Technical Article

oLjQ FEI[Z f{5FLLC A7 23] Atgt

o3
fd

Wi} TEXAS INSTRUMENTS

Benjamin Genereaux

QLR SEV|E flot M S5 HAE 2 s S 1 AFS 2 Ealjof UL LR LSO HMHEA E42 &
= A MY S FAI CHE A ZHAIE H|7IELICH o] M3 BN = 20| 2 OHZLIHA01FS 25t 5t 22| QIEE-
OIL{E|-ZAHE{(LLC) AJ2|2 B2I ZHE|(HB LLC-SRC) MA|o| T4 2|4l ChELICH

e 3

247] Z30l2t= LIS 2of
Arget 4 ick

|A A o= U= o 7HA|= MYOILt SIMOICE 22 A1 E 2F5k= H| M2 CHE A0E
NYLICH d842 2AE loll M= & UL AR|L 0|7} A= O[sHdt= 20| E+H LT
L

2 ol
Z|off =0} AL MHAQILICE T3 MHA2 2T 2=2F L2 MHYLILE. Ol U S5 3
22 Y A2 SO EdstE QU] HHYLICL M S5 3
A EAH S| WA, BE HH2 BE 2k £ ud U7 S5 2A5HA| §1 AIAHO0| S5 & U AYE 23 AHE

Lot 33 10ME 0j3 2 g4 202 2#O| oS HojFL Lt 0] 22 T m39t WAAEZ(RMS) 2ol HIgS L

G Ve
o

a% 1. 0] 2= A4 2 2o M r| ES BHHFLICH

fEoh YA 10]| 2fsh HAEE BAZ £= USLICH

|Ppea]
Cqp = 2010 pea 1
db g1o< Proms (1)
KOKT031 - JULY 2021 OL/Q ZEIIZ Q51 C MH 23] AFSt 1

24 DEY 32
English Document: SSZTCVO
Copyright © 2024 Texas Instruments Incorporated


https://www.edn.com/category/blog/power-tips/
https://www.ti.com
https://www.ti.com/lit/pdf/KOKT031
https://www.ti.com/feedbackform/techdocfeedback?litnum=KOKT031&partnum=
https://www.ti.com/lit/pdf/SSZTCV0

J“i’ TEXAS
INSTRUMENTS

www.ti.com

=2 102 [
B ST 32 27 AMS BEA| S| Y5tAl= E=tts HE OlsisHAlR.
0| 0] 400W 2L|2 FFI|E 2let LLC Al2|2 S ZHE{(LLC-SRC) 2A|E 2l BSLICE 2C|2 AAH0| Y
oF A 2|4 §10] Flof' 400W HE S5 H2IE EAE + UASLICH StA|2 SF7| M= Z AlZI0|H M S350| Aif
St74Lt QC|Q ZH0| £2| QALICH LLC AB{E| A9l TS UHIHO 2 2|T H5E 7|80 2 MAS|I0n 2[4 Bf0l 2
oA 212 Z2] ok ZA0IM 2SELICE O] Y WA2 Lo =2 AT Y2 400W LLC-SRCE +HE5HA| 2
A |2 A|A™ LHRO| I3 HH2 A2 SXF7|9| ¥Z 400WEL I 2 AYLICH M S5 32| 2AE AR d
Off 2[4t A4 M0t 0|3 M-S R|YSHOF gfLch
400W SE7(2| of|ofjM Y= S24S Aot 28| A F0H| Aot MH +F2 200We| A4 M= at 15ms S 800We|
Z|of Y 4= AFUICE Ol= 22| S0 YL 2 AEE|= 12dBo| T8 LEMALICE X2 E[Z] %2 L=
2f 18-20dB0| 1L SF4 2L 2= 20dB 0|4 4 YAFLICL SSHO 2 0|3 If AL MO HIE2 £ OfE2|A|0]40
et Cr2 02 A7 Z2HA 27(0f 0|F 5 Holsts A0| SQEILICH Chefet 851 2201 Tt AlZE 2|4 25 Al
= HAE 2435k= Ol REEILICE SE7(0 £40] 2450 M SSA(0A F57F HO0IA B2 QL SEF7(2| &8
= 2qolioF gLct.

RMSE 7|20 2 23 Ofo| Al4hzl RMS 20| OtL| B2 QL MM 2 AUYLILE 202 SF7| A1 Y LH9|
=20l TS I THE EAE 2GS o JASLICEH ¥4 S27| A 20| Uish gA| #20| 0|3 2 A4 2 SHAM A
5]

ol

LLC-SRC 44|

A0 2HEEH Mel S5 2| 2AE A

MAole Y& 2F(PFC) 32 &7t Hast
400VDC HAE HSELCt.

ol 321 HHE(Q} OFVIA2 LLC-SRC A71S 9I3t 3 B3 Chil= 32 43 74 RAS MEISH= HQLICE 0%
A 5421 B2 FOp47t MFE|D A TMO| FHELICE O] EAOIALS B2 Mol Hc 2 2 HoN TTE 4 U
StolSILIC} 32 37} RS AlRIS 8 4 GlOB £21 [Pt0| 1|3 RCIQUIM Y5HsI0] OCIQ BUS URILH 32
7|7k AIEHEILCE QU 2D 2 7|7 QT ARSI 52 AUAIEL 52 HYS RAISH: Hl LS 27| 120, 28
23 A& HH T3 H518 AHE HS 4 Slo{oF FLCh

QUELICH XS I ofSajAHojMe| M 22 HE0| et o] M 42|
QU&LICH PFC ZEE Qe LLC-SRCO| 9 A2 51 2

Z|oi A0 2Zto| 27t S =EES SHEFILICE. HEYT| 29| S2| A|TH0| ey Yoot 5| = AHE AN EEHA|I=

PELICh &2 |3 M0l =Hol0F 5t QU2 249 32, 2Ot et 32 E A AHHAS 25| 2fch 7HE S
2 QIEHE AMEsh= 0| E5LICEH

Z|off MM 2o HRE M2 + U=E FH BES HHSk= X0| SQLICL A+ S dAE tie Z9E|R| 4= 2
QUSHIAIR. HEAQ MM AL E 52 B2 R BEN 17| RS MEiSHE X0| SQELICH EAAs L7 Ti7|A|
9| 37|E £0|11 5|E 437t Ofd & H2|0f| PCBE AFEE &+ ASLICH

EE LLC-SRCS} ORAZIA|Z Aol ZMS W H5h= A2 UH=2Ql T2 M| AQLICE £ 2 b, 2 AT L HYS
US1 TSt AL HH A AO[0| M HAHQ| S USF= A2 0242 LYULIL ALS 2AHSHHA 215} QIHEHA, Z2

QHEA, et H|E Y S2 HIAHAS 2YoljOf &L 100kHzE 22|12 7| 272 S8 82 Tt ZHYLICE 2

|2 OfE2|A|0| M| B A4 HH 25 2| 2[ 100kHz LthetS SHEZ St 20| S| YLICH 2 22 /2| 6f|ofl EA|
ARl 24S BE0ELICL A5 ot Hel= 83 - 139kHzYLLH.

2 or[Q FEIIZ gI5HLC L7 12 AfgtH KOKT031 - JULY 2021
24 DE8Y 3S
English Document: SSZTCVO
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/KOKT031
https://www.ti.com/feedbackform/techdocfeedback?litnum=KOKT031&partnum=
https://www.ti.com/lit/pdf/SSZTCV0

i3 TEXAS
INSTRUMENTS

www.ti.com

2.00

1.80

1.60

1.40

1.20

1.00

Gain (M)

0.80

0.60

0.40

0.20

0.00
0.00 0.50 1.00 1.50 2.00

Normalized Frequency (fy)

Ln_Qe Gain with respect to freq Mg(max) Mg(min) = = =« No Load Gain Curve
d% 2. 0] A2l 342 LLC-SRC HA|of| 2| M= ALCt.

HAE OC

2|M LLC-SRC 447jl0] 228t 2312 A55t ASHS 3t HAE D JSALCE HAE DEL MYl 7] 32 FYE
225t Gl AFREILICE 7H 22 MAE T2 Z0H7L 7 WS IO 942 1 SA7} £[2/8, UCC256404 22
AE & 9]

Qs LLC B HEER4E MAE ZH40f ofo] MAESIE 7 HES WAlsHs HAE BE Hoj U ABELICL 1S
Al 712] 2 A2 NSt 4 90D 7H53t 0|R ChS2t Z4LIC
1. MAE ZE @Uk MAS 08 AISHO| 3 B2 BRE 0D 07| HE 2418 YR 35710 80| 3

2. H'IﬁE me ngwsf Ch71 Al ;*Hﬁ“ —i—ﬁn—lf%' 4SO EHS XA OF LICE O[FA 5HH X85t 2840| &
25| FHHS =01 Zlf-. gR7| 71'40] A2l =440 0|2|= Fgknt 22 7ty A= ZAHE O AAE =+ % |
Ct. 23 22 A2l 50| O 52 Fat0f|lA OE8AH H55t7| ARSHEA] EHELIC 2|4 A0 =2 + goH S
=20 thel 240| &AFLICE

3. QIR ZEEd HIZYs): QR HIZYSt 3|28 AESHH QU2 SE7|7F AlE|0 QU] 942 1 AESZE JLICL O]
2 5t Ti7| 20| HAE REECHE JOIR|R|2F AIA- B2 M@ S5 Z2[7F 2257 | =20 HlE0| =7t

LIC}. ot SF717t QUIQLE 22 FH[7E 2| Al2f 2| H0| ZAHFILICE

KOKTO031 - JULY 2021 Qor)|Q ZEIIZ 5t LLC &7 23] AfSt 3
2A] BEHY 2=
English Document: SSZTCVO
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/product/UCC256404
https://www.ti.com
https://www.ti.com/lit/pdf/KOKT031
https://www.ti.com/feedbackform/techdocfeedback?litnum=KOKT031&partnum=
https://www.ti.com/lit/pdf/SSZTCV0

13 TEXAS
INSTRUMENTS

www.ti.com

7% 3. HAE BET} HIZHSIE|D Al 3H0| 52 FTS0IA 455H7] AIREILIC
LLC-SRCL 100 ~ 500W $9]0| %14 M2 9IS 93t T45 EERAALICL &2 ES4T 2 EMIHAT| 2H)7t
W5 AC-DC A Ergist EE2AQLICH B2 ZIHE M7l 23t OC| A A0 283| Hol= Z525| it
22 UYL 3 BiRj Tl SE7|0| TS 0|3 A2u o4 2 SZ0IA AT OCIQ ARILIOT} 45 0f3Hs
HeLIC I0IA AAIE 222 2|2 ofS2|70| 40| chat HBHel

(]
—t

Z2A D QU SE7|G X2 £24, HAA JAESHE
S2A D OC|Q ZE7|S M5t i BIALA JIAEZBIE

T ——
HE7H8 2 YA, 20| AR[L|0E Hel

W N = e

. r_';J_
r
Ao
R

Q| El #84: LLC A|2|X 22| HHE] HEAO|A] BI0{Lt A Zt517|

A B #97: HiE2| SX7| 27 AftS §F38h= LLC-SRC A2l =4 &Y
o CIAJ'E: =05t0] AFSSHYAIR

+ 202 2|#, dBu,dBV & gang: ZOHFO{0F & LHE

0|Z40{| EDN.comOj| AIA|E! .

4 or[Q FEI/Z Q5HLILC YA 23] AFSt KOKT031 - JULY 2021
241 I[EY Z)Z

English Document: SSZTCVO
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/seclit/ml/slup382/slup382.pdf
https://www.ti.com/lit/wp/sloa290/sloa290.pdf
https://www.aes.org/par/c/#cps
https://www.edn.com/power-tips-84-think-outside-the-llc-series-resonant-converter-box/
https://www.edn.com/power-tips-97-shape-an-llc-src-gain-curve-to-meet-battery-charger-needs/
https://www.edn.com/decibels-use-with-caution/
https://www.edn.com/audio-levels-dbu-dbv-and-the-gang-what-you-need-to-know/
https://EDN.com
https://www.ti.com
https://www.ti.com/lit/pdf/KOKT031
https://www.ti.com/feedbackform/techdocfeedback?litnum=KOKT031&partnum=
https://www.ti.com/lit/pdf/SSZTCV0

=0 ozl gl 17| Afst

Th= 71& & 2| HO|E{(H|O|EA|E 28, CIAfQl 2| AAF|IRA CI2fQl 281, ofE2|H|0|H = 7IEf EIAR1 2, & =, O A & 78} 2l
AE"Us JUR" MSSH Jed, £ 52 g == H 32k A2 A HIZsHofl St SAIH 2SS Z85i0{(a8L 0lo| Iot=(R| 3) 2E 3
A S SAHOR DE BES Holst Ty

O[2{3t 2|2 A= TI HES AFESHE T JHLUAA HEHEILICE (1) OHE2(AI01440]| Chal &t TI HFS

™

EHStaL, (2) OHEEIH|0| NS HA|, EF,

MH
HIAESID, (3) OEZ|A014M0] aliE EF =-<7|Ef ?_W O 7Y EE J[EF 27 AlSHE 2E3IE 2 RASIE S HH o= 75te] UL,
0IE1§‘J 2laAE o1 10| HEE = UFLICE Tl 2220 BHE TI HES AHESH= OHE2IH|0[M42] JHE||Tt 0215 2| LA S ARSE 4= U= Ht
SO{ELIC O]2{gt 2[AA0 7|EfE | & _AI SAIELICE THE 2E TI 213 2403 = ERAR 2|2 HAHH0)| TS 2104 A Tt ROJE|2] ASLICH

= 0|43t 2| AA0| A EO 2 Q15| Llicl= 2= HL, &5l HIE, &4 F 0| tish U2 A[A| oM H5h= TI9E 1 ti2|QlS 2tX5| Hadslof &
|_||:f.
TIS| HE-2 ti.com0l| A BHQISIALE 0213 TI H|Z1t 3P| M SEl= TIQ| T of L= 7|EF oiE 2f2to| 483 BHELCE TI7} 0213t 2|AAE AISEt
Eh"_ SHA TIAHIZO ChE TI2| oS 25 = BS 80l 27 2 L= 7B WHO = HAE|R| bSLT.
L AFBAT HOHHS 4 Q= 27t EEL T|EF 2742 BiThE{LE ARSI
F4: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/ko-kr/legal/terms-conditions/terms-of-sale.html

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

