%%%Iﬁkl

Technical Article

BT T 145 3R P BE = -F BAE IS AE

wip TEXAS INSTRUMENTS

Desheng Guo A1 Aki Li
VI T D3R RO IE (PFC) Z S HE T Bl |, B2 5 Wad R 1 i iR 2

Tek Prevu M 4003
- .n. .||. .||. .||. ||| |||| |||| |||| .||||| Ut IIH il IHI IHI I mn I HII
7)) I | WY gl g

[1

Zolom F.ac:'lcor_: 200 X_ _ _E_oqm_Pc_nsi'_cioln:_—36.l4msl

Hz 2.00ms 2.50MS/s 1 Wi ; :
500 & By 10M points 0.0 9 Moy 2022
Yalue Mean Min Max Std Dey 18:07:00
gan .
Q ! 190 156 122 190 483

1. IR RAEFE PFC . RIE : AN (TI)

AT BE X AR e Pk B BR s A SRS, DR A8 LRI R 4y (PI) 423 25 X LBl 3 25 (Kp) AR 40 48 23
(Ki) , JF o3 PR W . IRG il k.

RIS AR R 7 280 2 BRI B IR PR e i 2 PR AR A R TR (R P R 22 R B 1S U0 2R BT (THD) A 2 2k
We. AR, SRR —LE |, IR PR L.

IXFPANRR E VA 75 T BB A A BR R 2 o] LI 0% (AR 67 8 3 S I e 4 i 7 i 2 T T BR AR A 0 A — N s

%‘JHE%,MTI‘ET%&’: —/ﬁfﬁﬁ%ﬁ A WAL SN o FRATTIA RS 170 485 PR 7 G i A 282 42 ) i PF 2 5 R B R AN R 2
.

ZHCTA473 - FEBRUARY 2024 TETERG ] (42 iR B GE 2 S H I A FE 1
FER IR

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

13 TEXAS
INSTRUMENTS

www.ti.com.cn

T MCU %24
2 R T HT MCU M =iEH R4t .

v

 — Power plant

PWM < Controller |« ADC

B 2. B 4EH) R HE S MBI SR T A RIR : MR (T1)

PRI A & — MR ey (ADC) HI T #EAT 0 SRR R SR A, — Nl G TR B8, DL — MK
e A (PWM) HI T AT IREE | Rl 5 22 L st ok e H s B PR

TFRAE A HYR (SMPS) Hrf) ADC SRAFIE H AL T PN IT % ST A AL, IAEAS AT DL G T 507 A R A5 T3
BT ASREUEESE Gl A (CCM) TR Ty v 35 10124 R UL

BT IR 35 UL (ISR) HREAT 58, rTLLS PWM i R il Ao iAol LU BL R SF 2 — -
PWM ) “COUNTER” %F “ZERO” . “PERIOD” slif5E [f{H “CMP” .

P 8% 5 BT A THEL I TEIR L B 3 PWM |, {H PWM Z A7 88 W ZIAE — A5 1T 2 B 7 & A7 28 N, i PWM it
ST “ZERO” o “PERIOD” Hf. #1H PWM {E7ETHEss b sl R R FE A Rk AEARAL |, TR BT BE = A H R 1)
PWM shfE , SEUKME Rk EE .

SRR RGAR |, B tlie R IRRSAT |, I HACRFER] PWM B EOHHE L0 — A EIR I [8]
(Tg)o PWM MEEGE L B I ZIRSCIL | B I 208 SRy iR ) I (s ) s — 1, FEXUL#T I
I (ST R ) AR I, B Ty Rt — NI Ts (@1l 3a fron ), s
T2 (W 3b fis ), HAREGHR T g3 00 m i S5 .

T3
A 11 R T3
h{
WM 12 PWM
counter v counter
T — >
4 P i 4 :
ADC g é ADC S
. § I . : i >
ISR R — ISR g
I\ N BN\ >
Reload : : Reload T Ty=% I
Ta= T; A=ri
PWM I =t ;{ N P T. >

(a) (b)
& 3. /D RERES @ PWM HEM I @ (a) M _EH#0EK , (b) ETFiHSER. R @ NS (T1)

Wil 4 Fon , Ty EHALBREPRR N T | XD . 488, ARG /N T 45 FEI , RG2S
ARE , e RAERG -

2 TETEH 2] F 4 iR B GE 2 S H I A FE ZHCT473 - FEBRUARY 2024
FER IR 1

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Gain

G (s)

v

v

G.(s) x e~sTa

B 4. FAEET R T IER IR SRIE NS (TI)

B SEBLH KBRS AR

FEIEBHATHIG LT | S Ty N—DIFREAW T BEEANIT R Ty2. HZ , W3R ADC.

BTN JE R MR HRER Y 2w T N R A Wl e ME AR, S EARGE »
flan , 7EE 5 1, 4 PWM i3855 7%, ADC 1) ISR filtR 1l PWM E 8T k2= [\l )5 )«
REFTAYEFERSAT |, (HERZMBLT , SR EW I Ty A% ? R AR !

T1 T1 T1
T2 T2 T2
PWM T3 T3 T3
counter
>
A i i T
ADC ‘ g
ISR
Reload 4 A
PWM _
| . :
a
2 xTs

B 5. fhAbR—ASFIABOKIER R R ARG SRIE - AR (T)

ISR 1 PWM

XSy ADC HHe Al ISR 55T 75 IR Az — A MCU IHeh A | 24 ISR 1528 ADC 45 it , ADC #5545k
SER. PRI, ISROKGEFRER “IH” REEBAT A |, sl B TR BB 8 — NP . ISR HE UG

B PWM EIE N T arfeast , BEJERAE T — PRI B0 sebr b, Ty BRIRHIER A AT %

J3, B 2 x T

B T MAR TR R B2 A AR ST ST e SN SRBLIYT R EERER | fiin , 78 ISR A% ADC 13

BUSAEE RISt 2 e, B0 AR TR 88 2 mrasin N RIS 241

ik 6 s, fEE 5 MEHRSEHT , A GAIN S X B B AL 3kHz /247, MIAHALAEEE )y 41.68 . BLfE )
T 45 &, I HIEii i R Ik , il 1 ot |, LEHEa s R E 28T 2kHz ; 285 iTHD &

%, TR ER .

ZHCT473 - FEBRUARY 2024 TETERG ] (42 iR B GE 2 S H I A FE
FER IR

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated

3


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

13 TEXAS
INSTRUMENTS

www.ti.com.cn

*d SFRA GUI = X

Software Frequency Response Analyzer

Open Loop Magnitude (Decibels) Vs. Frequency (Hertz)

FRA Settings

Open Loop/Plant Mode Select
.Opeﬂ Loop v|

Frequency Vector Length: 100

P
o
LR

Start Frequency

@ @

[ SR

> 8

Steps Per Decade

Maximum Frequency: 24 48 KHz :: {

-180— ‘ I H ‘ i
Injection Amplitude . 100 1.000 10.000

— Frequency: 11211.77 Hz Magnitude: -21.75 dB Phase: 91.46 Deg
Save SFRA Data as CSV* ) - )
* ¥ Unchecked Data Exported to Excel fij FOl9_cf 2780.60 Hz Gain Margin: 6.29 dB Phase Margin: 41.68 Deg
't' TEXAS Setup Connection Disconnect
B Connected INSTRUMENTS

&l 6. SR T HEAER. RKIE  MNER (TI)

Wi R
] R AT DU RAMR G, R 5504 ADC #4751 %) COUNTER = PERIOD [fIitZl |, 3Bl PWM B n#eE - —4
COUNTER = PERIOD W Z k4 |, tn& 7 Fis.

4 TETEH 2] F 4 iR B GE 2 S H I A FE ZHCT473 - FEBRUARY 2024
FER IR 1

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

13 TEXAS
INSTRUMENTS

www.ti.com.cn

PWM
counter
ADC
ISR
Reload
PWM -

B 7. B AR AR AT HIEIR . SRIR ¢ MR (T1)
PERRER AR — AP . ARRA L 2280 , iRk ok, WlEl 8 A&l 9 .

* SFRA GUI — P

Open Loop Magnitude (Decibels) Vs. Frequency (Hertz)

Fixed Point

Foating Point

FRA Settings :
1,000

Open Loop/Plant Mode Select

Open Loop Open Loop Phase (Degrees) Vs. Frequency (Hertz)

Frequency Vector Length: 10 1 r\\‘\j

Start Frequency

Steps Per Decade
; =
—
Maximum Frequency: 24.48 KHz
Injection Ampitude = ' 1.000 10,000
Frequency: 30.00 Hz Magnitude: 40.17 dB Phase: -82.73 Deg
Save SFRA Data as CSV" i ) )
* F Unchecked Data Exportedto Excel [ Folg_cf: 2820.71 Hz Gain Margin: 9.58 dB Phase Margin: 50.60 Deg
" Texas Setup Connection Disconnect
B Connected INSTRUMENTS

& 8. Bt AL E B E . RIE - FEMLES (TI)

ZHCTA473 - FEBRUARY 2024 TETERG ] (42 iR B GE 2 S H I A FE
FER IR

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

i3 TEXAS
INSTRUMENTS

www.ti.com.cn

Tek Frevu M 200ms
B -.“~~“TT“anmmnmmnmmnmmnmmnmmnmmnmm
0 |||

Zolom F.ac:'lcor_: 100 X_ _ _E_oqm_Pc_nsi'_cioln:AEl]lrlns. .

7 2.00ms S 00MS/s ® - L :
5.00 4 By 10M points 120y I 10 Nov 2022
Yalue Mean Min Max Std Dey l 18:32:18 I
Q Mean 1844 1584 184 184 0,00

9. RS E BTG . RIR : IS (T1)

ARH PR R

szt ) ADC KFEF] PWM iﬁ%EGE%JLiﬂhﬁd%ﬁﬁ%@}##@ﬁ%}é% fifpRiZ In] JL) N % FE ADC
KAEL RS HSA PWM E%ﬁbnﬁEﬁF% ALV Fr B4 77 20T DK SR 1R R 0] ek /b B 24N s — AN R
HA DT B8 AR A5 A B RN A % 7

*E?%Vﬂﬁ
FLYR T/ 113 0 PN AT S 8W B B A1 Ty 6 fr 1 o 2 X Ytk 2
o HLPEVCT/NIE L 112 0 BT IR AR 2
o HYEETH/ME L 111 0 AR A BRI AE P E RRE L A A b AN ET 2
o HEWTT/N - 110 ¢ FF AR RN A ] 2 AR EAMNET EMI JEYE A IR
o PID Wil 2R ¢ 55 1 88y - SudEh g
o WMRARHPE - RREE (56 3E)

Z WifE EDN.com k%

6 TETEH 2] F 4 iR B GE 2 S H I A FE ZHCT473 - FEBRUARY 2024
FER IR 1

English Document: SSZTCV7
Copyright © 2024 Texas Instruments Incorporated


https://www.edn.com/power-tips-113-two-simple-isolated-power-options-for-8-w-or-less/
https://www.edn.com/power-tip-onboard-fixtures-for-fault-testing/
https://www.edn.com/why-current-sensing-is-a-must-in-collaborative-mobile-robots/
https://www.edn.com/how-parasitics-create-an-unexpected-emi-filter-resonance/
https://www.edn.com/the-basics-of-doing-pid-design-part-1-classical-control-theory/
https://www.edn.com/testing-a-power-supply-stability-part-3/
https://EDN.com
https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCT473
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCT473&partnum=
https://www.ti.com/lit/pdf/SSZTCV7

ERFRNRREH
THERHFREEEARNTEMELE (8FRER ) . RUTAR (8F2E)1) . MARHEMRTTEN, METE, R22EEMEMER ,
FRIEXAREETREEMATRERNER , SFETR T EH Y., EREARFENER SR FRIBEME =5 MR=RNHERIE
XEFRAEER T @B RITORETRAREA, SFBTREUTE2HRE : (1) HNENNARFESEN TIF R, (2) ®it. B
EHMREHNEA |, (3) BRENNABRZEMMEUAREAEMIERZS, FERE, KERHMER,
XLEFRRMELE  BFZTEH, TI BRENTRXLERRATHARETFEARN TI ~ROMA, FPENXERRHTHBEFHRER.
BEREAEMEM TI DIRFRNBEFAE=F DR, ENEFBRZREXERFNEATY TI REARERNDEARE, B/E, K
K, HENKES , T HEBEFAR.
THRENTRZ T HEERRR ticom LEMBARAZRT FREMHEMEAZTOHIR. T REXERRATLT RIUARMESNER
THEX TIFREARHERNERIIBRETFH.
Tl 33 H B BT RER M E M H AR T RS & .

BRZF it : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024 , EMN{XES (TI) 7]


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



