAE & 44 o -

PSM part
Load step starting from light load
Tek Stop [ ]
Vi ! PSM offset
out I
HW.\ ; f~
f ] e————
V> e tal: A
ORI LT AT
lloap I !

L I Ll ‘*PSMmode'
o |||"| : "[’

Chi 100mv
Ch3[ S00mAQ @I} 500mAC
W21.80%

M40.0ps” A Chd S 850mA

PSM part
Load step starting from medium load
=% ]

Tek Sto,
v
VOUT

Ch1_100mv_ & M40.0ps A Chd S 850mA

Ch3[ S00mAQ @Il S00mAG

Ch1 Max
3.37V

Ch1 Min
3.20v
Chd High
1.02A

Ch4 Low
30.0mA

16 Nov 2015
15:02:24

Ch1 Max
3.36V

Ch1 Min
3.20v
Chd High
1.37A

Ch4 Low
390mA

16 Nov 2015
15:06:34

Force-PWM part
Load step starting from light load

Tek Stop — ]
» }
lemYT : ]
il
P T SR T
tomD il

I

} I
|

Chi 100mv &
Ch3[ 500mAS @ S00mA<Q
W21.80%

M40.0ps A Chd J S50mA

Force-PWM part

Load step starting from medium load
Tek Stop e — )

u

VOUT

M40.0us A Chd S S50mA

Ch1100mv_
Ch3 500mAQ 500mAQ
u21.50%

% CCMmode] e
R

16 Nov 2015
14:58:31

& 44

X PSM ki, BRI PSM B UIN CCM #aT, BRI — A IriEr PSM (i 2,

I 72 38 % K214 Vout # 1%

XF T PWM #84kiE, Joik fE i, eadiT CCM . fERFCRET, HA A ah

B H .

APt I T LR MERIE = T 0 RS BCIRA NI, SRR R S B RN AE PSM A%
e GRS PWM g84F i R IURE —FEI, X R DDA 24T CCM AT .

B o2 FH e B e D s B 9 AR B AT ARG B S B T P AR 47 A S SRS, 9 PWIML AR o
HUAEME— PR L T BRGSO R BUCR N ] BN % 7% PSM AR5 . SR Buck e it ds
W AEVE PSM S PERTRE] PWM SHIAT 5| BGHR 1B, A7 2880 U BoAT B s i 1 DR AR €

N PSM # 2Bl s i) PWM 422K
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8. DR G AR I A

KR o7 SR AR R AR O BB R, (B e AT AR B D R AR AT dI/dt AR PR, X AR
3 LT S PN A LR R PR 1, LR AT DA H 1 S R S B I P P 2 TR ) A% A e A7 A FRLURR IR 5
N T AP B ER, — AR E R TR HHMER], B MOSFET TSG04 48 s BHBE AT I Wy
FERE R -

K 45 SR VISP TR AEEAR B« — A Sk AL g% ) Hoad/Wr i) MOSFET JF2<. MOSFET
TR D) R F AR A AT 36 1) RC 28 3E4T 15 ; MOSFET IRBGER I H I R2 WIRYE 75 210805
OB TR AT R, B R1 T B0 SR R R S 2k fle DB A IR A BT R AL A T 38 T 7 e 2 R HE
PPRRBEAT I, e s i Y P 1 00 6 U0 5 7 A ) U B R AT

oscilloscope
. \
)
voltage current
dynamic load
S
R2
A o ® s
BUCK
‘ Q1
converter L IR .
Cour Ea LA,_\/V\#*
1e ; L c R pulse generator
static load T
Output capacitor option‘a‘lrF'{'(':'%Vcil;'éaj'usting switch speed

K] 46 o 1IN S PR R 7 A8 AR Al T L ) S B

(adjust switch speed)

R N R2

: D2 R8 : » ] ouT

Ic1 ! BAS321 68R :

: : set pulse load

LTC6992CS6-1 | — 14— : J - P R1
g M R9 ; \h Si2312DS set fixed load
: Ll :
OUT| | pBAS321 470R | |
: ol ha . <] GND

1 1”__L on/off

MOD : —
ensenenseessse - 04mA R10 M1

. . AN— BAT+
lCZ + c1 33 W j_ Li-lon battery
=

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 22u T 100u - 36~ 4.2V
; SET N | BAT-
: 100k
Rl
P1 R4 (removing R7 will set
; 200k ;

i the frequency 4x lower)

duty-cycle adjust

& 46 . fRE M EBER A R TR KR E A
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IC1 /& — K H BRI PWM {55 kA28, H MOD i R E T PWM S 5/ 525, DIV 56 L U
e T PWM 55 RVER, ZEHAE SET un it A 2 TREHRER, OUT i+ BA U IKshae
F1e] LRSS R BT R B RSN MOSFET JFoc. 528 Uil i W 78 LU 5% £ 4 /K L,
IXRE AT 3 HBH A MOSFET 7EM B B IR L R IR RIS H IR AR . — AN K K2 150us 1k
WL B R LE A G B 5e B R B FE AN 4 K2 %0 DC/DC #53gs i H B E L F2 7, ATbL, PWM (S
SR AT E N 330Hz. BAERBUX MR, LTC6992 MIHIKE HHER N 340488 /2 1024, XAl it
¥ R5 Fil R6//R7 fILLBI % E A 0.344 $id,

1 1MHz+50k

BB 3 AT LB R3 + RAIPA HEATHESE, PR ATA ™ o Mo R,y B g 52 045 L 316HzZ.

¥ MOD ¥ Hi 5 5E N 0.1VSeT~0.9VseT AT 45t 0%~100% M) 5 25t AR4EZSE M R3. R4 H1 P1 1H,
T P A4 2 5 53 H Y ELE 0%~35%

LTC6992 OUT it EA 1R B i e 3 i3 & F1+20mA (BBl EE 77, FI7E 100ns A{# Q1 MOSFET Si2312DS
Fr@s . KEZHMNHFHFATFEIX ARIEE, XEWwE @t D1, D2. R8. RI #l C3 *f Q1 M7
IR PERAT AT . KRR S ME, LI R 2N 400ns, X O EWBEE KL 4 DC/DC H#as
Fa g Pk 1) JE e PCB A5 ) il f A« 6F T-45 5 1 Si2312DS ki, it & bk i il ik 8A. B il ik
WA RENT, (BAE T 5 A2 i BEL A i 75 255 B ) MOSFET [#) Rdson S B [ K540 . 248 FH Tk B
F Ay, wfPLIE R B A # K Rdson F1EE /N Qg ) MOSFET.

5 FH R 2 Rt SR b L B A P — AR T (A, X T A RN LB R S AN Y, T DL S st
B A TS A o o FRL R R T U AN BBURR ), R L T PR AR AN S R R ATR AT |5 A B e, B
AN LR R RV FEZ0N 0.4mA,  H ith A FH B ] AT AR 4

K 47 s 1 IR R —FPRT RER) PCB 41 5 -

ol

.

C1
Sw

& 47 . PREHBRPEFRZTEK PCB i/
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RICHTEK

BRI A iR AR T 2 i, DC/DC #e e gs

TR AN MOSFET Z [a] B84 HMRPEHT R AR B . RTAR IR fE e R EE A, USRI DU 5 2 1 R Ik

P A T B BT DL BE R, thn] DL AT A2 .

R T
Item Value Type or Part number
R1 1Q ~ 25Q fixed or variable power resistor Leaded 10W or Rheostat variable 25W
R2 SMD power resistors 1Q ~ 10Q 0.25W/0.75W/2W 1206 0.25W /1210 0.75W / 2512 2W
R3 100k 1% 0.1W 0603
R4 75k 1% 0.1W 0603
R5 10k 1% 0.1W 0603
R6 6.8k 1% 0.1W 0603
R7 22k 1% 0.1W 0603
R8 68R 1% 0.1W 0603
R9 470R 1% 0.1W 0603
R10 3.3R1% 0.1W 0603
P1 200K TRIMMER, 5 TURN SMD Bourns 3214W-1-204E
C1 100pF/10V 6.3X5.2 electrolytic capacitor SMD Panasonic MCESL10V107M6.3X5.2
C2 22uF/16V 1206 X5R Murata GRM31CR61C226KE15L
C3 1nF/50V X7R 0603
D1, D2 200V/200mA fast diode SOD323 NXP BAS321
SW Jumper header + jumper 1ROW, 2.54MM MOLEX 90120-0126
Q1 20V / 33mQ Rdson N-MOSFET SOT23-3 Vishay Si2312DS
IC1 Voltage controlled PWM generator, SOT-23-6 Linear LTC6992CS6-1#TRMPBF
Battery 3.7V nom. 1250mAh Li-lon battery Varta PLF503759.06.8080/2528F or similar

PO HLBRAR f 5, 5847 7T AE A A T Lol AE AR _EAE B EZI R 7. T A B st s F it TR S
LB 43 S A4 BRI %) >k 1) PCB

& 48
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e SE I DR [ TR R AT

—_—

]

Sosg
[
1

AUARTA PoL (F 1ex &

"'[i:'o!,{;.
i

& 49

FH R AR Sk AT D R AR TR (0 5 206 S BR FR R AT I R AR T A . AR Sk R R B, H
G RARAENE RS G AMBBIEE, (HEE0 AT RECE SR R AL s o ST NBAM R, X AE BT T R R
AEH AR (~100ns) IR BT BECCAR I BRFL IR I, 1 HL AN R I 1) L IAUHR S AT AT A2 05 14 5 AT
T AR R ) TR B

K 50 Tos 1M A A3 I H SR N0 HE BEL R LR R 5 s

oscilloscope
)
i T S
ST
voltage current
dynamic load
L 'Q'-‘ o
S I
BUCK
Q1
converter Cour R1 TN -
© J‘C R pulse generator
-+ static load T
3 -
Rsense optian‘a‘lrVR”CVZNFErﬂéHj'usﬁng switch speed
0.05R

& 50

(B H 7~ 0 4 2B IE 2 1) A, AR e 248 06 7 BRI FLL FEL ARy St R Ft s Sk (R e e £ [R) — et
HIME R AR B P AR T ISt pi 2 8], B A LR IR Sk A R 2 TR TR AN R R R AL 22, JFAE
B A Lox LU SR EAA S, X AT AR By S o B/ Wi 7 B A P PR T 42 4 O HL 70 A 3R AR B
(R R B AT B S B AT A, AR ILAF A2 1 [ i b F) LA

51, S E A T L FELSAT P A A
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Rlc HTEK TERER B DRI 1 2k DC/DC ¥ #R 2%

B 51 Sor 7R T AU N A TR BT R B AR BRI RO, B AR s A Y R A I 1
€9 50Q LA %l 1 Fi 8 BSOS S AT RE R BRI RS, 0T ROX 2 ROt AR R A I AR L

Tekstop.

: : ; i : :
[T e———
Ch2 Rise
96.89ns

Ch2 Fall
. 123.4ns

.
5

=

,
1

-

ch2 High
210 A

Ch2 Low
280maA

29 Oct 2015

w3.80% 18:34:06

] 52 5 A eE AR I R REL9U B PR S BB BRI 45 2R

9. ik

il FH PR 7 R R DC/IDC #dfeas BEAT W DUA) e HeIA e A e Ve e L A N PR R R PR 1), b
AR B BOR BEASPE I EN PCB A J) [ RO T 5 (B 7505 . B R R AR YR, o 4t A 1)
AR5 AT TEAS I T 2 o201, 30 S A PR A0 U T A R 288 A 00 1 o o™ JE2 R 1) AR A5 B 7
DB ARE Tt T LT T4 B AT R s B A A N TR, EAER I, SR TR
% % DCIDC #&4feas i) HRsAs i o

22 CHR:
[1] Christophe P. Basso, “Switch-Mode Power Supplies Spice Simulations and Practical Designs”,
McGraw_Hill, 15t edition 2008, 2"¥ edition 2014
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Richtek Technology Corporation

14F, No. 8, Tai Yuen 15t Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: 886-3-5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and
reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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