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_cal.h 77 L, EREBLEEZNETH-ODOF A AMEES 7By METHERINTOET,
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Project Name — v = btdch_GaN_nonpowerSUITE_F28P65x [Active - RELEASE]
{:;.b Binaries
! Includes

& cmd

<

(= device
Le] device.c
[n] device.h
Device Support Files, Driverlib [hj driverlib.h
|S) f28p65x_codestartbranch.asm
2% drive
(= libraries
= CLAmath
= DCL
(= FPUfastRTS
(= power_measurement
= SFO
& sfra
= spll
(& utilities
(= RELEASE
{h] ads8588s.h
» [h btdch_gan_cal.h
L] btdch_gan_hal.c
Solution Specific Files with Board [ btdch_gan_hal.h
Drivers for the solution [€ btdch_gan_main.c
th] btdch_gan_settings.h
[h btdch_gan_user_settings.h
Le] btdch_gan.c
[h btdch_gan.h
setupdebugenv_lab_ch_all.js
setupdebugenv_lab_ch1,js
setupdebugenv_lab_ch2.js
setupdebugenv_lab_ch3.js

- d setupdebugenv_lab_chd,js
TargetConflguratlorl for debugger —— | 3 TMS320F28P650DK.coxml [Active] |
connection

Local Copy of all the libraries are
made in the project folder to created a
fully standalone folder

javaScript for populating the
expressions window for different labs
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ISR2 /X, ADS8588S ® BUSY {g§ Z 2k~ ThUAENET, #M4 ADC 1% 50kSPS O 7L L—NI7 /T AhS
., ZHICE->TISR Al AH ESNET,

ISR3 I3, SPI 5215 FIFO EINAIMZE->TRIAENE T, ISR Z# L T, FIFO LY 22540088 ADC 7 — &2 &35 7
HL. HlE— 7 BE T E T,

3-5 2.4 SOF ¥ RNLTRTHBALOHAED ISR1, ISR2, ISR3 O E 2 RLET, 3 2D ISR IZETHE

FHIFRTIT Bus AL/ . 2L 50kSPS il /L —7 oY7L L—R T, CPU i =R oD 30% K T9, X 3-6
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File Utility

Help

ERMY

E- 2L

9

|
Low resalution

+Outy

IS
Low resolution

2.00 Vidiv 2.00 Vidiv

"
500 MHz 500 Miz

2.00 Vidiv

500 MHz

10ct 2024
0737

B 3-5. 4 Fv=R)LD ISR EfTH:MH

Utility

Help

Y

'

8
3

+}

2.00 Vidiv 2.00 Vidiv
~

"
500 MHz 500 Mz

utility

oy B A AR A T, 9 YV A e

2.00 Vidiv
~
500 MHz

Help

| [ Acquisition

[Horizontal | Trigger (0

400 pssdiv | - 104V | Sample
SR:25.0 MS/s

AL 1 kpts

B 3-6. 1 Fv=RJLD ISR EfTH:MH

10ct 2024
07:54:04

]

L ]

+Duty

2,00 V/div 2.00 V/div

A A
500 MHz || 500 MHz

toeTsTm%
Low resolution

2.00 Vidiv

A
500 MHz

= 3-7.

(Morizontal | [Trigger [0l Acquisition
4.00 psidiv </ 104V Sample

SR: 25.0 M5/s. 3656 kAcgs
RL:1 kpts

FRTOFYRIHATDEED ISR HATE

10ct 2024
07:5224
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3.2.3 Yoroz7 ZO—K

bt4ch_gan_main.c

bt4ch_gan.h

main()

//IPsuedo code

//Setup device, init interrupt, cputimer
//Setup analogpinmux

/I Setup internal ADC

//Setup clock for external ADC
//Setup HRPWM for the power stage
/[Enable phase shift

/IConfigure comparators for overcurrent protection
/ISetup SFRA

//Setup SPI for external ADC
/IConfigure external ADC

/lInitial variables used in the program
//[Enable interrupts

/IConfigure output relay

Declaration of all global variables for the
solution module

BT4CH_dcmStartup();
BT4CH_controlCC();
BT4CH_controlCV();

BT4CH_storedataExtAdc();
BT4CH_updateHrpwmMepScaleFactor();

( BT4CH_runPwmlsr() )
v

v

/ Background Loop

A1-> BT4CH_updateEnable(..),BT4CH_updateReference()
A2-> BT4CH_SFRA_GUI_RUN_COMMS
A3->BT4CH_updateHrpwmMepScaleFactor();
B1->BT4CH_monitorloutVout();
B2->BT4CH_SFRA_RUN_BACKGROUND();

B3-> BT4CH_HAL_enableRelay
K C1-> BT4CH_HAL_toggleRunLed

~

BT4CH_storedataExtAdc();
BT4CH_controlCC();

BT4CH_controlCV();

v

( Return )

%

| ISR1 |

v

| BT4CH_HAL storedata VSENSE() |

(Restore Context Return)

| ISR2 |
2

| BT4CH_HAL_ExtAdcSendTxFrame(); |
2
(Restore Context Return)

| ISR3 |
v
BT4CH_HAL_ExtAdcRead();
BT4CH_runPwmlsr();

(Restore Context Return)

bt4ch_gan.c

Definition of all global variables for the
solution module

BT4CH_initUserVariables();
BT4CH_setCor.1ir:oICoeffcients();
BT4CH_setupSfraGui();
BT4CH_upa.e.1teEnabIe();

BT4CH_updateEnable();
BT4CH_updateReference();

bt4ch_gan_hal.c/h, ads8588s.h, and bt4ch_gan_cal.h files are necessary to run the bt4ch_main.c and bt4ch.h/c

3-8. YIbruz7 J0—H

12 4 Fr7, 50A, TGN T T FREDY T LR T
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3.3 TAMER
3.3.1 ERILUEE/N—TEF21—=20F3/=00DN—FDOT7RE
HV Lv
Port Port
Output shorted with a
DC Source TIDA-010090 I:l cable of resistance nearly
equal to battery

v v

39. ERBLUVBEN—TEF1—=0 T THHDN—FITT7HRE
3.3.2 XARIDESHZO0—&T AT S/=0D/N—F DT FRE

HV Battery
Port Port
DC Source
DC Source *— 0V to 5V
TIDA-010090
E-load E-load
CC Mode CC Mode

3-10. WAMDEAIO—FTAMTB=HND/N\—F I T7HRE
3.3.3 BRI LUBEF+)TL—2320DN—FDOLFRE

12-V Bus Battery Port

DC Source - i & Mod
CC Mode

12Vto 15V TIDA-BOARD ;

6 Y2 Digit DMM
Current Measurement

6 "2 Digit DMM

Voltage Measurement

K 3-11. ERBIVEEFYIIL—23avDN—FITT7HRE
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3.4.1 SAREHKDE S

BT4CH_userParam_chl,2,3,4 2%, SEXER TR CEHELZHIMTAT-DIERLE T, "IA=FDERKIC
DWNTHE, £ 3-1 ZBRLTLTZENY,

% 3-1. BTACH_userParam_chX 2

BT4CH_userParam_chX F—HZ DR f§&
Iref_A Ta—74 FHEE—REHEE— RO OB 2% E [0, 100]
vrefcharge_v Ta—54Y FEE—RNTEEZHE [0, 5]
vrefDischarge_v TJu—s 47 % FEE— RN TEEERE [0, 5]
bir_bool —— FEE—ROLE, ZORTA—2% 1 IRELET
HEE—ROEE, ZONTA—2% 0 [TRELET
Relay_ON R S V=% A F—T T D ZORTA—F% 1 ITRELET
En_boo] s AT e FXRNEAR—T AT D6 ZONTA—Z& 1 ITRELET
remote_sense CERETN IS AL —7 RN —h B REE T 56 . ZONRTA—F% 1 ITRIELET
DutyRef_pu TJa—s 4 BN —7 F—ROEHET 2 —TF ¢ F A7V = 0~1.0
Ibatcal_pu STy FYUTL—ar BN CHAEIRERET DL, ZONTA—ZEFEHLET, f
=0~1.0
vbatcal_pu Sy )2)07;1/15\‘/5‘/ T-NTHAEEEZRET DI, ZORTA=FZEHHALET, §i
IoutGain_pu Ta—TA Y BRI, BT AL DF VT L —ar F—2A RS ES
Ioutoffset_pu TJa—s 4 BT, Ny TVERA 7By hOX YT L —ray T2 ES
IoutGain_A Tu—5 40 THNTIZ ANy TVEIRT AL DX A VT —ray T —2REMSvET
Ioutoffset_A Ta—F4 BT, Ny TVERA 7By hOX YV T L —ray T2 S ET
voutGain_pu Sy ;ﬁd;ﬂii;ﬁ Ny TVEEA =2 OWTTEET A DF X )TV —ay T =)
Voutoffset_pu STy ;xﬁiﬁ_ﬂ:m MR N—=S2 DI NEEAT Ly bDF YT L —ar F—FH
voutGain_v Ty ;g?ﬁu:m FEEaL =2 D EEF 7By DX XV T L —ay T — 2D
voutoffset v P ;ziﬁf{d:ﬂi\ fEEa N—=2 DM JEEA 7By OF )T L —al T — 2B
vbatGain_pu Ta—54 Y BRI, Ny TVBEEDF X T L —ar F—2 s Ed
vbatoffset_pu Ta—F 4 FENE, Ny TVEEL 72 hOF YT L—ar T =2 RS hEd
vbatGain_v Ta—54 Y BRI N TVEET A DX VT L —ray F—FRESnET
vbatoffset_v Ta—747 BT, Ny TVEEA 7 vy DX v ) T —tar T2 BMShET

3.4.2 SIK1.5/L—TEFHBIEE

3.421 5K 1 MOYINIT FTLavDHRE

1. B ar 321 OMEIZNWEST CCS Yy =/ l&E 7, powerSUITE 2 HL TV 25513, FIA 2 (12824
FT. TNLS DG EITTFIA 3 TR ET,
2. SYSCONFIG ~—%Bi %, [Build Options] &7 a> TLL F&RINLET,
« Z7R1% [Lab 1: Open Loop CC Single Channel] z:#K 1 F7,
o 4 ODF X FLDNTNOERINLET,
« SFRAZAXR—T7MIZLET,
o N—UERRFLET,
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3. powerSuite D7V N—Tar O Y27 M T 56 ERLORREIT solution_settings.h 7 7 A /L CEHEZE
HENET,
#define LAB_NUMBER (1)

#define CHANNEL_NUMBER (1)
#define SFRA_ENABLED (true)

Build Options ~
Lab 1: Open Loop CC Single Channel ~
Channel Enabled Ch1 v

Feeback Loop

Comp Style

| SFRA Enable True -
Calibration Mode Current/Voltage Disabled v
HW OCP Enable/ Disable Enabled v
HW OCP Limit in Per Unit 0.95
SW OCP Limit (A) 40
PWM Switching Frequency (kHz) 400
Dead Time (ns) 150
Startup DCM i
DCM Startup Time (ms) y
Default IREF (A) 5
Default VREF Charge (V) 3
Default VREF Discharge (V) 3
ISR Code Profiling Disabled v

Control Loop ISR Frequency (kHz)

Software Frequency Response Analy.. |RUN SFRA

X 3-12. 58 1 QEIRK A T3>

3.4.22 7OV HMDELREEUA—RET VT RIBEDRE
TV EARBI O —RL, T BREARET DL, RO FNEEZFITLET,

1. 7uVxrr %4297, [Rebuild Project] 227Uy 71L £,

2. aVzJREFICENVRENET,

3. Project Explorer C, targetConfigs T b7 HFEMERL T 7 AV NG N2> TWA I L2 fEB L £,

4. [Run]— [Debug] #27V>7LCT /v yarzihLET,

5. 7570V IIRT RAAZR—RE L, CCS T\ 7 Ea—RNGNIR0ET, Ay —F > ORMERFIZa—
RixfEIELET,

6. [Watch] BLO [Expressions] V4> RUIZE ¥ %1819 51214, [View] — [Scripting Console] =27V 271L T,
[Scripting Console] # A7 vy Ry 7 A& &EEd, Zoary—Lofk LT, [Open] #7V)y /LT, 7ay=/k
7 +WH NITEHD setupdebugenv_chX.js A7V 7~ 77 A V2SR LUET, ZHIZED, [Watch] V4o RTIZ, A
T LET T DO BRI BN SIET,

7. [Watch] 71> K7 [Continuous Refresh] 7R %> (‘Eﬁ) Z7Vy 7 LT, arha—I0bOED HE EHT %H %)
IZLET,

3.4.2.3 O—FD=EST
IR 1 Oa—REFELTT A0, ROFNEIHENET,
1. 39 I RTINCT AR EEFHLET,
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2. Aza— =0 a2y IRV FATUET,

3. [Watch] £'==—® [Expression] 71> K¢ BT4H_InputVoltageSense_V 7 12V~15V OFIFHNIZHDDE D)
B LET,

4. FimRa—7% LT, JEREED 50kHz O5E 124N ADC @ BUSY & 52 F v/ LET, MCU 2#Ei{EL T
WHEED ADS8588S @ BUSY KLU CONVST E 5%, ¥ 3-13 ITRLET,

5. [Expression] VA R CIROD/INTA—LEFHELET,

+ BT4CH_userParam_chXx->dutyRef_pu % 0.06 (Zi%EL £ 7

» BT4CH_userParam_chx->en_bool # 1 |Z3&ELET,

+ BT4CH_userParam_chX->Relay_ON % 1 |[Z%ELC, HAVL—& A 1 —T /LIl FT,
+ [Expression] VAL RUDFHEIZHOWTIE, K 3-14 2SR TLIEE,

6. BT4CH_measure_V_I_chX Z¥u%. DC/DC = "—2DH )& BIEARLET,
BT4CH_userParam_chX->DutyRef_pu ZFH%EL , B 16A THHZILEMERLET,

7. 3-15 12, B—7EiRHEH O 7 Zh BT A EAI T 27200 SFRA R EZ <L E T, SYSCONFIG ~—
2T Run SFRA 7 A2 %27Vy 7L Ed, SFRA GUI 3Ry 7T v 7 RARSIVET,

8. SFRA GUI TT RAADA T var ZBIRLET, 2L 21X, F28P65x D% A L8/ NS &8 IR L £77, [Setup
Connection] NZ %7V 7 LET, Ry 777 74 R T [Boot on Connect] 47> ar OF =y /&4 | Y]
72 COM AR —FERINL T, [OK] R¥ %27V v 7L FET, SFRA GUI IZEY, [Connect] R¥ %7V w 7L ET,

9. SFRA GUI AT ARG L £3°, 24T [Start Sweep] #27U > 7L C, SFRA @5 2Bl T& 511270 EL
72o SFRA $R 52358 T 3 2ETIITE D0 ET, 52T 958, K 3-16 [ IR T INTHEEN R RSN T7
FTRSNET,

10. F/=., BREISET —H21X SFRA T —X% T3V E FO7ayx Ik 74V F [RETFES L, SFRA E{THED X A LAH
YIRS NET,

File Utility Help ¥ Teltronix
+
& 3-13. ADS8588S ) CONVST £& U BUSY 55
16 4 Frrn, 50A, FULAMEASTY T FREDYT LR F A JAJU959 — NOVEMBER 2024
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& Expressions X

B % RE|rs 2> 8

Expression Type Value Address
(9= BTACH_calibrationMode enum <unnamed> Calibration_CV 0x0000B75D@Data
()= BTACH_startupMode enum <unnamed> DCM_Startup 0x0000B75E@Data
(x): BT4CH_HAL _InputVoltageSense_V float 14.9707031 Ox0000B610@Data
09: BTACH_ISR2_Loading float 0.0 0x00008508@Data
(9= BT4CH_ISR2_LoadingMax float 0.0 Ox0000BSDA@Data
~ (8 BTACH_userParam_ch4 struct <unnamed>  {lref_A=5.0,VrefCharge_V=4.0,VrefDischarge_V=2.0,dir_bool... 0x0000AAB0@Data
069= Iref_A float 5.0 Ox0000AAB0@Data
(9= VrefCharge_V float 4.0 Ox0000AAB2@Data
9+ VrefDischarge_V float 2.0 Ox0000AAB4@Data
9= dir_bool unsigned int 1 Ox0000AAB6@Data
(9= Relay_ON unsigned int 1 Ox0000AAB7@Data
()= Start_bool unsigned int 1 Ox0000AASS@Data
)+ remote_sense unsigned int 0 Ox0000AAB9@Data
09 DutyRef_pu float 0.0599999987 0x0000AAZA@Data
(4= IbatCal_pu float 0.0500000007 Ox0000AABC@Data
(9= VbatCal_pu float 0.200000003 Ox0000AABE@Data
9= loutGain_pu float 0.0200256333 Ox0000AAS0@Data
09+ loutOffset_pu float -0.000424541533 Ox0000AAS2@Data
()= loutGain_A float 49.935997 0x0000AA%4@Data
(9= loutOffset_A float 0.0211999062 Ox0000AAS6@Data
09= VoutGain_pu float 0.165272892 Ox0000AAS8@Data
(9= VoutOffset_pu float 3.30209732e-05 Ox0000AASA@Data
09+ VoutGain_V float 6.0505991 Ox0000AASC@Data
(9= VoutOffset V float -0.000199796676 Ox0000AASE@Data
(9= VbatGain_pu float 0.165272892 Ox0000AAAD@Data
(9= VbatOffset_pu float 3.30209732e-05 Ox0000AAA2@Data
)+ VbatGain_V float 6.0505991 Ox0000AAA4@Data
(9= VbatOffset V float -0.000199796676 Ox0000AAAE@Data
> (* BTACH_ExtAdcl struct <unnamed> {channel0=4, channel1=65529 channel2=65523,channel3=7... 0x0000B614@Data
~ (= BT4CH_measureVl_ch4 struct <unnamed>  {lbat_A=10.725647 Vout_V=0.284806907 Vbat_V=0.28292578... 0x0000B000@Data
(9= Ibat_A float 10.7257776 0x0000B000@Data
09 Vout_V float 0.284806907 0x00008002@Data
09= Vbat V float 0.283039749 Ox0000B004@Data
> (= Ibat_16b int[128] [7030,7023,7043,7028,7010...] 0x00008006@Data
> (™ Vout_16b int[128] [195,192,192,193,193...] 0x0000B086@Data
> (™ Vbat_16b int[128] [1538,1512,1539,1517,1532...] 0x00008106@Data
69+ Index unsigned int 66 0x00008186@Data

3-14. 57K 1 [Expression] 74K, BAIL—7
Small Duty
Cycle 2% to 4%
) Synchronous Buck
SFRA Inject —{_Duy__} Y Pt
2
g
SFRA Collect _ ADC o

E 3-15. lIL—TERFERAD SFRA &5E
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3 SFRA GUI - ¥

Software Frequency Response Analyzer

Plant Magnitude (Decibels) Vs. Frequency (Hertz)

R

FRA Settings . :
100 1.000

Open Loop/Plart Mode Seect
| Plant v Plant Phase (Degrees) Vs. Frequency (Hertz)

Frequency Vector Length: 100

Start Frequency

Steps Per Decade

Maximum Frequency: 13.48 KHz

Injection Amplitude

Frequency: 20.00 Hz Magnitude: 20.78 dB Phase: -1.24 Deg
[4 Save SFRA Data as CSV" [
* F Unchecked Data Expored to Excel il Fola_cf: 1936.77 Hz Gain Margin: 3.95 dB Phase Margin: 22 61 Deg
,' TexAs Setup Connection Disconnect
B Connected INSTRUMENTS

3-16. ERHEORIL—TREBREEE
3.4.3 SR 2.B/L—TESHIEELE

3.4.315K 2 DYI+HI7 AT avDHRE

1. ZOTREFETTHUL, §ioEIvar | ¥ 3-9 THALIZIINI NN —RU =T PR ESIVTWDZ LR LET,
2. &Z7var 3.2.1 OMEIZES>T CCS 7 D/:ﬁf\’%ﬁaﬁ%iﬁ‘o powerSUITE Zfif HL TWAIEE 1L, TIE 3 12
F9, FNLSOGEITFIE 4 1ITH#ERFET,
3. SYSCONFIG ~— %%, [Build Options] £7< a2 T F438R LT,
e J7Ri [Lab 2: Closed Loop CC Single Channel] z#R L F7,
o FrURNEBRLET,
« SFRAZAXR—T7MIZLET,

«  [Run Compensation Design] %> %~~~ <C, Compensation Designer (=) # Bz £,

o HET AT REBL, HA7 SFRA T —4% T ANVEEBIRTHIITROONET, TR 1 OFEITHOMET
PATIZ SFRA 7 — 2% AL R—FL, 2 1k, 2 BrDOHifEdiaikitLET, ZOEO#IELPICIZ<D~
— VU EFEIRL T V=T AL T EEITS AT AR ET HEIICLET,

o EBIN—T DMMENTA—F%E X 318 |ITRLET,

+ [Save Comp] R¥> %2707 LT, filE%{R1FLE£3, Compensation Designer > —/LZ AL 7,

+ SYSCONFIG X—VZRIFLET,

4. powerSUITE LISt N—varo7ar =7 efE 35354 . [Build Settings] i solution_settings.h 774 /L C
HEEAEF S ET, Compensation Designer I3,
C2000ware_DigitalPower_Install_Location\powerSUITE\source\utils |[ZEIESILTCVET,

#define LAB_NUMBER (2)

#define CHANNEL_NUMBER (1)
#define SFRA_ENABLED (true)

18 4 Fygon, 50A, T BB N TY e FREDY T LR T JAJU959 — NOVEMBER 2024
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Build Options

2: Closed Loop CC Single Chan..

Lab
Channel Enabled Ch1
Feeback Loop
Comp Style
SFRA Enable True

I Calibration Mode Current/Voltage Disabled
HW OCP Enable/ Disable Enabled
HW OCP Limit in Per Unit 0.95
SW OCP Limit (A) 40
PWM Switching Frequency (kHz) 400
Dead Time (ns) 150
Startup DCM
DCM Startup Time (ms) )
Default IREF (A) 5
Default VREF Charge (V) 3
Default VREF Discharge (V) 3
ISR Code Profiling Disabled
Control Loop ISR Frequency (kHz)

RUN SFRA

Software Frequency Response Analy...

Compensation Designer

® 3-17. 5K 2 DE LK A FLav

RUN COMPENSATION DESIGNER

JAJU959 — NOVEMBER 2024
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Q C2000 Compensation Designer GUE SFRA Based Tuning from powerSUITE - 0 X
Compensator Number and Style | Pole Zero Format K- 250 Digital Compensator
= = : DCL_DF22 Coeff
1 Two Pole Two Zero fz02 fz4 /1000 B0z D.0223944
Save P f fp1 1000 B1= 0.0042083
‘ com o e B2= -0.0168454
PlantOption  SFRA Data Edbe Zoco Localion la kit A= 00313323
— — A2z -0 9686677
T Browse SFRA Data | Control ISR Freq 50 kHz
ShowGraphs for: [ === Planl [¢] === OL [y === Comp (Note X Axis is Frequency in Hz)
60 1
1
- 40 \
©
g 20 1
4 I
LR e e o ety Hii R
&-20
g -40 |
_____________________________ N
60 |
100 1000 0000

200
150

50

Phase i Degrees
4 o

100
-150
=200 -

Stable Loop Folg cf 1 1816 kHz Gain Margin 1386 dB8 Phase Margin 5124 Degrees &9 Trus IsTrRAENTS

X 3-18. Compensation Designer ZFHALI-BRIN—TDFa1—=24

3.43.2 70V HMDE LR B LURN—REFN\VTREBORE

b w0N -~

a7 %4771, [Rebuild Project] 27Uy 7L %9,

Ty VIR IEFIZEVRSIVET,

Project Explorer C. targetConfigs F Ciitll7e HIEHERL 7 7 A VNG N2> TNDZEaRER L F 97,

[Run] — [Debug] #27Vv /L CT/\v7 Byl araBlhL £,

THET VI NRT NAAIZE—RE, CCS T /307 Ea—NEINIRET, A2 L—TF L ORI —
N3fE R LET,

[Watch] #JLT8 [Expressions] ¥V -t> R IZZE$z 1814 5121%, [View] — [Scripting Console] #2771 T,
[Scripting Console] # A7 Ry A%EES, ZDar/—LDF EET, [Open] 227Uy /LT, 7ad=7h
T HNVHENIZEHD setupdebugenv_chX.js A7V~ 7y AV ESRLUET, THIZEY, [Watch] 71 Roic, 4

T LET N T T DD BRI S A SIVET,

[Watch] 7t KT [Continuous Refresh] R4 (‘%j) w70y 7 LT, A ha—I0bOME D8 T %A %h
IZLET,

3.4.3.3 O—FNOET
IR 2 Da—KREFITT AL, IROFNEZHENFET,

1. ZOTREFEITTDHITNE, BZar 3.8.2 THHALZISIINN—RU =7 MR ESNTWAIE MR LET,
2. Azma— =B zry s cFEV s EEITLET,
3. [Watch] £'=—® [Expression] 71> KT BT4CH_InputVoltageSense_V 23 12V~15V O#iHNIZH 50
EOMEMETRLET,
4. [Expression] V4> R CRD/NTGA—HaZELET,
* BT4CH_userParam_chx->Relay_ON # 1 |[ZEXEL T, HAUL—&2AR—T7 ML ET,
e BT4CH_userParam_chx->iref_A % 15.0 IZ®RELET,
+ BT4CH_userParam_chx->en_bool # 1 |Z&xELE T,
20
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www.ti.com/ja-jp N— LT, TN T, TRPELE, TR N

* [Expression] V4 RUDEREIZOWTIL, K 3-19 25 L TLEEW,

BT4CH _measu revI_chX Z¥u%, DC/DC 2/ \—2 DO &L EEZ2RLUET, Isense1_A OFERHI

iref_A B EICIT<, #RZEIE £1mA ’Cﬁ‘

IW—TBEMET ANT D20 SFRA % [X] 3-20 1Z7RLE T, SYSCONFIG ~2—"C Run SFRA 7 A= %7V
w7 LFET, SFRA GUI Ry 7 7o 7 FoRENET,

SFRA GUI TT RAADA T var @ IRLET, 722 21E, F28P65x O & 13BN 23® IR 97, [Setup
Connection] "Z & 27Vy 7 LES, Ry 777 U4 R T [Boot on Connect] 47> arOF = a4 | # ]
72 COM AR —hEEIRLET, [OK] A& %2 27U> 7L ET, SFRA GUI IZFEY, [Connect] R¥> %7V y 7L ET,
SFRA GUI 3T A AICHEE L £9, 2T [Start Sweep] #2771 T, SFRA f@ 51 ZBtA TE DI/ EL
720 SFRA $# 5| 2358 T3 2E TIITE D00 ET, 52 T 758, K 321 [RTITHEEDN R RSN T TT )

FORSNET,
o JAWBUSET — 213 SFRA F—4 T4 AE FOTaY = 74 FIHEAESIL, SFRA FATHED X A LAK
CThRRERSNE T,
}"” Expressions X il B X RIS 2H f‘
Expression Type Value
6= BTACH_lab enum <unnamed> Lab2_singleChannelClosedLoopCC
09« BT4CH_sfraStatus enum <unnamed> SFRA_Enabled
(9« BT4CH_calibrationStatus enum <unnamed> Calibration_Disabled
09« BTACH_calibrationMode enum <unnamed> Calibration_CV
09: BT4CH_startupMode enum <unnamed> DCM_Startup
09: BT4CH_HAL _InputVoltageSense_V float 14.9578857
9= BTACH_ISR2_Loading float 0.0
69+ BT4CH_ISR2_LoadingMax float 0.0
v [ BT4CH_userParam_ch3 struct <unnamed>  (iref_A=15.0,VrefCharge_V=4.0 VrefDischarge_V=2.0,dir_boo...
9= Iref_ A float 15.0
9= VrefCharge V float 40
©9: VrefDischarge V float 2.0
9= dir_bool unsigned int 1
09+ Relay ON unsigned int 1
9+ Start_bool unsigned int 1
(9= remote_sense unsigned int 0
) (9= DutyRef_pu float 0.0 p
9= IbatCal_pu float 0.0500000007
)= VbatCal_pu float 0.200000003
)+ loutGain_pu float 0.0199999996
) loutOffset_pu float 3.7252903¢-09
9= loutGain_A float 50.0
(9= loutOffset A float -1.86264515¢-07
(9= VoutGain_pu float 0.160000011
9= VoutOffset_pu float -1.49011612e-08
9+ VoutGain_V float 65.24999952
)= VoutOffset V float 9.31322504¢-08
9= VbatGain_pu float 0.164176673
9= VbatOffset_pu float 3.28123569¢-05
9= VbatGain_V float 6.09099913
9+ VbatOffset V float -0.000199860049
(™ BT4CH_ExtAdc! struct <unnamed>  (channel0=65523,channel1=65533 channel2=9856,channel3...
v (® BT4CH_measureVl_ch3 struct <unnamed>  {Ibat_A=15.0009155Vout_V=0.200462416,Vbat_V=0.1891389...
9= Ibat A float 15.0013561
9= Vout_V float 0.200581625
)= Vbat_V float 0.189153463
3-19. 57K 2 [Expression] 74 R FIL—F
JAJU959 — NOVEMBER 2024 4 Fp 7, BOA, TSN T e FRIDY T LR A 21
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13 TEXAS

INSTRUMENTS
NN T TR T T RNEE, TR EE www.ti.com/ja-jp
CC Loop

SFRA Inject %‘E;';éi'sza?: Synchr;lr;ontis Buck
%)

SFRA Collect

lout ADC GND
B 3-20. F/L—TERFIHO SFRA &
49 SFRA GUI - X

FRA Settings

Open Loop/Plant Mode Select
Open Loop v

Frequency Vector Length: 100
Start Frequency

Steps Per Decade

Maximum Frecuency: 1348 Kotz 50 \

Injection Ampitude 1.000 10,000

Frequency: 9081.82 Hz Magnitude: -1459 dB Phase: 9421 Deg

F4 Save SFRA Data as CSV*
* ¥ Unchecked Data Exported to Excel

Folg_cf: 1082.37 Hz Gain Margin: 10.94 dB Phase Margin: 83.25 Deg

" Texas Setup Connection Disconnect
B Connected INSTRUMENTS

3-21. ERHFHORAIN—TREHGE
3.4.4 SN 3. BHIN—TEEHE1 FrF/L

3.441 5K 3 OYI+ITT ATV DHRE

1. 39T RTINCT AN ELHEHLET,
2. &rvar 3.2 OMEIZHEST CCS Fry =M fi&E 7, powerSUITE 2 HL TWA5E1E, FIE 3 122
F9, TNUSNOGEITFIA 4 I[TERET,
3. SYSCONFIG ~— %% [Build Options] £7< a2 TLL F& @R LET,
« 7RI [Lab 3: Single Channel Open-Loop CV Control] ##R L 7,
o FXURNERIRLET,
« SFRAZAXR—T7MIZLET,
o N—UERRFLET,
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4. powerSUITE LSO AR—Tar D7 ny = 7Nl 3256 RFLOFX &I solution_settings.h 771 /L ClE#2
EHEINET,
#define LAB_NUMBER (3)

#define CHANNEL_NUMBER (1)
#define SFRA_ENABLED (true)

Build Options

I Lab
Channel Enabled
Feeback Loop

3: Open Loop CV Single Channel

Ch1

Comp Style

SFRA Enable True

Calibration Mode Current/Voltage Disabled

HW OCP Enable/ Disable Enabled

HW QCP Limit in Per Unit 0.95

SW OCP Limit (A) 40

PWM Switching Frequency (kHz) 400

Dead Time (ns) 150

Startup DCM v

DCM Startup Time (ms) 2

Default IREF (A) 5

Default VREF Charge (V) 3

Default VREF Discharge (V) 3

ISR Code Profiling Disabled v
Control Loop ISR Frequency (kHz)

Software Frequency Response Analy.. |RUN SFRA

Compensation Designer RUN COMPENSATION DESIGNER

X 3-22. 578 3 DEILK AFa>
3.442 70V HMDELRELUO—RET VT RIBEDRE

a4 %4271, [Rebuild Project] %7V 7L %7,

TaY VIR IERIZEVRSIVET,

Project Explorer C, targetConfigs T b7 HEEMERL T 7 AV ISE Zh 2> TWD I L2 B L £,

&IZ, [Run] — [Debug] 227Uy 7L CT /N7 woiarzEBiLEd,

THET T2 INRT RARIE—REN, CCS T/ B a—RNEF MRV ET, A2 V—TF L ORI —
Rkl ET,

6. [Watch] 331U [Expressions] 71+ R IZZE$ A B19 521X, [View] — [Scripting Console] 227U > 7L,
[Scripting Console] # A7/ Ry 7 Z& &£, ZDary—L 04 LT, [Open] 227Uy /LT, 7ad=2h
T HNVHENIZEHS setupdebugenv_chX.js A7V 7~ 7y ANV ESRLUET, ZHUILY, [Watch] 71 RDic, &
T LT T T DO I IR BN AT SIET,

7. [Watch] 71> K7 [Continuous Refresh] 7R %> (‘!ﬁ) Z7Vy 7 LT, ar ha—I0bOED T % H %)
IZLET,

3.4.4.3 O—FDEST
TR 3 DaA—REEITTHIIE RO FIBEIZENET,
1. I3 ar 332 1 RTINCTAMNREEHEHALET,

oD~

JAJU959 — NOVEMBER 2024
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INSTRUMENTS
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2. A=a— =0 rryo s cFRY N EETLET,

3. [Watch] E'=—® [Expression] 71> K¢ BT4CH_InputVoltageSense_V 73 12V~15V OFFHNIZH D0
EONETERLET,

4. [Expression] V4 R TIROD/INTA—HEFHELET,

+ BT4CH_userParam_chx->Relay_ON % 1 |[ZE%EL T, HHUL—&2 A Rx—T ML ET,
« BT4CH_userParam_V_I_chm->iref_A % 15.0 IZ3&ELE T,

+ BT4CH_userParam_chx->en_bool # 1 |Z&%EL T,

« [Expression] VA2 RU D EIZOWTIE, X 3-23 25 ML TTES0,

5. BT4CH_measureVvI_chX Z&%ki%,. DC/DC 2 "—¥ O &R EEI L2~ ET, Ibatsense A DFRE]
iref_A BEIZIT<, 2L £1mA T,

6. [43-24 |2, Bi/v—7 EBIEREE R BUSE ZRIE T 572D SFRA RELZRLET,

7. SYSCONFIG ~*—"TC Run SFRA 74’3/%7)/7Li‘§‘ SFRA GUI 3Ry 7 T 7 FRRmENET,

8. SFRA GUI TT RAADA T var ZEINLET, 2L 21X, F28P65x O&GA LR EN/ N S &L 7, [Setup
Connection] R¥> %7V I LET, Ry T Ty TR '7“( [Boot on Connect] &7 arOF =y %4, jb)
72 COM AR —h2EIRLET, [OK] RF %2270y E7, SFRA GUI IZEEY, [Connect] RF %27V y 71L&,

9. SFRA GUI T A RITHHEL£3, 24T [Start Sweep] RZ %270V v 71T, SFRA ff 3| & BA TE AL
FL7, SFRA BN T2 TITITE D00 ET, 52 T 35&, ¥ 3-25 [T IOICHIEMEN R RINTT T
TINERINET,

10. £72, AW EUSET — 421 SFRA 7 —4% 74V TFOT Y2/ b 74V HIHEIESI, SFRA EITHF DX A LAH

YT DFERSINET,

24
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N—RD2 T TR T, TR TR PR

& Expressions X

Sl% X Ry s

Expression Type Value
69 BT4CH _lab enum <unnamed>  Lab3_singleChannelOpenloopCV
0 BT4CH sfraStatus enum <unnamed> SFRA_Enabled

0= BT4CH_cahbrationStatus
09+ BT4CH_calibrationMode

0+ BT4CH_startupMode enum <unnamed> DCM_Statup
3+ BTACH_HAL InputVoltageSense V float 14,9578857
0« BTACH_ISR2_Loading float 00
¢+ BT4CH_ISR2_LoadingMax flost 0.0
v ([ BT4CH_userParam _ch3 struct <unnamed>  {iref A=15.0 VrefCharge V=4.0 VrefDischarge V=2.0,dir_boo...
G Iref A float 150
b VrefCharge V float 40
0 VrefDischarge V float 20
©d+ dir_bool unsigned int 1
09+ Relay_ ON unsigned int 1
b9« Start_bool unsigned int 1
63 remote_sense unsigned int 1
09« DutyRef pu flost 0.0
09 IbatCal_pu float 0.0500000007
9 VbatCal_pu float 0.200000003
69~ loutGain_pu float 0.0199999996
00+ loutOffset_pu float 3.7252903¢-09
0= loutGain_A float 50.0
0 loutOffset A float -1.86264515¢-07
0= VoutGan_pu float 0.160000011
(= VoutOffset_pu float -1.49011612¢-08
69 VoutGain_V flost 6.24999952
69 VoutOffset V float 9.31322504e-08
0 VbatGain_pu float 0.164176673
00+ VbatOffset_pu float 3.28123569¢-05
b« VbatGain_V float 6.09099913
9« VbatOffset_V float -0.000199860049
> [ BT4CH_ExtAdc] struct <unnamed>  {channelDz 65528 channel2 65534 channel2=9830,channel3...
v (8 BTLCH_messureVl_ch3 struct <unnamed>  {Ibst_A=14.9954255 Vout V=0.205826834 Vbat_V=0.1944830...
b= Ibat A float 15.0003071
o= Vout V float 0.205862597
o) Vbat V float 0.15449468

enum <unnamed>
enum <unnamed>

Cabbration_Dwsabled
Calibration_CV

3-23. 57K 3 [Expression] 74K, BAIL—F

CV Loop CC Loop
. - 2-Pole/2-Zero 2-Pole/2-Zero Synchronous Buck
SFRA Inject Compensator [ Iset | Compensator Dut Plant
[%)
I
o
=1
SFRA Collect
Vout ADC

o

-

3-24. RIL—TEFRFIED SFRA &E

JAJU959 — NOVEMBER 2024
BHFHT BT — RN 2 (DB RSB O &DE) 22
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| &9 SFRA GUI - X

FRA Settings

Open Loop/Plant Mode Select

|Open Loop ] Open Loop Phase (Degrees) Vs. Frequency (Heriz)

Frequency Vector Length: 100 i '
Steps Per Decade - |
Maimum Frequency: 13.48 KHz : \
= 100 1.000 10,000

Injection Amplitude

Frequency: 20.00 Hz Magnitude: -18.46 dB Phase: 0.91 Deg

Save SFRA Data as CSV*
“ ¥ Unchecked Data Exported to Excel f§ Folg_cf: N/A Gain Margin: 28.23 dB Phase Margin: N/A

% TEXAS Setup Connection Disconnect
M Comected INSTRUMENTS

3-25. EEHHORIL—TREHILE

3.4.5 SN 4. BN —TEZH LU EEFHE 1 FrF/L

3.4515K 4 DYI+HIT7 AT DHRE

1. 39 IR TINCTANEREEFEHLET,
2. BI7var 321 OMEIZWEST CCS =2/ e fl&E 7, powerSUITE L T\ 5856 1%, TR 3 (12824
F7, TNLSDGEITFIA 4 1THERFET,
3. SYSCONFIG ~— %X, [Build Options] £7< a2 T F 48R LE T,
«  J7RiZ [Lab 4: Single Channel Closed-Loop CV] z#R L F7,
o FrrNEBERLET,
« SFRAZAXR—T7MIZLET,
o N—UERRFLET,
4. powerSuite DIRVN—Tar DT uY =Nl T 556 FRROREIL solution_settings.h 77 (/LT
EEETINET,
#define LAB_NUMBER (4)
#define CHANNEL_NUMBER (1)
#define SFRA_ENABLED (true)
26 4 TR, B0A, TSI TY EA FREDYT LR PP JAJU959 — NOVEMBER 2024
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INSTRUMENTS
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Build Options A

I Lab 4: Closed Loop CCCV Single Chan
Channel Enabled Ch1 -
Feeback Loop
Comp Style DCL
SFRA Enable True hd
Calibration Mode Current/Voltage Disabled v
HW OCP Enable/ Disable Enabled »
HW OCP Limit in Per Unit 0.95
SW OCP Limit (A) 40
PWM Switching Frequency (kHz) 400
Dead Time (ns) 150
Startup DCM -
DCM Startup Time (ms) 2
Default IREF (A) 5
Default VREF Charge (V) 3
Default VREF Discharge (V) 3
ISR Code Profiling Disabled v
Control Loop ISR Frequency (kHz)
Software Frequency Response Analy.. | RUN SFRA
Compensation Designer RUN COMPENSATION DESIGNER

& 3-26. 57K 4 DELF AT av
JAJU959 — NOVEMBER 2024 4 FrF, B0A, FEEAHIHANy TY o FREDY T L X T 2T

BFHRE T BT 1 — RN 2 (ZE SR B G bE) 55
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Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/jp
https://www.ti.com/jp/lit/pdf/JAJU959
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU959&partnum=TIDA-010090
https://www.ti.com/lit/pdf/TIDUF87

i3 TEXAS

INSTRUMENTS
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2 ompensation Designer GUL ased Tuning from powerSUI =
® ca000¢ D GUI: SFRA Based Tuning f SUITE ] X
Compensator Number and Style | Pole Zero Format K 30004 Digital Compensator
= = DCL_DF22 Coeft
1 Two Pole Two Zero fz02 f21/1000 BO=2 6873241
Save COMP_| foo foq 1000 B1=05157999
B2=-2.0219234
Plant Option  SFRA Data Enter Zero Location in kHz Al=-00313323
. . A2= -0.9686677
[ Browse SFRA Data | Control ISR Freq 50 kHz

Show Graphs for: [J/] === Plant [J] === OL [v] === Comp (Note X Auis is Frequency in Hz)

i
|

0
5 |
|

2 —

e
=

Magnitude in dB
o

100 1000 10000

200
150
100
50

-50

£ -100
-150
-200

ase in Degrees

Stable Loop Folg cf (50238 kHz Gain Margin 1946 ¢B Phase Margin 8175 Degrees 4§ Texas InstRusents |

E 3-27. Compensation Designer ZFHALI-BEL—TDFa1—=24

3.45.2 7OV HMDE LR B SURN—REF NV TRBORE

b w0N -~

a4 %4771, [Rebuild Project] #27Uv 7L %9,

T2 VIR IEFICEVRSNET,

Project Explorer C. targetConfigs F Ciitll7e HIEHERL 7 7 A VNG N2> TNDZEHRER L F 97,

KIZ, [Run] = [Debug] 227V L CT v/ wyar Bl Ed,

FTHET BTV NRT NRAAIZE—RE L, CCS T\ 7 Ea—RNEhIeET, A —F L ORtERF I —
NES AP

[Watch] #JLTU8 [Expressions] 7V t> R IZZE$Z 1814 5121%, [View] — [Scripting Console] #2771 T,
[Scripting Console] # A7 v Ry 7 A&l&EEd, ZOar/—NL0F LT, [Open] 27Uy 7L T, 7mry=/k
TANANIZHD setupdebugenv_chX.js A7V 7N 77 AV ESIBLET, ZHUZLD, [Watch] 712 Roiz

T LHT N T DO MBI E O BN AT EIET,

[Watch] 7t KT [Continuous Refresh] R4 (dﬁ]) w70y 7 LT, A ha—I0bOME D8 T %A %h
WZLET,

3.4.5.3 O—FNOE1T
IR 4 Oa—KREFITT AL, ROFNEZHENET,

1. B2var 332 1R TINCT AR EELEHLET,
2. Ama— =0 rry s CcTOY s EETLET,
3. [Watch] £'=—® [Expression] 71> KT BT4CH_InputVoltageSense_V 23 12V~15V O#iHNIZH 50
EIDEHERLET,
4. [Expression] V4> R CRD/NTGA—HaZELET,
* BT4CH_userParam_chx->Relay_ON # 1 |[ZEXEL T, HAUL—&2AR—T7 ML ET,
+ BT4CH_userParam_chX->iref_A % 25.0 IZ%EL £,
+ BT4CH_userParam_chXx->vrefCharge_V % 0.12 ([Zi% EL %7,
28 4 FrR, BOA, FURAMB N T S FAEDYT LR A JAJU959 — NOVEMBER 2024
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INSTRUMENTS

www.ti.com/ja-jp

NN T, TN T TRNELE, TR AR

1~

* BT4CH_userParam_chX->en_bool # 1 |ZFXE

» [Expression] V4R D

An_“—-—.

X EIZD

LT,

WL X 3-28 & HRL T2 &V,

5. BT4CH_measureVI_chX %%, DC/DC = N—4DOH N EREELE L ET, Vbatsense V DFEIRAED
vrefCharge_V (Zi<, #7£1% £0.5mV T,

6. 3-29 |2, PA—7 I E S B2 E T D70 D SFRA i EA RLET,

7. SYSCONFIG ~*—C Run SFRA 7142 % 2707 L %7, SFRA GUI Ry 7Ty 7ERINFET,

8. SFRA GUI TT A ADA T a @R £7, 7oL 213, F28P65x OB A 1317 B/ NMEUs a4 IRL 77, [Setup

Connection] "> &7y 7 LES, Ry 777 U4 R T [Boot on Connect] 47> arOF =74 | # Y]

72 COM AR —h2EIRLET, [OK] AF %270y E7, SFRA GUI IZEREY, [Connect] RF &2 7Uy 7L T,

9. SFRA GUI T A RIZHHE L E£3, 24T [Start Sweep] R ¥ %270y 71L T, SFRA ff 8| A B TE AL
FL7, SFRA BN T 2FE TITITE D00 ET, 58 T3 5L, ¥ 3-30 [T IOICHIEME N R RIS T

TRFIRSNET,
10. Fo. A BUGE T —21L SFRA 7 —% 74N FOT 0y =k 74 V2 RAF34, SFRA
YIRS NET,
& Expressions X
Expression Type
()= BT4CH_lab enum <unnamed>
(9= BT4CH_sfraStatus enum <unnamed>
()= BT4CH_calibrationStatus enum <unnamed>
()= BT4CH_calibrationMode enum <unnamed>
()= BT4CH_startupMode enum <unnamed>
(9= BT4ACH_HAL_InputVoltageSense_V float
(9= BT4CH_ISR2_Loading float
(9= BT4CH_ISR2_LoadingMax float
~ (# BT4CH_userParam_ch3 struct <unnamed>
¢9= Iref_A float
(9= VrefCharge V float
(9= VrefDischarge_V float
(9= dir_bool unsigned int
(9= Relay_ON unsigned int
()= Start_bool unsigned int
()= remote_sense unsigned int
(9= DutyRef_pu float
(9= IbatCal_pu float
(9 VbatCal_pu float
()= loutGain_pu float
()= loutOffset_pu float
(9= loutGain_A float
()= loutOffset_A float
(9= VoutGain_pu float
()= VoutOffset_pu float
(9= VoutGain_V float
(9= VoutOffset_V float
(9= VbatGain_pu float
(9= VbatOffset_pu float
(9= VbatGain_V float
(9= VbatOffset_V float
(& BT4CH_ExtAdcl struct <unnamed>
~ (& BTACH_measureVI_ch3 struct <unnamed>
9= lbat_A float
(9= Vout_V float
(9= Vbat_V float

3-28. 57K 4 [Expressi

Value
Lab4_singleChannelClosedLoopCV
SFRA_Enabled
Calibration_Disabled
Calibration_CV

DCM_Startup

14.9578857

0.0

0.0
{Iref_A=30.0,VrefCharge_V=0,189999998, VrefDischarge_V=2....
30.0

0.189999998

20

1

1

1

1

0.0

0.0500000007

0.200000003

0.0199999996

3.7252903e-09

50.0

-1.86264515¢-07

0.160000011

-1.49011612e-08

6.24999952

9.31322504e-08

0.164176673

3.28123569e-05

6.09099913

-0.000199860049
{channel0=0,channel1=65531,channel2=9644 channel3=65...
{Ibat_A=14.7399902 Vout_V=0.201237276,Vbat_V=0.1900407...
14.7366285

0.201094225

0.189928949

on] 4 kR BANL—T

EATHEDZA LAE
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CV Loop CC Loop

. - 2-Pole/2-Zero 2-Pole/2-Zero Synchronous Buck
SFRA Inject Compensator Compensator Plant

Hous

SFRA Collect

Vout ADC

B 3-29. FlIL—TEFRFIEHD SFRA HE

*p SFRA GUI ez %

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

[ FRA Settings

100
Open Loop/Plant Mode Select

\a:e-n Loop T Open Loop Phase (Degrees) Vs. Frequency (Hertz)
Frequency Vector Length: 100 15
Start Frequency 0

|

Steps Per Decade

\ 35
Injection Ampitude ) o 0 1.000 10,000
0100 |

Maximum Frequency: 13.48 KHz

Frequency: 21.36 Hz Magnitude: 27.44 dB Phase: -92.88 Deg

Save SFRA Data as CSV* i i i
* F Unchecked Data Exported to Excel Folg_cf: 32530 Hz Gain Margin: 14.96 dB Phase Margin: 61.96 Deg

i3 TEXAS
INSTRUMENTS

3-30. EEFIEOBRIL—TRERIGE
3.4.6 SR 5./ —TEFZH LV EERE 4 FrF/L

3.4.6.15K5 DYI+IzT7 AT avDHRE

1. -1 IR TIDNCT AR EEHALET,
trvar 3.2.1 OMEIZEST CCS ry =/ M BEET, powerSUITE Zffi HHL CW\A541%, FlIE 3 (2HEA
FT, ZNLSNOGEITFIA 4 ([TERET,

3. SYSCONFIG ~<— % Bl [Build Options] =2 a2 TLL FA R L £,
« Z7RIZ [Lab 5: Closed-Loop CCCV Dual Phase] z#W [ F7,
o TRTOF ¥ RNVEAR—T MILET,

[SFRA Enable/Disable] % [1] IZ&ZELE T,
o AN—UERMRFLET,

4. powerSuite DRV —Var DT aY = MAE T 586 ERRORET soTution_settings.h 77 (/LT
EREETINET,

#define LAB_NUMBER (5) #define
CHANNEL_NUMBER (5) #define SFRA_ENABLED (true)
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Build Options

Lab
Channel Enabled
Feeback Loop
Comp Style
I SFRA Enable
Calibration Mode Current/Voltage
HW OCP Enable/ Disable
HW OCP Limit in Per Unit
SW OCP Limit (A)
PWM Switching Frequency (kHz)
Dead Time (ns)

Startup

5: Closed Loop CCCV All Chann
Ch1

False
Disabled
Enabled
0.95

40

400

150
DCM

DCM Startup Time (ms)
Default IREF (A)
Default VREF Charge (V)

W W o N

Default VREF Discharge (V)
ISR Code Profiling Disabled v

Control Loop ISR Frequency (kHz)

® 3-31. SR 5 DE LK A FLav
3.4.6.2 7OV HMDE LR B LURN—REFNVTRBORE

1. 7uv=rMM%4 7Y 2L [Rebuild Project] 227Uy 7L Ed, 70/ IERFICE/LRESET, Project
Explorer T, targetConfigs T Ciiitl7e HIERERL T 7 A VDA N0 > TWDZEE R L E T,

2. &IZ. [Run] — [Debug] #2707/ L CT v/ ByiaraREILET, $HL7 0=V NAT A A IZn—RE
L. CCS T\ B a—NG IR0 ET, A V—F L OBIARFICa— R IELET,

3. [Watch] 3L [Expressions] V1 R #4809 521X, [View] — [Scripting Console] #27U> 7L T,
[Scripting Console] # A7 0/ Ry 7 A%REES, ZDary—/,O45 ERET, [Open] 27Uy /LT, 7r¥ =k
TANERNIZHD setupdebugenv chAlljs 27V 7~ 77 AN ZRUET, Tk, [Watch]) V1o Roiz, &~
AT LT S\ T DO BRI BRI SET,

4. [Watch] 71> R T [Continuous Refresh] 7R %> ('iﬁ& ) Z7VUy 7 LT, a2 ha—ZbOE D8 H HaG %)
L9,

3.4.6.3 A—FMO=EfT
TR 5 DI—REEITTHITIE, IROFINEIZENET,
1. ®71ar 332 0RTINCTAMNREREALET,

2. A=a— =0 rr)o s RN ETLET,
3. [Watch] £ =— [Expression] 7-t>’K7C BT4CH_InputvoltageSense_V 7 12V~15V O#iHNICH DN
EOMERERLET,
4. [Expression] V4L R TIRO/INTA—=HEFHELET,
s BT4CH_userParam_chXx->Relay_ON % 1 |[Z%EL T, HAVL—&2 A 3—T /L F T,
+ BT4CH_userParam_chx->iref_A % 5.0 IZRELET,
e BT4CH_userParam_chx->vrefcharge_v # 4.2 IZERELET,
+ BT4CH_userParam_chX->en_bool # 1 IZREL %,
+ [Expression] VAL R DK EIZOWTIL, X 3-28 25 ML T7ZE0,
5. BT4CH_measureVI_chX Z%%,. DC/DC = —4DH EREELEEZRLET,
Iref & Vref Z8 L C, EEME—REEBLE—FOROEBAMRLET,
7. ERBAEDITEZEE T HIZIL, BT4CH_userParam_chX -> Dir_bool #8I0#&x £,

o
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3.4.7 BHiF

1.

2.

o

ZOTREFETTHITIE, K 3-11 THHLIEIDNICANA =R =27 DR ESN TWDAIEZ MR L ET, T Mgl
THUEFEDF YT —aliE, 2 S IEEAHHLET,

TE 2R E T DL, SMTT O E RS EEH TS DMM %46 927>, E-Load EfHIEEAE AL £, i?i
TIDA-010090 Etk Eot A LD MiaOEEAL AL T, HAERAHE CEET, EELAZIET DI

JEa _—2ZOH FEELYE— B 2O DMM 248 L £,

SYSCONFIG _—U%Bi&, 77K 5 &R L, [Calibration Mode] % [Current Calibration] (2% €L 4, &/ 3-32
I, BV 7L —ar D SYSCONFIG R—Y DR EERLET,

* SYSCONFIG _—YzfrffL, a—F&FETLET,

« [Expression] VA4 RV ABEET,

o H7/1EFIL. BTAPH _userParam_V_| _chX->ibatCal_pu /37 A—% %4 L CHEHL £7,

+ BT4CH_userParam_chX->Relay ON % 1 [Zf% &L C, H AU —& A x—7 izl ET,

+ BT4CH_userParam_chX->en_bool =1 ZfREL £,

« BT4CH_userParam_chX->ibatCal_pu % [0.05] 35O 0.3 1258 EL . H /1B gt A MO EE HEE D ET,
+ btdch_gan_cal.h 77 AV DO EEEDOH T E Tt A B0 EZ EEHLET,

#define BT4CH_IBAT_ACTUAL_CH1_P1_A ((float32_t)2.5)
#define BT4CH_IBAT_ACTUAL_CH1_P2_A ((float32_t)15.00)

o Frp 2, 3,4 120OVWTC, ZOFEEERLET,
SYSCONFIG ~_—Y%BVTT7h 5 2N 1L, [Calibration Mode] % [Voltage Calibration] IZ3%ELET, X
3-33 (2, BEF YV T L —rar?d SYSCONFIG X—Y D% EERLET,

* SYSCONFIG ~—V%MRMFL, a—REFITLET,

+ [Expression] V4 RUEZFHEET,

o HAFEFIL. BT4PH _userParam_V_| _chX->vbatCal_pu /X7 A—#Z AL CTHHLET,

« BT4CH_userParam_chX->Relay_ON % 1 |[Zf%EL T, /UL —% A X —7 /WIZLET,

+ BT4CH_userParam_chX->en_bool =1 #REL£7",

+ BT4CH_userParam_chX->vbatCal_pu % 0.2 |5 X O0.6 | IZFREL ., HIEROMEfE EESE D ET,
bt4ch_cal.h 77 A /VOEEDOH 1 E R AV EEZEHLET,

#define BT4CH_VBAT_ACTUAL_CH1_P1_v ((float32_t)1.195)
#define BT4CH_VBAT_ACTUAL_CH1_P2_V ((float32_t)3.589)

o Fy L 2,.3,4120WTC, ZOFNEAMBDIKLET,
SYSCONFIG _—V%[E, ¥V 7L —tay T—RET 41— LEd,
powerSUITE LIS D A —T a7 my =7 Mefli 42354 | [Build Settings] 13 solution_settings.h 771 /LC
Lﬁwﬁéﬂi‘f BIF V7L —ar 04 1% CALIBRATION_MODE % 1 IZ8% L., B EFX Y7L —3
DAL 2 ITRELET,
#define LAB_NUMBER (5)
#define CHANNEL_NUMBER (5)

#define CALIBRATION_ENABLED (true)
#define CALIBRATION_MODE (1)
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Build Options

I Lab
Channel Enabled
Feeback Loop
Comp Style
SFRA Enable

2: Closed Loop CC Single Chan v

Ch1

True

Calibration Mode Current/Voltage

Current Calibration

HW OCP Enable/ Disable
HW OCP Limit in Per Unit
SW OCP Limit (&)

PWM Switching Frequency (kHz)
Dead Time (ns)

Startup

DCM Startup Time (ms)
Default IREF (A)

Default VREF Charge (V)
Default VREF Discharge (V)
ISR Code Profiling

Control Loop ISR Frequency (kHz)

Software Frequency Response Analy

Enabled
0.95

40

400
150
DCM

w W ;o N

Disabled

RUN SFRA

Compensation Designer

RUN COMPENSATION DESIGNER

3-32. ERFrUIL—avDE R FFay

3.5 TFAMER

3.5.1 EFN—TRMHLF2L—>3>

Build Options

Lab

Channel Enabled
Feeback Loop
Comp Style
SFRA Enable

4: Closed Loop CCCV Single Ch

Ch1

True

IICahbratlon Mode Current/Voltage

Voltage Calibratior]

HW OCP Enable/ Disable
HW OCP Limit in Per Unit
SW OCP Limit (A)

PWM Switching Frequency (kHz)
Dead Time (ns)

Startup

DCM Startup Time (ms)
Default IREF (A)

Default VREF Charge (V)
Default VREF Discharge (V)
ISR Code Profiling

Control Loop ISR Frequency (kHz)

Software Frequency Response Analy

Enabled

0.95

Disabled

RUN SFRA

Compensation Designer

RUN COMPENSATION DESIGNER

3-33. EEFVYUIL—avDEIR FFay

* 3-2. RBEE—FARLF¥aL—ay

FSR (A) 50

HiHE—K % A

32?3210090 0.1 1 10 25 0.1 1 10 25

ELOAD CV E—K B RAEHFICHIESh S ERR

Vser (V) lactual (A) lactual (A) lactual (A) lactual (A) lactual (A) lactual (A) lactual (A) lactual (A)
1.0 0.101 1.000 9.999 24.998 0.099 1.000 9.996 24.994
2.0 0.101 1.000 9.9984 24.997 0.099 0.998 9.996 24.993
3.0 0.1 1.001 9.9984 24.9966 0.098 0.998 9.997 24.994
4.0 0.101 1.001 10.000 24.997 0.1 0.999 9.996 24.993

iz (mA) 1 1 1.6 3.4 2 2 4 7

22 (% FSR) 0.002 0.002 0.0032 0.0068 0.004 0.004 0.008 0.014
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3.5.2 EZ/N—TERMETIF
0.05
0.04
0.03
0.02

—— Discharge
—— Charge

0.01
0
-0.01
-0.02
-0.03

Error (% FS)

-0.04

-0.05

0 25 5 75 10 125 15 175 20 225 25
Iset (A)

X 3-34. EFI—TEHEET X

3.5.3 BE/I—TERETIF
0.03

— No Load
— 20A

0.02

0.01

Error (+ %FSR)

-0.01

-0.02

0 1 2 3 4 5
Voltage (V)

3-35. EENL—TEHET A

34 4 Fygon, 50A, T BB N TY e FREDY T LR T JAJU959 — NOVEMBER 2024
BHHIBT T8 71 —F N2 (ZE R L&) #2515
English Document: TIDUF87
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/jp
https://www.ti.com/jp/lit/pdf/JAJU959
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU959&partnum=TIDA-010090
https://www.ti.com/lit/pdf/TIDUF87

13 TEXAS
INSTRUMENTS
www.ti.com/ja-jp

N—RD2 T TR T, TR TR PR

3.5.4 DCM DX 54—, 7y

File Utility Help E I3 1
[P P P - m
] 1o v| [T jea]
1 Aise Time
1 1341 ms
IBp vour |
] 800 my| | Fall Tame
| No valid edge
| apsmn s p e SN e
-1 M
ot |
S S WPy VS Sy PRy —— £80V
680 V
80 V
|Horizontal | | Trigger (| ' Acquisition Ready
2,00 Vidiv || 50.0 mVidiv 200ms/div | |3 4L0mV | | Sample
A MO SR:50.0 kS/5 9 Acgs 10ct 2024
500 MHz || 500 MHz RL:1 kpts 09:12:47
SE Y
- — »w o
B 3-36. 5A RA— 7Y TEDBERE
File Utility Help [
v call |
120 )
Rise Time
M9y
B o
1 Arerea i, S R A . D T S 2 Y]
4 B0 TV
't N
k
e e 280 v
|
u |
- P et vy e vl s gt 480 V]
680
880 V|
Cy=== Workonia | Tioger TR | Accaution Resdy
2,00 Vidiv | 50.0 mV/div 200 ms/div | C 79.0mV  Sample
1 5R:50.0 kS/s 4 Acgs 10ct 2024
500 MHz 500 MHz o, RL: 1 kpts. 09:0957

X 3-37. 10A R3—F 7y HEDIBIERE
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3.5.5 WG AERR1YF> T

File utility Help ¥
- %l oy 1 |
1 120v| (Measd m
} Aise Thva
B vour 1 nomd:age
P Gl P B e i | e B R it g —
5682 s
s L — - - 280 v| 2
+
1
- 4580 V|
\
680 V)
Y
e e RPN
[ Jos ] rigger [ |Acquisition Ready
2.00 Vidiv | 50.0 mV/div zuu ms/div x uomv Sample
A MQ SR:50.0 kS/s W Acgs 2 Oct 2024
500 MHz || 500 MHz RL:1 kpts 06:18:08

X 3-38. ZEENSEDIEBESE

File Utility Help 3
o] (MesilEEN
] Rise Time
{ 6625 i3
e oo ,
Arr S T Aottty | P Teea
1/ "o ubd edge
f
280 V
| +
| 480
680 V)
vt v A e A e A v et brticmaramtmpeendd 280V
[ Joa ] rigger [ |Acquisition | Ready |
2.00 Vidiv 50.0 mV /div l 00 ms/div X ¢| OmV  Sample
L) 1M SR:50.0 kS/s W Acgs 2 Oct 2024
500 MHz 500 MHz RL:1 kpts 06:19:41

X 3-39. WEMNMFTEDIBESE
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3-40 12, 2 DDOF ¥R 20A B — AL D 2 Fr 2 20A L IR AED) T 7L A T A L OENE]
W R ET, ZORETIZ, Frx/b 1 2F v 1L 2 & Frrl 32F vl 4 LEHKLTOET,

B 3-40. E\E{8

JAJU959 — NOVEMBER 2024 4 Fr g, 50A, T BN N TY e FREDY T LR T 37
BHHT T8 74— (DS BR O 5b) #2405
English Document: TIDUF87
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/jp
https://www.ti.com/jp/lit/pdf/JAJU959
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU959&partnum=TIDA-010090
https://www.ti.com/lit/pdf/TIDUF87

13 TEXAS
INSTRUMENTS
RGN F AN D Y — ] www.ti.com/ja-jp

4 BB LR AV MDY R—F
4.1 THALY T7AIL

4.1.1 B
[ %27 m—R35121%, TIDA-010090 O E 7 7 A VA SR TTEEN,
4.1.2 BOM

ik (BOM) 24 7 —R45121%, TIDA-010090 D%t 7 7 A /L &S L TLIZEN,
4.2)—)L&Y I

=L

TMDSCNCD28P65X TSM320F28P65x control CARD T F:Ak

YIbox7

CCSTUDIO Code Composer Studio (CCS) #t & Bi 55 (IDE)

C2000WARE-DIGITALPOWER-SDK C2000™ ~ = /[r]i S DigitalPower 7~y =7 B # %> I+ (SDK)

4.3 Fxa 2 bDYR—k

1. FRFRAAL RN AY FTMS320F28P65X U7 /L AA L v A0 b —F F—4 —|]
2. TEXYRALAY LAY [ADS8588S 16 Fv /b, Hid, 8 Fv 1k, [TV ADC, H—EIICLD
PNARN=F AN T =22 —h

4.4 Y R—k-1)y—R

TXT R AL AV LASY BE2E™ iR —R e T4 —F AL, T V=T DBRREEE AOEIE LR EHZE T A Mo AR
— IO IGEN D EEEF A LN TELYFT T, BEFORIEEZRBELID, MBEOEME LD T5ZE T, T
T XA MR DZENTEET,

Vo 7ENTNDar TR, BFMBEICIVIBIROEE RSN DO TT, ZNHIETHH A A AV LAY D
AR T 2L DT LT L TX VAL AV A O BfRE KM LT-H DO TIEHDET Ay TP A AL RY
ALY DERGHEEZRLTTESN,

4.5 p51E

C2000™, 7Fx PR AL AV LAY D™, and Code Composer Studio™, and 7F R AL AL ALY E2E™ are
trademarks of Texas Instruments.

TRTOEEIL, TNENOFTAHEICRBLET,

5 EZEIZDINT
SHAURY ANAND (I, 7% YR AL AV AT DU AT A T =TTHY TANBIWNET VA 7r— a7
LA FHA LB AL L TOET, AR IR R —F— K CER LF0% 5 (B.Tech) #HEL TWVET,

ZDVT 7L A T AL A~DOHFR—=MIDOWT, JINGQUAN ZHU, ETHAN YU, SEN WANG, OZINO ODHARO,
TIM PRICE [Z/E#L £,
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BELGBHLELAEER
TRYAALARI VAL, Plfi T —FLBRWET — 5 (T =5 =M@ HET), KAV —A (VT TV A THPALZEHRET), 77V —a
ROBFHIE T AEFET R SA A, Web ¥V —/b, ZEVEIER, ZTOMDY Y — 2% REBEETDATREMOH S THROEE $REEL TRY, padmtt
BILOKFE H W3 25 G O BRIRAE, 55 =8 ORI FEME DR FRGEE & L0 DR D IRFED . BRI EIZBURIIZO Db TS L E
R
INBOVY—RIE, TP A AL AV VAL 2 T 23R 5 ORBREFEA TR A ~ORMEBEXLIZLOTT, (1) BEROT 7V r—ra
NZHLTZ THRP A ARV VAV ORIE, (2) BERROT IV r—arOi%at, Bk, R, 3) BEMOT 7V r— a ik 4 54
K, ZOMOBHEWD DL N X2V T ¢, Bl TIIIMO B ~OfMEELE AT EHTE . BEHEOLDBEMTAIDLDELET,
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