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TMS320F28027PT LQFP (48) 7.0mm x 7.0mm
TMS320F28026PT LQFP (48) 7.0mm x 7.0mm
TMS320F28023PT LQFP (48) 7.0mm x 7.0mm
TMS320F28022PT LQFP (48) 7.0mm x 7.0mm
TMS320F28021PT LQFP (48) 7.0mm x 7.0mm
TMS320F28020PT LQFP (48) 7.0mm x 7.0mm
TMS320F280200PT LQFP (48) 7.0mm x 7.0mm
TMS320F28027DA TSSOP (38) 12.5mm x 6.2mm
TMS320F28026DA TSSOP (38) 12.5mm x 6.2mm
TMS320F28023DA TSSOP (38) 12.5mm x 6.2mm
TMS320F28022DA TSSOP (38) 12.5mm x 6.2mm
TMS320F28021DA TSSOP (38) 12.5mm x 6.2mm
TMS320F28020DA TSSOP (38) 12.5mm x 6.2mm
TMS320F280200DA TSSOP (38) 12.5mm x 6.2mm
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6 Device Comparison
% 6-1 lists the features of the TMS320F2802x devices.

# 6-1. Device Comparison

28027 28026
28027-Q1 28026-Q1 28023 28022
FEATURE TE’?E 28027F 28026F 28023-Q1 28022-Q1 ( 4208&2'_:2) ( 4208&2:2) (igoﬁ 32)
28027F-Q1 28026F-Q1 (50 MHz) (50 MHz)
(60 MHz)®® (60 MHz)®®
38-Pin | 48-Pin | 38-Pin | 48-Pin | 38-Pin | 48-Pin | 38-Pin | 48-Pin | 38-Pin | 48-Pin | 38-Pin | 48-Pin | 38-Pin | 48-Pin
Package Type DA PT DA PT DA PT DA PT DA PT DA PT DA PT
TSSOP | LQFP | TSSOP | LQFP | TSSOP | LQFP | TSSOP | LQFP | TSSOP | LQFP | TSSOP | LQFP | TSSOP | LQFP
Instruction cycle - 16.67 ns 16.67 ns 20 ns 20 ns 25ns 25ns 25ns
On-chip flash (16-bit word) - 32K 16K 32K 16K 32K 16K 8K
On-chip SARAM (16-bit word) - 6K 6K 6K 6K 5K 3K 3K
Code security for on-chip
flash/SARAM/OTP blocks - Yes Yes Yes Yes Yes Yes Yes
Boot ROM (8K x 16) - Yes Yes Yes Yes Yes Yes Yes
One-time programmable
(OTP) ROM (16-bit word) - K K 1K 1K K K K
ePWM channels 1 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4) | 8 (ePWM1/2/3/4)
eCAP inputs 0 1 1 1 1 1 1 -
Watchdog timer - Yes Yes Yes Yes Yes Yes Yes
MSPS 4.6 4.6 3 3 2 2 2
%?T:‘;’ers"’" 216.67 ns 216.67 ns 260 ns 260 ns 500 ns 500 ns 500 ns
12-Bit ADC Channels 3 7 13 7 13 7 13 7 13 7 13 7 13 7 13
Temperature Yes Yes Yes Yes Yes Yes Yes
Sensor
Dual Sample- Yes Yes Yes Yes Yes Yes Yes
and-Hold
32-Bit CPU timers - 3 3 3 3 3 3 3
High-resolution ePWM 1 4 (ePWM1A/2A 4 (ePWM1A/2A 4 (ePWM1A/2A 4 (ePWM1A/2A ~ ~ _
Channels 13A/4A) 13A/4A) 3A/4A) [3AJ4A)
Comparators w/ Integrated
DACs 0 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Inter-integrated circuit (12C) 0 1 1 1 1 1 1 1
Serial Peripheral Interface
(SPI) 1 1 1 1 1 1 1 1
Serial Communications
Interface (SCI) (UART 0 1 1 1 1 1 1 1
Compatible)
/O pins Digital (GPIO) - 20 22 20 22 20 22 20 22 20 22 20 22 20 22
(shared) Analog (AIO) - 6 6 6 6 6 6 6
External interrupts - 3 3 3 3 3 3 3
Supply voltage (nominal) - 3.3V 3.3V 3.3V 33V 3.3V 33V 33V
Ibgo‘éooc to - Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Temperature s :4000 to - Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
options 125°C
Q: -40°Cto
125°C3) Yes Yes Yes Yes Yes Yes Yes Yes
(1)  Atype change represents a major functional feature difference in a peripheral module. Within a peripheral type, there may be minor

differences between devices that do not affect the basic functionality of the module. These device-specific differences are listed in the
C2000 Real-Time Control Peripherals Reference Guide and in the TMS320F2802x, TMS320F2802xx Technical Reference Manual.

@)

Technical Reference Manuals.

@)

The letter Q refers to AEC Q100 qualification for automotive applications.

TMS320F28027F and TMS320F28026F are InstaSPIN-FOC™-enabled MCUs. For more information, see i 11.3 for a list of InstaSPIN
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6.1 Related Products
For information about similar products, see the following links:

TMS320F2802x Microcontrollers
The F2802x series offers the lowest pin-count and Flash memory size options. InstaSPIN-FOC™ versions are
available.

TMS320F2803x Microcontrollers
The F2803x series increases the pin-count and memory size options. The F2803x series also introduces the
parallel control law accelerator (CLA) option.

TMS320F2805x Microcontrollers
The F2805x series is similar to the F2803x series but adds on-chip programmable gain amplifiers (PGAs).
InstaSPIN-FOC and InstaSPIN-MOTION™ versions are available.

TMS320F2806x Microcontrollers

The F2806x series is the first to include a floating-point unit (FPU). The F2806x series also increases the pin-
count, memory size options, and the quantity of peripherals. InstaSPIN-FOC™ and InstaSPIN-MOTION ™
versions are available.

TMS320F2807x Microcontrollers
The F2807x series offers the most performance, largest pin counts, flash memory sizes, and peripheral options.
The F2807x series includes the latest generation of accelerators, ePWM peripherals, and analog technology.

TMS320F28004x Microcontrollers

The F28004x series is a reduced version of the F2807x series with the latest generational enhancements. The
F28004x series is the best roadmap option for those using the F2806x series. InstaSPIN-FOC and configurable
logic block (CLB) versions are available.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-
Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200

7


https://www.ti.com.cn/product/cn/tms320f28027
https://www.ti.com/instaspin-foc
https://www.ti.com.cn/product/cn/tms320f28035
https://www.ti.com.cn/product/cn/tms320f28055
https://www.ti.com/instaspin-motion
https://www.ti.com.cn/product/cn/tms320f28069
https://www.ti.com.cn/product/cn/tms320f28075
https://www.ti.com.cn/product/cn/tms320f280049
https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026 .

TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023 I3 TEXAS
TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200 INSTRUMENTS
ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021 www.ti.com.cn

7 Terminal Configuration and Functions
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GPIO3/EPWM2B/COMP20OUT [] 38 23 |] GPIO38/XCLKIN (TCK)
GPIO4/EPWM3A [] 39 22 |] GPIO37 (TDO)
GPIO5/EPWM3B/ECAP1 [] 40 21 |] GPIO36 (TMS)
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Voo [] 43 18 || ADCINB7
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o
Voo [] 1 38 [] TEST
Vss [ 2 37 [] GPIOO/EPWM1A
VREGENZ [| 3 36 [] GPIO1/EPWM1B/COMP10UT
Voo [| 4 35 [] GPIO16/SPISIMOA/TZ2
GPIO2/EPWM2A [] 5 34 |] GPIO17/SPISOMIA/TZ3
GPIO3/EPWM2B [| 6 33 |] GPIO19/XCLKIN/SPISTEA/SCIRXDA/ECAP1
GPIO4/EPWM3A [| 7 32 |] GPIO18/SPICLKA/SCITXDA/XCLKOUT
GPIO5/EPWM3B/ECAP1 [| 8 31 [] GPIO38/XCLKIN (TCK)

GPIO6/EPWM4A/EPWMSYNCI/EPWMSYNCO [] 9 30 || GP1037 (TDO)
GPIO7/EPWM4B/SCIRXDA [] 10 29 |[] GPIO36 (TMS)
Voo [] 11 28 [1 GPIO35 (TDI)
Vss [} 12 27 [] GPIO34
GPI0O12/TZ1/SCITXDA [| 13 26 || ADCINB6/AIO14
GPI028/SCIRXDA/SDAAITZ2 [| 14 25 |] ADCINB4/AIO12
GPI1029/SCITXDA/SCLA/TZ3 [| 15 24 |] ADCINB2/COMP1B/AIO10
TRST [| 16 23 |] Vssa/VRrerLo
XRS [ 17 22 [] Vppa
ADCINAG6/AIOG [| 18 21 [] ADCINAON pepyy
ADCINA4/AIO4 [ 19 20 |] ADCINA2/COMP1A/AIO2

& 7-2. 2802x 38 3| DA TSSOP ( THMLE )
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7.2 55 UH

7.2 ARG AT T U B JTAG SIS | BRAES AU, 50 GPIO Thag &R m ERINThaE. 1]
TNHBH AN E S RIS B ThEE . A IMETHREIFATERT A 28 fF LiRft. BXHAIER |, S MK 6-1. A
AR 5V k. B GPIO 518N 1/10/2 B —AWES_Ehr i fl , fE4FN 5] Bl 814 Ja A /2% ok Fe i .
ix—Ht HIE AT GPIO Bl . EAL A B PWM B E Edr i fE . 24675 B H AL GPIO 51| F i) Edi
FH. AIO 5l IAA P8 k.

%1

/A VREG i, GPIO19. GPIO34. GPIO35. GPIO36. GPIO37 fi1 GPIO38 5| JHI7E - H 3 [a] 7]
e Bl . XXMM BRI S| R 2 iR |, Asm s FA47 8. WRNHAREZE
i, AT AAMERHEAE 1.8V HYR . BN — AN S s 5| AR BRI R F R (Bl 470Q ) |, "B EAEH
AN IR 7 2 PR 1] B2 2% 21 51 BN/ AN S T Re e . AR 1.8V HIREY |, Jo&5 RN F. 2R
Wik /O 5l ) H e i gz v 2 ) 3.3V AR E 1.8V R E 2wl B H R P Es A T REAT
o, X SR ARG IR . O T RIS, Vpp SN T Vppio 51 IES 2 [FEF L
M, Bk Vpp 51 HITE Vppio 51 AR 0.7V ZATIER] 0.7V,

7.21 55U

e
) PT DA lio/iz LB
L TP
JTAG

FAT P TG JTAG WA (L. dka P | TRST 22 i 2 Gl
BAFIIEAT. AR DA BT | W A eI RGN F T E ,
AR b 2N

TRST 2 16 VER © TROST 2 huth A AR A | 155 158 TR IF] 26 GG A (R
o B LTSN LR B A TS AT IR Pod
BOMEENTRRE . 2.2k LS AT IR SR, 1T B T |
FF B T1 AU TR A FARBLR 15 8 I A A (1)

TCK 2% GPI038 I Z:[i GPIO38. iy A HR_Ehr IR JTAG M8 (1)
2[5 GPIO36. iy A #E L L BH ) JTAG MBI CE % (TMS). sb iR AT # bl

™S ZIH GPIO36 b TOK Erb A TAP B, (1)
DI %0 GPIO35 214 GPIO3S, %EW%“*%EW? JTAG JIlKEHR A (TDI). TDI 7€ TCK [ L
FHEMA BRSO 1758 (F688E ) . (1)
%% GPIO37. JTAG Hfifiddt , MREAE M (TDO). FHEZfras (54 ok¥ds )
TDO %1% GP1037 O/z N ZAE TCK R TDO B o
( 8mA IKZ) )
NEF
TEST 30 38 | 00 [Wislm. TR SAURERERRE.
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PT DA lIo/z i3
(1)
= MBS | MBS
B4
%07 GPlIO18. JRH SYSCLKOUT fyjith 4t . XCLKOUT #iZ 4 5
SYSCLKOUT MARZA |, EA & JEH —F8P 52 —. Xilid XCLK & 774+
XCLKOUT %1% GPIO18 O/Z |14z 1:0 (XCLKOUTDIV) #ifil. &k} , XCLKOUT = SYSCLKOUT/4, it #
XCLKOUTDIV #5EH 3, 726 XCLKOUT {55 . GPIO18 (1% 5 284 hil t b
BEE N XCLKOUT , A BEAH A5 SAE4E RIS 1.
%[ GPIO19 1 GPIO38. AMBIRG 24N . &5 IR B XCLK 27788 i
XCLKINSEL fizfz# |, BRiAi%#E GPI038. 5| HIm% kK |4 3.3V 4R 2 (1
B TEIXFIEULT , X1 51 (anRATH ) S20%ER:E GND |, i H 4485
CLKCTL %7788 NI 14 A28 kR o . i3l dRAE RS |, HJii@id
XCLKIN %% GPI019 #1 GPIO38 CLKCTL ZFf74% 1) 13 hiZkF XCLKIN B445.
¥ER : /] GPIO38/TCK/XCLKIN 5| BIF A A it 4h A 8% 120 1E 3 TAERIBEHH T RE
TR, DMEAE R JTAG IEH8s I 2A L 42 . 1IX 2 N TR Ik
JTAG IR &E a3 TCK A5 SARTLSe 4o BRI Al FH 22 5] A P B4R % 2% o
R
1.8V F LIRSt . B A LR 88 , IAE X1 I X2 2 [AER— M TE
X1 45 - SRR SRS . FEXAME LT, LA CLKCTL 27738 N E 13 fir2k
XCLKIN #4%. @b s kMG , BAUE#%E GND. (1)
X2 46 B o Fr B SARYR A s . L ZIAE X T X2 2[R AN IR B R R A . TR
X2 RAEH , BAURFFRERIRE. (O)
AL
WAL (B ) MBIIVRES () - XLEBEEANE ERES (POR) HERHIK
EHANL (BOR) M. E FHBRERBUT |, b2 IR AR T S0 g
T e S IRB UL 5| M 8 B AL A L. RAERITMEAR |, b5 JHithe MCU 4Kzh
FRHF . BT IE AN |, XRS 517 512 4~ OSCCLK JAMIH I 1= Ak
o SR ] PR E AR LT . REFE XRS R Vppio Z IIECE —MEH 2.2kQ % 10k Q
XRS 3 17 I/OD | [ fHAS . i AE XRS Al Vag 2 [HSCE — AN HL AR 24T I P IERR |, IIZ s 28 8% 110
R 100nF BN 497 IR AN | XA BELE R T 1HI7E 512 4
OSCCLK AW IEHHh XRS 51 IKENZE Voo ALK I8 2 AL & S 38
PR BT . RS A B 0x3F FFCO 47ttt . 48 Mt , WFRF
TR E AL BT IRIAT « L] 5 H 2 i 3 — AN P e LR A T e
fEo (1) GnBR LS| AR A IR SY |, U TR A% AT R
ADC. HE. Bl o
ADCINA7 6 - I ADC %1 A | i 7 A
ADCINAG A 18 I ADC 4 A, iEif 6 FiA
AlO6 I/0 7 AIO 6
ADCINA4 I ADC #1 A | i 4 A
COMP2A 5 19 I FLREBRA N 2A ( L7E 48 Sl Jiigs AT )
AlO4 I/0 7 AIO 4
ADCINA3 7 - I ADC 4 A, iEif 3 FiA
ADCINA2 I ADC %1 A | i 2 A
COMP1A 9 20 I ELRC B A 1A
AlO2 110 e AIO 2
ADCINA1 8 - I ADC 4 A, i 1 FA
ADCINAO 0 o1 I ADC Z1 A | i 0 A
VREFHI I ADC #hEB3EHE s - AU/E ADC AhEREHERE R R . S4%5 9.9.1.1 , ADC.
ADCINB7 18 - I ADC 41 B, iii 7 A
ADCINB6 - - I ADC 41 B , ifii& 6 A
AlO14 110 7 A0 14
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PT DA 1/10/Z2 AB]
B mge | ames
ADCINB4 [ ADC 41 B, ilii& 4 #iA
COMP2B 16 25 [ L sdi N 2B ( R 7E 48 SR EN AT )
AIO12 110 |#¥ AIO 12
ADCINB3 15 - [ ADC 41 B, ii#i 3 A\
ADCINB2 [ ADC 41 B, ilii& 2 #iA
COMP1B 14 24 [ LA 1B
AIO010 110 | %= AIO 10
ADCINB1 13 - [ ADC 41 B, ii 1 A
CPU A1 1/0 EJE
Vboa " 22 B RS . TEMLS TS — A 2.2 0 F AR (Y ) .
Vssa 12 2 R 5]
VREFLO ADC SMBEUEAS ( adkdiit )
Voo 32 1 CF;l\J *Dﬁiﬁ%ﬁlf Eﬁﬂﬁélaﬁuo ﬁiﬁ P VEEBG i, ERAS Vpp 51 AL 2 IR
43 11 —AN1.2uF RS AR S AR,
Vooio 35 4 e "‘1 SRR AN AT LIRS (Sﬂi VREG Hﬂiﬂﬁtﬂv‘)ﬁo TESLS| I cE — A
FOHRHA R BUMER B R GRS R R E .
Vss > 2 e 5
44 12
REREHES
UREGEND " 3 FUA T i BB A A SRR 2% (VREG) ffife. EI#EEHE] VSS (1K) LUS AP
1.8V VREG. HE#:EH:H] VDDIO ( ) LA VREG f# 41 1.8V B,
GPIO fi$tifzs @
GPIO0 1/O/IZ |l N/ O
EPWM1A - 37 0 s PWMI %t A 1 HRPWM 388
GPIO1 1/10/Z  |EFARN/FH 1
EPWM1B o8 %6 0 HWTER PWMA fidi B
COMP10UT 0 Eh B 1 10 B B
GPIO2 1/O/IZ |l FH N/ 2
EPWM2A a7 5 (¢} WA PWM2 Hii A F1 HRPWM 3838
GPIO3 I/10/Z A N/HH 3
EPWM2B 28 6 0 HTER PWM2 fii B
COMP20UT 0 LLH 3% 2 I BB ( UFE 48 BIHZ T )
GPIO4 [{eT7Ab = VL AL
EPWM3A 39 ; ¢} WA PWM3 Hii A F1 HRPWM 3838
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/o/z 345
50| e | amge =
GPIO5 I/10/Z @A AN 5
EPWM3B 20 8 o) HEEE PWMS3 % B
ECAP1 1’0 R R N 1
GPIO6 I10/Z | AN/ 6
EPWM4A a o 0 H5EA PWM4 Hid A fl HRPWM i 18
EPWMSYNCI [ A% ePWM [F25 ik b A
EPWMSYNCO 0 A% ePWM [l fik i
GPIO7 I/10/Z | @AM 7
EPWM4B 42 0 0 R PWM4 fi i B
SCIRXDA I SCI-A AR
GPIO12 I/O/Z AN/ 12
TZ1 a7 13 I Bk X H N 1
SCITXDA 0 SCI-A KIiEHHE
GPIO16 I/O/Z @A N/ 16
SPISIMOA o7 - 110 |SPI MEZSfHSIN | E 214
122 [ B X4 2
GPIO17 110/Z  |iEAER N/ 17
SPISOMIA 06 ” I/0 SPI-A sttt , Eds A
TZ3 I B X H N 3
GPIO18 1/O/Z @A 18
SPICLKA /0 | SPI-A a4 A/
SCITXDA 0 SCI-A %%
XCLKOUT 24 32 O/Z | JiH SYSCLKOUT Kt it4h . XCLKOUT #iZ#2, 5 SYSCLKOUT %A
M, BAREHE W —FkII Y2 —, Xl XCLK ZF7Es 4 f#6z 1:0
(XCLKOUTDIV) ##il. A , XCLKOUT = SYSCLKOUT/4. ilid i
XCLKOUTDIV
BN 3, Al XCLKOUT 155 . GPIO18 £ & FH S ishl th b 4 & N
XCLKOUT , A Refd bt f5 514821 51 ji.
GPIO19 I10/Z  |iEARN/FHH 19
XCLKIN I ARG AN o LL 5] B BhER A R AR A 2 M 5] I 22 2% 2 R A8 Th Rl i
B R AT HADSMEIIRE , DAERANE S R R R
SPISTEA 2 3 VO | SPI-A M % S A A/
SCIRXDA [ SCI-A #1
ECAP1 I/0 R B DA i
GPIO28 1/0/Z | N 28
SCIRXDA 48 " I SCI 45 #h
SDAA I/OD | 12C ¥ i WL 1
122 [ B X4 2
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/o/z 345
50| e | amge =
GPIO29 1/10/1Z @A 29,
SCITXDA ] s 0 SCI &% K
SCLA I/OD | 12C M3 ML O
TZ3 I Bl XA 3
GPIO32 I/10/Z @A N/ 32
SDAA 31 ) I/OD | 12C ¥ WL i 1
EPWMSYNCI [ HEHRAL PWM Sh38 )25 bk A
AD A 0 ADC #4535 A
GPIO33 I/10/Z  |@m AN/ 33
SCLA %6 ) I/OD | 12C MWL O
EPWMSYNCO (0] HA5RAL PWM A0 [ 25 ik dgn N
ADCSOCBO 0 ADC ##:3) B
GPIO34 I10/Z @B N/ 34
COMP20UT 19 o7 0 L 2 B H . 76 DA B34 | COMP20OUT 55 ARA .
GPIO35 I/O/IZ |l FH N/ 35
TDI 20 28 I WA N F B A JTAG AR N (TDI). TDI 7E TCK - Fhifvii A\ 2k £
M2 fEes (Ha 4 EUR )
GPI036 110/ 5@ 36
T™S 21 29 I WA LB A JTAG MIIRKE L HE (TMS). Bhef 7 IS NTE TCK _EFHI
NE| TAP #5425
GPI037 I/10/Z  |i@ N/ 37
TDO 22 30 O/Z  |JTAG ittt , MIRHIRSH (TDO). FrikZfras (#848U8URE ) MMAFE TCK
TREHTA TDO #H ( 8mA IKZ) )
GPI0O38 I/10/Z  |@H N/ 38
TCK 23 31 I W P ER 4 LB JTAG MR 4
XCLKIN [ SMNEBIRG AN . BT BN B R (K B RS B2 Uk S I £ B R I AS T RE R . fn R
IR AR T HAR D) RE | A0 B A S s ARk I

() I=%A,O0=%th,Z=mMEpt,OD=THF, t = k4, | =T

(2) GPIO it ( LUHAMA R R ) AERAN NEGME. e Tz RAMEE 52 BRI X T GPIO TiRE L Bk I JTAG 51,
HAZE] GPIO HIBRAZ IR A . MR TRST (55264 , JAHIZEHI AN GPIO B th UBR AR AN —AN SR JTAG HRIERTR . A K TEAME
B, WS TMS320F2802x. TMS320F2802xx 12K FH N “ R&gisH” — .
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8 Hi%

8.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
Vppio (/O and Flash) with respect to Vgg -0.3 4.6
Supply voltage \Y
Vpp with respect to Vgg -0.3 2.5
Analog voltage Vppa With respect to Vgsa -0.3 4.6 \%
VN (3.3V) -0.3 4.6
Input voltage \%
Vin (X1) -03 2.5
Output voltage Vo -0.3 4.6 \%
Digital/analog input (per pin), Ik -0 20
(Vin < Vss or Viy > Vppio)®)
Analog input (per pin), likanaLoc
Input clamp current -20 20 mA
P P (ViN < Vssa or ViN > Vppa)
Total for all inputs, liktoTaL ~920 20
(ViN < Vss/Vssa or Vin > Vppio/Vppa)
Output clamp current lok (Vo <0 or Vg > Vppio) -20 20 mA
Junction temperature(®) T, - 40 150 °C
Storage temperature(*) Tstg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under 5 8.4 is not implied.
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to Vss, unless otherwise noted.

(3) Continuous clamp current per pin is +2 mA. Do not operate in this condition continuously as Vppo/Vppa voltage may internally rise and
impact other electrical specifications.

(4) Long-term high-temperature storage or extended use at maximum temperature conditions may result in a reduction of overall device
life. For additional information, see Semiconductor and IC Package Thermal Metrics; Calculating Useful Lifetimes of Embedded
Processors; and Calculating FIT for a Mission Profile.

8.2 ESD &% - 5%

| m |

KA 48 51 PT #3& /) TMS320F28027-Q1. TMS320F28027F-Q1. TMS320F28026-Q1. TMS320F28026F-Q1. TMS320F28023-Q1.
TMS320F28022-Q

N (HBM) , #& AEC Q100-002(") BT 5| +2000
Ej—ﬂlﬂfh SUAICASN T A 5] +500
\ i LA v
) F FHLEIRAY (CDM) , 4 AEC Q100-011 48 B PT Lt 3|
B 1. 120 13, 24, +750

25, 36. 37. 48

SKH 38 514 DA 335K TMS320F28027-Q1. TMS320F28027F-Q1. TMS320F28026-Q1. TMS320F28026F-Q1. TMS320F28023-Q1.
TMS320F28022-Q1

NATCEEE (HBM) |, 754 AEC Q100-002() JA 51 +2000
SRLAEIBLSMOTTES | Leog
VEesp) #HBE izl - \

s (R (CDM) |, 74 AEC Q100-011
FEHL AR (CDM) , Q 38 3| i DA I {54 3]

+
B 1. 19, 20, 38 +750

(1)  AEC Q100-002 #7553 2444 ANSI/ESDA/JEDEC JS-001 HLiti#44T HBM 37 73l .
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8.3 ESD %% - B [

& Hpr

KA 48 5/ PT #3%¥) TMS320F28027-Q1. TMS320F28027F-Q1. TMS320F28026-Q1. TMS320F28026F-Q1. TMS320F28023-Q1.
TMS320F28022-Q1. TMS320F28021. TMS320F28020. TMS320F280200

NARTCEAER (HBM) |, 74 ANSI/ESDA/JEDEC JS-001 k() +2000

Vieso)  HiE FEHL A (CDM) , 4 JEDEC Hiiii JESD22-C101 5k ANSU/ 500 M
ESDA/JEDEC JS-00202) *

XH 38 514 DA 335 K) TMS320F28027-Q1. TMS320F28027F-Q1. TMS320F28026-Q1. TMS320F28026F-Q1. TMS320F28023-Q1.
TMS320F28022-Q1. TMS320F28021. TMS320F28020. TMS320F280200

N AR (HBM) |, 754 ANSI/ESDA/JEDEC JS-001 #5#E( +2000
Viesp) R F5HLEL PR (CDM) |, 4 JEDEC #iiii JESD22-C101 5% ANSI/ 4500 v

ESDA/JEDEC JS-002®?)

(1)  JEDEC 3f JEP155 }i5E : 500V HBM I scHLfEkzvi ESD # bl fe F e 4k =,
(2) JEDEC XC#4 JEP157 45! : 250V CDM w] szHl AR ESD &Ml F %44,

8.4 MW TAE%M
B/ME FRRME BAE XA
PAFARYERLE L VO, Vppio (! 2.97 3.3 3.63 \Y
ig;giiﬁgiu , Voo ( 247935 VREG #:f: H.ih 1.8V 171 18 1995 v
LB | Vs 0 Y
B IR L |, Vppa 2.97 3.3 3.63 v
BB | Vssa 0 v
28020. 28021. 280200 2 40
AR (RGBT ) 28022. 28023 2 50 MHz
28026. 28027 2 60
TR | Vig(3.3V) 2 Vppio+0.3 Y
RPN |, V)(3.3V) Vgs-0.3 0.8 \Y
Bt AT , Vor=Vor (1att) » lon Fif GPIO/AIO 3l -4 mA
4 22 -8 mA
TS Vor=VoL (ixtt) » loL Fi# GPIO/AIO 3l 4 mA
40 22) 8 mA
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(2) 4 2 31 R - GPIO16. GPIO17. GPIO18. GPIO19. GPIO28. GPI029. GPIO36. GPIO37

(3)  Ta (ABRIERE ) BUR T2 AN A, ALE SIS 03E € Ty R ME. AR ITHE R, S0 8.8.
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8.5 TIFEWHE
8.5.1 TMS320F2802x/F280200 £ 40MHz SYSCLKOUT T i B FiilE
VREG B H VREG ZtF
R JRE Ippio @ Ippa @ Ipp Ippio @ Ippa ©
WEE gy | PBE g | MBE gip | amee sxm | PEE ganm
J&a F R B
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A 11O 3R KBRS . O
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IR
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B . ©)

M

REr (ZH#E8-1) .

@)
3
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®)

Ippio FLIEERT /O 31 F) 3%
FYIEN . FEHL AZHUBI T Ippa HURL , R AUEBIL S N PCLKCRO # /783K .6 ] ADC B .
SR HCE T SRR AR ERE T .
TEAGHR S8 B L N A

© HORFES SPI-A il SCI-A b (TR H

i FH R IR v 4%

BALE T,

ADC PATELF 4
COMP1/2 f3ELEFF R HIE .
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(6) SR ATAT 9 BR B B R S I B, MU S P b R AR 25

T TMS320F280200 #8#F , MY 8.5.1 H s i TAER Ipp ( VREG 28] ) /lppio ( VREG Ja ) ML Fi# % eCAP 1 Ipp H
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8.5.2 TMS320F2802x 7 50MHz SYSCLKOUT T[] BB fi i #E

VREG BH VREG %:H

@ Iop Ippio (") Ippa @

Bt WA s =
WEE gy | PBE oo | MBE pap | sewee grm | *EE pam

JA R TR Sl
ePWM1/2/3/4
eCAP1
SCI-A
SPI-A

- ADC

-

](:F}:# ) . 12c 80mA  90mA | 13mA  18mA | 71mA 80mA 15mA 18mA | 13mA  18mA
COMP1/2

CPU Timer0/1/2

FT PWM 5| iI#E 40kHz T )4t
B 110 S MARER EERRES . @
RIS FERA 1 NSRRI
XCLKOUT 4.

PRI T HL

Glz] XCLKOUT 4. 16mA  19mA | 641A  691A | 17TmA 20mA 120uA  400uA| 641A  6G9LA
JiA S B G A

- DRI T HL

Gl A 4mA 7mA 108A  151A 4mA 7mA 1200A  400nA| 10nA  15uA
PRI T HL

f=Hl HMEEIT DR A o 50uA 108A  158A | 15LA 25u1A 108A  151A

AR AR . ©

(1) lopio HIFHET 11O 311 F [ Iy 514K,
@) ESTHLZR . FEHL. FEHUBER R0 lopa B3 , A4UEIE S N PCLKCRO %47 223k X % 1 ADC BBt 5.
(3)  SRMERTIE T H I ARFRALE R .
(@) FEAFR SRR A FERAE -

o BUERE N SPI-A 1 SCI-A ¥ O Hh & H .

..

- EREIA.

- ADC T4 .

COMP1/2 RIELLTF R H .

« Yl GPIO17.

(5) o P 5 0 N W A R B I BB, P HLREAR N e P .
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8.5.3 TMS320F2802x 7 60MHz SYSCLKOUT T[] BB fyH 5
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8.5.4 Reducing Current Consumption

The 2802x/280200 devices incorporate a method to reduce the device current consumption. Because each
peripheral unit has an individual clock-enable bit, significant reduction in current consumption can be achieved
by turning off the clock to any peripheral module that is not used in a given application. Furthermore, any one of
the three low-power modes could be taken advantage of to reduce the current consumption even further. 3 8-1
indicates the typical reduction in current consumption achieved by turning off the clocks.

% 8-1. Typical Current Consumption by Various
Peripherals (at 60 MHz)

PERIPHERAL lpp CURRENT
MODULE( ©) REDUCTION (mA)
ADC 20
12C 3
ePWM 2
eCAP 2
SCI 2
SPI 2
COMP/DAC 1
HRPWM 3
CPU-TIMER 1
Internal zero-pin oscillator 0.5

(1)  All peripheral clocks (except CPU Timer clocks) are disabled
upon reset. Writing to/reading from peripheral registers is
possible only after the peripheral clocks are turned on.

(2) This number represents the current drawn by the digital portion
of the ADC module. Turning off the clock to the ADC module
results in the elimination of the current drawn by the analog
portion of the ADC (Ippa) as well.

(3) For peripherals with multiple instances, the current quoted is per
module. For example, the 2 mA value quoted for ePWM is for
one ePWM module.

ik

Ippio current consumption is reduced by 15 mA (typical) when XCLKOUT is turned off.

#E
The baseline Ipp current (current when the core is executing a dummy loop with no peripherals

enabled) is 45 mA, typical. To arrive at the Ipp current for a given application, the current-drawn by the
peripherals (enabled by that application) must be added to the baseline Ipp current.

Following are other methods to reduce power consumption further:

* The flash module may be powered down if code is run off SARAM. This results in a current reduction of 18
mA (typical) in the Vpp rail and 13 mA (typical) in the Vpp)o rail.

* Savings in Ippjo may be realized by disabling the pullups on pins that assume an output function.

* To realize the lowest Vppa current consumption in a low-power mode, see the respective analog chapter of
the TMS320F2802x, TMS320F2802xx Technical Reference Manual to ensure each module is powered down
as well.
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K 8-7 /R T E N PLLCR HFAF2S = AE BRI — ol . 7E5E — AN B, PLLCR = 0x0004 H. SYSCLKOUT
= OSCCLK x 2. #RJ55 A\ 0x0008 #| PLLCR. #i#f PLLCR #{Ea#: 5 NJ5 , PLL 8iEM BITUG . B B
SYSCLKOUT = OSCCLK/2. fE PLL 4ifE5e)n , SYSCLKOUT FoR#iiz 4% , OSCCLK x 4.

OSCCLK ] T |

i Write to PLLCR
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SYSCLKOUT '| |||||||||||||||||

OSCCLK*2 OSCCLK/2 OSCCLK* 4
(Current CPU (CPU frequency while PLL is stabilizing (Changed CPU frequency)
Frequency) with the desired frequency. This period

(PLL lock-up time t)) is 1 ms long.)

K| 8-7. 5\ PLLCR FHF 224 45 R B~
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8.13 B 4hHITE

8.13.1 BLERTEhE

BEER 4> A4 2802x MCU b 1] F A AN [ B adk 200 1) g B SR AN R ook PE . 39 8.13.1.1. 15 8.13.1.2 il 45 8.13.1.3
FI T AR B A ) ST T

8.13.1.1 2802x f ##-ZFlay LN ( 40MHz Z81F )

BAME IR BOKfE| B4

SYSCLKOUT tisco) . MM IF] 25 500 ns
e 2 40| MHz

LSPCLK(™ tecoy » FIIUIRT IR 25 100 ns
B 10@ 40| MHz

ADC I % teapceLk) - S I A 25 ns
i 40| MHz

(1) HEAKH) LSPCLK ¥/ 2e - Th#E
(2) WH SYSCLKOUT=40MHz , X AME A 5 it .

8.13.1.2 2802x 1 ##-FZ Ay 5N ( 50MHz Z51F )

B/ME PARME  BOAfE| BN

SYSCLKOUT toisco) . AN 20 500 ns
Hix 2 50| MHz

LSPCLK®) tocoy » ST i) 20 80 ns
$i% 12.5@) 50| MHz

ADC Il teapceLk) » JA I 1) 20 ns
P 50| MHz

(1) FACH) LSPCLK B/ 281 Tk
(2) % SYSCLKOUT=50MHz , iX /M AyHas 5 A 1H .

8.13.1.3 2802x A1 #Z Filir 5N ( 60MHz #51F )

B®/ME AE BONE| B

SYSCLKOUT toscoy » Ja I (A 16.67 500/ ns
L ES 2 60| MHz

LSPCLK(" teco) » JH I 1) 16.67 66.671 ns
LIES 15 60| MHz

ADC i toanceLk) - JA RS A] 16.67 ns
ik 60| MHz

(1) F{KM LSPCLK Kk b & ETh#E
(2) 4 SYSCLKOUT=60MHz , XAME HkE A 1H.
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8.13.1.4 ZEfFifHy K/ 1
B/AME ARE BAME| B
P IR (X1X2 311 teoscy » JA I Ta] 50 200 ns
( BIRAEIRES ) i 5 20| MHz
AR 5 B8] b tecry » JEIIHIE TE] (C8) 33.3 200 ns
( XCLKIN 5| fi ) — PLL & A i 5 30| MHz
AR % S B tecry » SR I (C8) 33.33 250 ns
( XCLKIN 51 ) — PLL 45 e 4 30| MHz
PATIRE SYSCLKOUT P
(12 A A 155 MHz
t , AR A (C1 66.67 2000
XCLKOUT cxco) » JANIHTIE (1) ns
LIS 0.5 15| MHz
PLL I [0 ty 1| ms

(1) PLLLOCKPRD Zff7#% 4 4% It OSCCLK JA W B BT 8. RN AESIHIRG & (10MHz) # FAER 80 | 84 2240418 10,000
( #/MHE ) 5 PLLLOCKPRD 7jf7-%% .
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8.13.1.5 AN E T/ H# %45 (INTOSC1/INTOSC2) ##1#

SH BAME  BEME  BRHE| B
W5 IR % 1 INTOSC1)(D @) Bz 10 MHz
W 5| IR 2% 2 (INTOSC2)(D @) i 10 MHz
BRRSE (R ) 55 kHz
SRR (A ) 14 kHz
TR B 3.03 485| kHz/°C
H1LE (Vpp) R 3) 175 Hz/mV
(1) WHBBREBEEEL , BSRE 8-8. BAMEAIRY MRS | 1520 /% 4 7 755 1l C2000Ware.
(2) HA%VREG #8 I, A REF IR IEHE , VREGENZ=Vgs.
(3)  PIFHEZ 2% Byt AT i B R B R L (Vpp) MR FERfE . 40 -
TLFE R _ETRRE 51 ey e 42 i B R 08
HE I R F% (Vpp) #4551 S 44 8 s R 50N P
Zero-Pin Oscillator Frequency Movement With Temperature
10.6 -
10.5
10.4
o) 10.3 —
§1w ==
> .
-
2 101 =
o -
£ =
= 10
Z ==
3 -
9.9 P
— —
9.8 +—=—
9.7
9.6 T T T T T T T T T T T T T T T T
—40 -30 -20 -10 O 10 20 30 40 5 60 70 8 9 100 110 120
— — Typical Temperature (°C)
—— Max

& 8-8. FiR B ARAL T AL #9 T 5l FIIR B8 SR
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8.13.2 B ShE R AR
8.13.2.1 XCLKIN ZH1ZR - PLL 25 /4

He BME BOKME| B

CO  Itya FRERS A, XCLKIN 6| ns

C10  |tyc _EFHIE] , XCLKIN 6| ns

1 twen Wb ], XCLKIN M4 tyoscoLky HI— AN E 4r 45% 55%

C12  |twcm) Jikr I A], XCLKIN &5 HEA tooscewk) I H 2L 45% 55%

8.13.2.2 XCLKIN A1 /FZ R - PLL 52/

e BME BAME| B
. . 15 20MHz 6
C9 |ty B, XCLKIN : ns
20MHz £ 30MHz 2
. 15 20MHz 6
C10  |tyc EFFmbE] XCLKIN ns
20MHz £ 30MHz 2
KRS [ f— AN
C1 Jtwen Eﬂém%fgiaﬂm , XCLKIN 1€ H. 4 tooscowk) — M E 4 45% 55%
ISUIERE=Hingl E A AN
c12 tw(CIH) E?;/*TT&HTIEH , XCLKIN &N tc(OSCCLK) H—ANE 5 45% 55%

% 9-16 H R T Al BERIIC B AR
8.13.2.3 XCLKOUT FFKfs1 ( 2265565 /4 PLL )
FEMEF BT 4T (B S a3 ) M@

w5 SH BAME RAME| EfE
C3  |tixco) TR IA] , XCLKOUT 1 ns
C4  |t(xco) EFFE ], XCLKOUT 1l e
C5  |twxcoL) Jiksr 2 i) i), XCLKOUT Ik Hi°F H-2 H+2 ns
C6  |twxcon) ik LI ], XCLKOUT i HL T H-2 H+2| ns

(1)  XESHEEH 40pF 7K.
(2) H=0.5txco)

XCLKOUT(®) _\/—\—/1/—\—/—\_

A.  XCLKIN 5 XCLKOUT % R IR T Frid #10 3 S R H . P o8 RAH T3 I P 280, PT B 8] S Brsc & 1 5 o
B. CACE XCLKOUT LLJz it SYSCLKOUT,

¥ f¢ c10 «
B ¢ Co

«—Cs—» | |
» i€ C3 c6—¢———»
———ct—» | ‘* | |
| i » e ca e |

| | | | ¢ »— O

\ \

& 8-9. 4B 5
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8.14 [N17 &t
8.14.1 T BEMELHIINFEIOTP i Atk

g%%?;%;%m BAME  RRE BRE| Bk
N¢ IR BRSO 2 (5 NHERR I ) 0°C % 105°C ( P IEIRE ) 20000 50000 FE
Note  OTP X T-FEFI i 21 (5 AME) 0°C % 30°C ( BRHLEE ) 11 BA
() ForiR I G 2 A0S AR RE IR B | T RSB i 25
8.14.2 S B EMEHINAIOTP it AtE

A BOME B BOCH|
N RS T-BEF I 52 B (5 NMHERR A ) 0°C % 125°C ( S 4EiRE ) 20000 50000 A
Note  OTP X-F-REFII 21 (5 ARM ) 0°C & 30°C ( ¥R ) 11 HA
() FomiR I v 2 SO S AR R IR IR B0 | 43 T A M i 25
8.14.3 Q BEMEIHI INFIOTP W AtE

%%%m BAME  REE  BoRME|  BA
Ny DA T RS OS2 R (5 NG E ) 40°C & 1;5;(: ( 8 90000 50000 5
Notp  OTP -F-REFIM 2R (5 ARM ) -40°C % 30°C ( 5 1| 8A

FE )
() FmiR v 2 SO S AR R R B0 | A3 T A R i 25
8.14.4 60MHz SYSCLKOUT FINESE
¥ WREE | BoME  sRE Bokfa|  fr

Iopp (") PEERIDRTE A N Vpp ke VREG %£H] 80 mA
Iopiop (! PEBRIMFE TR A 1) Vppio TiFe 60 mA
Iopiop (") PEBRIDRTE A WM Vppio A VREG EH 120 mA

(1) FEiRTESFRECHHITHAE NS E, RETTH NN S, B NG R T R R IR R 2. AR, [N
A 2SI A s F ROV AR T e T IR0 TR T o iR “ AR b, (A i RIS AR 24t £8 Vi A2 T I Hn L.
TR R A AR AT R S R BB YR b by, #RF] RESHIA B A B I K A BUE A . AR BGES USB i 104 H AR R (£ INTF
GRREIIE] ), DRI D9 10 A TV e S R e R 4 L ) LR A R

8.14.5 50MHz SYSCLKOUT _[\NFESH :

S8 PR BAME HAUE BAKE| B4

Ioop (") BRmFE RN Vpp ke 70
VREG %% mA

Inpiop PRI R N 1Y Vppio TiFE 60
Iopiop () PRI TN Vopio TREE VREG Ji ] 110 mA

(1) ZiETNEMFRECHHITHEAN R SR, RAETEINCRIAIN S . BN R b AR R e iR R 2. aIART AN, [N
AEG R ) ) A A7 FRLATVH R T RE e T IR TAESRAF T IR “ AR ik, (R AR BRI OR Vi B2 T BIERL F.
TR A R R AR R S R OB IR R T, #CFT RE S B B A B K ABUE A3 A VOEE USB i 1108 H st L ( £EINAFE
GuREIIE) ), DRI i AT RE oV e ] i e e e v 1 L ) LR R

8.14.6 40MHz SYSCLKOUT _L[NFESH :

S5 PR %A BME WAEUME BRE| B4
lopp RIS TR A1 Vpp ke . 60
5 - e VREG %£H] mA
Iopiop ¢ PEBR IR A2 A B Vppio AR 60
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B R BME MRfE BOKME|
Iopiop M IR FE AP I Vpio TEE VREG Ji ] 100 mA

(1) F=iE N EEREOH RN S A, AR SR N (S 5. RSN g RE I A o ORF A e I HRAR 2. mIARTI N, A
ARG R 8] ) A A7 UV M T RE R T IR AR AF T iR “BCTARSAE” h ik, (IR F IR B IR AT AR Vi 2T RN L.
ER R R R AR AT R S AR BB IR R T, #R AT RE B B R AL B I K ABUE A . AR BGEIT USB iy 1A F SR AL ( 7EINAE
ZmARIIE) ), PR DR RE T g R R b B N LR K

8.14.7 N7 FRIZERRI 8]

2% Wkgks | BoME smmp PR mg
St R i) (D) 8K i X 250 2000 ms
4K i IX 125 2000 ms
16 fir 50 is
PERA R] ) 8K X 2 12| s
4K FE X 2 12 S

(1) ZmAEmS A2 B KSR N R . R PR R AE R RS F T 251 RAM i BT 2 75 ARS8 #8 v] F 1 45 L3 AT dR AR O 1R 100
SRR G N RN P |, (BAERRRE BN B2 RAM KR
{8 IRAF AP S IRIAEREAT R B AR
IN1F APl 45
BT R B A
(2)  FHRBI B INIESHOT N T8 100 ANgmAEFIHERR 1
(3) BN TI T, A EINTEEE R T — MRERIRE . IXFE | M IR SRR |, EMFERT T T IBRINIE T k48 SR , W T AT
b8 JE MIgmAEERlE | T BT bR R

8.14.8 [Nf£ | OTP Vit

2% BME BAE| Bk
taip) T A A7V 1] B[] 40 ns
tar) Bt L IR A7 1 B[] 40 ns
taotP) OTP ¥y i i [ 60 ns
8.14.9 Flash Data Retention Duration
PARAMETER TEST CONDITIONS MIN MAX| UNIT
tretention Data retention duration T,=55°C 15 years
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% 8-2. Minimum Required Flash/OTP Wait States at Different Frequencies

SYSCLKOUT SYSCLKOUT PAGE RANDOM oTP
(MHz) (ns) WAIT STATE(") WAIT STATE(") WAIT STATE
60 16.67 2 2 3
55 18.18 2 2 3
50 20 1 1 2
45 22.22 1 1 2
40 25 1 1 2
35 28.57 1 1 2
30 33.33 1 1 1
25 40 0 1 1

(1) Random wait state must be = 1.

The equations to compute the Flash page wait state and random wait state in 3 8-2 are as follows:

Flash Page Wait State = [(ta(fp)] - 1] round up to the next highest integer
te(sco)

Flash Random Wait State = [{ta(m} - 1] round up to the next highest integer, or 1, whichever is larger
tersco

The equation to compute the OTP wait state in 3 8-2 is as follows:

tajotp)

OTP Wait State = [[ J - 1] round up to the next highest integer, or 1, whichever is larger

te(sco
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9.1 Overview

9.1.1 CPU

2802x (C28x) % #I/& TMS320C2000™ 4%l 2% (MCU) “F A KK . 3T C28x &l A 54 C28x
MCU —F£H 32 77 i . B —am ) C/C++ 515 | AR AL i it 5 0T RPNt | I SRS
F CIC++ JFREH . WERIFEAEE MCU AL S B 5 0B R Gy HIMTE 50 RIFE A 2L, 1 RS HATE S0
M de S AL B . BT R RA RS | EHBIRE KRG —HAA I A4 . FIH 32 x 32 {2 MAC 64
RLALERRE T, 42 1] 2 e v b A 21 B8 v O B 20 26 TR L. N0 A SR B B A7 4 E B IR SR ORAT 0 bRk o B o
R, A4S — A2 Re 8 F S NI RE IR AL AR 2 5 D ik . 8RR — N B K A28 U7 9 8 RS2 R4
TKE o XKL ACERAE (45 b 23 1 RE WS A2 ey il A AT T O 7 KRBT 85 5t A sl A7 i o o 85 0 70 SRR R RRE A ROK
Wb 7 SRAEANE SR M R AIREIR o 4 A7 A SR AT AR RE— 2B 5Tt 1 1 fe .

9.1.2 Memory Bus (Harvard Bus Architecture)

As with many MCU-type devices, multiple buses are used to move data between the memories and peripherals
and the CPU. The memory bus architecture contains a program read bus, data read bus, and data write bus.
The program read bus consists of 22 address lines and 32 data lines. The data read and write buses consist of
32 address lines and 32 data lines each. The 32-bit-wide data buses enable single cycle 32-bit operations. The
multiple bus architecture, commonly termed Harvard Bus, enables the C28x to fetch an instruction, read a data
value and write a data value in a single cycle. All peripherals and memories attached to the memory bus
prioritize memory accesses. Generally, the priority of memory bus accesses can be summarized as follows:

Highest: Data Writes (Simultaneous data and program writes cannot occur on the memory bus.)
o Program Writes (Simultaneous data and program writes cannot occur on the memory bus.)
o Data Reads
o Program Reads (Simultaneous program reads and fetches cannot occur on the memory bus.)
~ Lowest: Fetches (Simultaneous program reads and fetches cannot occur on the memory bus.)
9.1.3 SMtE &

N TAEZFEINGE (T1) MCU f8fF R 5N A SEIAMGER |, B R — N AN EE MBS LebriE . A i
LR N AT 2R T, (AL B SR AT BN 16 SR ZE A 16 SFak 32 SR Hdla 4k B R (5 5
MRS SNSRI = RAS . — R R SCHF 16 SLT7 R ( BFRONAN M 2 ) o SIAMRASIRE 16 A7 AN
32 AL i Al ( HMRASMBIWI 1) .
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9.1.4 Real-Time JTAG and Analysis

The devices implement the standard IEEE 1149.1 JTAG 'interface for in-circuit based debug. Additionally, the
devices support real-time mode of operation allowing modification of the contents of memory, peripheral, and
register locations while the processor is running and executing code and servicing interrupts. The user can also
single step through non-time-critical code while enabling time-critical interrupts to be serviced without
interference. The device implements the real-time mode in hardware within the CPU. This is a feature unique to
the 28x family of devices, requiring no software monitor. Additionally, special analysis hardware is provided that
allows setting of hardware breakpoint or data/address watch-points and generating various user-selectable
break events when a match occurs. These devices do not support boundary scan; however, IDCODE and
BYPASS features are available if the following considerations are taken into account. The IDCODE does not
come by default. The user must go through a sequence of SHIFT IR and SHIFT DR state of JTAG to get the
IDCODE. For BYPASS instruction, the first shifted DR value would be 1.

9.1.5 Flash

The F280200 device contains 8K x 16 of embedded flash memory, segregated into two 4K x 16 sectors. The
F28021/23/27 devices contain 32K x 16 of embedded flash memory, segregated into four 8K x 16 sectors. The
F28020/22/26 devices contain 16K x 16 of embedded flash memory, segregated into four 4K x 16 sectors. All
devices also contain a single 1K x 16 of OTP memory at address range 0x3D 7800 to 0x3D 7BFF. The user can
individually erase, program, and validate a flash sector while leaving other sectors untouched. However, it is not
possible to use one sector of the flash or the OTP to execute flash algorithms that erase/program other sectors.
Special memory pipelining is provided to enable the flash module to achieve higher performance. The flash/OTP
is mapped to both program and data space; therefore, it can be used to execute code or store data information.
Addresses 0x3F 7FFO0 to Ox3F 7FF5 are reserved for data variables and should not contain program code.

B
The Flash and OTP wait states can be configured by the application. This allows applications running
at slower frequencies to configure the flash to use fewer wait states.

Flash effective performance can be improved by enabling the flash pipeline mode in the Flash options
register. With this mode enabled, effective performance of linear code execution will be much faster
than the raw performance indicated by the wait-state configuration alone. The exact performance gain
when using the Flash pipeline mode is application-dependent.

For more information on the Flash options, Flash wait state, and OTP wait-state registers, see the
System Control chapter in the TMS320F2802x, TMS320F2802xx Technical Reference Manual.

9.1.6 M0 , M1 SARAM

T S A S X EL R W W AN AE , BN AKX 16, AR | HERIREH TR I M1 IO SR B . MO
MMM 8, SR HE C28x &t LRAFE | Bl SR P A = m. DE , AP RES(E A MO AT M1 2K
PATRIGEH T HR AR B o KRGS A PAT . C28x SRt T — AN BIRFEA S8 — W AF M . X {75 F
Pk 5 MR EINE 5 o

9.1.7 LO SARAM

P S ik 4K x 16 F 5 T 17 RAM. 152575 9.2 G881 % Al A7 WU BRI 8 — SR € 281
BAR /N o SR B RS 2URE 7 AN 8 2 1]

' |EEE Standard 1149.1-1990 Standard Test Access Port and Boundary Scan Architecture
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9.1.8 Boot ROM

The Boot ROM is factory-programmed with bootloader software. The Boot ROM uses the boot-mode-select
GPIO pins to determine what boot mode to use upon power up. The user can select to boot normally to
application code, to download new software from an external connection, or to select boot software that is
programmed in the internal Flash/ROM. The Boot ROM also contains standard tables, such as SIN/COS
waveforms, for use in math-related algorithms. The boot-ROM content, and hence the checksum value, may
vary for different silicon revisions. For details, see the Boot ROM chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.

#* 9-1. Boot Mode Selection

MODE GPI037/TDO GP1034/COMP20UT TRST MODE
3 1 1 0 GetMode
2 1 0 0 Wait (see 7 9.1.9 for description)
1 0 1 0 SCI
0 0 0 0 Parallel 10
EMU X X 1 Emulation Boot
9.1.8.1 (7K 5/-F

H4 JTAG MR , JCiA ] GPIO37/TDO 5l k4T 5] S ik . AXFHILT |, 515 ROM il O
Fz JTAG W IREL , FHEH PIE MR AR SARAM A7 B P 25Kk 5E 51 S, W AL E PN 2
TR, A 5775 LT ATAEDT H 5] 5 5 ) B A 51 A ik .

9.1.8.2 GetMode

GetMode KA IZATIRBIET NG| S E NAF. Bt OTP ik EWMIE |, XANIBITIRARENS 2 A H B HY
Sl FIET. WRWA OTP ML E M AN ELIATLR , 251 FEINA . 7 LR E LR nEfEF 2 — : SCI. SPI. 12C
o OTP.

9.1.8.3 5/ 2 A E/THIS & 5B

*® 9-2 BoR 7RG T E R GPIO 51, #5211 GPIO £ R 4R UG &L T 5
A BAAE N A A — Ah LT R

& 9-2. S FI FNERT

5| ShnEk MBI AR 5
scl SCIRXDA (GP1028)
SCITXDA (GP1029)
1751 4R (GPIO[7:0)])

28x il (GP1016)
FEWLIEH (GP1012)

SPI SPISIMOA (GPI1016)
SPISOMIA (GP1017)
SPICLKA (GPIO18)
SPISTEA (GPIO19)

12C SDAA (GPI032)(")
SCLA (GPI033)"

(1)  fEErdsfas b, GPIO 51 32 #1 33 MiF AT Hf. 7EiXUedsff b, XA 51 SN WA AT H .
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9.1.9 Security

The devices support high levels of security to protect the user firmware from being reverse engineered. The
security features a 128-bit password (hardcoded for 16 wait states), which the user programs into the flash. One
code security module (CSM) is used to protect the flash/OTP and the LO/L1 SARAM blocks. The security feature
prevents unauthorized users from examining the memory contents through the JTAG port or trying to boot-load
some undesirable software that would export the secure memory contents. To enable access to the secure
blocks, the user must write the correct 128-bit KEY value that matches the value stored in the password
locations within the Flash.

In addition to the CSM, the emulation code security logic (ECSL) has been implemented to prevent unauthorized
users from stepping through secure code. Any code or data access to flash, user OTP, or LO memory while the
JTAG debug probe is connected will trip the ECSL and break the debug probe connection. To allow debug of
secure code, while maintaining the CSM protection against secure memory reads, the user must write the
correct value into the lower 64 bits of the KEY register (KEY0 - KEY3), which matches the value stored in the
lower 64 bits of the password locations (PWLO - PWL3) within the flash. Dummy reads of all 128 bits of the
password in the flash must still be performed. If the lower 64 bits of the password locations are all ones
(unprogrammed), then the KEY value does not need to match. During debug of secure code, operations like
single-stepping is possible. However, the actual contents of the secure memory cannot be seen in the CCS
window.

When power is applied to a secure device that is connected to a JTAG debug probe, the CPU will start executing
and may execute an instruction that performs an access to a protected area. If this happens, the ECSL will trip
and cause the JTAG circuitry to be deactivated. Under this condition, a host (such as a computer running CCS or
flash programing software) would not be able to establish connection with the device.

The solution is to use the Wait boot option. In this mode, the device loops around a software breakpoint to allow
a JTAG debug probe to be connected without tripping security. The user can then exit this mode once the JTAG
debug probe is connected by using one of the emulation boot options as described in the Boot ROM chapter in
the TMS320F2802x,TMS320F2802xx Technical Reference Manual. These devices do not support a hardware
wait-in-reset mode.

#HIE

* When the code-security passwords are programmed, all addresses from 0x3F7F80 to 0x3F7FF5
cannot be used as program code or data. These locations must be programmed to 0x0000.

* If reprogramming of a secure device via JTAG may be needed in future, it is important to design
the board in such a way that the device could be put in Wait boot mode upon power-up (when
reprogramming is warranted). Otherwise, ECSL may deactivate the JTAG circuitry and prevent
connection to the device, as mentioned earlier. If reconfiguring the device for Wait boot mode in the
field is not practical, some mechanism must be implemented in the firmware to detect when a
firmware update is warranted. Code could then branch to the desired bootloader in the bootROM. It
could also branch to the Wait bootmode, at which point the JTAG debug probe could be connected,
device unsecured and programming accomplished through JTAG itself.

* If the code security feature is not used, addresses 0x3F7F80 to Ox3F7FEF may be used for code
or data. Addresses Ox3F7FFO0 to Ox3F7FF5 are reserved for data and should not contain program
code.

The 128-bit password (at 0x3F 7FF8 to Ox3F 7FFF) must not be programmed to zeros. Doing so
would permanently lock the device.
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Code Security Module Disclaimer

THE CODE SECURITY MODULE (CSM) INCLUDED ON THIS DEVICE WAS DESIGNED TO
PASSWORD PROTECT THE DATA STORED IN THE ASSOCIATED MEMORY (EITHER ROM OR
FLASH) AND IS WARRANTED BY TEXAS INSTRUMENTS (TI), IN ACCORDANCE WITH ITS
STANDARD TERMS AND CONDITIONS, TO CONFORM TO TI'S PUBLISHED SPECIFICATIONS
FOR THE WARRANTY PERIOD APPLICABLE FOR THIS DEVICE.

TI DOES NOT, HOWEVER, WARRANT OR REPRESENT THAT THE CSM CANNOT BE
COMPROMISED OR BREACHED OR THAT THE DATA STORED IN THE ASSOCIATED MEMORY
CANNOT BE ACCESSED THROUGH OTHER MEANS. MOREOVER, EXCEPT AS SET FORTH
ABOVE, TI MAKES NO WARRANTIES OR REPRESENTATIONS CONCERNING THE CSM OR
OPERATION OF THIS DEVICE, INCLUDING ANY IMPLIED WARRANTIES OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL TI BE LIABLE FOR ANY CONSEQUENTIAL, SPECIAL, INDIRECT,
INCIDENTAL, OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING IN ANY WAY OUT OF
YOUR USE OF THE CSM OR THIS DEVICE, WHETHER OR NOT TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED
TO LOSS OF DATA, LOSS OF GOODWILL, LOSS OF USE OR INTERRUPTION OF BUSINESS OR
OTHER ECONOMIC LOSS.

9.1.10 SN Y /& (PIE) ¢
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9.1.13 B 1M
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9.1.14 Peripheral Clocking

The clocks to each individual peripheral can be enabled/disabled to reduce power consumption when a

peripheral is not in use. Additionally, the system clock to the serial ports (except 12C) can be scaled relative to
the CPU clock.
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9.1.15 Low-power Modes
The devices are full static CMOS devices. Three low-power modes are provided:

IDLE: Place CPU in low-power mode. Peripheral clocks may be turned off selectively and only those peripherals that
must function during IDLE are left operating. An enabled interrupt from an active peripheral or the watchdog timer
will wake the processor from IDLE mode.

STANDBY: Turns off clock to CPU and peripherals. This mode leaves the oscillator and PLL functional. An external interrupt
event will wake the processor and the peripherals. Execution begins on the next valid cycle after detection of the
interrupt event

HALT: This mode basically shuts down the device and places it in the lowest possible power consumption mode. If the
internal zero-pin oscillators are used as the clock source, the HALT mode turns them off, by default. To keep
these oscillators from shutting down, the INTOSCnHALT] bits in CLKCTL register may be used. The zero-pin
oscillators may thus be used to clock the CPU watchdog in this mode. If the on-chip crystal oscillator is used as
the clock source, it is shut down in this mode. A reset or an external signal (through a GPIO pin) or the CPU
watchdog can wake the device from this mode.

The CPU clock (OSCCLK) and watchdog clock source should be from the same clock source before attempting
to put the device into HALT or STANDBY.
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9.1.19 Control Peripherals

The devices support the following peripherals that are used for embedded control and communication:

ePWM:

eCAP:

ADC:

Comparator:

9.1.20 H 474 O4ME

PEAS TSR T AU R AT

SPI :

The enhanced PWM peripheral supports independent/complementary PWM generation, adjustable dead-
band generation for leading/trailing edges, latched/cycle-by-cycle trip mechanism. Some of the PWM pins
support the HRPWM high resolution duty and period features. The type 1 module found on 2802x devices
also supports increased dead-band resolution, enhanced SOC and interrupt generation, and advanced
triggering including trip functions based on comparator outputs.

The enhanced capture peripheral uses a 32-bit time base and registers up to four programmable events in
continuous/one-shot capture modes.
This peripheral can also be configured to generate an auxiliary PWM signal.

The ADC block is a 12-bit converter. It has up to 13 single-ended channels pinned out, depending on the
device. It contains two sample-and-hold units for simultaneous sampling.

Each comparator block consists of one analog comparator along with an internal 10-bit reference for
supplying one input of the comparator.

HAE A

SPI & — A A B AT 1O i 1, b R VFRARICIE (1 2 16 12 ) A9 AT ALIR A RT SRR A AL A S IR A\
M d . WH , SPIHT MCU FISMIAM el HABKL HE 4% < IR 15 . S8R 4R A 1/0 B i 1%
IR AL Ares . RoRIREN a1 ADC S8 BEAT ANy e . £ 33 FE(E th SPI A/ ERAFE S HF . SPI A& T
Pl o AR 55 R IR 4 GO &% FIFO.

SCI: HATBERE DR —MX ) TP B 47 0, BN UART. SCIAES HFI/b IR S 48 1 4 B lof &k
i% FIFO.
12C : A EBEE R LS (12C) KEE/E MCU 5444 Philips Semiconductors P 42 RS S 2k (12C BZk® ) MITEIR A 2.1
FHiEIT 12C M LER R AR 2 AR A — AN D 2R R AT S R B AN TR T LU 12C Bk )
MCU &%/ MCU #:lit 2k 8 frdidi. 12C &5 F TR/ A IS5 T 85 11 4 G0k ix FIFO.
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9.2 Memory Maps
In /& 9-1, & 9-2, & 9-3, ¥ 9-4, and K] 9-5, the following apply:

Memory blocks are not to scale.

Peripheral Frame 0, Peripheral Frame 1 and Peripheral Frame 2 memory maps are restricted to data memory

only. A user program cannot access these memory maps in program space.

Protected means the order of Write-followed-by-Read operations is preserved rather than the pipeline order.
Certain memory ranges are EALLOW protected against spurious writes after configuration.

Locations 0x3D7C80 to 0x3D7CCO contain the internal oscillator and ADC calibration routines. These
locations are not programmable by the user.

0x00 0000
0x00 0040
0x00 0400
0x00 0800
0x00 0D0O

0x00 OE00
0x00 2000
0x00 6000

0x00 7000

0x00 8000

0x00 9000
0x3D 7800
0x3D 7C00

0x3D 7C80

0x3D 7CCO

0x3D 7CE0

0x3D 7E80

0x3D 7EBO

0x3D 7FFF

0x3D 8000
0x3F 0000

O0x3F 7FF8
0x3F 8000

0x3F 9000
0x3F E000
0x3F FFCO

Data Space

Prog Space

MO Vector RAM (Enabled if VMAP = 0)

M0 SARAM (1K x 16, 0-Wait)

M1 SARAM (1K x 16, 0-Wait)

Peripheral Frame 0

PIE Vector - RAM
(256 x 16)
(Enabled if
VMAP =1,
ENPIE = 1)

Peripheral Frame 0

Reserved

Reserved

Peripheral Frame 1
(4K x 16, Protected)

Peripheral Frame 2
(4K x 16, Protected)

Reserved

L0 SARAM (4K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)

Reserved

User OTP (1K x 16, Secure Zone + ECSL)

Reserved

Calibration Data

Get_mode function

Reserved

Calibration Data

Reserved

PARTID

Reserved

FLASH
(32K x 16, 4 Sectors, Secure Zone + ECSL)

128-Bit Password

L0 SARAM (4K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)

Reserved

Boot ROM (8K x 16, 0-Wait)

Vector (32 Vectors, Enabled if VMAP = 1)

A. Memory locations 0x3D 7E80 - 0x3D 7EAF are reserved in TMX/TMP silicon.

& 9-1. 28023-Q1/28027-Q1 Memory Map
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Data Space ‘ Prog Space
0x00 0000 MO Vector RAM (Enabled if VMAP = 0)
0x00 0040 MO0 SARAM (1K x 16, 0-Wait)
0x00 0400 M1 SARAM (1K x 16, 0-Wait)
0x00 0800 Peripheral Frame 0
0x00 0D00
PIE Vector - RAM
(256 x 16)
(Enabled if Reserved
VMAP =1,
ENPIE =1)
0x00 0E00 Peripheral Frame 0
0x00 2000 Reserved
0x00 6000
Peripheral Frame 1
(4K x 16, Protected)
Reserved
0x00 7000
Peripheral Frame 2
(4K x 16, Protected)
0x00 8000
L0 SARAM (4K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x00 9000 T
0x3D 7800 User OTP (1K x 16, Secure Zone + ECSL)
0x3D 7C00 Resorved
0x3D 7C80 Calibration Data
0x3D 7€CO Get_mode function
0x3D 7CEO0 R —
0x3D 7E80 Calibration Data
0x3D 7EBO Reserved
0x3D 7FFF PARTID
0x3D 8000
x Reserved
0x3F 4000
FLASH
(16K x 16, 4 Sectors, Secure Zone + ECSL)
0x3F 7FF8 128-Bit Password
0x3F 8000
L0 SARAM (4K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x3F 9000 Reaoed
0x3F E000 Boot ROM (8K x 16, 0-Wait)
0x3F FFCO Vector (32 Vectors, Enabled if VMAP = 1)

A. Memory locations 0x3D 7E80 - 0x3D 7EAF are reserved in TMX/TMP silicon.

& 9-2. 28022-Q1/28026-Q1 Memory Map
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https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
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Data Space ‘ Prog Space
000000 | Mo vector RAM (Enabled it vMAP=0) |
0x00 0040 MO SARAM (1K x 16, 0-Wait)
0x00 0400 M1 SARAM (1K x 16, 0-Wait)
0x00 0800 Peripheral Frame 0
0x00 0D00
PIE Vector - RAM
(256 x 16)
(Enabled if Reserved
VMAP =1,
ENPIE = 1)
0x00 0E00 Peripheral Frame 0
0x00 2000 Reserved
0x00 6000
Peripheral Frame 1
(4K x 16, Protected)
Reserved
0x00 7000
Peripheral Frame 2
(4K x 16, Protected)
0x00 8000
L0 SARAM (3K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x00 8C00 Reserved
0x3D 7800 User OTP (1K x 16, Secure Zone + ECSL)
0x3D 7C00 Reserved
0x3D 7C80 Calibration Data
0x3D 7CCO Get_mode function
0x3D 7CEOQ R _.
0x3D 7E80 Calibration Data
0x3D 7EBO Roomod
0x3D 7FFF PARTID
D
0x3D 8000 Reserved
0x3F 0000
FLASH
(32K x 16, 4 Sectors, Secure Zone + ECSL)
0x3F 7FF8 128-Bit Password
0x3F 8000
L0 SARAM (3K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x3F 8C00 e
0x3F E000 Boot ROM (8K x 16, 0-Wait)
0x3F FFCO Vector (32 Vectors, Enabled if VMAP = 1)

A. Memory locations 0x3D 7E80 - 0x3D 7EAF are reserved in TMX/TMP silicon.

& 9-3. 28021 Memory Map
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https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
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Data Space ‘ Prog Space
0x00 0000 MO Vector RAM (Enabled if VMAP = 0)
0x00 0040 MO SARAM (1K x 16, 0-Wait)
0x00 0400 M1 SARAM (1K x 16, 0-Wait)
0x00 0800 Peripheral Frame 0
0x00 0D0O
PIE Vector - RAM
(256 x 16)
(Enabled if Reserved
VMAP =1,
ENPIE =1)
0x00 0E00 Peripheral Frame 0
0x00 2000 Reserved
0x00 6000
Peripheral Frame 1
(4K x 16, Protected)
Reserved
0x00 7000
Peripheral Frame 2
(4K x 16, Protected)
0x00 8000
LO SARAM (1K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x00 8400 Reserved
0x3D 7800 User OTP (1K x 16, Secure Zone + ECSL)
0x3D 7C00 Reserved
0x3D 7C80 Calibration Data
0x3D 7CCO Get_mode function
0x3D 7CEOQ ReSomod
0x3D 7E80 Calibration Data
0x3D 7EBO Resorvod
0x3D 7FFF PARTID
0x3D 8000
Reserved
0x3F 4000
FLASH
(16K x 16, 4 Sectors, Secure Zone + ECSL)
0x3F 7FF8 128-Bit Password
0x3F 8000
L0 SARAM (1K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)
0x3F 8400 Reserved
0x3F E000 Boot ROM (8K x 16, 0-Wait)
0x3F FFCO Vector (32 Vectors, Enabled if VMAP = 1)

A. Memory locations 0x3D 7E80 - 0x3D 7EAF are reserved in TMX/TMP silicon.

& 9-4. 28020 Memory Map
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https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026

TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023

TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200

ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021

13 TEXAS
INSTRUMENTS

www.ti.com.cn

0x00 0000
0x00 0040
0x00 0400
0x00 0800
0x00 0D0O

0x00 0E00
0x00 2000
0x00 6000

0x00 7000

0x00 8000

0x00 8400
0x3D 7800
0x3D 7C00

0x3D 7C80
0x3D 7CCO
0x3D 7CEO
0x3D 7E80
0x3D 7EBO
0x3D 7FFF
0x3D 8000
0x3F 6000

0x3F 7FF8
0x3F 8000

0x3F 8400
0x3F E000
0x3F FFCO

Data Space ‘ Prog Space

MO Vector RAM (Enabled if VMAP = 0)
MO0 SARAM (1K x 16, 0-Wait)

M1 SARAM (1K x 16, 0-Wait)

Peripheral Frame 0

PIE Vector - RAM
(256 x 16)
(Enabled if
VMAP =1,
ENPIE = 1)

Reserved

Peripheral Frame 0

Reserved

Peripheral Frame 1
(4K x 16, Protected)

Reserved

Peripheral Frame 2
(4K x 16, Protected)

L0 SARAM (1K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)

Reserved

User OTP (1K x 16, Secure Zone + ECSL)

Reserved

Calibration Data

Get_mode function

Reserved

Calibration Data

Reserved

PARTID

Reserved

FLASH
(8K x 16, 2 Sectors, Secure Zone + ECSL)

128-Bit Password

L0 SARAM (1K x 16)
(0-Wait, Secure Zone + ECSL, Dual Mapped)

Reserved

Boot ROM (8K x 16, 0-Wait)

Vector (32 Vectors, Enabled if VMAP = 1)

A. Memory locations 0x3D 7E80 - 0x3D 7EAF are reserved in TMX/TMP silicon.

&l 9-5. 280200 Memory Map
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https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
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https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
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Z 9-3. Addresses of Flash Sectors in F28021/28023-Q1/28027-Q1

ADDRESS RANGE

PROGRAM AND DATA SPACE

0x3F 0000 to Ox3F 1FFF

Sector D (8K x 16)

0x3F 2000 to Ox3F 3FFF

Sector C (8K x 16)

0x3F 4000 to Ox3F 5FFF

Sector B (8K x 16)

0x3F 6000 to Ox3F 7F7F

0x3F 7F80 to 0x3F 7FF5

0x3F 7FF6 to Ox3F 7FF7

Ox3F 7FF8 to Ox3F 7FFF

Sector A (8K x 16)

Program to 0x0000 when using the
Code Security Module

Boot-to-Flash Entry Point
(program branch instruction here)

Security Password (128-Bit)
(Do not program to all zeros)

% 9-4. Addresses of Flash Sectors in F28020/28022-Q1/28026-Q1

ADDRESS RANGE

PROGRAM AND DATA SPACE

0x3F 4000 to Ox3F 4FFF

Sector D (4K x 16)

0x3F 5000 to Ox3F 5FFF

Sector C (4K x 16)

0x3F 6000 to 0x3F 6FFF

Sector B (4K x 16)

0x3F 7000 to Ox3F 7F7F

0x3F 7F80 to 0x3F 7FF5

O0x3F 7FF6 to Ox3F 7FF7

Ox3F 7FF8 to Ox3F 7FFF

Sector A (4K x 16)

Program to 0x0000 when using the
Code Security Module

Boot-to-Flash Entry Point
(program branch instruction here)

Security Password (128-Bit)
(Do not program to all zeros)

Z 9-5. Addresses of Flash Sectors in F280200

ADDRESS RANGE

PROGRAM AND DATA SPACE

0x3F 6000 to O0x3F 6FFF

Sector B (4K x 16)

0x3F 7000 to Ox3F 7F7F

0x3F 7F80 to 0x3F 7FF5

0x3F 7FF6 to Ox3F 7FF7

Ox3F 7FF8 to Ox3F 7FFF

Sector A (4K x 16)

Program to 0x0000 when using the
Code Security Module

Boot-to-Flash Entry Point
(program branch instruction here)

Security Password (128-Bit)
(Do not program to all zeros)

3

% 9-6 shows how to handle these memory locations.

When the code-security passwords are programmed, all addresses from 0x3F 7F80 to Ox3F 7FF5
cannot be used as program code or data. These locations must be programmed to 0x0000.

If the code security feature is not used, addresses 0x3F 7F80 to Ox3F 7FEF may be used for code
or data. Addresses Ox3F 7FFO0 to Ox3F 7FF5 are reserved for data and should not contain program

code.
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# 9-6. Impact of Using the Code Security Module

ADDRESS

FLASH

CODE SECURITY ENABLED

CODE SECURITY DISABLED

0x3F 7F80 to 0x3F 7FEF

0x3F 7FF0 to Ox3F 7FF5

Fill with 0x0000

Application code and data

Reserved for data only

Peripheral Frame 1 and Peripheral Frame 2 are grouped together to enable these blocks to be write/read
peripheral block protected. The protected mode makes sure that all accesses to these blocks happen as written.
Because of the pipeline, a write immediately followed by a read to different memory locations, will appear in
reverse order on the memory bus of the CPU. This can cause problems in certain peripheral applications where
the user expected the write to occur first (as written). The CPU supports a block protection mode where a region
of memory can be protected so that operations occur as written (the penalty is extra cycles are added to align
the operations). This mode is programmable and by default, it protects the selected zones.

The wait states for the various spaces in the memory map area are listed in 3 9-7.

& 9-7. Wait States

AREA WAIT STATES (CPU) COMMENTS
MO and M1 SARAMs 0-wait Fixed
Peripheral Frame 0 0-wait

Peripheral Frame 1

0-wait (writes)

2-wait (reads)

Cycles can be extended by peripheral generated ready.

Back-to-back write operations to Peripheral Frame 1 registers will incur
a 1-cycle stall (1-cycle delay).

Peripheral Frame 2

0-wait (writes)

2-wait (reads)

Fixed. Cycles cannot be extended by the peripheral.

LO SARAM 0-wait data and program Assumes no CPU conflicts
OTP Programmable Programmed through the Flash registers.

1-wait minimum 1-wait is minimum number of wait states allowed.
FLASH Programmable Programmed through the Flash registers.

0-wait Paged min

1-wait Random min
Random = Paged

FLASH Password

16-wait fixed

Wait states of password locations are fixed.

Boot-ROM

0-wait
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9.3 Register Maps
The devices contain three peripheral register spaces. The spaces are categorized as follows:

Peripheral Frame 0: These are peripherals that are mapped directly to the CPU memory bus. See #* 9-8.

Peripheral Frame 1: These are peripherals that are mapped to the 32-bit peripheral bus. See 3 9-9.

Peripheral Frame 2: These are peripherals that are mapped to the 16-bit peripheral bus. See % 9-10.

% 9-8. Peripheral Frame 0 Registers

NAME(™) ADDRESS RANGE SIZE (x16) EALLOW PROTECTED®)
Device Emulation Registers 0x00 0880 to 0x00 0984 261 Yes
System Power Control Registers 0x00 0985 to 0x00 0987 3 Yes
FLASH Registers(®) 0x00 0A80 to 0x00 OADF 96 Yes
Code Security Module Registers 0x00 OAEOQ to 0x00 OAEF 16 Yes
ADC registers (0 wait read only) 0x00 0B0O to 0x00 OBOF 16 No
CPU - TIMERO/1/2 Registers 0x00 0C00 to 0x00 OC3F 64 No
PIE Registers 0x00 OCEO to 0x00 OCFF 32 No
PIE Vector Table 0x00 0DOO to 0x00 ODFF 256 No

(1) Registers in Frame 0 support 16-bit and 32-bit accesses.
(2) If registers are EALLOW protected, then writes cannot be performed until the EALLOW instruction is executed. The EDIS instruction

disables writes to prevent stray code or pointers from corrupting register contents.

(3) The Flash Registers are also protected by the Code Security Module (CSM).

3 9-9. Peripheral Frame 1 Registers

NAME ADDRESS RANGE SIZE (%16) EALLOW PROTECTED
Comparator 1 registers 0x00 6400 to 0x00 641F 32 M
Comparator 2 registers 0x00 6420 to 0x00 643F 32 M
ePWM1 + HRPWM1 registers 0x00 6800 to 0x00 683F 64 M
ePWM2 + HRPWM2 registers 0x00 6840 to 0x00 687F 64 ™M
ePWM3 + HRPWMS registers 0x00 6880 to 0x00 68BF 64 ™M
ePWM4 + HRPWM4 registers 0x00 68CO to 0x00 68FF 64 M
eCAP1 registers 0x00 6A00 to 0x00 6A1F 32 No
GPIO registers 0x00 6F80 to 0x00 6FFF 128 M

(1) Some registers are EALLOW protected. For more information, see the TMS320F2802x, TMS320F2802xx Technical Reference Manual.

# 9-10. Peripheral Frame 2 Registers

NAME ADDRESS RANGE SIZE (x16) EALLOW PROTECTED
System Control Registers 0x00 7010 to 0x00 702F 32 Yes
SPI-A Registers 0x00 7040 to 0x00 704F 16 No
SCI-A Registers 0x00 7050 to 0x00 705F 16 No
NMI Watchdog Interrupt Registers 0x00 7060 to 0x00 706F 16 Yes
External Interrupt Registers 0x00 7070 to 0x00 707F 16 Yes
ADC Registers 0x00 7100 to 0x00 717F 128 M
12C-A Registers 0x00 7900 to 0x00 793F 64 M

(1) Some registers are EALLOW protected. For more information, see the TMS320F2802x, TMS320F2802xx Technical Reference Manual.
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9.4 Device Emulation Registers

These registers are used to control the protection mode of the C28x CPU and to monitor some critical device
signals. The registers are defined in 3% 9-11 .

% 9-11. Device Emulation Registers

NAME Agzs ggs SIZE (x16) DESCRIPTION P:g.:.‘é‘g.l‘!\é[,
DEVICECNF 8?822? 2 Device Configuration Register Yes
PARTID 0x3D 7FFF 1 Part ID Register TMS320F280200PT 0x00C1

TMS320F280200DA 0x00C0
TMS320F28027PT 0x00CF
TMS320F28027DA 0x00CE
TMS320F28027FPT 0x00CF
TMS320F28027FDA 0x00CE
TMS320F28026PT 0x00C7
TMS320F28026DA 0x00C6
TMS320F28026FPT 0x00C7
TMS320F28026FDA 0x00C6 No
TMS320F28023PT 0x00CD
TMS320F28023DA 0x00CC
TMS320F28022PT 0x00C5
TMS320F28022DA 0x00C4
TMS320F28021PT 0x00CB
TMS320F28021DA 0x00CA
TMS320F28020PT 0x00C3
TMS320F28020DA 0x00C2
CLASSID 0x0882 1 Class ID Register ~ TMS320F280200PT/DA  0x00C7
TMS320F28027PT/DA 0x00CF
TMS320F28027FPT/DA  0x00CF
TMS320F28026PT/DA 0x00C7
TMS320F28026FPT/DA  0x00C7 No
TMS320F28023PT/DA 0x00CF
TMS320F28022PT/DA 0x00C7
TMS320F28021PT/DA 0x00CF
TMS320F28020PT/DA 0x00C7
REVID 0x0883 1 Revision ID 0x0000 - Silicon Rev. 0 - TMS
Register 0x0001 - Silicon Rev. A - TMS No
0x0002 - Silicon Rev. B - TMS
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9.5 VREG/BOR/POR
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9.5.2 On-chip Power-On Reset (POR) and Brown-Out Reset (BOR) Circuit

Two on-chip supervisory circuits, the power-on reset (POR) and the brown-out reset (BOR) remove the burden
of monitoring the Vpp and Vpp o supply rails from the application board. The purpose of the POR is to create a
clean reset throughout the device during the entire power-up procedure. The trip point is a looser, lower trip point
than the BOR, which watches for dips in the Vpp or Vppo rail during device operation. The POR function is
present on both Vpp and Vppp rails at all times. After initial device power-up, the BOR function is present on
Vppio at all times, and on Vpp when the internal VREG is enabled ( VREGENZ pin is tied low). Both functions tie
the XRS pin low when one of the voltages is below their respective trip point. Vpp BOR and overvoltage trip
points are outside of the recommended operating voltages. Proper device operation cannot be ensured. If
overvoltage or undervoltage conditions affecting the system is a concern for an application, an external voltage
supervisor should be added. [¥| 9-6 shows the VREG, POR, and BOR. To disable both the Vpp and Vpp,o BOR
functions, a bit is provided in the BORCFG register. For details, see the System Control chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.

In «—
Out —» @
T

(Force Hi-Z When High)

DIR (0 = Input, 1 = Output)J
g Internal l«— SYSRS
Weak PU

“ SYSCLKOUT

Deglitch

Filter N\ .
worsT— |/ RSM (o8
Core
MCILKRsi TTAG
TCK
PLL Detect
+ [+ Logic
= Clocking
Logic
T
VREGHALT
1 winpeT(A
WDRST®
PBRS® POR/BOR On-Chip

Generating Ve
oltage
Module Regulator
(VREG)

A. WDRST is the reset signal from the CPU watchdog.
B. PBRS is the reset signal from the POR/BOR module.

K 9-6. VREG + POR + BOR + Reset Signal Connectivity
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9.6.2 Crystal Oscillator Option

The on-chip crystal oscillator X1 and X2 pins are 1.8-V level signals and must never have 3.3-V level signals
applied to them. If a system 3.3-V external oscillator is to be used as a clock source, it should be connected to
the XCLKIN pin only. The X1 pin is not intended to be used as a single-ended clock input, it should be used with
X2 and a crystal.

The typical specifications for the external quartz crystal (fundamental mode, parallel resonant) are listed in &
9-13. Furthermore, ESR range = 30 to 150 Q.

2 9-13. Typical Specifications for External Quartz Crystal(!)

FREQUENCY (MHz) Rg () C1 (pF) Cy2 (pF)
5 2200 18 18
10 470 15 15
15 0 15 15
20 0 12 12
(1) Cghunt should be less than or equal to 5 pF.
| XCLKIN/GP1019/38 X1 X2 |
Turn off Ry
XCLKIN path M
in CLKCTL \ D [ L
register c, T Crystal I Co

A. X1/X2 pins are available in 48-pin package only.
K 9-9. Using the On-chip Crystal Oscillator

&k
1. C_4 and C, are the total capacitance of the circuit board and components excluding the IC and
crystal. The value is usually approximately twice the value of the crystal's load capacitance.
The load capacitance of the crystal is described in the crystal specifications of the manufacturers.
TI recommends that customers have the resonator/crystal vendor characterize the operation of
their device with the MCU chip. The resonator/crystal vendor has the equipment and expertise to
tune the tank circuit. The vendor can also advise the customer regarding the proper tank
component values that will produce proper start-up and stability over the entire operating range.

W
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| XCLKIN/GP1019/38

External Clock Signal
(Toggling 0-Vpp0)

& 9-10. Using a 3.3-V External Oscillator

9.6.3 PLL-Based Clock Module

The devices have an on-chip, PLL-based clock module. This module provides all the necessary clocking signals
for the device, as well as control for low-power mode entry. The PLL has a 4-bit ratio control PLLCR[DIV] to
select different CPU clock rates. The watchdog module should be disabled before writing to the PLLCR register.
It can be re-enabled (if need be) after the PLL module has stabilized, which takes

1 ms. The input clock and PLLCR[DIV] bits should be chosen in such a way that the output frequency of the PLL

(VCOCLK) is at least 50 MHz.

X1 X2
l NC

% 9-14. PLL Settings

PLLCRIDIV] VALUE® ©) SYSCLKOUT (CLKIN)
PLLSTS[DIVSEL] = 0 or 1) PLLSTS[DIVSEL] = 2 PLLSTS[DIVSEL] = 3
0000 (PLL bypass) OSCCLK/4 (Default) OSCCLK/2 OSCCLK

0001 (OSCCLK * 1)/4 (OSCCLK * 1)12 (OSCCLK * 1)/1

0010 (OSCCLK * 2)/4 (OSCCLK * 2)/2 (OSCCLK * 2)/1

0011 (OSCCLK * 3)/4 (OSCCLK * 3)12 (OSCCLK * 3)/1

0100 (OSCCLK * 4)/4 (OSCCLK * 4)12 (OSCCLK * 4)/1

0101 (OSCCLK * 5)/4 (OSCCLK * 5)12 (OSCCLK * 5)/1

0110 (OSCCLK * 6)/4 (OSCCLK * 6)12 (OSCCLK * 6)/1

0111 (OSCCLK * 7)/4 (OSCCLK * 7)12 (OSCCLK * 7)/1

1000 (OSCCLK * 8)/4 (OSCCLK * 8)12 (OSCCLK * 8)/1

1001 (OSCCLK * 9)/4 (OSCCLK * 9)/2 (OSCCLK * 9)/1

1010 (OSCCLK * 10)/4 (OSCCLK * 10)/2 (OSCCLK * 10)/1

1011 (OSCCLK * 11)/4 (OSCCLK * 11)/2 (OSCCLK * 1)1

1100 (OSCCLK * 12)/4 (OSCCLK * 12)12 (OSCCLK * 12)/1

(1) By default, PLLSTS[DIVSEL] is configured for /4. (The boot ROM changes this to /1.) PLLSTS[DIVSEL] must be 0 before writing to the
PLLCR and should be changed only after PLLSTS[PLLLOCKS] = 1.
(2) The PLL control register (PLLCR) and PLL Status Register (PLLSTS) are reset to their default state by the XRS signal or a watchdog

reset only. A reset issued by the debugger or the missing clock detect logic has no effect.

(3) This register is EALLOW protected. See the System Control chapter in the TMS320F2802x, TMS320F2802xx Technical Reference

Manual for more information.

% 9-15. CLKIN Divide Options

PLLSTS [DIVSEL]

CLKIN DIVIDE

0

14

/4

12

1
2
3

n
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The PLL-based clock module provides four modes of operation:

* INTOSC1 (Internal Zero-pin Oscillator 1): This is the on-chip internal oscillator 1. This can provide the clock
for the Watchdog block, core and CPU-Timer 2

* INTOSC2 (Internal Zero-pin Oscillator 2): This is the on-chip internal oscillator 2. This can provide the clock
for the Watchdog block, core and CPU-Timer 2. Both INTOSC1 and INTOSC2 can be independently chosen
for the Watchdog block, core and CPU-Timer 2.

* Crystal/Resonator Operation: The on-chip (crystal) oscillator enables the use of an external crystal/
resonator attached to the device to provide the time base. The crystal/resonator is connected to the X1/X2
pins. Some devices may not have the X1/X2 pins. See 77 7.2.1 for details.

* External Clock Source Operation: If the on-chip (crystal) oscillator is not used, this mode allows it to be
bypassed. The device clocks are generated from an external clock source input on the XCLKIN pin. The
XCLKIN is multiplexed with GPIO19 or GPIO38 pin. The XCLKIN input can be selected as GPIO19 or
GPIO38 through the XCLKINSEL bit in XCLK register. The CLKCTL[XCLKINOFF] bit disables this clock input
(forced low). If the clock source is not used or the respective pins are used as GPIOs, the user should disable
at boot time.

Before changing clock sources, ensure that the target clock is present. If a clock is not present, then that clock
source must be disabled (using the CLKCTL register) before switching clocks.

& 9-16. Possible PLL Configuration Modes

CLKIN AND
PLL MODE REMARKS PLLSTS[DIVSEL] SYSCLKOUT
Invoked by the user setting the PLLOFF bit in the PLLSTS register. The PLL block
is disabled in this mode. This can be useful to reduce system noise and for low- 0,1 OSCCLK/4

PLL Off power operation. The PLLCR register must first be set to 0x0000 (PLL Bypass) 2 OSCCLK/2
before entering this mode. The CPU clock (CLKIN) is derived directly from the 3 OSCCLK/1
input clock on either X1/X2, X1 or XCLKIN.

PLL Bypass is the default PLL configuration upon power-up or after an external 0 1 OSCCLK/4
reset ( XRS). This mode is selected when the PLLCR register is set to 0x0000 or ;

PLL Bypass ) : 2 OSCCLK/2
while the PLL locks to a new frequency after the PLLCR register has been 3 OSCCLK/
modified. In this mode, the PLL is bypassed but the PLL is not turned off.

Achieved by writing a nonzero value n into the PLLCR register. Upon writing to the 0,1 OSCCLK . na

PLL Enable . - . . 2 OSCCLK * n/2
PLLCR the device will switch to PLL Bypass mode until the PLL locks. 3 OSCCLK * n/1

9.6.4 BB KIHRAE ( NMI B T TIRE )

2802x A AN L 5| PR 8 (INTOSC1/INTOSC2) HIHHE—A A L kiR G 4. 808 — IS
PSRN BE T BRI BRIRRA 4, 72 PLL 5 AN PLL 5585, W2k B PLL A ARHBFIH 2%, PLL
e Hodan B — BT RGN B o XA BAT BN B2y CPU AAM LR ft— AN I RUME Dy 1-6MHz f{I 4t

PP AT R ORI, — DR SUE Y NMIL il i) CLOCLFAIL 15 5 # A R, #¥E NMIRESETSEL £ i iic & 7
X, BOEMATRES B LB Z BE NMIL & TS N R R AL BRibz 4, W E ERIHIRE
(MCLKSTS) 7. o FH Al F NMI A W7 SRAS I N\ BB e 55 91 i3 30 BT 75 IO RE IE B8 A, 900 1) 46 1) 5 — AN B 8
(WEF G ) BE MRS A — bt .
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9.7 Low-power Modes Block

%% 9-17 summarizes the various modes.

% 9-17. Low-power Modes

MODE LPMCRO(1:0) OSCCLK CLKIN SYSCLKOUT EXIT(")
IDLE 00 on on on XRS, CEU watchdog interrupt, any
enabled interrupt
On XRS, CPU watchdog interrupt, GPIO
STANDBY 01 (CPU watchdog still running) off Off Port A signal, debugger?
Off
(on-chip crystal oscillator and PLL B . )
HALT®) 1X turned off, zero-pin oscillator and Off off éﬁﬁ’ﬁ;ﬁdﬁon A signal, debugger'®,
CPU watchdog state dependent 9
on user code.)

(1)  The EXIT column lists which signals or under what conditions the low-power mode is exited. A low signal, on any of the signals, exits
the low-power condition. This signal must be kept low long enough for an interrupt to be recognized by the device. Otherwise, the low-

power mode will not be exited and the device will go back into the indicated low-power mode.
(2) The JTAG port can still function even if the CPU clock (CLKIN) is turned off.
(3) The WDCLK must be active for the device to go into HALT mode.

The various low-power modes operate as follows:

IDLE Mode:

STANDBY Mode:

HALT Mode:

This mode is exited by any enabled interrupt that is recognized by the processor. The LPM block
performs no tasks during this mode as long as the LPMCRO(LPM) bits are set to 0,0.

Any GPIO port A signal (GPIO[31:0]) can wake the device from STANDBY mode. The user must
select which signal(s) will wake the device in the GPIOLPMSEL register. The selected signal(s) are
also qualified by the OSCCLK before waking the device. The number of OSCCLKs is specified in the

LPMCRO register.

CPU watchdog, XRS, and any GPIO port A signal (GPIO[31:0]) can wake the device from HALT
mode. The user selects the signal in the GPIOLPMSEL register.

E

The low-power modes do not affect the state of the output pins (PWM pins included). They will be in
whatever state the code left them in when the IDLE instruction was executed. See the System Control
chapter in the TMS320F2802x, TMS320F2802xx Technical Reference Manual for more details.
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9.8 Interrupts

9-13 shows how the various interrupt sources are multiplexed.

Peripherals
<: (SPI, SCI, ePWM, I°C, HRPWM, eCAP, ADC)
WDINT
WAKEINT Svnc < Watchdog
«—— sy
< LPMINT Low-Power Modes
SYSCLKOUT
XINT1 x| e
< Interrupt Control XINT1 g :
XINT1CR(15:0) —
" XINT1CTR(15:0) |
s IGPIOXINT1SEL(4:O)|
=
E XINT2SOC
to =S| xiNT2 ﬁ
INT12 S le Interrupt Control XINT2 = E
o
s XINT2CR(15:0) g\q—u
c28 > XINT2CTR(15:0) |
Core [GPIOXINT2SEL(4:0)]
GPIOO0.int
XINT3
XINT3 |X] @ GPIO
] Interrupt Control g : MUX
XINT3CR(15:0) GPIO31.int
XINT3CTR(15:0)
| GPIOXINT3SEL(4:0)|
TINTO
< CPU TIMER 0
INT13 TINTA CPU TIMER 1
TINT2
INT14 |« «
CPUTIMER 2 [+ CpUTMR2CLK
CLOCKFAIL
NMI e NMI interrupt with watchdog function [* N (gg:t:hne‘ ('Jsc;r;ttreor:]
(See the NMI Watchdog section.) Control section.)
& 9-13. External and PIE Interrupt Sources
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Eight PIE block interrupts are grouped into one CPU interrupt. In total, 12 CPU interrupt groups, with 8 interrupts

per group equals 96 possible interrupts. ¥ 9-18 shows the interrupts used by 2802x devices.

The TRAP #VectorNumber instruction transfers program control to the interrupt service routine corresponding to
the vector specified. The TRAP #0 instruction attempts to transfer program control to the address pointed to by
the reset vector. The PIE vector table does not, however, include a reset vector. Therefore, the TRAP #0

instruction should not be used when the PIE is enabled. Doing so will result in undefined behavior.

When the PIE is enabled, the TRAP #1 to TRAP #12 instructions will transfer program control to the interrupt
service routine corresponding to the first vector within the PIE group. For example: the TRAP #1 instruction

fetches the vector from INT1.1, the TRAP #2 instruction fetches the vector from INT2.1, and so forth.

IFR[12:1] IER[12:1] INTM
7
INT1 > O/O > O/O >
INT2 o0 > o0 >
[ J [ ] [ J [ ] [ J 1
—p< ° ° ° ° ® | Mux -0— 0 »| CPU
° ° ° ° ° 0
INT11 P oo > oo -
INT12 o— 6 > o— 6 > Global
N (Flag) (Enable) Enable
< O/O < O/O < INTx.1
< O/O < O/O < INTx.2
< O/O < O/O < INTx.3 From
a— MUX < o— 0o < o— 0 < INTx.4 Peripherals
( < caggle < cagle < :::.iz Extz:nal
< o— o < o0 < * Interrupts
< O/O < O/O < INTx.7
(Enable) Fla
(Enable/Flag) _(Flag) |
PIEIERX[8:1] PIEIFRX[8:1]

& 9-14. Multiplexing of Interrupts Using the PIE Block

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-

Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200

Submit Document Feedback

65


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026
TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023
TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200
ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021

13 TEXAS
INSTRUMENTS

www.ti.com.cn

# 9-18. PIE MUXed Peripheral Interrupt Vector Table

INTx.8(") INTx.7 INTx.6 INTx.5 INTx.4 INTx.3 INTx.2 INTx.1
INT1.y WAKEINT TINTO ADCINT9 XINT2 XINT1 Reserved ADCINT2 ADCINT1
(LPM/WD) (TIMER 0) (ADC) Ext. int. 2 Ext. int. 1 - (ADC) (ADC)
0xD4E 0xD4C O0xD4A 0xD48 0xD46 0xD44 0xD42 0xD40
INT2.y Reserved Reserved Reserved Reserved EPWM4_TZINT EPWM3_TZINT EPWM2_TZINT EPWM1_TZINT
- - - - (ePWM4) (ePWM3) (ePWM2) (ePWM1)
0xD5E 0xD5C OxD5A 0xD58 0xD56 0xD54 0xD52 0xD50
INT3.y Reserved Reserved Reserved Reserved EPWM4_INT EPWM3_INT EPWM2_INT EPWM1_INT
- - - - (ePWM4) (ePWM3) (ePWM2) (ePWM1)
0xD6E 0xD6C 0xD6A 0xD68 0xD66 0xD64 0xD62 0xD60
INT4.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved ECAP1_INT
- - - - - - - (eCAP1)
0xD7E 0xD7C O0xD7A 0xD78 0xD76 0xD74 0xD72 0xD70
INT5.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0xD8E 0xD8C O0xD8A 0xD88 0xD86 0xD84 0xD82 0xD80
INT6.y Reserved Reserved Reserved Reserved Reserved Reserved SPITXINTA SPIRXINTA
- - - - - - (SPI-A) (SPI-A)
0xD9E 0xD9C 0xD9A 0xD98 0xD96 0xD94 0xD92 0xD90
INT7.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
OxDAE 0xDAC O0xDAA 0xDA8 0xDA6 0xDA4 0xDA2 0xDAO
INT8.y Reserved Reserved Reserved Reserved Reserved Reserved 12CINT2A 12CINT1A
- - - - - - (12C-A) (12C-A)
0xDBE 0xDBC 0xDBA 0xDB8 0xDB6 0xDB4 0xDB2 0xDBO
INT9.y Reserved Reserved Reserved Reserved Reserved Reserved SCITXINTA SCIRXINTA
- - - - - - (SCI-A) (SCI-A)
0xDCE 0xDCC 0xDCA 0xDC8 0xDC6 0xDC4 0xDC2 0xDCO
INT10.y ADCINT8 ADCINT7 ADCINT6 ADCINT5 ADCINT4 ADCINT3 ADCINT2 ADCINT1
(ADC) (ADC) (ADC) (ADC) (ADC) (ADC) (ADC) (ADC)
0xDDE 0xDDC 0xDDA 0xDD8 0xDD6 0xDD4 0xDD2 0xDDO
INT11.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
OxDEE 0xDEC OxDEA O0xDE8 0xDE6 OxDE4 O0xDE2 O0xDEO
INT12.y Reserved Reserved Reserved Reserved Reserved Reserved Reserved XINT3
- - - - - - - Ext. Int. 3
0xDFE 0xDFC OxDFA 0xDF8 0xDF6 0xDF4 0xDF2 0xDFO

(1)  Out of 96 possible interrupts, some interrupts are not used. These interrupts are reserved for future devices. These interrupts can be
used as software interrupts if they are enabled at the PIEIFRX level, provided none of the interrupts within the group is being used by a
peripheral. Otherwise, interrupts coming in from peripherals may be lost by accidentally clearing their flag while modifying the PIEIFR.
To summarize, there are two safe cases when the reserved interrupts could be used as software interrupts:

a.
b.

No peripheral within the group is asserting interrupts.

No peripheral interrupts are assigned to the group (for example, PIE groups 5, 7, or 11) .
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# 9-19. PIE Configuration and Control Registers

NAME ADDRESS SIZE (x16) DESCRIPTION(")
PIECTRL 0xOCEO 1 PIE, Control Register
PIEACK 0x0CE1 1 PIE, Acknowledge Register
PIEIER1 0x0CE2 1 PIE, INT1 Group Enable Register
PIEIFR1 0x0CE3 1 PIE, INT1 Group Flag Register
PIEIER2 0x0CE4 1 PIE, INT2 Group Enable Register
PIEIFR2 0x0CE5 1 PIE, INT2 Group Flag Register
PIEIER3 0xOCE6 1 PIE, INT3 Group Enable Register
PIEIFR3 0xOCE7 1 PIE, INT3 Group Flag Register
PIEIER4 0xOCE8 1 PIE, INT4 Group Enable Register
PIEIFR4 0x0CE9 1 PIE, INT4 Group Flag Register
PIEIER5 0x0CEA 1 PIE, INT5 Group Enable Register
PIEIFR5 0x0CEB 1 PIE, INT5 Group Flag Register
PIEIER6 0x0CEC 1 PIE, INT6 Group Enable Register
PIEIFR6 0x0CED 1 PIE, INT6 Group Flag Register
PIEIER7 0xO0CEE 1 PIE, INT7 Group Enable Register
PIEIFR7 0xO0CEF 1 PIE, INT7 Group Flag Register
PIEIER8 0x0CFO 1 PIE, INT8 Group Enable Register
PIEIFR8 0x0CF1 1 PIE, INT8 Group Flag Register
PIEIER9 0x0CF2 1 PIE, INT9 Group Enable Register
PIEIFR9 0x0CF3 1 PIE, INT9 Group Flag Register
PIEIER10 0x0CF4 1 PIE, INT10 Group Enable Register
PIEIFR10 0x0CF5 1 PIE, INT10 Group Flag Register
PIEIER11 0xOCF6 1 PIE, INT11 Group Enable Register
PIEIFR11 0xOCF7 1 PIE, INT11 Group Flag Register
PIEIER12 0xOCF8 1 PIE, INT12 Group Enable Register
PIEIFR12 0x0CF9 1 PIE, INT12 Group Flag Register
Reserved O0xOCFA - 6 Reserved

0xOCFF

(1) The PIE configuration and control registers are not protected by EALLOW mode. The PIE vector
table is protected.
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9.8.1 External Interrupts

Z 9-20. External Interrupt Registers

NAME ADDRESS SIZE (x16) DESCRIPTION
XINT1CR 0x00 7070 1 XINT1 configuration register
XINT2CR 0x00 7071 1 XINT2 configuration register
XINT3CR 0x00 7072 1 XINT3 configuration register
XINT1CTR 0x00 7078 1 XINT1 counter register
XINT2CTR 0x00 7079 1 XINT2 counter register
XINT3CTR 0x00 707A 1 XINT3 counter register

Each external interrupt can be enabled/disabled or qualified using positive, negative, or both positive and
negative edge. For more information, see the System Control chapter in the TMS320F2802x, TMS320F2802xx
Technical Reference Manual.

9.8.1.1 Sf B B v i 8 ‘& i

9.8.1.1.1 External Interrupt Timing Requirements

MIN( MAX| UNIT
Synchronous 1t cycles
tuynt) @  Pulse duration, INT input low/high Y b o(8C0) y
With qualifier 1tc(SCO) + tw(IQSW) cycles
(1) For an explanation of the input qualifier parameters, see 17 9.9.10.1.2.1.
(2) This timing is applicable to any GPIO pin configured for ADCSOC functionality.
9.8.1.1.2 External Interrupt Switching Characteristics
over recommended operating conditions (unless otherwise noted)

PARAMETER MIN() MAX| UNIT
tanT) Delay time, INT low/high to interrupt-vector fetch twaasw) * 12tysco)y| cycles
(1) For an explanation of the input qualifier parameters, see 7 9.9.10.1.2.1.

‘“—"L tw(nT)

XINT1, XINT2, XINT3 \ /

\
H—}F tagnT)
A temal S R R ORI Interrupt Vector )

PAVAV AV AV AVAV AV sV AV sV sV sV AV PAVAN VAVAVAVAVAVAN

& 9-15. External Interrupt Timing
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9.9 AhiK
9.9.1 Analog Block

A 12-bit ADC core is implemented that has different timings than the 12-bit ADC used on F280x/F2833x. The
ADC wrapper is modified to incorporate the new timings and also other enhancements to improve the timing
control of start of conversions. 9-16 shows the interaction of the analog module with the rest of the F2802x

system.

For more information on the ADC, see the Analog-to-Digital Converter and Comparator chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.

38-Pin

48-Pin

VDDA

VDDA

VREFLO
Tied To
VSSA

VREFLO
Tied To
VSSA

VREFHI
Tied To
A0

VREFHI
Tied To
A0

Signal Pinout

(3.3 V) VDDA
(Agnd) VSSA
VREFLO

VREFHI
A0
BO

A1
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|: A2
B2
A3
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— A4
L B4

[ B5

L A5
[ A6

Simultaneous Sampling Channels

L B6

A7
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T—b < Interface Reference )—P\
Diff
>

COMP1OUT
AIO2 w
DA
AI010 c
-

-
COMP20OUT
o] comiz—
AlO12 DAC (See Note A)

Y
- #2
[__Temperature Sensor |—>>._>
-
[_AIOS |
-’
-
-

A. Comparator 2 is available only on the 48-pin PT package.

ADC

& 9-16. Analog Pin Configurations
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9.9.1.1 ¥ E## (ADC)
9.9.1.1.1 4

ADC HIWZAEAH — AN — 12 At sy | PR s th A RO A FR R AU 1T DUOREIX AN KA DR 35 L B i AT
[0 RBEBB R R o FMF , X80 H 14 b s L R IE 13 AN NG TE (55 . % e 2% v 1 8 A SR F P 0 B 2
WEIBAT , DB I T S Br f T B e 3 |, B0 SR — o #1308 AL 1 32 o (VrRern!VREFLO) 1 BIT , TE T LR
e,

52 Hi) ADC BEUAE |, 1 ADC HARRE TR HI Rk A4 . xR Skdk | AbATRT DR 25 5 b A\ — AN 5k 5 o 61 2
—RYNH R SR, RAE RIS R LA RS B o b, B SOC , BRFE Fe 45 ).
ADC KL B R f45 -
o HAWERCRFERSF (S/H) 1) 12 2 ADC W%
o [AERAE AR R AR
o AVEEBE 0 OV £ 3.3V FERIE |, 5 VRern/VRerLo HEH . SIS R R FEUEIR B
- WHEEEAE ( VRerLo=Vssae 1 P AECE SN HERI G | Veerw AMSEE Vopa. )
Digital Value =0, wheninput <0V

www.ti.com.cn

Digital Value = 4096 x \MPUt Analog Voltage = Vierio

when 0V <input<3.3V

3.3
Digital Value = 4095, when input > 3.3V
- AMNEBEEE ( VRern/VRerLo BIEFE B AMTEAE . A0 A R el AN R R IUI | VRepn AN HEE
Vopas )
Digital Value =0, wheninput <0V

Digital Value = 4096 x \MPUt Analog Voltage — Vrerio

when 0V <input < Vgreru
VREFHI — VREFLO

Digital Value = 4095, when input > VVrgrp)

© Zik 16 NEIE , ZHEREA
+ 161 SOC, T BRI SRFE B R 7 B
o AT ERAER 16 ANEERFAT A (ARt )
© MR

= SIW - AR A )

- ePWM 1-4

- GPIO XINT2

- CPU it s 0/1/2

- ADCINT1/2

© 9NRIEH PIE i, AR E i R
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% 9-21. ADC it B st & 1728

HHBEH i | S| EEALOW 199

ADCCTL1 0x7100 1 2 Pel 1 %A
ADCCTL2 0x7101 1 R Pl 2 AP0
ADCINTFLG 0x7104 1 7 I b 2 1
ADCINTFLGCLR 0x7105 1 % T R R AT AR
ADCINTOVF 0x7106 1 & I 2
ADCINTOVFCLR 0x7107 1 % BT S 2 A
INTSEL1N2 0x7108 1 R T 1A 2 SR A AT
INTSEL3N4 0x7109 1 7 il 3 A 4 SRR AR
INTSEL5N6 0x710A 1 = il 5 A 6 J A7
INTSEL7N8 0x710B 1 7= il 7 A 8 MR A AR
INTSEL9N10 0x710C 1 P T O IEFF AT ( BIORE MR 10 1EHE )
SOCPRICTL 0x7110 1 £ SOC st 7 17483
ADCSAMPLEMODE 0x7112 1 & KRR 2 108
ADCINTSOCSEL1 0x7114 1 2 Tl SOC & 1 W fras (AT 8 Ml )
ADCINTSOCSEL2 0x7115 1 7= il SOC %% 2 %4748 (AT 8 /i )
ADCSOCFLG1 0x7118 1 = SOC friki 1 #4474 (T 16 Ailid )
ADCSOCFRC1 0x711A 1 5 SOC sl 1 25474 ( FT 16 Mitid )
ADCSOCOVF1 0x711C 1 = SOC jit 1 #7478 (I T 16 Milid )
ADCSOCOVFCLR1 Ox711E 1 % SOC s ik 1 #7478 (FIT 16 ANil )
ADCSOCOCTL = 0x7120-0x7 1 2 SOCO #5: il % 174 % SOC15 % 17 it
ADCSOC15CTL 12F
ADCREFTRIM 0x7140 1 = A e A A0S
ADCOFFTRIM 0x7141 1 2 (s B 2 172
COMPHYSTCTL 0x714C 1 B b e i i s 2 17 9
ADCREV 0X714F 1 % AT R A 7 172

R 9-22. ADC £ R T4 (PG E PFO )

HHBEK it et e 99
ADCRESULTO % ADCRESULT15 0xB0O % 0xBOF 1 % ADC %55 0 %517 %4 % ADC 45 15 %77
#
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0-Wait
Result
Registers PFO (CPU) >
PF2(CPU) O
SYSCLKOUT
ADCENCLK
ADCINT A
s PIE
ADCINT 9
AlO ADC ADC ADCTRIG 1[D+ TINT 0 FCRUTIMER 0
MUX | Channels/] S°re 3 TINT 1
12-Bit ADCTRIG 2>« CPUTIMER 1
ADCTRIG 3D+ TINT 2 FCoUTIMER 2
ADCTRIG 4 XINT250C ™ inT2__]
SOCA 1
ADCTRIG 5
ADCTRIG 6 :ggi; ePWM 1
ADCTRIG 7
ADCTRIG 8 :ggi: ePWM 2
ADCTRIG 9
ADCTRIG 10 :ggi: ePWM 3
ADCTRIG 11
ADCTRIG 12 socB4| ePwWM4
& 9-17. ADC %

A1&€/ ADC #117 ADC ZE#

TI & WEIEAEH ADC |, N AR RFIL YR 5] A e . A4S 7 Wk ADC RER AR, BAZ W) iE %
ADC 5] -

* Vppa - #E#Z] Vppio

° VSSA - ﬁ%?” VSS

* VgerLo - E#H] Vs

ADCINAnN , ADCINBN , Vrggn - &3 Vssa

BAE— AR A ADC By, AR AT ADC S\ 5| N & #E B AU (Vssa)o
#iE

5 AIO Thre EHIHIARMEH] ADCIN 51 JIAS B B GE R B . SR8 —> 1kQ s BH S8
KA T B71E— MR R IX 2L 5] JAITC E Dy AO 4t R 4 ) 51 ITEK B 22 — AN s PR

2 ADC RALHIIS , Jy TIEBTTREN H B, 15 LR 2] ADC LRI Bh R PATIT
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9.9.1.1.2 ADC ¥ T8k B T- B/ & it
9.9.1.1.2.1 5} 35 ADC #5504 ME
LRSI T (BRAER AW )

24 B/ME BAE L:Eina
twancsoct) Jik b Rp 4L H) , ADCSOCXO I HL V- fi i ] 32t Hco) JEI

* >— t,apcsoct)
ADCSOCAO ;

or \, W/
ADCSOCBO

& 9-18. ADCSOCAO Hi# ADCSOCBO iff¢
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9.9.1.1.3 F8AEH 4% (ADC) BT ¥/ & it
9.9.1.1.3.1 ADC Electrical Characteristics

PARAMETER MIN TYP MAX UNIT

DC SPECIFICATIONS
Resolution 12 Bits
ADC clock 60-MHz device 0.001 60 MHz
Sample Window 28027/26/23/22 7 64 ADC

28021/20/200 14 64| Clocks
ACCURACY
INL (Integral nonlinearity) at ADC Clock < 30 MHz(") -4 4 LSB
DNL .(Di.fferential nonlinearity) at ADC Clock < 30 MHz, -1 1 LSB
no missing codes
Offset error @ Ejﬁictziuot:]ng Device_Cal %0 0 20

Executing periodic self- LSB

recalibration(® 4 0 4
Overall gain error with internal reference - 60 60 LSB
Overall gain error with external reference -40 40 LSB
Channel-to-channel offset variation -4 4 LSB
Channel-to-channel gain variation -4 4 LSB
ADC temperature coefficient with internal reference -50 ppm/°C
ADC temperature coefficient with external reference -20 ppm/°C
VREFLO -100 HA
VREFHI 100 HA
ANALOG INPUT
Analog input voltage with internal reference 0 3.3 \Y
Analog input voltage with external reference VReFLO VREFHI \
VRerLo input voltage®) Vssa Vssa \%
VRerni input voltage® with VrerLo = Vssa 1.98 Vbpa \%
Input capacitance 5 pF
Input leakage current 5 uA

(1) INL will degrade when the ADC input voltage goes above Vppa.

(2) 1 LSB has the weighted value of full-scale range (FSR)/4096. FSR is 3.3 V with internal reference and Vggrn - VRerLo for external
reference.

(3) Periodic self-recalibration will remove system-level and temperature dependencies on the ADC zero offset error. This can be
performed as needed in the application without sacrificing an ADC channel by using the procedure listed in the "ADC Zero Offset
Calibration" section of the Analog-to-Digital Converter and Comparator chapter in the TMS320F2802x, TMS320F2802xx Technical
Reference Manual.

(4) VRgerLo is always connected to Vggap -

(5)  Vgern must not exceed Vppa When using either internal or external reference modes. Because Vgggp; is tied to ADCINAO , the input
signal on ADCINAOQ must not exceed Vppa.
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9.9.1.1.3.2 ADC &&=

ADC TAEfER i Iopa LA
ADC B 15 i
" BRI B (ADCBGPWD = 1)
Pt A LIERA HEE P/ (ADCREFPWD = 1) 13 mA
ADC finH, (ADCPWDN = 1)
ADC It 5 H
G n oy R RN W BEFF 5 (ADCBGPWD = 1)
B - PR U SEHESF I (ADGREFPWD = 1) 4 mA
ADC JinH#, (ADCPWDN = 0)
ADC It s
bk TR IT I (ADCBGPWD = 1)
i C - A HLAL g SEHEF S (ADCREFPWD = 0) 1.5 mA
ADC /it (ADCPWDN = 0)
ADC It e 5 F
RN NS W BEFF 5 (ADCBGPWD = 0)
1 D - R SEHEJF I (ADCREFPWD = 0) 0.075 mA
ADC JiH# (ADCPWDN = 0)
9.9.1.1.3.3 435 Z 141848
9.9.1.1.3.3.1 Temperature Sensor Coefficient
PARAMETER(") MIN TYP MAX| UNIT
TsLopPe Degrees C of temperature movement per measured ADC LSB change 0.1803 @ °*C/LSB
of the temperature sensor
ToFFseT ADC output at 0°C of the temperature sensor 1750 LSB

(1) The temperature sensor slope and offset are given in terms of ADC LSBs using the internal reference of the ADC. Values must be

adjusted accordingly in external reference mode to the external reference voltage.

(2) Output of the temperature sensor (in terms of LSBs) is sign-consistent with the direction of the temperature movement. Increasing
temperatures will give increasing ADC values relative to an initial value; decreasing temperatures will give decreasing ADC values

relative to an initial value.

(3) ADC temperature coeffieicient is accounted for in this specification

9.9.1.1.3.4 ADC I8 (v B /7
9.9.1.1.3.4.1 ADC Jlj B #ER

P

B/ME  BOAME| B

tapwo) JEJE , ADC HSEIR IR [A) 4 e

1 ms

(1) WPfRERS ADC BERICFHA M. 28 IREARTT typwo) ms , 2802x ADC S [RIRTEKEN T 3 M.

ADCPWDN/
ADCBGPWD/
ADCREFPWD/
ADCENABLE

Request for ADC
Conversion

[«— td(PwD) —¥|

/

& 9-19. ADC ¥
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E Ron Switch
R ADCIN | 3.4kQ
; — l AN 0/ o
Source E C, l (o
Signal ac : 5 pF 1.6 pF
i - N 28x DSP

Typical Values of the Input Circuit Components:
Switch Resistance (R,): 3.4 kQ

Sampling Capacitor (C,): 1.6 pF

Parasitic Capacitance (C,): 5 pF

Source Resistance (Ry): 50 Q

& 9-20. ADC ¥y A\ FH AR
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9.9.1.1.3.5 ADC /7B FRI [ 20T /7

\_’_\
Analog Input —
| SOCO0 Sample I | SOC1 Sample | SOC2 Sample
| Window ) | Window I Window |
0 2 9 15 2 24 I a7

ADCCTL1.INTPULSEPOS

ADCSOCFLG 1.S0CO0 I |

ADCSOCFLG 1.80C1 J

ADCSOCFLG 1.S0C2 J

S/H Window Pulse to Core SOCO0 SOC1

SOC2 !

e e

PE— _:_
ADCRESULT 0 2 ADCCLKs —3J Result 0 Latched |
L M ()
ADCRESULT 1 | X
I
EOCO Pulse : |_|\
I
EOC1 Pulse : ! | |

ADCINTFLG.ADCINTx F\Ql

|
|
|
|, Minimum Conversion 0 |

——Ym e e |- — |-

|
|
:& 1 ADCCLK

['7 ADCCLKs 13 ADC Clocks ’:
L 6 Minimum ):( Conversion 1 J
I'ADCCLKs I'7 ADCCLKs 1 13 ADC Clocks 1

B 9-21. M AR S 390 WA vt B B o £
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Analog Input B

ADCCLK
ADCCTL1.INTPULSEPOS
ADCSOCFLG 1.80C0
ADCSOCFLG 1.80C1
ADCSOCFLG 1.80C2

S/H Window Pulse to Core
ADCRESULT 0
ADCRESULT 1
ADCRESULT 2

EOCO Pulse

EOC1 Pulse

EOC2 Pulse

ADCINTFLG .ADCINTx

A Window

P

| SOCOSample
| BWindow
2

A Window

SOC2 Sample
I B Window

I
. — D I @ —

e By Iy iy Npiiy Nyl HpIIQN IRy Spiipy [y 5

SOCO (A/B) SOC2 (A/B)

[l
: 2 ADCCLKs ﬂ“' Result 0 (A) Latched
1 1 |
! ! ] Result 0 (B) Latched
| 1 1
| | |
I I I
| | |
| | |
I 1 l—l 1
| |
| 1 ADCCLK —x F/ I—I
I 1
| | |
| | |
I 1
| 1
] }\él ]
! 1 |
| | |
| | |

|, Minimum | Conversion 0 (A) Conversion 0 (B) |

f7 ADCCLKs | 13ADC Clocks 13 ADC Clocks 1 K 2ADCCLKs
:, 19 J, Minimum J, Conversion 1 (A) |
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9.9.1.2 ADC 5K} #%

To COMPy A or B input

To ADC Channel X

. Logic implemented in GPIO MUX block
SYSCLK
AIOXIN [N |4 l
AIOXINE
R AIODAT Reg
SYNC > (Read)
0
| A
AIODAT Reg
(Latch)
AIOMUX 1 Reg
AIOSET,
” Jg AIOCLEAR,
ao2g AIOTOGGLE
x|E 3 Regs
Oln C")
U= o 4o<]<—< —
AIODIR Reg
(Latch)
OQ (0 = Input, 1 = Output)
Of«—0

&l 9-25. AlOx 3| HiZ% %5 FH

ADC 3B F L R AS T Re UG 2T . $07 110 Thie R A% AIOMUX1 ZifEae bt AN ATy O AT AR
BEEL AIODAT 25 £7- a3 2 [ it S Bm 5| BR S o

B 110 THRETE AIOMUXT FFA7 28 HH A NAL N 1 IS H « FESERET | SR AIODAT #7452 it AIODAT #F
MM BT RE |, I BT /O Gph 23K 245 FH LABS (- AU 5 A i 7
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9.9.1.3 L&

K 9-26 o LB |, BHLE RGUHLARE D AR ELAE ] .

COMP x A
GPIO | TZ17213
o/ MUX
S COMP x ]
o+
ePWM
s
MUX
COMPxOUT
DAC
— Core
10-Bit
&l 9-26. LLE AR E
R 9-23. LB F A
COMP1 COMP2 A (x | % EALLOW £% \
i
FHRRLIR ik HuhE() 16) # W
COMPCTL 0x6400 0x6420 1 & L AR A i 75 A7 2%
COMPSTS 0x6402 0x6422 1 5 LR RS AT 2%
DACCTL 0x6404 0x6424 1 2 DAC % il 47 7 4%
DACVAL 0x6406 0x6426 1 5 DAC 18 27 1745
RAMPMAXREF_ACTIVE 0x6408 0x6428 1 i RHECR AL R IEME (AR ) Frds
RAMPMAXREF_SHDW 0x640A 0x642A 1 5 R A AR B R HEE (PR ) TR
RAMPDECVAL_ACTIVE 0x640C 0x642C 1 = RHECR AL SR EE (AR ) FF4H
RAMPDECVAL_SHDW 0x640E 0x642E 1 i R B AR (B2 ) A
RAMPSTS 0x6410 0x6430 1 & BHER A RIRES TS
(1) Ebeds 2 R7E 48 51 PT AT H.
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9.9.1.3.1 44 / DAC BT HIF/ 2
9.9.1.3.1.1 Electrical Characteristics of the Comparator/DAC

PARAMETER MIN TYP MAX| UNITS
Comparator
Comparator Input Range Vssa - Vopa Y
Comparator response time to PWM Trip Zone (Async) 30 ns
Input Offset 15 mV
Input Hysteresis(!) 35 1\
DAC

DAC Output Range Vssa - Vopa \
DAC resolution 10 bits
DAC settling time See K] 9-27

DAC Gain -1.5%

DAC Offset 10 mV
Monotonic Yes

INL +3 LSB

(1) Hysteresis on the comparator inputs is achieved with a Schmidt trigger configuration. This results in an effective 100-k @ feedback
resistance between the output of the comparator and the noninverting input of the comparator. There is an option to disable the
hysteresis and, with it, the feedback resistance; see the Analog-to-Digital Converter and Comparator chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual for more information on this option if needed in your system.
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9.9.3 Serial Peripheral Interface (SPI) Module

The device includes the four-pin serial peripheral interface (SPI) module. One SPI module (SPI-A) is available.
The SPI is a high-speed, synchronous serial 1/0O port that allows a serial bit stream of programmed length (1 to
16 bits) to be shifted into and out of the device at a programmable bit-transfer rate. Normally, the SPI is used for
communications between the MCU and external peripherals or another processor. Typical applications include
external 1/O or peripheral expansion through devices such as shift registers, display drivers, and ADCs.
Multidevice communications are supported by the master/slave operation of the SPI.

The SPI module features include:

* Four external pins:
- SPISOMI: SPI slave-output/master-input pin
- SPISIMO: SPI slave-input/master-output pin
- SPISTE: SPI slave transmit-enable pin
- SPICLK: SPI serial-clock pin

#3

All four pins can be used as GPIO if the SPI module is not used.

* Two operational modes: master and slave

Baud rate: 125 different programmable rates.

LSPCLK
Baudrate=—M _
(SPIBRR + 1) when SPIBRR =3 to 127
Baud rate:% when SPIBRR =0, 1, 2

* Data word length: 1 to 16 data bits
* Four clocking schemes (controlled by clock polarity and clock phase bits) include:
- Falling edge without phase delay: SPICLK active-high. SPI transmits data on the falling edge of the
SPICLK signal and receives data on the rising edge of the SPICLK signal.
- Falling edge with phase delay: SPICLK active-high. SPI transmits data one half-cycle ahead of the falling
edge of the SPICLK signal and receives data on the falling edge of the SPICLK signal.
- Rising edge without phase delay: SPICLK inactive-low. SPI transmits data on the rising edge of the
SPICLK signal and receives data on the falling edge of the SPICLK signal.
- Rising edge with phase delay: SPICLK inactive-low. SPI transmits data one half-cycle ahead of the rising
edge of the SPICLK signal and receives data on the rising edge of the SPICLK signal.
» Simultaneous receive and transmit operation (transmit function can be disabled in software)
* Transmitter and receiver operations are accomplished through either interrupt-driven or polled algorithms.
Nine SPI module control registers: In control register frame beginning at address 7040h.

#E
All registers in this module are 16-bit registers that are connected to Peripheral Frame 2. When a

register is accessed, the register data is in the lower byte (7 - 0), and the upper byte (15 - 8) is
read as zeros. Writing to the upper byte has no effect.
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Enhanced feature:

* 4-level transmit/receive FIFO
* Delayed transmit control
* Bidirectional 3 wire SPI mode support

The SPI port operation is configured and controlled by the registers listed in 3 9-24 .
# 9-24. SPI-A Registers

NAME ADDRESS SIZE (x16) | EALLOW PROTECTED DESCRIPTION(™)
SPICCR 0x7040 1 No SPI-A Configuration Control Register
SPICTL 0x7041 1 No SPI-A Operation Control Register
SPISTS 0x7042 1 No SPI-A Status Register
SPIBRR 0x7044 1 No SPI-A Baud Rate Register
SPIRXEMU 0x7046 1 No SPI-A Receive Emulation Buffer Register
SPIRXBUF 0x7047 1 No SPI-A Serial Input Buffer Register
SPITXBUF 0x7048 1 No SPI-A Serial Output Buffer Register
SPIDAT 0x7049 1 No SPI-A Serial Data Register
SPIFFTX 0x704A 1 No SPI-A FIFO Transmit Register
SPIFFRX 0x704B 1 No SPI-A FIFO Receive Register
SPIFFCT 0x704C 1 No SPI-A FIFO Control Register
SPIPRI 0x704F 1 No SPI-A Priority Control Register

(1) Registers in this table are mapped to Peripheral Frame 2. This space only allows 16-bit accesses. 32-bit accesses produce undefined
results.

For more information on the SPl, see the Serial Peripheral Interface (SPI) chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.
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¥l 9-28 is a block diagram of the SPI in slave mode.

SPICTL.1
State Control

-
1
! SPIFFENA ! | |
| | | Receiver Overrun |
| SPIFFTX.14 | | Overrun Flag INT ENA |
| | |
1
| RXFIFO Registers | t SPISTS.7 O— |
: : | SPICTL.4 1
| SPIRXBUF ) : !
RX FIFO _0 | :
RX FIFO _1 1 1
_____ \ | SPINT
EEIEONS RX FIFO Interrupt + » RXInterrupt \ _
f | Logic ] »
e | |
| |
SPIRXBUF 1 SPIFFOVF |
Buffer Register : FLAG !
1
PN | SPIFFRX.15 | ToCPU
I~ TXFiFO Registers | : 1
1 1
SPITXBUF ! 1 |
TXFIFO _3 ! TX Interrupt :
_____ TX FIFO Intefrupt Logic >
TX FIFO _1 X : SPITX
TX FIFO _0 | J— .
1
1 1 Jusl | . | sPiNTFLAG ENA |
SPITXBUF 1 SPISTS.6 ) O/ o— !
Buffer Register | [}
| SPICTL.0 |
: | TRIWIRE
1
16 B - ( sPIPRILO )
L M M
oO—
SPIDAT O% ™
isti ) 4
Data Reg| O.As SW1 A‘ f o0 SPISIMO
| 2 O ( | "
15 - | TW,
SPIDAT.15 - 0 | wC|> w |
|
v ' ) 2
O O\‘{ sw2 SPISOMI
Talk o0—0ox O—

Master/Slave

——————————— SPICTL.2

Clock
Polarity

Clock
Phase

SPI Char SPICCR.3-0
[3]2]1]0]

SPI Bit Rate

LSPCLK SPIBRR.6 - 0

[els[e]s]2]]o]

( SPICCR.6 >—< SPICTL.3 )7

W>

A. SPISTE is driven low by the master for a slave device.

K 9-28. SPI Module Block Diagram (Slave Mode)
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9.9.3.1 SPI S #/HT /7

F79.9.3.1.1 FIH T =R ( BEARAL =0 ), 19 9.9.3.1.2 B T =M ( BERARNL = 1) o B 9-29 FIA
9-30 &R TN FFBIE
9.9.3.1.1 SPI Master Mode External Timing (Clock Phase = 0)

NO.( BRR EVEN BRR ODD
2 @)@ PARAMETER UNIT
(5) MIN MAX MIN MAX
1 tqspcyv Cycle time, SPICLK Ate(LsPCLK) 128t¢(LspoLk) Ste(LspcLk) 127t spcLky| NS
Pulse duration, SPICLK first _ O-StC(SPC)M + 0-5tc(LSF’CLK) O-Stc(SF'C)M +
2 |twspcim pulse 0.5tgspem — 10 0.5tyspcym + 10 ~10 0.5ty spoLr) + 10 ns
Pulse duration, SPICLK second 0.5t - 0.5t -
3t : 0.5t -10 0.5t +10 o(SPCIM <(SPCM ns
WSPC2M  pise ¢(SPC)M &(SPC)M 0.5t spork) - 10 0.5t spoLk) * 10
Delay time, SPICLK to
4 |tusmom  SpISIMO vald 10 10 ns

Valid time, SPISIMO valid after

0.5t -
5 |tsmoM  gpicLK 0.5t;spcym - 10 c(SPCIM

ns
0.5t LspcLk) = 10

Setup time, SPISOMI before

8 tsu(SOMI)M SPICLK 26 26 ns
Hold time, SPISOMI valid after
9 th(SOMI)M SPICLK 0 0 ns
23 t Delay time, SPISTE active to 1 -5tC(SPC)M - 1 -5tC(SPC)M - ns
dSPOM  SPICLK 3tesyscik) ~ 10 3tesyscik) — 10
Delay time, SPICLK to SPISTE O-StC(SF’C)M -

ns

24 |t4(STEM  nactive 0.-5tspom ~ 10 0.5t spoLk) — 10

(1) The MASTER / SLAVE bit (SPICTL.2) is set and the CLOCK PHASE bit (SPICTL.3) is cleared.

(2)  tyspcy = SPI clock cycle time = LSPCLK/4 or LSPCLK/(SPIBRR +1)

(3)  tgrcoy = LSPCLK cycle time

(4) Internal clock prescalers must be adjusted such that the SPI clock speed is limited to the following SPI clock rate:
Master mode transmit 25-MHz MAX, master mode receive 12.5-MHz MAX
Slave mode transmit 12.5-MAX, slave mode receive 12.5-MHz MAX.

(5) The active edge of the SPICLK signal referenced is controlled by the clock polarity bit (SPICCR.6).

SPICLK
(clock polarity = 0) } } }

\
\ \
SPICLK ‘ ‘ |
(clock polarity = 1) |
)

: T C
‘ [ 8—p
| I
| | ;
Master In Data
|
\
23

|
SPISTE \ \
))

9

)

)
)
48

244“ ‘H—
\

i 9-29. SPI Master Mode External Timing (Clock Phase = 0)
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9.9.3.1.2 SPI Master Mode External Timing (Clock Phase = 1)

NO.(" BRR EVEN BRR ODD
@ ©)@ PARAMETER UNIT

(5) MIN MAX MIN MAX

1 |tyqspcym  Cycle time, SPICLK 4tospcLk) 128t LspcLk) SteLspeLk) 127tuspcLk)| NS
Pulse duration, SPICLK first _ O-5tc(SPC)M - O-5tc(SPC)M

2 [tuspeim pulse 0-Styspem = 10 0-Stegseom + 10 0.5t spciky — 10 0.5t spcLk) + 10 ne
Pulse duration, SPICLK second B 0.5t speym + 0.5t speym +

3 [tuseezm pulse 03tyspem - 10 0-Steispom *+ 10 0.5t spcLky = 10 0.5t;LspcLk) + 10 ns
Delay time, SPISIMO valid to B 0.5t speym +

6 |lsmom  spicik 0-Steispom ~ 10 0.5t spoLky - 10 ns
Valid time, SPISIMO valid after ] 0.5t spomm -

T |smom  gpicik 0-Stespom - 10 0.5ty LspoLr) - 10 ns
Setup time, SPISOMI before

10 [tusomm gy chK 26 26 ns
Hold time, SPISOMI valid after

" th(SOMI)M SPICLK 0 0 ns

23 |tyspom Delay time, SPISTE active to 2tspem - 2tyspom ~ ns
SPICLK 3tesyscLk) — 10 3tesyscik) — 10
Delay time, SPICLK to SPISTE ) 0.5tyspe) -

24 JSTEM  jnactive 0-Stespe) - 10 0.5t speLk) - 10 "

M
(2
(©)

4
®)

(clock polarity = 0)

The MASTER/SLAVE bit (SPICTL.2) is set and the CLOCK PHASE bit (SPICTL.3) is set.
tyspc) = SPI clock cycle time = LSPCLK/4 or LSPCLK/(SPIBRR + 1)

Internal clock prescalers must be adjusted such that the SPI clock speed is limited to the following SPI clock rate:

Master mode transmit 25 MHz MAX, master mode receive 12.5 MHz MAX
Slave mode transmit 12.5 MHz MAX, slave mode receive 12.5 MHz MAX.
teLco) = LSPCLK cycle time

The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPICCR.6).

SPICLK

e |
| i ° o
\
SPICLK \L ] XN ‘ /
(clock polarity = 1) ‘ ‘
6> \
\ le— |
7 %'

| )yl

\

C(
.« 10»} }

\

\ [ 11 |

)L

§§§§§§§§§§§§x Master In Data Must %ééééééém%%ggg%ggggggé
PISOMI
SPISO Be Valld
%
% 23 %‘ 24
SPISTE \l \ . \ /

C(

& 9-30. SPI Master Mode External Timing (Clock Phase = 1)

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback 89

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-
Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026 .

TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023 I3 TEXAS
TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200 INSTRUMENTS
ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021 www.ti.com.cn
9.9.3.2 SPI BB SH /7 /F

95 9.9.3.2.1 5 T MAEI P (BB ARSZ =0 ) , 75 9.9.3.2.2 HI|H T MR ( IRHBRAEAL = 1) o ] 9-31 AT
9-32 R TN FFBIE .
9.9.3.2.1 SPI Slave Mode External Timing (Clock Phase = 0)

NO.

(1) ()

@ @) PARAMETER MIN MAX| UNIT
(5)
12 Itespoys Cycle time, SPICLK Ate(syscLk) ns
13 |twspci)s Pulse duration, SPICLK first pulse 2tysyscik) ~ 1 ns
14 |twspc2)s Pulse duration, SPICLK second pulse 2tysysciky ~ 1 ns
15 |tysomns Delay time, SPICLK to SPISOMI valid 21| ns
16 |tysomns Valid time, SPISOMI data valid after SPICLK 0 ns
19 |tsusimo)s Setup time, SPISIMO valid before SPICLK 1.5ty svscLk) ns
20 |tysiMo)s Hold time, SPISIMO data valid after SPICLK 1.5ty svscLk) ns
25 |tsysTE)S Setup time, SPISTE active before SPICLK 1.5t svscLk) ns
26 |tysTE)S Hold time, SPISTE inactive after SPICLK 1.5tysyscLk) ns

(1) The MASTER / SLAVE bit (SPICTL.2) is cleared and the CLOCK PHASE bit (SPICTL.3) is cleared.

(2)  tyspcy = SPI clock cycle time = LSPCLK/4 or LSPCLK/(SPIBRR + 1)

(3) tercoy = LSPCLK cycle time

(4) Internal clock prescalers must be adjusted such that the SPI clock speed is limited to the following SPI clock rate:
Master mode transmit 25-MHz MAX, master mode receive 12.5-MHz MAX
Slave mode transmit 12.5-MHz MAX, slave mode receive 12.5-MHz MAX.

(5) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPICCR.6).

| )
SPICLK H
(clock polarity = 0) } } \

\ \
\ \ F‘ 14 H}
\ \ \
SPICLK \| /] \ /

(clock polarity = 1) | P! ‘

| ! \
15 I ‘ . \
| | oo e
| | ] ‘ l (1 ‘
SPISOMI W SPISOMI Data Is Valid
)
1 \ ‘ ( \
} [ 19 —p }
\ \
\ \
‘ \ —»-20 N ‘
SPISIMO Data
‘ C( ‘
4‘ [¢— 25 26 — b‘
\ \
SPISTE | ) |
C(
& 9-31. SPI Slave Mode External Timing (Clock Phase = 0)
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9.9.3.2.2 SPI Slave Mode External Timing (Clock Phase = 1)

(Eq)%) PARAMETER MIN MAX| UNIT

(3) (4)
12 |tyspoys Cycle time, SPICLK 4t(syscLk) ns
13 |twspct)s Pulse duration, SPICLK first pulse 2tysysciky ~ 1 ns
14 |twspc2)s Pulse duration, SPICLK second pulse 2tysysciky ~ 1 ns
17 |tysomns Delay time, SPICLK to SPISOMI valid 21 ns
18 | tysomis Valid time, SPISOMI data valid after SPICLK 0 ns
21 |tsusimo)ys Setup time, SPISIMO valid before SPICLK 1.5t svscLk) ns
22 |thsimo)s Hold time, SPISIMO data valid after SPICLK 1.5tysyscLk) ns
25 |tsysTE)S Setup time, SPISTE active before SPICLK 1.5tysyscLK) ns
26 |thsTE)S Hold time, SPISTE inactive after SPICLK 1.5tysyscLK) ns

(1) The MASTER / SLAVE bit (SPICTL.2) is cleared and the CLOCK PHASE bit (SPICTL.3) is cleared.

(2)  tgspcy = SPI clock cycle time = LSPCLK/4 or LSPCLK/(SPIBRR + 1)

(3) Internal clock prescalers must be adjusted such that the SPI clock speed is limited to the following SPI clock rate:
Master mode transmit 25-MHz MAX, master mode receive 12.5-MHz MAX
Slave mode transmit 12.5-MHz MAX, slave mode receive 12.5-MHz MAX.

(4) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPICCR.6).

-
|

SPICLK
(clock polarity = 0) } }

| | |
| |
13— }4—14—»} |
! ] \ \

SPICLK } |
(clock polarity = 1) } }

—> 17
‘ (‘(\
SPISOMI %%8%%8%%8)( SPISOMI Data Is Valid X Data Valid X Data Valid
)L
H C ‘
|
21 H N \
| |
\ Q—»ﬁ 22 |
| 2 I
§§§§§§>< SPISIMO Data >¢§§§>§§§>§§§§><
SPISIMO Must Be Valid )y

]
e

|
SPISTE \‘ : /
)L

] 9-32. SPI Slave Mode External Timing (Clock Phase = 1)
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9.9.4 Serial Communications Interface (SCI) Module

The devices include one serial communications interface (SCI) module (SCI-A). The SCI module supports digital
communications between the CPU and other asynchronous peripherals that use the standard nonreturn-to-zero
(NRZ) format. The SCI receiver and transmitter are double-buffered, and each has its own separate enable and
interrupt bits. Both can be operated independently or simultaneously in the full-duplex mode. To ensure data
integrity, the SCI checks received data for break detection, parity, overrun, and framing errors. The bit rate is
programmable to over 65000 different speeds through a 16-bit baud-select register.

Features of each SCI module include:
* Two external pins:

- SCITXD: SCI transmit-output pin
- SCIRXD: SCI receive-input pin

#iE
Both pins can be used as GPIO if not used for SCI.

- Baud rate programmable to 64K different rates:
LSPCLK

Baud rate:m when BRR #0
Baud rate=% whenBRR =0

* Data-word format
- One start bit
- Data-word length programmable from 1 to 8 bits
- Optional even/odd/no parity bit
- One or 2 stop bits
* Four error-detection flags: parity, overrun, framing, and break detection
* Two wake-up multiprocessor modes: idle-line and address bit
* Half- or full-duplex operation
* Double-buffered receive and transmit functions
* Transmitter and receiver operations can be accomplished through interrupt-driven or polled algorithms with
status flags.
- Transmitter: TXRDY flag (transmitter-buffer register is ready to receive another character) and TX EMPTY
flag (transmitter-shift register is empty)
- Receiver: RXRDY flag (receiver-buffer register is ready to receive another character), BRKDT flag (break
condition occurred), and RX ERROR flag (monitoring four interrupt conditions)
* Separate enable bits for transmitter and receiver interrupts (except BRKDT)
* NRZ (nonreturn-to-zero) format

%1
All registers in this module are 8-bit registers that are connected to Peripheral Frame 2. When a

register is accessed, the register data is in the lower byte (7 - 0), and the upper byte (15 - 8) is
read as zeros. Writing to the upper byte has no effect.

Enhanced features:

* Auto baud-detect hardware logic
* 4-level transmit/receive FIFO

92 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-
Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200


https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026

1§ TEXAS TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023
INSTRUMENTS TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200
www.ti.com.cn ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021

The SCI port operation is configured and controlled by the registers listed in 3% 9-25.
& 9-25. SCI-A Registers

NAME(™ ADDRESS SIZE (x16) PREg1I'-IE-g1Y\IIED DESCRIPTION
SCICCRA 0x7050 1 No SCI-A Communications Control Register
SCICTL1A 0x7051 1 No SCI-A Control Register 1
SCIHBAUDA 0x7052 1 No SCI-A Baud Register, High Bits
SCILBAUDA 0x7053 1 No SCI-A Baud Register, Low Bits
SCICTL2A 0x7054 1 No SCI-A Control Register 2
SCIRXSTA 0x7055 1 No SCI-A Receive Status Register
SCIRXEMUA 0x7056 1 No SCI-A Receive Emulation Data Buffer Register
SCIRXBUFA 0x7057 1 No SCI-A Receive Data Buffer Register
SCITXBUFA 0x7059 1 No SCI-A Transmit Data Buffer Register
SCIFFTXA®) 0x705A 1 No SCI-A FIFO Transmit Register
SCIFFRXA®) 0x705B 1 No SCI-A FIFO Receive Register
SCIFFCTA®@) 0x705C 1 No SCI-A FIFO Control Register
SCIPRIA 0x705F 1 No SCI-A Priority Control Register

(1) Registers in this table are mapped to Peripheral Frame 2 space. This space only allows 16-bit accesses. 32-bit accesses produce
undefined results.
(2) These registers are new registers for the FIFO mode.

For more information on the SCI, see the Serial Communications Interface (SCI) chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.

9-33 shows the SCI module block diagram.
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B 9-33. Serial Communications Interface (SCI) Module Block Diagram
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9.9.5 Inter-Integrated Circuit (12C)

The device contains one 12C Serial Port. 9-34 shows how the 12C peripheral module interfaces within the
device.

The 12C module has the following features:
+ Compliance with the Philips Semiconductors 12C-bus specification (version 2.1):
- Support for 1-bit to 8-bit format transfers
- 7-bit and 10-bit addressing modes
- General call
- START byte mode
- Support for multiple master-transmitters and slave-receivers
- Support for multiple slave-transmitters and master-receivers
- Combined master transmit/receive and receive/transmit mode
- Data transfer rate of from 10 kbps up to 400 kbps (I12C Fast-mode rate)
* One 4-word receive FIFO and one 4-word transmit FIFO
* One interrupt that can be used by the CPU. This interrupt can be generated as a result of one of the following
conditions:
- Transmit-data ready
- Receive-data ready
- Register-access ready
- No-acknowledgment received
- Arbitration lost
- Stop condition detected
- Addressed as slave
* An additional interrupt that can be used by the CPU when in FIFO mode
* Module enable/disable capability
* Free data format mode

For more information on the 12C, see the Inter-Integrated Circuit Module (I12C) chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.
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A. The 12C registers are accessed at the SYSCLKOUT rate. The internal timing and signal waveforms of the 12C port are also at the

SYSCLKOUT rate.

B. The clock enable bit (I2CAENCLK) in the PCLKCRO register turns off the clock to the 12C port for low-power operation. Upon reset,

I2CAENCLK is clear, which indicates the peripheral internal clocks are off.

The registers in & 9-26 configure and control the 12C port operation.

& 9-26. 12C-A Registers

K 9-34. 12C Peripheral Module Interfaces

NAME ADDRESS PI'\I'EOA':'-IIE-g"If\IIED DESCRIPTION
12COAR 0x7900 No I12C own address register
12CIER 0x7901 No 12C interrupt enable register
I2CSTR 0x7902 No I12C status register
12CCLKL 0x7903 No I12C clock low-time divider register
12CCLKH 0x7904 No I12C clock high-time divider register
I2CCNT 0x7905 No I12C data count register
I2CDRR 0x7906 No I12C data receive register
12CSAR 0x7907 No 12C slave address register
12CDXR 0x7908 No I12C data transmit register
12CMDR 0x7909 No 12C mode register
12CISRC 0x790A No I12C interrupt source register
12CPSC 0x790C No I12C prescaler register
I2CFFTX 0x7920 No I12C FIFO transmit register
12CFFRX 0x7921 No 12C FIFO receive register
I2CRSR - No 12C receive shift register (not accessible to the CPU)
12CXSR - No 12C transmit shift register (not accessible to the CPU)
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9.9.5.1 12C ESHH#H/HT/F

H19.95.1.1 Sn T 12C BHFER, 15 9.9.5.1.2 B T 12C FF o4k
9.9.5.1.1 12C B FRER

B/ME BOAfE|  HAL
t LRFEI 8], B4, SDA FFfE SCL Ri* 06
h(SDA-SCL)START TR . us
¢ WHENE , EEE5) , SDA FNERZH 06 s
Su(SCL-SDA)START scL k7t . g
th(scL-paT) FREFIE] , SCL T &S5 s 0 us
tsupaT-scL) WENE , SCL _-FFal % 100 ns
tr(spa) F+wFiE , SDA MIN % 20 300 ns
trscL) Tt SCL MINKZE 20 300 ns
tispa) T RERT(E] , SDA PN = 1.4 300 ns
tiscoL) FRERF A, SCL MANKZE 1.4 300 ns
t BRI | fIEA M, SDA LIHERZ 06 .
Su(SCL-SDA)STOP SCL L7t ) u
9.9.5.1.2 12C FFoeieit
TEHER BIEAT M N (BRAERN AU )
¥ PR %A B/AME BANE|  Hphr
12C WP EHATR AT 7TMHZ 5 12MHz 2
fscu  SCL I fhgiize &), I H. 12C T4 S Ay g o 4y £7 25 kAT 400 kHz
TEHRE.
Vi (o 2 PNV E 0.3 VDDIO \%
Vin 1 FSP AR LR 0.7 VDDIO \Y
Vhys &ﬁ)\/’%)ﬁ 0.05 VDDlO \Y
Vol G L SP A R 3mA B 0 0.4 \Y,
12C I BT AF 7TMHzZ 5 12MHz 2
tLow  SCL I8 Ik 8], JF H 12C Ti5y Sias FmS fh o> 4R A 4728 34T 1.3 us
TEHAE
12C BT AF 7TMHzZ 5 12MHz 2
tuien  SCL e = A 3 (&), I H 12C T4 Sias FHe g o 40 25 47 2 AT 0.6 us
TEHME.
ﬁ‘ﬁ)\EE'H:fH: 0.1 VDDIO 5 0.9 VDDIO ( P% _
W ki) 2 10 10/ »A
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 97

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-
Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026

TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023 I3 TEXAS
TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200 INSTRUMENTS
ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021 www.ti.com.cn

9.9.6 Enhanced PWM Modules (ePWM1/2/3/4)

The devices contain up to four enhanced PWM Modules (ePWM). 9-35 shows a block diagram of multiple
ePWM modules. & 9-36 shows the signal interconnections with the ePWM. For more details, see the Enhanced
Pulse Width Modulator (ePWM) chapter in the TMS320F2802x, TMS320F2802xx Technical Reference Manual.

% 9-27 shows the complete ePWM register set per module.

EPWMSYNCI
EPWM1SYNCI
le EPWMITZINT | EPWM1B
ePWM1 TZ1 to TZ3
le EPWMIINT ] Module
EPWM2TZINT
PIE EPWM2INT 775 |« CLOCKFAIL
EPWMXxTZINT 776 |« EMUSTOP
o EPWMINT_ EPWM1ENCLK
TBCLKSYNC
™ D — eCAPI
EPWM1SYNCO
——— EPWM1SYNCO
y [ | h
COMPOUTA EPWM2SYNCI | 727t0 TZ3
MPOUT2 7
compou ePWM2 EPWM28
Module
COMP __ | CLOCKFAIL
725 |« CLOCKFAIL EPWM1A
—_|_EMUSTOP
TZ6|« | : EPWM2A
EPWM2ENCLK vl;
TBCLKSYNC m|_ EPWMxA
= G
EPWM2SYNCO P
1
T
| s o
| =
SOCA1 | 5 M
ADC | £ u
SOCB1 | £ X
SOCA2 &
. SOCB2 EPWMxSYNCI EPWMxB
SOCAXx ePWMx TZ1to TZ3
|« SOCBx Module
125 }¢_CLOCKFAIL
L) 126 |« EMUSTOP
EPWMXENCLK
TBCLKSYNC
—] System Control
U L—] c28xcpPu
SOCA1
SOCA2 Pulse Stretch ADCSOCAO
SPCAXx (32 SYSCLKOUT Cycles, Active-Low Output)
SOCB1
SOCB2 Pulse Stretch ADCSOCBO
SPCBXx, (32 SYSCLKOUT Cycles, Active-Low Output)
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# 9-27. ePWM Control and Status Registers

NAME ePWM1 ePWM2 ePWM3 ePWM4 ?#ZE 431063\/ DESCRIPTION
TBCTL 0x6800 0x6840 0x6880 0x68C0 1/0 Time Base Control Register
TBSTS 0x6801 0x6841 0x6881 0x68C1 1/0 Time Base Status Register
TBPHSHR 0x6802 0x6842 0x6882 0x68C2 1/0 Time Base Phase HRPWM Register
TBPHS 0x6803 0x6843 0x6883 0x68C3 1/0 Time Base Phase Register
TBCTR 0x6804 0x6844 0x6884 0x68C4 1/0 Time Base Counter Register
TBPRD 0x6805 0x6845 0x6885 0x68C5 1/1 Time Base Period Register Set
TBPRDHR 0x6806 0x6846 0x6886 0x68C6 1/1 Time Base Period High Resolution Register(")
CMPCTL 0x6807 0x6847 0x6887 0x68C7 1/0 Counter Compare Control Register
CMPAHR 0x6808 0x6848 0x6888 0x68C8 171 Time Base Compare A HRPWM Register
CMPA 0x6809 0x6849 0x6889 0x68C9 1/1 Counter Compare A Register Set
CMPB 0x680A 0x684A 0x688A 0x68CA 1/1 Counter Compare B Register Set
AQCTLA 0x680B 0x684B 0x688B 0x68CB 1/0 Action Qualifier Control Register For Output A
AQCTLB 0x680C 0x684C 0x688C 0x68CC 1/0 Action Qualifier Control Register For Output B
AQSFRC 0x680D 0x684D 0x688D 0x68CD 1/0 Action Qualifier Software Force Register
AQCSFRC OX680E | Ox6B4E | Ox68BE | OXBSCE 1/1 Q‘;g‘i’s”te?‘ga;itﬁer Continuous S/W Force
DBCTL 0x680F 0x684F 0x688F 0x68CF 171 Dead-Band Generator Control Register
DBRED 0x6810 0x6850 0x6890 0x68D0 1/0 gzz‘g;?e”gl?;”eramr Rising Edge Delay
DBFED 0x6811 0x6851 0x6891 0x68D1 110 gsﬁg;?e”gl?;”eratm Falling Edge Delay
TZSEL 0x6812 0x6852 0x6892 0x68D2 1/0 Trip Zone Select Register(!)
TZDCSEL 0x6813 0x6853 0x6893 0x98D3 1/0 Trip Zone Digital Compare Register
TZCTL 0x6814 0x6854 0x6894 0x68D4 1/0 Trip Zone Control Register(!)
TZEINT 0x6815 0x6855 0x6895 0x68D5 1/0 Trip Zone Enable Interrupt Register(!)
TZFLG 0x6816 0x6856 0x6896 0x68D6 1/0 Trip Zone Flag Register ()
TZCLR 0x6817 0x6857 0x6897 0x68D7 1/0 Trip Zone Clear Register(")
TZFRC 0x6818 0x6858 0x6898 0x68D8 1/0 Trip Zone Force Register(")
ETSEL 0x6819 0x6859 0x6899 0x68D9 1/0 Event Trigger Selection Register
ETPS 0x681A 0x685A 0x689A 0x68DA 1/0 Event Trigger Prescale Register
ETFLG 0x681B 0x685B 0x689B 0x68DB 1/0 Event Trigger Flag Register
ETCLR 0x681C 0x685C 0x689C 0x68DC 1/0 Event Trigger Clear Register
ETFRC 0x681D 0x685D 0x689D 0x68DD 1/0 Event Trigger Force Register
PCCTL 0x681E 0x685E 0x689E 0x68DE 1/0 PWM Chopper Control Register
HRCNFG 0x6820 0x6860 0x68A0 0x68E0 1/0 HRPWM Configuration Register()
HRPWR 0x6821 - - - 1/0 HRPWM Power Register
HRMSTEP 0x6826 - - - 1/0 HRPWM MEP Step Register
HRPCTL 0x6828 0x6868 0x68A8 Ox68E8 1/0 High resolution Period Control Register(!)
TBPRDHRM 0x682A 0x686A 0x68AA 0x68EA 1/ W@ Time Base Period HRPWM Register Mirror
TBPRDM 0x682B 0x686B 0x68AB 0x68EB 1/ W@ Time Base Period Register Mirror
CMPAHRM 0x682C 0x686C 0x68AC 0x68EC 1/ W@ Compare A HRPWM Register Mirror
CMPAM 0x682D 0x686D 0x68AD 0x68ED 1/ W@ Compare A Register Mirror
DCTRIPSEL 0x6830 0x6870 0x68B0 0x68FO0 1/0 Digital Compare Trip Select Register ()
DCACTL 0x6831 0x6871 0x68B1 0x68F1 1/0 Digital Compare A Control Register(")
DCBCTL 0x6832 0x6872 0x68B2 0x68F2 1/0 Digital Compare B Control Register(")
DCFCTL 0x6833 0x6873 0x68B3 0x68F3 1/0 Digital Compare Filter Control Register(!)
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# 9-27. ePWM Control and Status Registers (continued)

SIZE (x16) /

NAME ePWM1 ePWM2 ePWM3 ePWM4 #SHADOW DESCRIPTION
DCCAPCT 0x6834 0x6874 0x68B4 0x68F4 1/0 Digital Compare Capture Control Register(")
DCFOFFSET 0x6835 0x6875 0x68B5 0x68F5 1/1 Digital Compare Filter Offset Register
.?CFOFFSETCN 0x6836 0x6876 0x68B6 0x68F6 1/0 Digital Compare Filter Offset Counter Register
DCFWINDOW 0x6837 0x6877 0x68B7 0x68F7 1/0 Digital Compare Filter Window Register
DCFWINDOWCN 0x6838 0x6878 0x68B8 OX68F8 170 Dlglt.al Compare Filter Window Counter
T Register
DCCAP 0x6839 0x6879 0x68B9 0x68F9 1/1 Digital Compare Counter Capture Register

(1) Registers that are EALLOW protected.
(2) W = Write to shadow register
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signals.

Time-Base (TB)
h CTR=ZERO M sync I=l
TBPRD Shadow (24) L CTR=CMPB —P g‘e/lc;‘éi » EPWMxSYNCO
TBPRDHR (8 )
TBPRD Active (24) ® Disabled —# Mux
8
IL  cTrR=PRD F
TBCTL[PHSEN] TBCTL[SYNCOSEL]
n . S
Counter .sync*
Up/Down .DCBEVT1.sync '
(16 Bit) > TBCTL[SWFSYNC] e
(Software Forced
1L cTtrR=zERO Sync)
TCBNT -
Active (16) CTR_Dir CTR=PRD —
CTR=ZERO —P [
TBPHSHR (8) CTR=PRD or ZERO —» ot EPWMXINT
1 TR=CMPA —P| =Ven
6 h S Phase STR gMPB 7] Trigger [> EPwmxsoca
TBPHS Active (24 = and
| ve (24)_| control CTR.Dir | mnterrupt [* EPWMxsOCB
. DCAEVT1s0c M ET) | EPWMxSOCA —3 ADC
A
f DCBEVT'].SOC( P L » EPWMxSOCB »
Action
Qualifier
JL cTR=CMPA (AQ)
CMPAHR (8)
16
High-resolution PWM (HRPWM)
CMPA Active (24) T T T T T T T ]
I |
CMPA Shadow (24) EPWMA FPPI—— P ———— —»———— —+» EPWMxA
_ Dead PWM Trip
1L cTrR=cmPB moed| | chopper Jor
(DB) (PC) (T2)
16
CMPB Active (16) EPWMB [P ——1¥ ———— > ———— — EPWMxB
CMPB Shadow (16) > EPWMXTZINT
¢—— TZ1t0 TZ3
_ CTR=ZERO. ¥ 4—— EMUSTOP
. DCAEVT.inter,—» l«—— CLOCKFAIL
+ DCBEVT.inter,—® teot e st ear
et [4¢—— DCAEVT1 force””
* DCAEVT2.inter,— ¥ ! A"
" DCBEVT2.inter' —) ¢ DCAEVT2force
Tttt ottt —, DCBEVT1.forceA :
. DcBEVT2force

A. These events are generated by the Type 1 ePWM digital compare (DC) submodule based on the levels of the COMPxOUT and TZ

K] 9-36. ePWM Submodules Showing Critical Internal Signal Interconnections

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TMS320F28027 TMS320F28027-Q1 TMS320F28027F TMS320F28027F-Q1
TMS320F28026 TMS320F28026-Q1 TMS320F28026F TMS320F28026F-Q1 TMS320F28023 TMS320F28023-
Q1 TMS320F28022 TMS320F28021 TMS320F28020 TMS320F280200

101


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200
https://www.ti.com.cn/cn/lit/pdf/ZHCSA13
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSA13P&partnum=TMS320F28027
https://www.ti.com.cn/product/cn/tms320f28027?qgpn=tms320f28027
https://www.ti.com.cn/product/cn/tms320f28027-q1?qgpn=tms320f28027-q1
https://www.ti.com.cn/product/cn/tms320f28027f?qgpn=tms320f28027f
https://www.ti.com.cn/product/cn/tms320f28027f-q1?qgpn=tms320f28027f-q1
https://www.ti.com.cn/product/cn/tms320f28026?qgpn=tms320f28026
https://www.ti.com.cn/product/cn/tms320f28026-q1?qgpn=tms320f28026-q1
https://www.ti.com.cn/product/cn/tms320f28026f?qgpn=tms320f28026f
https://www.ti.com.cn/product/cn/tms320f28026f-q1?qgpn=tms320f28026f-q1
https://www.ti.com.cn/product/cn/tms320f28023?qgpn=tms320f28023
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28023-q1?qgpn=tms320f28023-q1
https://www.ti.com.cn/product/cn/tms320f28022?qgpn=tms320f28022
https://www.ti.com.cn/product/cn/tms320f28021?qgpn=tms320f28021
https://www.ti.com.cn/product/cn/tms320f28020?qgpn=tms320f28020
https://www.ti.com.cn/product/cn/tms320f280200?qgpn=tms320f280200

TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1, TMS320F28026

TMS320F28026-Q1, TMS320F28026F, TMS320F28026F-Q1, TMS320F28023 I3 TEXAS
TMS320F28023-Q1, TMS320F28022, TMS320F28021, TMS320F28020, TMS320F280200 INSTRUMENTS
ZHCSA13P - NOVEMBER 2008 - REVISED FEBRUARY 2021 www.ti.com.cn
9.9.6.1 ePWM HESE#/H1 /7

PWM 215 ePWM1-4 F(f) PWM % . 715 9.9.6.1.1 fiion 7 PWM N FER AT 9.9.6.1.2 , FFoeheE,
9.9.6.1.1 ePWM Timing Requirements

MIN() MAX| UNIT

Asynchronous 2te(sco) cycles

twsyciny Sync input pulse width Synchronous 2tysco) cycles
With input qualifier 1tescoy * twiasw) cycles

(1) For an explanation of the input qualifier parameters, see i 9.9.10.1.2.1.
9.9.6.1.2 ePWM JF 35454
EHEE IZAT 6T (BRIERNG U )

8 TR w/ME BOAE| Bz
twpwim) Jik R SR IR), PWIMX i HS e P ME P 1R B ) 33.33 ns
twisyncouT) [i] 25 4t Pk 8 P 8ty(sco) |

FEIR 8], kA s\ E PWM 5 i g 1 .
aEwiza SEARITI) | B AT A B PWM 380G T e ®m
tarz-PWMm)HZ GEIRAFIE] il R AN R E PWM SRS (Hi-Z) fri e 20 ns
9.9.6.2 MR XIANT/F
9.9.6.2.1 Trip-Zone Input Timing Requirements
MIN() MAX| UNIT
Asynchronous 2t (TBCLK) cycles
tw(rz) Pulse duration, TZx input low Synchronous 2tyTBCLK) cycles
With input qualifier 2tc(TBCLK) + tw(IQSW) cycles

(1) For an explanation of the input qualifier parameters, see 7 9.9.10.1.2.1.

SyscLk I\_/_WW\
\

\
\
——

tw(TZ) ‘ ‘

ﬁ(A) \ ‘ /

A " tarz-PwmHz

pwm® X X )

A TZ-TZ1,7Z22,TZ3
B. PWAM refers to all the PWM pins in the device. The state of the PWM pins after TZ is taken high depends on the PWM recovery
software.

K] 9-37. PWM Hi-Z Characteristics
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9.9.7 High-Resolution PWM (HRPWM)

This module combines multiple delay lines in a single module and a simplified calibration system by using a
dedicated calibration delay line. For each ePWM module there is one HR delay line.

The HRPWM module offers PWM resolution (time granularity) that is significantly better than what can be

achieved using conventionally derived digital PWM methods. The key points for the HRPWM module are:

» Significantly extends the time resolution capabilities of conventionally derived digital PWM

* This capability can be used in both single edge (duty cycle and phase-shift control) as well as dual edge
control for frequency/period modulation.

* Finer time granularity control or edge positioning is controlled through extensions to the Compare A and
Phase registers of the ePWM module.

» HRPWM capabilities, when available on a particular device, are offered only on the A signal path of an
ePWM module (that is, on the EPWMXxA output). EPWMxB output has conventional PWM capabilities.

#HiE
The minimum SYSCLKOUT frequency allowed for HRPWM is 50 MHz.

#E
When dual-edge high-resolution is enabled (high-resolution period mode), the PWMxB output is not
available for use.

9.9.7.1 HRPWM H S $t#5/71 /7
1 9.9.7.1.1 BIR T EaHEE PWM HIFF 5.
9.9.7.1.1 SYSCLKOUT = 50MHz - 60MHz F [{IE5 4 ¥5 PWM 454t

20 B/ME SURUME BORME | AL
WA E L (MEP) 5 K@ 150  310| ps

(1)  HRPWM igf77E— /b 50MHz ¥ SYSCLKOUT #i% |- fi&T 50MHz , fEGH M FEAZ LIS , MEP Bk U3 Al E T AR T Al
JEE I FLimn A% FLURIA B — AN BRI LU T 255 MEP Bl A ik % i %4~ SYSCLKOUT A #A.

(2) fERIRM Vpp BRI BERAN , MEP SAGIERIHR . MEP K 2B T AT e s AT 3 ) e il 2 AR T AT e s o v ik
N,
i HRPWM 454 (¥ 5 H 2% A MEP LU A 1Ak (SFO) At Bkt Dhee. A RAERE R PAEA SFO BMEINEAER | 25
TI#AEPE. SFO BT B T8 HRPWM 1217 I )25l tHE-1> SYSCLKOUT AN i) MEP 545 .
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9.9.8 Enhanced Capture Module (eCAP1)

The device contains an enhanced capture (eCAP) module. 9-38 shows a functional block diagram of a

module.
CTRPHS [~ - - - -
(phase register-32 bit) APWM mode
SYNCIn —» &
< OVF |—» CTR_OVF -
syncout«—| TSCTR CTROET =1 by
(counter-32 bit) RST Delta—-mode » PRD[0-31] —— compare
logic
CMP [0-31] ——|
32
> CTR [0-31] CTR=PRD
CTR=CMP €+——
32 :
——<— PRD [0-31] . - ) i o
32 CAP1 b LD1 Polarity
(APRD active) select
APRD 32
shadow , |—~> CMP [0-31]
32 CAP2 b LD2 Polarity
(ACMP active) select
Event
32[  acwp o Event
shadow qualifier ¢ Prescale
Polarity
32
CAP3 LD LD3 select
(APRD shadow)
32 CAP4 LD LD4 Polarity
(ACMP shadow) select
4
Capture events ¢ 4
CEVT[1:4]
Interrupt Continuous /
to PIE «—| Trigger Oneshot
I?Ir:i] CTR_OVF Capture Control
control CTR=PRD
CTR=CMP

MODE SELECT

eCAPx

Copyright © 2017, Texas Instruments Incorporated

& 9-38. eCAP Functional Block Diagram

The eCAP module is clocked at the SYSCLKOUT rate.
The clock enable bits (ECAP1 ENCLK) in the PCLKCR1 register turn off the e CAP module individually (for low-

power operation). Upon reset, ECAP1ENCLK is set to low, indicating that the peripheral clock is off.
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7 9-28. eCAP Control and Status Registers

NAME eCAP1 SIZE (x16) | EALLOW PROTECTED DESCRIPTION
TSCTR 0x6A00 2 Time-Stamp Counter
CTRPHS 0x6A02 2 Counter Phase Offset Value Register
CAP1 0x6A04 2 Capture 1 Register
CAP2 0x6A06 2 Capture 2 Register
CAP3 0x6A08 2 Capture 3 Register
CAP4 0x6A0A 2 Capture 4 Register
Reserved 0x6A0C to Ox6A12 8 Reserved
ECCTL1 0x6A14 1 Capture Control Register 1
ECCTL2 0x6A15 1 Capture Control Register 2
ECEINT 0x6A16 1 Capture Interrupt Enable Register
ECFLG 0x6A17 1 Capture Interrupt Flag Register
ECCLR 0x6A18 1 Capture Interrupt Clear Register
ECFRC 0x6A19 1 Capture Interrupt Force Register
Reserved 0x6A1A to Ox6A1F 6 Reserved
For more information on the eCAP, see the Enhanced Capture (eCAP) Module chapter in the
TMS320F2802x, TMS320F2802xx Technical Reference Manual.
9.9.8.1 eCAP #H #5117
179.9.8.1.1 o T eCAP INFEER | 111 9.9.8.1.2 &k | eCAP JF K.
9.9.8.1.1 Enhanced Capture (eCAP) Timing Requirement
MIN(") MAX| UNIT
Asynchronous 2tysco) cycles
twicar) Capture input pulse width Synchronous 2tysco) cycles
With input qualifier tesco) * twiasw) cycles
(1)  For an explanation of the input qualifier parameters, see 77 9.9.10.1.2.1.
9.9.8.1.2 eCAP FFcfsfk
TEHER IS AT 560 N (BRIEBUINED] )
e 2 WA BAME  BOKNE| B
twaPwm) ik b N 1], APWM i HY e PRSP /AEG Hi T g 1] 20 ns
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9.9.9 JTAG i 0

7 2802x #4k b, JTAG 3 g0 3] 5 A5 ( TRST. TCK. TDI. TMS. TDO ) . TCK. TDI. TMS #I TDO
5t /2 GPIO 31 jil. TRST {55 7E1K 9-39 th 3| Ik JTAG 50 GPIO B TH R . 7E07 /AR | ixie
S GPIO DhEe AT . Wi GPIO38/TCK/XCLKIN 5| IR T3 At ARt b | 0] R4 FH B AR I b Y5 8 )7 2L/
RAE B, XA TCK ThRE R k5] i,

#iE
£ 2802x a3t , JTAG S ATHTAE GPIO IR, £ RUERAR Bt i 8212 /00 LA fROE 12 31X L 5] Ji)

FIHE A 252 JTAG 51 BIThRE R4 B RE 1o BEHAT S At |, 32 43 313X &8 5| B A fe] o B AN N 5 30
JTAG HIRERAH LIRS JTAG 51 ( BRI Ik ) .

TRST = 0: JTAG Disabled (GPIO Mode)
TRST = 1: JTAG Mode

s
—» XCLKIN
¢—> GPIO38_in
[: TCK
TCK/GPIO38 ,
% GPIO38_out
C28x
Core
GPIO37_in
TDO/GPIO37 TDO

!
5

l—— GPIO37_out
—>» GP1036_in

:
AV AV

«——GPI036_out 1—>

—» GPIO35_in

TDI/GPIO35

l«—— GPI035_out 1—

& 9-39. JTAG/GPIO £ 5 H
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9.9.10 General-Purpose Input/Output (GPIO) MUX

The GPIO MUX can multiplex up to three independent peripheral signals on a single GPIO pin in addition to

providing individual pin bit-banging I/O capability.

The device supports 22 GPIO pins. The GPIO control and data registers are mapped to Peripheral Frame 1 to
enable 32-bit operations on the registers (along with 16-bit operations). & 9-29 shows the GPIO register

mapping.
% 9-29. GPIO Registers

NAME ADDRESS ‘ SIZE (x16) DESCRIPTION

GPIO CONTROL REGISTERS (EALLOW PROTECTED)

GPACTRL 0x6F80 2 GPIO A Control Register (GPIOO0 to 31)
GPAQSELA1 0x6F82 2 GPIO A Qualifier Select 1 Register (GPIOO0 to 15)
GPAQSEL2 0x6F84 2 GPIO A Qualifier Select 2 Register (GPI016 to 31)
GPAMUX1 0x6F86 2 GPIO A MUX 1 Register (GPIOO to 15)
GPAMUX2 Ox6F88 2 GPIO A MUX 2 Register (GPIO16 to 31)

GPADIR 0x6F8A 2 GPIO A Direction Register (GPIOO0 to 31)
GPAPUD 0x6F8C 2 GPIO A Pullup Disable Register (GPIOO0 to 31)
GPBCTRL 0x6F90 2 GPIO B Control Register (GPIO32 to 38)
GPBQSEL1 0x6F92 2 GPIO B Qualifier Select 1 Register (GPIO32 to 38)
GPBMUX1 0x6F96 2 GPIO B MUX 1 Register (GPIO32 to 38)

GPBDIR 0x6F9A 2 GPIO B Direction Register (GPIO32 to 38)
GPBPUD 0x6F9C 2 GPIO B Pullup Disable Register (GP1032 to 38)
AIOMUX1 0x6FB6 2 Analog, /0 mux 1 register (AIOO to AlIO15)
AIODIR 0x6FBA 2 Analog, I/0 Direction Register (AIOO to AIO15)

GPIO DATA REGISTERS (NOT EALLOW PROTECTED)

GPADAT 0x6FCO 2 GPIO A Data Register (GPIOO0 to 31)

GPASET 0x6FC2 2 GPIO A Data Set Register (GPIOO0 to 31)
GPACLEAR 0x6FC4 2 GPIO A Data Clear Register (GPIOO0 to 31)
GPATOGGLE 0x6FC6 2 GPIO A Data Toggle Register (GPIOO to 31)
GPBDAT 0x6FC8 2 GPIO B Data Register (GPIO32 to 38)
GPBSET 0x6FCA 2 GPIO B Data Set Register (GPIO32 to 38)
GPBCLEAR 0x6FCC 2 GPIO B Data Clear Register (GPIO32 to 38)
GPBTOGGLE 0x6FCE 2 GPIO B Data Toggle Register (GPIO32 to 38)
AIODAT 0x6FD8 2 Analog I/0O Data Register (AIOO to AlO15)
AIOSET 0x6FDA 2 Analog I/O Data Set Register (AIOO to AIO15)
AIOCLEAR 0x6FDC 2 Analog I/0O Data Clear Register (AIOO to AIO15)
AIOTOGGLE 0x6FDE 2 Analog I/0O Data Toggle Register (AIOO to AIO15)

GPIO INTERRUPT AND LOW-POWER MODES SELECT REGISTERS (EALLOW PROTECTED)

GPIOXINT1SEL Ox6FEOQ 1 XINT1 GPIO Input Select Register (GPIOO0 to 31)
GPIOXINT2SEL Ox6FE1 1 XINT2 GPIO Input Select Register (GPIO0 to 31)
GPIOXINT3SEL Ox6FE2 1 XINT3 GPIO Input Select Register (GPIOO0 to 31)
GPIOLPMSEL Ox6FE8 2 LPM GPIO Select Register (GPIOO to 31)

#iE

There is a two-SYSCLKOUT cycle delay from when the write to the GPxMUXn/AIOMUXn and
GPxQSELn registers occurs to when the action is valid.
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# 9-30. GPIOA MUX
DEF:;'M&';L%ESET PERIPHERAL PERIPHERAL PERIPHERAL
FUNCTION() @ SELECTION 1 SELECTION 2 SELECTION 3
GPAMUXJI.FSEGISTER (GPAMUX1 BITS =00) | (GPAMUX1 BITS = 01) (GPAMUX1 BITS = 10) (GPAMUX1 BITS = 11)
1-0 GPIO0 EPWM1A (O) Reserved Reserved
3-2 GPIO1 EPWM1B (O) Reserved COMP10UT (O)
5-4 GPIO2 EPWM2A (O) Reserved Reserved
7-6 GPIO3 EPWM2B (O) Reserved COMP20UT®) (0)
9-8 GPIO4 EPWM3A (O) Reserved Reserved
11-10 GPIO5 EPWM3B (O) Reserved ECAP1 (I/0)
13-12 GPIO6 EPWM4A (O) EPWMSYNCI (1) EPWMSYNCO (O)
15-14 GPIO7 EPWM4B (O) SCIRXDA (I) Reserved
17-16 Reserved Reserved Reserved Reserved
19-18 Reserved Reserved Reserved Reserved
21-20 Reserved Reserved Reserved Reserved
23-22 Reserved Reserved Reserved Reserved
25-24 GPIO12 TZ1(I) SCITXDA (O) Reserved
27-26 Reserved Reserved Reserved Reserved
29-28 Reserved Reserved Reserved Reserved
31-30 Reserved Reserved Reserved Reserved
GPAMUXBZI.FSEGISTER (GPAMUX2 BITS =00) | (GPAMUX2 BITS = 01) (GPAMUX2 BITS = 10) (GPAMUX2 BITS = 11)
1-0 GPIO16 SPISIMOA (1/0) Reserved TZ2 (1)
3-2 GPIO17 SPISOMIA (1/O) Reserved TZ3 (1)
5-4 GPIO18 SPICLKA (I/0) SCITXDA (0) XCLKOUT (0)
7-6 GPIO19/XCLKIN SPISTEA (1/0) SCIRXDA (1) ECAP1 (1/O)
9-8 Reserved Reserved Reserved Reserved
11-10 Reserved Reserved Reserved Reserved
13-12 Reserved Reserved Reserved Reserved
15-14 Reserved Reserved Reserved Reserved
17-16 Reserved Reserved Reserved Reserved
19-18 Reserved Reserved Reserved Reserved
21-20 Reserved Reserved Reserved Reserved
23-22 Reserved Reserved Reserved Reserved
25-24 GPIO28 SCIRXDA (1) SDAA (I/0D) TZ2 (1)
27-26 GPI029 SCITXDA (O) SCLA (I/OD) TZ3 (1)
29-28 Reserved Reserved Reserved Reserved
31-30 Reserved Reserved Reserved Reserved

(1) The word reserved means that there is no peripheral assigned to this GPxMUX1/2 register setting. Should it be selected, the state of
the pin will be undefined and the pin may be driven. This selection is a reserved configuration for future expansion.

(2) 1= Input, O = Output, OD = Open Drain

(3) These functions are not available in the 38-pin package.
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# 9-31. GPIOB MUX

DEFAULT AT RESET
PRIMARY 1/O PERIPHERAL PERIPHERAL PERIPHERAL
FUNCTION(" SELECTION 1 SELECTION 2 SELECTION 3
GPBMU)SI.FSEGISTER (GPBMUX1 BITS = 00) (GPBMUX1 BITS = 01) (GPBMUX1 BITS = 10) (GPBMUX1 BITS = 11)

1-0 GP1032@) SDAA® (1/0OD) EPWMSYNCI®@) (1) ADCSOCAO @ (0)

3-2 GPI1033@) SCLA® (1/0D) EPWMSYNCO® (0) ADCSOCBO @ (0)

5-4 GPI034 COMP20UT (0O) Reserved Reserved

7-6 GPIO35 (TDI) Reserved Reserved Reserved

9-8 GPIO36 (TMS) Reserved Reserved Reserved
11-10 GPIO37 (TDO) Reserved Reserved Reserved
13-12 GPIO38/XCLKIN (TCK) Reserved Reserved Reserved
15-14 Reserved Reserved Reserved Reserved
17-16 Reserved Reserved Reserved Reserved
19-18 Reserved Reserved Reserved Reserved
21-20 Reserved Reserved Reserved Reserved
23-22 Reserved Reserved Reserved Reserved
25-24 Reserved Reserved Reserved Reserved
27-26 Reserved Reserved Reserved Reserved
29-28 Reserved Reserved Reserved Reserved
31-30 Reserved Reserved Reserved Reserved

(1) = Input, O = Output, OD = Open Drain

(2) These pins are not available in the 38-pin package.

% 9-32. Analog MUX for 48-Pin PT Package

DEFAULT AT RESET()
AIOx AND PERIPHERAL SELECTION 1 IEEE::::EEQ:: gEtEgI:g: ;‘; [l
AIOMUX1 REGISTER BITS AIOMUXA BITS = 0,x AIOMUX1 BITS = 1,x
1-0 ADCINAO (1), Vrerr (1) ADCINAO (1), Vrern ()
32 ADCINA1 (I) ADCINA1 (I)
5.4 AlO2 (1/0) ADCINAZ (I), COMP1A (1)
76 ADCINA3 (I) ADCINA3 (I)
9-8 AlO4 (1/0) ADCINA4 (1), COMP2A (I)
11-10 f f
13-12 AIO6 (1/0) ADCINAG (1)
15-14 ADCINAT (I) ADCINA7 (I)
17-16 - -
19-18 ADCINB (I) ADCINB1 (I)
2120 AIO10 (1/0) ADCINB2 (I), COMP1B (1)
2322 ADCINB3 (I) ADCINBS3 (I)
2524 AIO12 (1/0) ADCINB4 (1), COMP2B (I)
27-26 f f
29-28 AIO14 (1/0) ADCINBS (1)
31-30 ADCINB7 (I) ADCINB7 (I)
(1) 1= Input, O = Output
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% 9-33. Analog MUX for 38-Pin DA Package

DEFAULT AT RESET(")
AlOx AND PERIPHERAL SELECTION 1 :Eg:gngzﬁt ggtggi:gn § AND
AIOMUX1 REGISTER BITS AIOMUX1 BITS = 0,x AIOMUX1 BITS = 1,x
1-0 ADCINAO (1), Vrgrni (1) ADCINAO (1), Vrgrni (1)
3-2 - -
5-4 AlO2 (1/0) ADCINAZ (1), COMP1A (1)
7-6 - -
9-8 AlO4 (1/0) ADCINA4 (1)
11-10 - -
13-12 AlOB6 (1/0) ADCINAG (1)
15-14 - -
17-16 - -
19-18 - -
21-20 AlO10 (I/0) ADCINB2 (1), COMP1B (l)
23-22 - -
25-24 AlO12 (I/0) ADCINB4 (1)
27-26 - -
29-28 AlO14 (1/0) ADCINBS (1)
31-30 - -
(1) 1= Input, O = Output

The user can select the type of input qualification for each GPIO pin through the GPxQSEL1/2 registers from
four choices:

* Synchronization To SYSCLKOUT Only (GPxQSEL1/2 = 0, 0): This is the default mode of all GPIO pins at
reset and it simply synchronizes the input signal to the system clock (SYSCLKOUT).

* Qualification Using Sampling Window (GPxQSEL1/2 = 0, 1 and 1, 0): In this mode the input signal, after
synchronization to the system clock (SYSCLKOUT), is qualified by a specified number of cycles before the
input is allowed to change.

* The sampling period is specified by the QUALPRD bits in the GPxCTRL register and is configurable in
groups of 8 signals. It specifies a multiple of SYSCLKOUT cycles for sampling the input signal. The sampling
window is either 3-samples or 6-samples wide and the output is only changed when ALL samples are the
same (all Os or all 1s) as shown in [&] 9-42 (for 6 sample mode).

* No Synchronization (GPxQSEL1/2 = 1,1): This mode is used for peripherals where synchronization is not
required (synchronization is performed within the peripheral).

Due to the multilevel multiplexing that is required on the device, there may be cases where a peripheral input
signal can be mapped to more then one GPIO pin. Also, when an input signal is not selected, the input signal will
default to either a 0 or 1 state, depending on the peripheral.
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GPIOLMPSEL
LPMCRO
Low-Power >
Modes Block
Asynchronous
path
GPxQSEL1/2
GPxCTRL
| GPxPUD I
Input
Internal 7%_, Qualification
Pullup

GPIOx pin >—l

High Impedance
Output Control

GPIOXINT1SEL

GPIOXINT2SEL

GPIOXINT3SEL

v

External Interrupt | | PIE
MUX

Asynchronous path

6—————— ¥  GPxDAT (read) |

00 —»N/C

01— Peripheral 1 Input

e

10 —» Peripheral 2 Input

ML » Peripheral 3 Input

GPxTOGGLE

GPxCLEAR
GPxSET

00 f«— GPxDAT (latch) |
l¢— Peripheral 1 Output

o
=

<

A

0 = Input, 1 = Output

10 j¢«—Peripheral 2 Output
11 [¢&—-Peripheral 3 Output

00[¢—| GPxDIR (latch) |
01¢—Peripheral 1 Output Enable

D = Default at Reset

GPIO pin selected.

XRS

B. GPxDAT latch/read are accessed at the same memory location.

C. Thisis a generic GPIO MUX block diagram. Not all options may be applicable for all GPIO pins. For pin-specific variations, see the

GPxMUX1/2

A. xstands for the port, either A or B. For example, GPxDIR refers to either the GPADIR and GPBDIR register depending on the particular

[ «—-Peripheral 2 Output Enable
[¢— Peripheral 3 Output Enable

System Control chapter in the TMS320F2802x, TMS320F2802xx Technical Reference Manual.

& 9-40. GPIO Multiplexing
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9.9.10.1 GPIO B ¥#5/h1/7
9.9.10.1.1 GPIO - B i /%
9.9.10.1.1.1 JB/FE I FFHKIFHE
TEMERIBATRAE T (RS AU )

SR B/AME BAE Hpr
trcPo) LFHEFE], GPIO MK P D) 46 2w H P [ (1] Fifs GPIO 13M ns
ticpPo) FEEEFE] , GPIO M H P U 38 241K H T (A e () Fifi GPIO 13(1) ns
tiaPo UESTES 15 MHz

M

GPIO

ticpPo) e

LTI IR R BRI IRIBEE /O 51 L AR . 1 9.9.10.1.1.1 R E A IEH T —A> /O 51 1Y) 40pF k.

&l 9-41. i@ B H H e i
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9.9.10.1.2 GPIO -\ 7

9.9.10.1.2.1 JB/HIAR FER
B/ME BAE L:<KivA
o QUALPRD=0 1tysco) J 1
tw(sp) RAEFF QUALPRD#0 2tyscoy QUALPRD e 391
twgasw) IR E # R AR 1 twsp) (n()-1) T 17
tar) @ E‘N]H@Bﬂﬂ , GPIO G Hi /5 L Tﬁﬁﬁ% . 2tysco) Jf ﬁﬂ
TN PRE 2% twiasw) * twisp) + tysco) JE 3

(1) "n" L3R H1 GPxQSELN 7Ff7 s & IR E RAF M8 .

(2)  WT twepy  WTMEERTFERET , IKIEAE ViL 2 VL ZIEBHTIE | 06T — NS P RUE SR Vig 2 Vig Z R TIE .

GPIO Signal

SYSCLKOUT

Output From
Qualifier

A SEASBRIRRR BRGE &% BT 2 . QUALPRD hr v BUEE T BRGERFERI. BRI4E 00 % OxFF [A224k. 415 QUALPRD=00 , 4
KAy 1 A~ SYSCLKOUT M. S FAEMILER "n" (B, BRIERAEAH ) 2n SYSCLKOUT MM ( g , 8 —4

GPxQSELn =

-

,0 (6 samples)

(A)

— o —p

I
BN

twaasw)

3
|
-

.o
.
|
|
|

LU

\
\
\
} QUALPRD = 1
| (SYsCLKoUT2)
Il

|
)

SYSCLKOUT & I, GPIO 5l B4 RAE ) -
B. it GPxCTRL A7 s B iR &M T 8 A~ GPIO 514 .

o

SYSCLKOUT & Bkt i R 7T 52531 o

!
|

1

\
t Sampling Period determined
wsp) P[4 pling p
by GPxCTRL[QUALPRD]

c
Sampling Window ﬂ« [(SYSCLKOUT cycle *2* QUALPRD) * 5( )]

A
I R B B B
\

PR E PURTRAE 3 AN a6 IMFEAS . GPXQSELN 77 A A i 48 F IR R AR
D. fEFRMIZRBIR |, T AR e 2R AL | HNSLZAE 10 4> SYSCLKOUT J& W ali 584 iy it 8] P PR FFAR 8 o« Hmi& it | SN IZAE
(5 x QUALPRD x 2) SYSCLKOUT JA A fR¥sfasE  XIEHITRAR A 5 A TAT N B0 RAE B . i 1400

&l 9-42. FREE

===
ERSP=AS

HEH , Fitk—4 13
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9.9.10.1.3 4 XG5 HIRFEE O B EE

NI S TN E N R E SO E N TN SRR 5
FREAHR L BIFA T SYSCLKOUT HIfE S REEHIE .

Wi QUALPRD#0 i , KAE4I% = SYSCLKOUT/(2*QUALPRD)

A QUALPRD=0 i , RAEHIZ = SYSCLKOUT

A QUALPRD=0 i , KFF 8 = SYSCLKOUT /i # x 2 x QUALPRD
75 LT %0, SYSCLKOUT JE#IZH] SYSCLKOUT i [ #

W QUALPRD=O0 (1)1 , KA E I = SYSCLKOUT i i

FEARE RBEE b, RBURAE 519 3 MEAREE 6 MEASKIER S IA R . XIRTE5 A GPxQSELn
FAF G .

B 1

] 3 MEA PR E

W QUALPRD#0 fIi% , KAEE 1% & = ( SYSCLKOUT i x 2 x QUALPRD ) x 2
% QUALPRD=0 3% , SRAEE 1% % = ( SYSCLKOUT J& ] ) x 2

B 2:

A 6 MFEAR IR &

WE QUALPRD#0 16 , KAER 1% & = ( SYSCLKOUT i x 2 x QUALPRD ) x 5
4 QUALPRD=0 i , KL% M35 = ( SYSCLKOUT i ) x 5

— % X

| \
le——— twcpy —

& 9-43. BERMANFF

VDDIO

>1MQ

= VSS = VSS

Bl 9-44. 43Xt P ER_E1r B GPIO 51 BT A\ HE PEAR Y
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9.9.10.1.4 K Ih MR RN PP

799.9.10.1.4.1 BRI FEK , 15 9.9.10.1.4.2 BIR TIFORARFE | 1 9-45 IR T IDEL RN
9.9.10.1.4.1 IDLE Mode Timing Requirements

MIN(") MAX UNIT

_ ‘ Without input qualifier 2tysco)
tw(WAKE-INT) Pulse duration, external wake-up signal — — cycles
With input qualifier Stesco) + twiiasw)

(1) For an explanation of the input qualifier parameters, see 7 9.9.10.1.2.1.
9.9.10.1.4.2 IDLE Mode Switching Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER(") ‘ TEST CONDITIONS MIN MAX UNIT
Delay time, external wake signal to program execution resume (@) cycles
+  Wake up from Flash Without input qualifier 20te(sco)
. . cycles
- Flash module in active state With input qualifier 20tyscoy * twiasw)
tawake-IDLE) |+ Wake up from Flash Without input qualifier 1050ty(sco)
. cycles
- Flash module in sleep state With input qualifier 1050te(sco) + 4
twiasw)
Without i lifi 2
+ Wake up from SARAM ithout input qualifier Ote(sco) oycles
With input qualifier 20tsco) * twiasw)

(1) For an explanation of the input qualifier parameters, see 7 9.9.10.1.2.1.
(2) This is the time taken to begin execution of the instruction that immediately follows the IDLE instruction. Execution of an ISR (triggered
by the wake-up signal) involves additional latency.

L ta(wAKE-IDLE) —

| (« |

Address/Data 4t
(internal) X X n : i X X X )C
\
\

¥ f— tw(WAKE-an%‘ »
WAKE INTA® ’ NS y ’

A. WAKE INT can be any enabled interrupt, WDINT or XRS.
B. From the time the IDLE instruction is executed to place the device into low-power mode (LPM), wakeup should not be initiated until at
least 4 OSCCLK cycles have elapsed.

K] 9-45. IDLE Entry and Exit Timing
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9.9.10.1.4.3 I A FFER
BAME BOAME| A
) Bk RG] |, bty | EHAMRE 3te(oscetk) i
WOVAKE-INTY 2ty b i A AR E(1) (2 + QUALSTDBY) * tyoscoLk) v

(1)  QUALSTDBY /& LPMCRO #7782t (f)—4> 6 fL7:Bk.

9.9.10.1.4.4 FFBIBEATFHHFHE
EAEFEIBITERMT (BRIERFUH )
S5 TR B/ME BAE| B
Ep——— o
tagbLE-xcoL) )%éfij;)l?ﬂ }g Ig;;z,;ﬁ‘;f 2 32ty(sco) 45tysco)| A
FEIRBSIA] , AMERMBRSS 5 B P AT B T AR I E i () JAM
DA 7 e i TeH N PR 5E % 100tysco)
- BRI A R G PNt 100tssco) * tw(wAKE-INT) e
tawake-sTBY) |+ MIATEMLER Tot N PR € 2% 1125tysco)
o : } JAM
- ERRPRAS A AP G PNt 1125t (sco) + twwAKE-INT)
M SARAM s it TEH N R 5E 2% 100t¢(sco) o
GIEPN e 100t sco) * twWAKE-INT)

(1) XAWEGZAE IDLE #5842 J5 IR IR S AT RIS (). ISR ( MRS Sl A ) BT 7 ZASMEIR .
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Wake-up
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XCLKOUT

A. P47 IDLE 45

B. PLL Hemi N ML S

STANDBY

X Normal Execution

1)
Flushing Pipeline A
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‘ 55
x x STANDBY
‘ ‘ K | {(

3y

h

4— tw(WAKE-INT) %}

\
T
\
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‘— ty(WAKE-STBY) —

iy

TUUUL LT

5

LI

<+«———pF tgupLE-xCOL)

SR A BT AU
o SYSCLKOUT 75 I Hif frHF LA N Fros B 14 i 39

2 DIVSEL=00 & 01 i} , 16 /&
* 4 DIVSEL=10 K} , 32 /M
2 DIVSEL=11 i} , 64 /M

BESER AT CPU JK 2 AN HA 45 7€ B A 18 2475 Rk
C. AMRMIRBISM, SR, PLL FIE TR . LLasFBLAEAL TR

D. AMBME(E

ﬁE‘JW&@%ﬁYM@%THﬁ%E‘Jﬁﬂﬁhiﬁﬁ‘]ﬂﬁﬁmﬂmﬁﬂEF%%{*FT BEA
F. EERAME ,

%HIZE‘JJ?jE’i&
E.  JyMREas{Fim itk

: fL UL

5 GPIO 51 I a5 5 0 AT & it /J\HﬂwPJUFE“Ej? Besh , BE S AR TR WURMERS (S S EHEE] GPIO S, #

TR AU

G. IEWPATERIT. SR (e ) .

I

B AR DDA .

B HAT - E E TRIIFER L (LPM) (¥ IDLE $849140 , £/04 15 4 A~ OSCCLK J&MJ5 74 8 sl .

&l 9-46. RrAldE ARt 7

9.9.10.1.4.5 HALT Mode Timing Requirements

MIN MAX| UNIT
tw(WAKE-GPIO) Pulse duration, GPIO wake-up signal toscst + 2tc(osceLk) cycles
tw(WAKE-XRS) Pulse duration, XRS wake-up signal toscst + Bte(osceLk) cycles
9.9.10.1.4.6 fEPLEATFKAFIE
TEAEFFHZAT AT (BRAERF W)

¥ B/ME BAE Hfr
tapLE-xCOL) JEIRESTR] | IDLE 544447 £ XCLKOUT i B~ B ] 32ty(sco) 45t sco) EE ]
t, PLL {77 (] 1 ms
FEIRISIE] | PLL 44F B2 7 $AT 55 46 (1 e ]
TR A7 N g 1125t(sco) JAH#
td(WAKE-HALT) — TEARRAS TP R TR A A
M SARAM A fig 35tysco) JE
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11.1 Device and Development Support Tool Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all TMS320
™ MCU devices and support tools. Each TMS320 MCU commercial family member has one of three prefixes:
TMX, TMP, or TMS (for example, TMS320F28023). Texas Instruments recommends two of three possible prefix
designators for its support tools: TMDX and TMDS. These prefixes represent evolutionary stages of product
development from engineering prototypes (TMX/TMDX) through fully qualified production devices/tools (TMS/
TMDS).

Device development evolutionary flow:

TMX Experimental device that is not necessarily representative of the final device's electrical specifications

TMP Final silicon die that conforms to the device's electrical specifications but has not completed quality and reliability
verification

TMS Fully qualified production device

Support tool development evolutionary flow:

TMDX Development-support product that has not yet completed Texas Instruments internal qualification testing

TMDS Fully qualified development-support product

TMX and TMP devices and TMDX development-support tools are shipped against the following disclaimer:
"Developmental product is intended for internal evaluation purposes.”

TMS devices and TMDS development-support tools have been characterized fully, and the quality and reliability
of the device have been demonstrated fully. Tl's standard warranty applies.

Predictions show that prototype devices (TMX or TMP) have a greater failure rate than the standard production
devices. Texas Instruments recommends that these devices not be used in any production system because their
expected end-use failure rate still is undefined. Only qualified production devices are to be used.

Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the package type
(for example, PT) and temperature range (for example, S). 11-1 provides a legend for reading the complete
device name for any family member.

For device part numbers and further ordering information, see the Tl website (www.ti.com) or contact your TI
sales representative.

For additional description of the device nomenclature markings on the die, see the TMS320F2802x,
TMS320F2802xx MCUs Silicon Errata.
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Generic Part Number: TMS 320 F 28023 -Q1

Orderable Part Number: TMS 320 F 28023 PT S R

PREFIX Q L SHIPPING OPTIONS

TMX = experimental device Blank = Tray
TMP = prototype device R = Tape and Reel
TMS = qualified device

—— QUALIFICATION (in Generic Part Number)

Blank = Non-Automotive
DEVICE FAMILY ———! -Q1 = Q1 refers to Automotive AEC Q100 Grade 1 qualification
320 = TMS320 MCU Family —— TEMPERATURE RANGE (in Orderable Part Number)
T = -40°Cto 105°C
S = -40°Cto 125°C
Q = -40°C to 125°C
TECHNOLOGY —— PACKAGE TYPE
F = Flash 48-Pin PT Low-Profile Quad Flatpack (LQFP)

38-Pin DA Thin Shrink Small-Outline Package (TSSOP)

DEVICE

28027  28027F
28026  28026F
28023

28022

28021

28020

280200

A. For more information on peripheral, temperature, and package availability for a specific device, see & 6-1.

& 11-1. Device Nomenclature

11.2 Tools and Software

Tl offers an extensive line of development tools. Some of the tools and software to evaluate the performance of
the device, generate code, and develop solutions are listed below. To view all available tools and software for
C2000™ real-time control MCUs, visit the C2000 real-time control MCUs - Design & development page.

Development Tools

Code Composer Studio (CCS) Integrated Development Environment (IDE) for C2000 Microcontrollers

Code Composer Studio is an integrated development environment (IDE) that supports TI's Microcontroller and
Embedded Processors portfolio. CCS comprises a suite of tools used to develop and debug embedded
applications. It includes an optimizing C/C++ compiler, source code editor, project build environment, debugger,
profiler, and many other features. The intuitive IDE provides a single user interface taking you through each step
of the application development flow. Familiar tools and interfaces allow users to get started faster than ever
before. CCS combines the advantages of the Eclipse software framework with advanced embedded debug
capabilities from Tl resulting in a compelling feature-rich development environment for embedded developers.

C2000 F28027 LaunchPad™ development kit

The C2000 F28027 LaunchPad™ development kit is an inexpensive, modular, and fun evaluation platform,
enabling you to dive into real-time, closed-loop control development with Texas Instruments’ C2000 32-bit
microcontroller family. This platform provides a great starting point for development of many common power
electronics applications, including motor control, digital power supplies, solar inverters, digital LED lighting,
precision sensing, and more.

To view all available C2000 LaunchPad development kits and BoosterPack™ plug-in modules, visit the
Embedded development hardware kits & boards site.

Software Tools
powerSUITE - Digital Power Supply Design Software Tools for C2000™ MCUs
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powerSUITE is a suite of digital power supply design software tools for Texas Instruments' C2000 real-time
microcontroller (MCU) family. powerSUITE helps power supply engineers drastically reduce development time
as they design digitally-controlled power supplies based on C2000 real-time control MCUs.

C2000Ware for C2000 MCUs

C2000Ware for C2000™ microcontrollers is a cohesive set of development software and documentation
designed to minimize software development time. From device-specific drivers and libraries to device peripheral
examples, C2000Ware provides a solid foundation to begin development and evaluation of your product.

UniFlash Standalone Flash Tool
UniFlash is a standalone tool used to program on-chip flash memory through a GUI, command line, or scripting
interface.

Models

Various models are available for download from the product Tools & Software pages. These include I/O Buffer
Information Specification (IBIS) Models and Boundary-Scan Description Language (BSDL) Models. To view all
available models, visit the Models section of the Tools & Software page for each device.

Training

To help assist design engineers in taking full advantage of the C2000 microcontroller features and performance,
Tl has developed a variety of training resources. Utilizing the online training materials and downloadable hands-
on workshops provides an easy means for gaining a complete working knowledge of the C2000 microcontroller
family. These ftraining resources have been designed to decrease the learning curve, while reducing
development time, and accelerating product time to market. For more information on the various training
resources, visit the C2000™ real-time control MCUs - Support & training site.

Specific TMS320F2802x hands-on training resources can be found at C2000™ MCU Device Workshops.
InstaSPIN-FOC LaunchPad and BoosterPack

This 6-part series provides information about the C2000 InstaSPIN-FOC Motor Control LaunchPad Development
Kit and BoosterPack Plug-in Module.

The InstaSPIN-FOC enabled C2000 F28027 LaunchPad™ development kit is an inexpensive evaluation
platform designed to help you leap right into the world of sensorless motor control using the InstaSPIN-FOC
solution.

* Part 1: Introduction and Overview

* Part 2: Identifying Your Motor

* Part 3: Zero Speed, Low Speed, & Tuning

* Part 4: Accelerations & Speed Reversals with Texas Instruments

* Part 5: High, Higher, Highest Speeds with Texas Instruments

* BOOSTXL-DRV8301 BoosterPack with Texas Instruments
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TMS320F280200DAS ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F280200DAS
S320
TMS320F280200DAT ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 F280200DAT
S320
TMS320F280200PTT ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 S320 980
F280200PTT
TMS320F28020DAS ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28020DAS
S320
TMS320F28020DAT ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 F28020DAT Samples
S320
TMS320F28020PTS ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 S320 980 Samples
F28020PTS
TMS320F28020PTT ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 105 S320 980
F28020PTT
TMS320F28021DAS ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28021DAS Samples
S320
TMS320F28021DAT ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 F28021DAT Samples
S320
TMS320F28021PTS ACTIVE LQFP PT 48 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 S320 980
F28021PTS
TMS320F28021PTT ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 (S320, S320 980)
F28021PTT
TMS320F28022DAQ ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28022DAQ Samples
S320
TMS320F28022DAQR ACTIVE TSSOP DA 38 2000 RoHS & Green NIPDAU Level-2-260C-1 YEAR F28022DAQ
S320
TMS320F28022DAS ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28022DAS
S320
TMS320F28022DAT ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 F28022DAT
S320
TMS320F28022PTQ ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 (S320, S320 980)
F28022PTQ
TMS320F28022PTS ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 S320 980
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C Device Marking Samples
g g p p p
(1) Drawing Qty %) Ball material ©) (4/5)
(6)

F28022PTS

TMS320F28022PTT ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980
F28022PTT

TMS320F28023DAQ ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 F28023DAQ
S320

TMS320F28023DAS ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 F28023DAS
S320

TMS320F28023DAT ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 F28023DAT
S320

TMS320F28023PTQ ACTIVE LQFP PT 48 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 125 (S320, S320 980)
F28023PTQ

TMS320F28023PTS ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320 980 Samples
F28023PTS

TMS320F28023PTT ACTIVE LQFP PT 48 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 (S320, S320 980)
F28023PTT

TMS320F28026DAQ ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28026DAQ Samples
S320

TMS320F28026DAS ACTIVE TSSOP DA 38 40 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 F28026DAS
S320

TMS320F28026DAT ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 105 F28026DAT
S320

TMS320F28026FPTQ ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320F 980 Samples
28026FPTQ

TMS320F28026FPTT ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980 Samples
F28026FPTT

TMS320F28026PTQ ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 (S320, S320 980)
F28026PTQ

TMS320F28026PTS ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320 980
F28026PTS

TMS320F28026PTT ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 (S320, S320 980)
F28026PTT

TMS320F28027DAQ ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 F28027DAQ
S320

TMS320F28027DAS ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 F28027DAS
S320
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http://www.ti.com/product/TMS320F28026?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28026F-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28026F?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28026-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28026?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28026?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
(1) Drawing Qty %) Ball material 3) (4/5)
(6)
TMS320F28027DASR ACTIVE TSSOP DA 38 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 F28027DAS
S320
TMS320F28027DAT ACTIVE TSSOP DA 38 40 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 F28027DAT
S320
TMS320F28027DATR ACTIVE TSSOP DA 38 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 F28027DAT
S320
TMS320F28027FPTQ ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320
F28027FPTQ
TMS320F28027FPTT ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980
F28027FPTT
TMS320F28027FPTTR ACTIVE LQFP PT 48 1000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980
F28027FPTT
TMS320F28027PTQ ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 (S320, S320 980)
F28027PTQ
TMS320F28027PTQR ACTIVE LQFP PT 48 1000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320
F28027PTQ
TMS320F28027PTR ACTIVE LQFP PT 48 1000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980
F28027PTT
TMS320F28027PTS ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 S320 980
F28027PTS
TMS320F28027PTT ACTIVE LQFP PT 48 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 105 S320 980
F28027PTT

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
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http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027F-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027F?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027F?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
http://www.ti.com/product/TMS320F28027?CMP=conv-poasamples#order-quality
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TMS320F28022, TMS320F28022-Q1, TMS320F28023, TMS320F28023-Q1, TMS320F28026, TMS320F28026-Q1, TMS320F28026F,
TMS320F28026F-Q1, TMS320F28027, TMS320F28027-Q1, TMS320F28027F, TMS320F28027F-Q1 :
o Catalog : TMS320F28022, TMS320F28023, TMS320F28026, TMS320F28026F, TMS320F28027, TMS320F28027F

o Automotive : TMS320F28022-Q1, TMS320F28023-Q1, TMS320F28026-Q1, TMS320F28026F-Q1, TMS320F28027-Q1, TMS320F28027F-Q1

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

Addendum-Page 4


http://focus.ti.com/docs/prod/folders/print/tms320f28022.html
http://focus.ti.com/docs/prod/folders/print/tms320f28023.html
http://focus.ti.com/docs/prod/folders/print/tms320f28026.html
http://focus.ti.com/docs/prod/folders/print/tms320f28026f.html
http://focus.ti.com/docs/prod/folders/print/tms320f28027.html
http://focus.ti.com/docs/prod/folders/print/tms320f28027f.html
http://focus.ti.com/docs/prod/folders/print/tms320f28022-q1.html
http://focus.ti.com/docs/prod/folders/print/tms320f28023-q1.html
http://focus.ti.com/docs/prod/folders/print/tms320f28026-q1.html
http://focus.ti.com/docs/prod/folders/print/tms320f28026f-q1.html
http://focus.ti.com/docs/prod/folders/print/tms320f28027-q1.html
http://focus.ti.com/docs/prod/folders/print/tms320f28027f-q1.html
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
Reel
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
e | )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TMS320F28022DAQR | TSSOP DA 38 2000 330.0 24.4 8.6 13.0 18 12.0 | 24.0 Q1
TMS320F28027DASR | TSSOP DA 38 2000 330.0 24.4 8.6 13.0 18 12.0 | 24.0 Q1
TMS320F28027DATR | TSSOP DA 38 2000 330.0 24.4 8.6 13.0 1.8 12.0 | 24.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TMS320F28022DAQR TSSOP DA 38 2000 350.0 350.0 43.0
TMS320F28027DASR TSSOP DA 38 2000 350.0 350.0 43.0
TMS320F28027DATR TSSOP DA 38 2000 350.0 350.0 43.0
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TUBE
T - Tube

height L - Tubelength

< n < n
« Lt < Lt

' 5
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TMS320F280200DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F280200DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28020DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28020DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28021DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28021DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28022DAQ DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28022DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28022DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28023DAQ DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28023DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28023DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28026DAQ DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28026DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28026DAT DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28027DAQ DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28027DAS DA TSSOP 38 40 530 11.89 3600 4.9
TMS320F28027DAT DA TSSOP 38 40 530 11.89 3600 4.9
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TRAY
L - Outer tray length without tabs & KO -
< > Outer
tray
++++++++++++++ 4+ heignt
1+ +++++++++++++ 4+ '

— W-
++++++++++++++ 4 ||owe
++++++++++++++ + [0

= width

> | |
t—;—l——l—-l——l—-l——l—-l——|—-l—-|——|—-l——|—-l— -

! i [
: -
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69

TMS320F280200PTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28020PTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28021PTS PT LQFP 48 250 10 x 25 150 315 | 1359 7620 | 12.2 | 11.1 |11.25

TMS320F28021PTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28022PTQ PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28022PTS PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28022PTT PT LQFP 48 250 10 x 25 150 315 | 1359 7620 | 12.2 | 11.1 |11.25

TMS320F28023PTQ PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28023PTS PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28023PTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28026FPTQ PT LQFP 48 250 10 x 25 150 315 | 1359 7620 | 12.2 | 11.1 |11.25

TMS320F28026FPTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28026PTQ PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28026PTS PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28026PTT PT LQFP 48 250 10 x 25 150 315 | 1359 7620 | 12.2 | 11.1 |11.25

TMS320F28027FPTQ PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25

TMS320F28027FPTT PT LQFP 48 250 10x 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25
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Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
69
TMS320F28027PTQ PT LQFP 48 250 10x 25 150 315 | 1359 | 7620 | 12.2 | 11.1 |11.25
TMS320F28027PTS PT LQFP 48 250 10 x 25 150 315 [ 1359 7620 | 12.2 | 11.1 |11.25
TMS320F28027PTT PT LQFP 48 250 10 x 25 150 315 [ 1359 7620 | 12.2 | 11.1 |11.25
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PACKAGE OUTLINE

PTO0048A LQFP - 1.6 mm max height
LOW PROFILE QUAD FLATPACK
9.2
8.8
B 55
T 1
4 N
[— O —
— —
—] —
— —
— —
9.2 — — 79
8.8 — 1 6.8
— —
— —
— —
— —
— :J
N | - / TL
JUUU UL el
|9 [0.08® [c[A[B]
] =— 44X [0.5]
SEE DETAIL A ! 4X|5.5

b

L

0.25
GAGE PLANE
f : g 3
. T 0.75 L 0.5 MIN
07 J 045
DETAIL A

4215159/A 12/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC registration MS-026.

4. This may also be a thermally enhanced plastic package with leads conected to the die pads.
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EXAMPLE BOARD LAYOUT
PTO0048A LQFP - 1.6 mm max height

LOW PROFILE QUAD FLATPACK

PKG
SYMM

48 SEE SOLDER MASK

e %ﬁﬁ%ﬁHﬁﬁm“

s
48X (0.3) T

44X05) EIE

\

|

|

|

|

* |
PKG SYMM Q— fffffff —_—————— - — - = (8.2)

|

|

|

|

|

|

\

(R0.05) TYP

C 1
—
12@

fhiAeR0R

(8.2)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE 10.000

0.05 MAX 0.05 MIN
ALLAROUND ALL AROUND

\
EXPOSED METAL j EXPOSED METAL/ S )
SOLDER MASK—/ —METAL EDGE SOLDER MASKJ \—METAL UNDER
OPENING OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS 4215159/A  12/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

Texas
INSTRUMENTS
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EXAMPLE STENCIL DESIGN
PTO0048A LQFP - 1.6 mm max height

LOW PROFILE QUAD FLATPACK

111711

e
wxo09 o

&W T
0.

|
|
|
|
|
PKGSYMM¢ —=F—=— - — - — _ S
|
|
|
|
|
|

(R0.05) TYP —~ :‘:

() S

Ly

|
|
|
|
|
|

N
(¢)]

bl

—_
©

(8.2)

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 10X

4215159/A 12/2021

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DA (R—PDSO—G**)

38 PIN SHOWN

PLASTIC SMALL—OUTLINE PACKAGE

A

ARRRARAARARAAAAARRS

20

0,15 NOM

J Gauge Plane

0,10
0,50
e X
1,20 MAX
PINS **
DIM 30 32 38
A MAX 11,10 11,10 12,60
A MIN 10,90 10,90 12,40
A MO=TSS g 4| b | DD
Variation
4040066 /F 01/2009
NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

@ Falls within JEDEC MO-153, except 30 pin body length.
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LAND PATTERN DATA

DA (R—PDSO—-G38)

PLASTIC SMALL OUTLINE

Stencil Openings
Based on a stencil thickness

of 0.127mm (0.005inch)

Example Board Layout

TN U

7,40

it

\ »‘ ‘« 56x0,65

J: 38><

i%ﬁ%%%%%%

»‘ ‘« 58x0,50

Qi

»‘ ‘« 56x0,65

//" h S Example Solder Mask Opening
/ .,
< See Note D
0,07 —=fj=— / ( )
— \
/ All" Around \
/ |
;‘/ \
“ !
| 1,80 |
‘\ ~~ ,‘/
,.\ ’/
\ ’/'
\
/
! Pad Geometr
N 07 BO 4»‘ ‘« // Yy
. P s
T 211473/A 11/10
NOTES: A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
D. Contact the board fabrication site for recommended soldermask tolerances.

Customers should
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