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High-Performance Static CMOS Technology
— 25-ns Instruction Cycle Time (40 MHz)

— 40-MIPS Performance

- Low-Power 3.3-V Design

Based on TMS320C2xx DSP CPU Core

— Code-Compatible With F243/F241/C242

— Instruction Set and Module Compatible
With F240

Flash (LF) and ROM (LC) Device Options

- LF240xA: LF2407A, LF2406A,
LF2403A, LF2402A

— LC240xA: LC2406A, LC2404A,
LC2403A, LC2402A

On-Chip Memory

- Up to 32K Words x 16 Bits of Flash
EEPROM (4 Sectors) or ROM

- Programmable “Code-Security” Feature
for the On-Chip Flash/ROM

— Up to 2.5K Words x 16 Bits of
Data/Program RAM
- 544 Words of Dual-Access RAM
- Up to 2K Words of Single-Access RAM

Boot ROM (LF240xA Devices)
— SCI/SPI Bootloader

Up to Two Event-Manager (EV) Modules

(EVA and EVB), Each Includes:
— Two 16-Bit General-Purpose Timers

- Eight 16-Bit Pulse-Width Modulation
(PWM) Channels Which Enable:
— Three-Phase Inverter Control
— Center- or Edge-Alignment of PWM

Channels
— Emergency PWM Channel Shutdown
With External PDPINTX Pin

— Programmable Deadband (Deadtime)
Prevents Shoot-Through Faults

— Three Capture Units for Time-Stamping
of External Events

— Input Qualifier for Select Pins

- On-Chip Position Encoder Interface
Circuitry

— Synchronized A-to-D Conversion

— Designed for AC Induction, BLDC,
Switched Reluctance, and Stepper Motor
Control

- Applicable for Multiple Motor and/or
Converter Control

External Memory Interface (LF2407A)
- 192K Words x 16 Bits of Total Memory:
64K Program, 64K Data, 64K I/O

Watchdog (WD) Timer Module

10-Bit Analog-to-Digital Converter (ADC)

— 8 or 16 Multiplexed Input Channels

— 500-ns MIN Conversion Time

— Selectable Twin 8-State Sequencers
Triggered by Two Event Managers

Controller Area Network (CAN) 2.0B Module
(LF2407A, 2406A, 2403A)

Serial Communications Interface (SCI)

16-Bit Serial Peripheral Interface (SPI)
(LF2407A, 2406A, LC2404A, 2403A)

Phase-Locked-Loop (PLL)-Based Clock
Generation

Up to 40 Individually Programmable,
Multiplexed General-Purpose Input/Output
(GPIO) Pins

Up to Five External Interrupts (Power Drive
Protection, Reset, Two Maskable Interrupts)

Power Management:

— Three Power-Down Modes

— Ability to Power Down Each Peripheral
Independently

Real-Time JTAG-Compliant Scan-Based
Emulation, IEEE Standard 1149.1 T (JTAG)

Development Tools Include:

— Texas Instruments (TI) ANSI C Compiler,
Assembler/Linker, and Code Composer
Studio ™ Debugger

- Evaluation Modules

— Scan-Based Self-Emulation (XDS510 ™)

— Broad Third-Party Digital Motor Control
Support

Package Options

144-Pin LQFP PGE (LF2407A)

100-Pin LQFP PZ (2406A, LC2404A)
64-Pin TQFP PAG (LF2403A, LC2403A,
LC2402A)

64-Pin QFP PG (2402A)

Extended Temperature Options (A and S)
- A:-40°Cto 85°C

- S:-40°Cto 125°C

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Code Composer Studio and XDS510 are trademarks of Texas Instruments.
Other trademarks are the property of their respective owners.
T |EEE Standard 1149.1-1990, IEEE Standard Test-Access Port; however, boundary scan is not supported in this device family.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Inslruments
warran oes not y include
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REVISION HISTORY

PAGE HIGHLIGHTS
Added the Vcca pin to final note on Table 2

Modified LC2403A memory map (Figure 7) in location 8200

Added a sentence to the paragraph following Figure 12

Added 1/4 W to second column header in Table 10, Loop Filter Component Values With Damping Factor = 2.0

Added a note to recommended operating conditions table

Added a note to electrical characteristics table

siisH=NEEls

Added Figure 23

Changed parameter td(WRN) in switching characteristics over recommended operating conditions for an external

memory interface write at 40 MHz [H = 0.5t¢(co)] table
Changed MAX value for Icca in operating characteristics over recommended operating condition ranges table
110 Added note to Table 18
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description

The TMS320LF240xA and TMS320LC240xA devices, new members of the TMS320C24x™ generation of
digital signal processor (DSP) controllers, are part of the TMS320C2000™ platform of fixed-point DSPs. The
240xA devices offer the enhanced TMS320™ DSP architectural design of the C2xx core CPU for low-cost,
low-power, and high-performance processing capabilities. Several advanced peripherals, optimized for digital
motor and motion control applications, have been integrated to provide a true single-chip DSP controller. While
code-compatible with the existing C24x™ DSP controller devices, the 240xA offers increased processing
performance (40 MIPS) and a higher level of peripheral integration. See the TMS320x240xA Device Summary
section for device-specific features.

The 240xA generation offers an array of memory sizes and different peripherals tailored to meet the specific
price/performance points required by various applications. Flash devices of up to 32K words offer a
cost-effective reprogrammable solution for volume production. The 240xA devices offer a password-based
“code security” feature which is useful in preventing unauthorized duplication of proprietary code stored in
on-chip Flash/ROM. Note that Flash-based devices contain a 256-word boot ROM to facilitate in-circuit
programming. The 240xA family also includes ROM devices that are fully pin-to-pin compatible with their Flash
counterparts.

All 240xA devices offer at least one event manager module which has been optimized for digital motor control
and power conversion applications. Capabilities of this module include center- and/or edge-aligned PWM
generation, programmable deadband to prevent shoot-through faults, and synchronized analog-to-digital
conversion. Devices with dual event managers enable multiple motor and/or converter control with a single
240xA DSP controller. Select EV pins have been provided with an “input-qualifier” circuitry, which minimizes
inadvertent pin-triggering by glitches.

The high-performance, 10-bit analog-to-digital converter (ADC) has a minimum conversion time of 375 ns and
offers up to 16 channels of analog input. The autosequencing capability of the ADC allows a maximum of
16 conversions to take place in a single conversion session without any CPU overhead.

A serial communications interface (SCI) is integrated on all devices to provide asynchronous communication
to other devices in the system. For systems requiring additional communication interfaces, the 2407A, 2406A,
2404A, and 2403A offer a 16-bit synchronous serial peripheral interface (SPI). The 2407A, 2406A, and 2403A
offer a controller area network (CAN) communications module that meets 2.0B specifications. To maximize
device flexibility, functional pins are also configurable as general-purpose inputs/outputs (GPIOs).

To streamline development time, JTAG-compliant scan-based emulation has been integrated into all devices.
This provides non-intrusive real-time capabilities required to debug digital control systems. A complete suite
of code-generation tools from C compilers to the industry-standard Code Composer Studio™ debugger
supports this family. Numerous third-party developers not only offer device-level development tools, but also
system-level design and development support.

TMS320C24x, TMS320C2000, TMS320, and C24x are trademarks of Texas Instruments.
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TMS320x240xA device summary

Note that throughout this data sheet, 240xA is used as a generic name for the LF240xA/LC240xA generation

of devices.
Table 1. Hardware Features of 240xA Devices
FEATURE LF2407A | LF2406A | LF2403A | LF2402A | LC2406A | LC2404A | LC2403A | LC2402A
C2xx DSP Core Yes Yes Yes Yes Yes Yes Yes Yes
Instruction Cycle 25ns 25 ns 25 ns 25 ns 25 ns 25 ns 25 ns 25ns
MIPS (40 MHz) 40 MIPS | 40 MIPS | 40 MIPS | 40 MIPS | 40 MIPS | 40 MIPS | 40 MIPS | 40 MIPS
gm'?SZT;ASM) 544 544 544 544 544 544 544 544
RAM aobiterd Single-Access 2K 2K 512 512 2K 1K 512 —
RAM (SARAM)
(4 sectors 4. 17K, 12K, 4K) | ek |k | | ] = | = | -
On-chip ROM (16-bit word) — — — — 32K 16K 16K 6K
Code Security for On-Chip Flash/ROM Yes Yes Yes Yes Yes Yes Yes Yes
Boot ROM Yes Yes Yes Yes — — — —
External Memory Interface Yes — — — — — — —
Event Managers A and B (EVA and EVB) E\\//Aé IIEE\\//Aé EVA EVA IIEE\\/g E\\//?B EVA EVA
e General-Purpose (GP) Timers 4 4 2 2 4 4 2 2
e Compare (CMP)/PWM 12/16 12/16 6/8 6/8 12/16 12/16 6/8 6/8
e Capture (CAP)/QEP 6/4 6/4 3/2 3/2 6/4 6/4 3/2 3/2
* Input qualifier circuitry on
PDPINTX, CAPx, QEPX, Yes Yes Yes Yes Yes Yes Yes Yes
XINT1/2, and ADCSOC pins
: ;te&tuosMocf:gzslg;ég p reflected Yes Yes Yes Yes Yes Yes Yes Yes
Watchdog Timer Yes Yes Yes Yes Yes Yes Yes Yes
10-Bit ADC Yes Yes Yes Yes Yes Yes Yes Yes
e Channels 16 16 8 8 16 16 8 8
e Conversion Time (minimum) 500 ns 500 ns 500 ns 500 ns 500 ns 500 ns 500 ns 500 ns
SPI Yes Yes Yes — Yes Yes Yes —
SCI Yes Yes Yes Yes Yes Yes Yes Yes
CAN Yes Yes Yes — Yes — Yes —
g?";"eg)c’ Pins 41 41 21 21 41 41 21 21
External Interrupts 5 5 3 3 5 5 3 3
Supply Voltage 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V
Packaging 144-pin 100-pin 64-pin 64-pin 100-pin 100-pin 64-pin 64-pin
PGE Pz PAG PG Pz Pz PAG PG, PAG
Product Status:
Advance formaton (A1) PO | PO | PO | PD | PD | PD | PD | PD
Production Data (PD)

Denotes features that are different/new compared to 240x devices.
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functional block diagram of the 2407A DSP controller

PLLF
PLLVcceA
XINT1/10PA2 DARAMI(BO) PLL Clock PLLF2
RS 256 Words XTAL1/CLKIN
CLKOUT/IOPEQ XTAL2
T™S2 ADCINOO-ADCINO7
BIO/IOPC1 C2xx DARAM (B1) ADCINO8-ADCIN15
MP/NIC Dsp 256 Words Vcea
BOOT_EN/XF Core [osslline Vssa
= (With Twin VREFHI
Vbp (33 V) Autosequencer)
Vss DARAM (B2) VREFLO
32 Words XINT2/ADCSOC/IOPDO
) | sciTxp/iopao
| SCl | | scirxpnora1
J
SPISIMO/IOPC2
SARAM (2K Words)
SPISOMI/IOPC3
SPI SPICLK/IOPC4
SPISTE/IOPC5
TP1 Clash/ROM . | _canTxiopcs
TP2 as | CAN | | canrxiopc?
Veep(5v) (32K Words: I
4K/12K/12K/4K) | WD |
Port A(0-7) IOPA[0:7]
AO-A15 Port B(0-7) IOPB[0:7]
20015 Digital /O Port C(0-7) IOPC[0:7]
PS, DS, IS (Shared With Port D(0) IOPD[0]
RIW Other Pins) Port E(0-7) IOPE[0:7]
RD Port F(0-6) IOPF[0:6]
TRST
READY External Memory
STRB Interface DO
WE DI
ENA_144 JTAG Port T™MS
TCK
VIS_OE EMUO
WI/R / IOPCO EMUL
PDPINTA PDPINTB
CAP1/QEP1/IOPA3 CAP4/QEP3/IOPE7
CAP2/QEP2/IOPA4 CAPS5/QEP4/IOPFO
CAP3/IOPA5 CAP6/IOPF1
PWML/IOPAG PWM7/IOPE1
PWM2/IOPAT Event Manager A Event Manager B PWMB/IOPEZ
PWMS3/IOPBO ® 3 x Capture Input ® 3 x Capture Input PWM9/IOPE3
PWM4/IOPB1 ® 6 x Compare/PWM ® 6 x Compare/PWM PWM10/IOPE4
PWMS/IOPB2 Output Output PWM11/IOPE5S
PWM6/IOPB3 ® 2xGP ®2xGP PWM12/IOPEG
Timers/PWM Timers/PWM
T1IPWM/T1CMP/IOPB4 T3PWM/T3CMP/IOPF2
T2PWM/T2CMP/IOPB5S T4PWM/T4CMP/IOPF3
TDIRA/IOPB6 TDIRB/IOPF4
TCLKINA/IOPB7 TCLKINB/IOPF5

Indicates optional modules.

See Table 1 for device-specific details.

The memory size and peripheral selection of these modules change for different 240xA devices.
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pinouts
PGE PACKAGE T
(TOP VIEW)
¥ “
& z &
£ 2 gs3[B,s, -98888%2
o 028 _ [« £ oo =233 k0o2lEasE 5558555
FREoYPrlezlalgadaLlgRrr iR EEErSeraceee
o raraarararr
SEFEEEEEEEEEEEEEEFEEEEEEFEEEEEEEEEEEE
A H A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
Rst [|1 O 108 [] ADCINIL
TDIRB/IOPF4 [] 2 107 ] ADCINO2
Vsso [ 3 106 [] ADCINI2
Vooo [} 4 105 [] ADCINO3
o7 [}s 104 [] ADCINI3
TaPWMT4CMP/IOPF3 [] 6 103 [] ADCINO4
POPINTA [} 7 102 f] ADCINOS
T3PwmT3CMP/IOPF2 [] 8 101 ] ADCIN14
ps o 100 ] ADCINOG
pLLr2 [ 20 99 [] ADCINO7
pLLF [ 11 98 [] ADCIN1S
PLLVcea [ 12 97 [l vis_oE
Do [} 13 96 [l STRE
TDIRANOPBSG [] 14 95 [ Vppo
p1o [ 15 94 ] vsso
T1PwmTICMPIOPB4 [] 16 93 [ rRD
b [ 17 92 [l RAW
T2PwMmT2cMP/IOPBS [] 18 TMS320LF2407A PGE 91 [] EMU1/OFF
wirnopco [] 19 90 f] EmUO
p12 [ 20 89 |] WE
XINT2/ADCSOC/I0PDO [ 21 88 [] CAP4/QEP3/IOPET
D13 [] 22 87 [] DS
xINT1/10PA2 [] 23 86 |] Voo
p14 [ 24 85 [ vgs
scimxprnorao [ 25 84 [] ps
scirxp/iopal [ 26 83 |] CAPL/QEP1/IOPA3
p1s [ 27 s2|]is
vss [ 28 81 |] CAPS/QEP4/IOPFO
Voo [ 29 80 [J A0
spisimoriopc2 [ 30 79 [] cAP2/QEP2/10PA4
a1s [ 31 78 A1
spisomiiopcs [ 32 77 [ Vooo
spisTENOPCS [} 33 76 [ vsso
A14 [] 34 75 [ caP3iioPAs
spicLkiopcs [] 35 74 ] A2
Tms2 [] 36 73 [] cLkouT/IOPED
53 IIILILEELTIIRNBBIBEILBBBSBIIBIBCBEEBBBIRRN
LI LI L J LI L L J L J L J L J L J L J L J Il J L J Ll J L J L J L J LI J L J L J L J L L J L J L J L J L JLJ L JLJLJCd
P33R 053082825 8 PR PR 0 R 2]
[Se] o> > Q o9 © 92990 2 o o> > e g g
13 ¢ 2 3% 2 $gf gz 0§ ¢ 58 F
sz g =z E £:% Z z £ 5z %
E a a [ o o

1 Bold, italicized pin names indicate pin function after reset.
t BOOT_EN is available only on Flash devices.
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pinouts (continued)

PZ PACKAGE 1

(TOP VIEW)
~ MmO <
g FEF .
] 000 i
£ 2 fif 3¢
389833883888 0 8§ 888 _ 9k
2
ZZZZZZZZZZZ%O%g;D :EN%OEO
88888888888 88232%2 088222 80%%
NONNAA00000aAnnIada0000ann
75747372 717069 68 67 66 65 64 63 62 616059 58 57 56 55 54 53 52 51
ADCIN10 ] 76 50 [ CANTX/IOPC6*
ADCINO1 (] 77 49 |3 cANRX/IOPCTH
ADCINO9 (] 78 48 |3 cAP6/IOPF1
ADCINO0 ] 79 47 3 Vppo
ADCINO8 ] 80 46 3 Vsso
Vrero & 81 45 3 PWM7/IOPEL
Vrern & 82 44 3 TP2
Veea £ 83 43 3 PWMS/IOPE2
Vssa ] 84 42 3 TP1
BIO/IOPC1 [ 85 41 9 PWM9/IOPE3
BOOT EN/XFS [ — 1
A= TVS320LC2404A PZ 2B Kitusomme
XTAL2 £ 88 TMS320LC2406A PZ 38 |3 PWM10/I0PE4
TCLKINB/IOPF5 T 89 TMS320LF2406A PZ 37 |2 PWM2/I0PA7
Vss T4 90 36 = PWM3/IOPBO
Voo ] 91 35 =2 Vop
10PF6 ] 92 34 3 ves
RS ] 93 33 = PWM4/IOPB1
TCK T 94 32 3 PWM11/IOPE5S
PDPINTB ] 95 31 9 PWMS5/IOPB2
TDI ] 96 30 = Vppo
Vsso & 97 29 9 Vsso
Vppo ] 98 28 | PwMe6/10PB3
TDO = 99 O 27 | PWM12/I0PE6
T™MS & 100 26 2 TCLKINA/IOPB7
\. 123456789 10111213141516171819202122232425
gitutbututbutvutuutbuguutu
- N ™M
LR RIS R R
FO¥2 00z R50050650097 0900F
B glE =ZET 9ER%  SEPZ
P 20 898 8%gg ozofgg
£ E FEE &8 oo aalnon
: = Ss < oo
= 2 =2
g 5 33 z
- F FE X

T Bold, italicized pin names

indicate pin function after reset.

¥ CANTX and CANRX are not available on LC2404A devices.

8BOOT_EN is available only on Flash devices.

'0n the ROM devices (LC240xA), Vccp is a No Connect (NC).
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pinouts (continued)

PAG PACKAGE T#
(TOP VIEW)

SOMI/IOPC3
SIMO/IOPC2
RXD/IOPAL
TXD/IOPAO
XINT2/ADCSOC/IOPDO

CLK/IOPC4

T1IPWM/T1CMP/IOPB4

PLLVcea

T2PWM/T2CMP/IOPB5
PLLF

MS2
PDPINTA
TRST

p
PLLF2

00
83
LY

1AAARAARRAARRARA

SP
SP
SC
SC

(484746 45444342 4140393837 363534 33 )
TCLKINA/IOPB7 T 49 32 1 TMS
PWM6/IOPB3 I 50 31 =9 TDO
Vgso 1] 51 30 T TDI
Vppo I 52 29 13 TCK
PWMS5/IOPB2 —T—] 53 28 == RS
PWM4/IOPB1 T 54 27 3 Vpp
Vgg T 55 26 T Vss
Vpp I 56 TMS320LF2403A PAG 25 [T XTAL2
PWM3/IOPBO I 57 TMS320LC2403A PAG 24 T3 XTAL1/CLKIN
PWM2/IOPA7 [I—] 58 TMS320LC2402A PAG 23 |13 BOOT_EN/XF$
PWM1/IOPA6 I 59 22 [ Vssa
Veepl =1 60 21 |31 Veea
TP1 T} 61 20 I VREFHI
TP2 1] 62 19 T3 VREELO
CANRX/IOPC7 I 63 18 =T ADCINOO
CANTX/IOPC6 T} 64@ 17 =T ADCINO1
\ 1234567 8910111213141516
o 7)) o N~ O WS ™A
123300248822 ¢2¢2¢2¢
9000 WIS 000000
E® NS = 222222
3%l =
€3¢6¢
O &&
< <
[ON©)]

1t Bold, italicized pin names indicate pin function after reset.
* For LC2402A, the following pins are different from what is shown:
Pin 45: IOPC2
Pin 46: IOPC3
Pin 47: IOPC4
Pin 63: IOPC7
Pin 64: IOPC6
§ BOOT_EN is available only on flash devices.
'on the ROM devices (LC240xA), Vcep is a No Connect (NC).
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pinouts (continued)

PG PACKAGE T

(TOP VIEW)
283
aaa
090
5 ZoQLE
m O < < o ==
0 O N ST
a coQpr
o< =0 kEkEk < <
T2 na228S5220 o
Q¥ 3000 rE 22 uwillE Q95
20824850 z3%53 JJ|5 89
SAaFFQOO0O g XKFFRaanla F>|F
r )
51 5049 48 4746 4544 4342 41 40 3938 37 36 35 34 33
Vppo &1 52 32 T™MS
PWM5/IOPB2 1] 53 31 TDO
PWM4/IOPB1 1] 54 30 TDI
Vgg I 55 29 TCK
Vpp T 56 28 RS
';V\/\\’/mz//'lg';ig — g; TMS320LC2402A PG ;g xDD
T TMS320LF2402A PG SS
PWM1/IOPA6 C—T—{ 59 25 XTAL2
Veep® —r 60 24 XTALL/CLKIN
TP1 C1—] 61 23 BOOT_EN/XFi
TP2 1|62 22 Vssa
IOPC7 —1—] 63 21 VceA
IOPC6 —1—] 64 O 20 VREEH]I
\ 123 456 7 8 91011121314 15161718 19 )
O ST M VAOAQIL OO~ ©OWST®OH”NAO O
DEiZ083[6 3385888888 o
0000 LS>>00000000C W
TS ) [alyajyajyaiyaiiaiieNa N
S4a oo s AT
o) < W w w
xOQo0
— N
o aQ
< <
[OINE]
T Bold, italicized pin names indicate pin function after reset.
t BOOT_EN is available only on Flash devices.
8 On the ROM devices (LC240xA), Vccp is a No Connect (NC).
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pin functions

The TMS320LF2407A device is the superset of all the 240xA devices. All signals are available on the 2407A
device. Table 2 lists the signals available in the 240xA generation of devices.

Table 2. LF240xA and LC240xA Pin List and Package Options T+

2403A,
LC2402A
LF2407A 2406A [LC2404A | (64-PAG)
PIN NAME (144-PGE) | (100-P2) | (100-PZ) |  and DESCRIPTION
2402A
(64-PG)
EVENT MANAGER A (EVA)
CAP1/QEP1/IOPA3 83 57 57 4 Capture input #1/quadrature encoder pulse input #1 (EVA) or
GrPio (N
CAP2/QEP2/IOPA4 79 55 55 3 Capture input #2/quadrature encoder pulse input #2 (EVA) or
GPIO (D
CAP3/IOPA5S 75 52 52 2 Capture input #3 (EVA) or GPIO (1)
PWM1/IOPAG 56 39 39 59 Compare/PWM output pin #1 (EVA) or GPIO (1)
PWM2/IOPA7 54 37 37 58 Compare/PWM output pin #2 (EVA) or GPIO (1)
PWM3/IOPBO 52 36 36 57 Compare/PWM output pin #3 (EVA) or GPIO (1)
PWM4/IOPB1 a7 33 33 54 Compare/PWM output pin #4 (EVA) or GPIO (1)
PWM5/IOPB2 44 31 31 53 Compare/PWM output pin #5 (EVA) or GPIO (1)
PWM6/IOPB3 40 28 28 50 Compare/PWM output pin #6 (EVA) or GPIO (1)
T1PWM/T1CMP/IOPB4 16 12 12 40 Timer 1 compare output (EVA) or GPIO (1)
T2PWM/T2CMP/IOPB5 18 13 13 41 Timer 2 compare output (EVA) or GPIO (1)
Counting direction for general-purpose (GP) timer (EVA) or
TDIRA/IOPB6 14 11 11 GPIO. If TDIRA = 1, upward counting is selected. If
TDIRA = 0, downward counting is selected. (T)
TCLKINA/IOPB7 37 26 26 49 Exte_rnal clock input for GP_ timer (EVA_) or GPIO. Note that
the timer can also use the internal device clock. (T)
EVENT MANAGER B (EVB)
CAP4/QEP3/IOPE7 88 60 60 Capture input #4/quadrature encoder pulse input #3 (EVB) or
GrPio (N
CAPS/QEP4/IOPFO 81 56 56 Capture input #5/quadrature encoder pulse input #4 (EVB) or
GPIO (N
CAP6/IOPF1 69 48 48 Capture input #6 (EVB) or GPIO (1)
PWM7/IOPE1 65 45 45 Compare/PWM output pin #7 (EVB) or GPIO (1)
PWM8/IOPE2 62 43 43 Compare/PWM output pin #8 (EVB) or GPIO  (T)
PWM9/IOPE3 59 41 41 Compare/PWM output pin #9 (EVB) or GPIO (1)
PWM10/IOPE4 55 38 38 Compare/PWM output pin #10 (EVB) or GPIO (1)
PWM11/IOPES5 46 32 32 Compare/PWM output pin #11 (EVB) or GPIO (1)
PWM12/I0PE6 38 27 27 Compare/PWM output pin #12 (EVB) or GPIO (1)

1t Bold, italicized pin names indicate pin function after reset.

PO - General-purpose input/output pin. All GPIOs come up as input after reset.

8 |t is highly recommended that Vcca be isolated from the digital supply voltage (and Vgspa from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUQ is high

# No power supply pin (VDD VDDO: VA, Vss, or Vgsgo) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.
LEGEND: T - Internal pullup d - Internal pulldown (Typical active pullup/pulldown value is +16 pA.)
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TMS320LF2407A, TMS320LF2406A, TMS320LF2403A, TMS320LF2402A
TMS320LC2406A, TMS320LC2404A, TMS320LC2403A, TMS320LC2402A
DSP CONTROLLERS

SPRS145L — JULY 2000 — REVISED SEPTEMBER 2007

pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
LF2407A 2406A [ LC2404A | (64-PAG)

PIN NAME (144-PGE) | (100-P2) | (100-P2) |  and DESCRIPTION
2402A
(64-PG)
EVENT MANAGER B (EVB) (CONTINUED)
T3PWM/T3CMP/IOPF2 8 7 7 Timer 3 compare output (EVB) or GPIO  (T)
T4APWM/TACMP/IOPF3 6 5 5 Timer 4 compare output (EVB) or GPIO ()
Counting direction for general-purpose (GP) timer
TDIRB/IOPF4 2 5 2 (EVB) or GPIO. If TDIRB = 1, upward counting is

selected. If TDIRB = 0, downward counting is
selected. (1)

External clock input for GP timer (EVB) or GPIO.
TCLKINB/IOPF5 126 89 89 Note that the timer can also use the internal
device clock. (1)

ANALOG-TO-DIGITAL CONVERTER (ADC)

ADCINOO 112 79 79 18 Analog input #0 to the ADC

ADCINO1 110 7 77 17 Analog input #1 to the ADC

ADCINO2 107 74 74 16 Analog input #2 to the ADC

ADCINO3 105 72 72 15 Analog input #3 to the ADC

ADCINO4 103 70 70 14 Analog input #4 to the ADC

ADCINO5 102 69 69 13 Analog input #5 to the ADC

ADCINO6 100 67 67 12 Analog input #6 to the ADC

ADCINO7 99 66 66 11 Analog input #7 to the ADC

ADCINO8 113 80 80 Analog input #8 to the ADC

ADCINO9 111 78 78 Analog input #9 to the ADC

ADCIN10 109 76 76 Analog input #10 to the ADC

ADCIN11 108 75 75 Analog input #11 to the ADC

ADCIN12 106 73 73 Analog input #12 to the ADC

ADCIN13 104 71 71 Analog input #13 to the ADC

ADCIN14 101 68 68 Analog input #14 to the ADC

ADCIN15 98 65 65 Analog input #15 to the ADC

VREFHI 115 82 82 20 ADC analog high-voltage reference input
VREELO 114 81 81 19 ADC analog low-voltage reference input
Vcca 116 83 83 21 Analog supply voltage for ADC (3.3 V)§
Vssa 117 84 84 22 Analog ground reference for ADC

t Bold, italicized pin names indicate pin function after reset.

fGpPIO - General-purpose input/output pin. All GPIOs come up as input after reset.

8itis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

f Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUO is high

# No power supply pin (VDD. VDDO: VccA. Vss. or Vsso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.
LEGEND: T - Internal pullup | - Internal pulldown (Typical active pullup/pulldown value is £16 pA.)
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TMS320LF2407A, TMS320LF2406A, TMS320LF2403A, TMS320LF2402A
TMS320LC2406A, TMS320LC2404A, TMS320LC2403A, TMS320LC2402A

DSP CONTROLLERS

SPRS145L — JULY 2000 — REVISED SEPTEMBER 2007

pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
LF2407A 2406A | LC2404A | (64-PAG)
PIN NAME (144-PGE) | (100-P2) | (100-P2) |  and DESCRIPTION
2402A
(64-PG)
CONTROLLER AREA NETWORK (CAN), SERIAL COMMUNICATIONS INTERFACE (SCl), SERIAL PERIPHERAL INTERFACE (SPI)
CANRX 70 49 - 63 CAN receive data or GPIO (LF2403A) (1)
CANRX/IOPC7
I0PC7 70 49 49 63 GPIO only (2402A) (T)
’ CANTX 72 50 - 64 CAN transmit data or GPIO (LF2403A) (T)
CANTX/IOPC6
I0OPC6 72 50 50 64 GPIO only (2402A) (1)
SCITXD/IOPAO 25 17 17 43 SCI asynchronous serial port transmit data or GPIO  (T)
SCIRXD/IOPAL 2 18 18 44 SCI asynchronous serial port receive data or or
GgPio (N
} SPICLK 35 24 24 47 SPI clock or GPIO (LF2403A) (T)
SPICLK/IOPC4
I0PC4 35 24 24 47 GPIO only (2402A) (T)
; SPISIMO 30 21 21 45 SPI slave in, master out or GPIO (LF2403A) (1)
SPISIMO/IOPC2
IOPC2 30 21 21 45 GPIO only (2402A) (T)
; SPISOMI 32 22 22 46 SPI slave out, master in or GPIO (LF2403A) (1)
SPISOMI/IOPC3
IOPC3 32 22 22 46 GPIO only (2402A) (T)
R SPISTE 33 23 23 -
SPISTE/IOPC5S SPI slave transmit-enable (optional) or GPIO  (T)
IOPC5 33 23 23 -
EXTERNAL INTERRUPTS, CLOCK
Device Reset (in) and Watchdog Reset (out).
Device reset. RS causes the device to terminate execution
and to set PC = 0. When RS is brought to a high level,
execution begins at location 0x0000 of program memory.
—_— This pin is driven low by the DSP when a watchdog reset
RS 133 93 93 28 occurs. During watchdog reset, the RS pin will be driven
low for the watchdog reset duration of 128 CLKIN cycles.
The output buffer of this pin is an open-drain with an
internal pullup (20 pA, typical). It is recommended that this
pin be driven by an open-drain device. (T)
Power drive protection interrupt input. This interrupt, when
activated, puts the PWM output pins (EVA) in the
PDPINTA 7 6 6 36 high-impedance state should motor drive/power converter

abnormalities, such as overvoltage or overcurrent, etc.,
arise. PDPINTA is a falling-edge-sensitive interrupt. (1)

1 Bold, italicized pin names

indicate pin function after reset.
tGPIO - General-purpose input/output pin. All GPIOs come up as input after reset.

8tis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy

and improve the noise immunity of the ADC.

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUQ is high
# No power supply pin (Vpp. VDDO. VEcA. Vss, or Vsso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.

LEGEND: T - Internal pullup

d - Internal pulldown

(Typical active pullup/pulldown value is +16 pA.)
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DSP CONTROLLERS
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
LF2407A 2406A | LC2404A | (64-PAG)
PIN NAME (144-PGE) | (100-P2) | (100-P2) |  and DESCRIPTION
2402A
(64-PG)
EXTERNAL INTERRUPTS, CLOCK (CONTINUED)
External user interrupt 1 or GPIO. Both XINT1 and XINT2
XINT1/I0PA2 23 16 16 are edge-sensitive. The edge polarity is
programmable. (T)
External user interrupt 2 and ADC start of conversion or
GPIO. External “start-of-conversion” input for ADC/GPIO.
XINT2/ADCSOC/IOPDO 21 15 15 42 Both XINT1 and XINT2 are edge-sensitive. The edge
polarity is programmable. (T)
Clock output or GPIO. This pin outputs either the CPU clock
(CLKOUT) or the watchdog clock (WDCLK). The selection
CLKOUT/IOPEO 73 51 51 1 is made by the CLKSRC bit (bit 14) of the system control
and status register (SCSR). This pin can be used as a GPIO
if not used as a clock output pin.  (T)
Power drive protection interrupt input. This interrupt, when
activated, puts the PWM output pins (EVB) in the
PDPINTB 137 95 95 high-impedance state should motor drive/power converter

abnormalities, such as overvoltage or overcurrent, etc.,
arise. PDPINTB is a falling-edge-sensitive interrupt.  (T)

OSCILLATOR, PLL, FLASH,

BOOT, AND MISCELLANEOUS

PLL oscillator input pin. Crystal input to PLL/clock source

XTAL1/CLKIN 123 87 87 24 input to PLL. XTAL1/CLKIN is tied to one side of a reference
crystal.
Crystal output. PLL oscillator output pin. XTAL2 is tied to
XTAL2 124 88 88 25 one side of a reference crystal. This pin goes in the
high-impedance state when EMU1/OFF is active low.
PLLVcca 12 10 10 39 PLL supply (3.3V)
IOPF6 131 92 92 General-purpose /10 (T)
Boot ROM enable, GPO, XF. This pin will be sampled as
BOOT_EN 121 86 - 23 input (BOOT_EN) to update SCSR2.3 (BOOT_EN hit)
BOOT_EN/ during reset and then driven as an output signal for XF. After
XF reset, XF is driven high. ROM devices do not have boot
XF 121 86 86 23 ROM, hence, no BOOT_EN modes. The BOOT_EN pin
must be driven with a passive circuit only. (T)
PLLF 11 9 9 38 PLL loop filter input 1

T Bold, italicized pin names indicate pin function after reset.

¥ GPIO - General-purpose input/output pin. All GPIOs come up as input after reset.

8itis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUO is high

# No power supply pin (Vpp. VDDO. VCCA. Vss. or Vss) should be left unconnected. All power supply pins must be connected appropriately for

proper device operation.
LEGEND: T - Internal pullup

! - Internal pulldown

(Typical active pullup/pulldown value is £16 pA.)
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DSP CONTROLLERS
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

PIN NAME

LF2407A
(144-PGE)

2406A
(100-PZ)

LC2404A
(100-PZ)

2403A,
LC2402A
(64-PAG)
and
2402A
(64-PG)

DESCRIPTION

OSCILLATOR, PLL,

FLASH, BO

OT, AND MIS

CELLANEOUS (CONTINUED)

PLLF2

10

8

8

37

PLL loop filter input 2

Vcep (BY)

58

40

40

60

Flash programming voltage pin. This pin must be connected to
a 5-V supply for Flash programming. The Flash cannot be
programmed if this pin is connected to GND. When not
programming the Flash (i.e., during normal device operation),
this pin can either be left connected to the 5-V supply or it can
be tied to GND. This pin must not be left floating at any time. Do
not use any current-limiting resistor in series with the 5-V supply
on this pin. This pin is a “no connect” (NC) on ROM parts (i.e.,
this pin is not connected to any circuitry internal to the device).
Connecting this pin to 5 V or leaving it open makes no difference
on ROM parts.

TP1

60

42

42

61

Test pin 1. Do not connect.

TP2

63

44

a4

62

Test pin 2. Do not connect.

BIO/IOPC1

119

85

85

Branch control input. BIO is polled by the BCND pma, BIO
instruction. If BIO is low, a branch is executed. If BIO is not used,
it should be pulled high. This pin is configured as a branch
control input by all device resets. It can be used as a GPIO, if
not used as a branch control input. (1)

EMULATION AND TEST

EMUO

90

61

61

Emulator I/O #0 with internal pullup. When TRST is driven high,
this pin is used as an interrupt to or from the emulator system
and is defined as input/output through the JTAG scan. (T)

EMU1/OFF

91

62

62

Emulator pin 1. Emulator pin 1 disables all outputs. When TRST
is driven high, EMU1/OFF is used as an interrupt to or from the
emulator system and is defined as an input/output through the
JTAG scan. When TRST is driven low, this pin is configured as
OFF. EMU1/OFF, when active low, puts all output drivers in the
high-impedance state. Note that OFF is used exclusively for
testing and emulation purposes (not for multiprocessing
applications). Therefore, for the OFF condition, the following
apply:

TRST =0

EMUO=1_

EMU1/OFF=0 (1)

TCK

135

94

94

29

JTAG test clock with internal pullup (1)

1t Bold, italicized pin names

indicate pin function after reset.

tGpio - General-purpose input/output pin. All GPIOs come up as input after reset.

8ltis highly recommended that Vcca be isolated from the digital supply voltage (and Vggpa from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

1 Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUQ is high

# No power supply pin (VDD. VDDO: VccA. Vss, or Vsg) should be left unconnected. All power supply pins must be connected appropriately
for proper device operation.

LEGEND: T - Internal pullup

| - Internal pulldown

(Typical active pullup/pulldown value is £16 pA.)
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options

T+ (Continued)

PIN NAME LF2407A

(144-PGE)

2406A
(100-PZ)

LC2404A
(100-PZ)

2403A,
LC2402A
(64-PAG)
and
2402A
(64-PG)

DESCRIPTION

EMULATION AND TEST

(CONTINUED)

TDI 139

96

96

30

JTAG test data input (TDI) with internal pullup. TDI
is clocked into the selected register (instruction or
data) on a rising edge of TCK. (T)

TDO 142

99

99

31

JTAG scan out, test data output (TDO). The
contents of the selected register (instruction or
data) is shifted out of TDO on the falling edge of
TCK. ()

T™MS 144

100

100

32

JTAG test-mode select (TMS) with internal pullup.
This serial control input is clocked into the TAP
controller on the rising edge of TCK. (1)

TMS2 36

25

25

48

JTAG test-mode select 2 (TMS2) with internal
pullup. This serial control input is clocked into the
TAP controller on the rising edge of TCK. Used for
test and emulation only. This pin can be left
unconnected in user applications. If the PLL bypass
mode is desired, TMS2, TMS, and TRST should be
held low during reset. (T)

TRST 1

33

JTAG test reset with internal pulldown. TRST, when
driven high, gives the scan system control of the
operations of the device. If this signal is not
connected or driven low, the device operates in its
functional mode, and the test reset signals are
ignored. ({)

NOTE: Do not use pullup resistors on TRST; it has
an internal pulldown device. TRST is an active high
test pin and must be maintained low at all times
during normal device operation. In a low-noise
environment, TRST may be left floating. In other
instances, an external pulldown resistor is highly
recommended. The value of this resistor should be
based on drive strength of the debugger pods
applicable to the design. A 2.2-kQ resistor generally
offers adequate protection. Since this s
application—specific, it is recommended that each
target board be validated for proper operation of the
debugger and the application. (1 {)

1 Bold, italicized pin names

indicate pin function after reset.

tGPiO - General-purpose input/output pin. All GPIOs come up as input after reset.
8itis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy

and improve the noise immunity of the ADC.

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUO is high
# No power supply pin (Vpp. VDDO. VCCA. Vss. of Vsso) should be left unconnected. All power supply pins must be connected appropriately for

proper device operation.
LEGEND: T - Internal pullup

| - Internal pulldown

(Typical active pullup/pulldown value is +16 pA.)
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

PIN NAME

LF2407A
(144-PGE)

2406A
(100-PZ)

LC2404A
(100-PZ)

2403A,
LC2402A
(64-PAG)
and
2402A
(64-PG)

DESCRIPTION

ADDRESS,

DATA, AND

MEMORY CONTROL SIGNALS

87

Data space strobe. 1S, DS, and PS are always
high unless low-level asserted for access to the
relevant external memory space or I/O. They are
placed in the high-impedance state.

82

1/0 space strobe. 1S, DS, and PS are always high
unless low-level asserted for access to the
relevant external memory space or I/O. They are
placed in the high-impedance state.T

84

Program space strobe. 1S, DS, and PS are always
high unless low-level asserted for access to the
relevant external memory space or I/O. They are
placed in the high-impedance state.

RIW

92

Read/write qualifier signal. R/W indicates transfer
direction during communication to an external
device. It is normally in read mode (high), unless
low level is_asserted for performing a write
operation. R/W is placed in the high-impedance
state.T

WIR / IOPCO

W/R

19

IOPCO

19

14

14

Write/Read qualifier or GPIO. This is an inverted
R/W signal useful for zero-wait-state memory
interface. Itis normally low, unless a memory write
operation is performed. See Table 12, Port C
section, for reset note regarding LF2406A and
LF2402A. (1)

93

Read-enable strobe. Read-select indicates an
active, external read cycle. RD is active on all
external program, data, and 1/O reads. RD is
placed in the high-impedance state.

89

Write-enable strobe. The falling edge of WE
indicates that the device is driving the external
data bus (D15-D0). WE is active on all external
program, data, and I/O writes. WE is placed in the
high-impedance state.

STRB

96

External memory access strobe. STRB is always
high unless asserted low to indicate an external
bus cycle. STRB is active for all off-chip
accesses. STRB is placed in the high-impedance
state.T

1 Bold, italicized pin names

indicate pin function after reset.

tGPIO - General-purpose input/output pin. All GPIOs come up as input after reset.

8tis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. -

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUQ is high

# No power supply pin (Vpp. VDDO. VccA. Vss, or Vsso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.

LEGEND: T - Internal pullup

{ - Internal pulldown

(Typical active pullup/pulldown value is +16 pA.)
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
LF2407A 2406A | LC2404A | (64-PAG)
PIN NAME (144-PGE) | (100-P2) | (100-PZz) |  and DESCRIPTION
2402A
(64-PG)
ADDRESS, DATA, AND MEMORY CONTROL SIGNALS (CONTINUED)
READY is pulled low to add wait states for external accesses.
READY indicates that an external device is prepared for a bus
transaction to be completed. If the device is not ready, it pulls the
READY pin low. The processor waits one cycle and checks
READY 120 READY again. Note that the processor performs
READY-detection if at least one software wait state is
programmed. To meet the external READY timing parameters,
the wait-state generator control register (WSGR) should be
programmed for at least one wait state. ()
Microprocessor/Microcomputer mode select. If this pin is low
during reset, the device is put in microcomputer mode and
_ program execution begins at 0000h of internal program memory
MP/MC 118 (Flash EEPROM). A high value during reset puts the device in
microprocessor mode and program execution begins at 0000h
of external program memory. This line sets the MP/MC bit (bit 2
in the SCSR2 register). ()
Active high to enable external interface signals. If pulled low, the
2407A behaves like the 2406A/2403A/2402A—i.e., it has no
ENA_144 122 . P
- external memory and generates an illegal address if DS is
asserted. This pin has an internal pulldown. ({)
Visibility output enable (active when data bus is output). This pin
is active (low) whenever the external data bus is driving as an
VIS_OE 97 output during visibility mode. Can be used by external decode
logic to prevent data bus contention while running in visibility
mode.
A0 80 Bit 0 of the 16-bit address bus
Al 78 Bit 1 of the 16-bit address bus
A2 74 Bit 2 of the 16-bit address bus
A3 71 Bit 3 of the 16-bit address bus
Ad 68 Bit 4 of the 16-bit address bus
A5 64 Bit 5 of the 16-bit address bus
A6 61 Bit 6 of the 16-bit address bus
A7 57 Bit 7 of the 16-bit address bus
A8 53 Bit 8 of the 16-bit address bus
A9 51 Bit 9 of the 16-bit address bus
A10 48 Bit 10 of the 16-bit address bus
All 45 Bit 11 of the 16-bit address bus

T Bold, italicized pin names

indicate pin function after reset.

tGPIO - General-purpose input/output pin. All GPIOs come up as input after reset.

8itis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. -

T only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUO is high

# No power supply pin (VDD VDDO. Vcca: Vss, or Vgso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.

LEGEND: T - Internal pullup

| - Internal pulldown

(Typical active pullup/pulldown value is +16 pA.)
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TMS320LF2407A, TMS320LF2406A, TMS320LF2403A, TMS320LF2402A
TMS320LC2406A, TMS320LC2404A, TMS320LC2403A, TMS320LC2402A
DSP CONTROLLERS

SPRS145L — JULY 2000 — REVISED SEPTEMBER 2007

pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
TRV v ol v Kt
2402A
(64-PG)
ADDRESS, DATA, AND MEMORY CONTROL SIGNALS (CONTINUED)
Al2 43 Bit 12 of the 16-bit address bus
Al13 39 Bit 13 of the 16-bit address bus
Al4d 34 Bit 14 of the 16-bit address bus
Al15 31 Bit 15 of the 16-bit address bus
DO 127 Bit O of 16-bit data bus (T)
D1 130 Bit 1 of 16-bit data bus ()
D2 132 Bit 2 of 16-bit data bus (T)
D3 134 Bit 3 of 16-bit data bus (T)
D4 136 Bit 4 of 16-bit data bus (T)
D5 138 Bit 5 of 16-bit data bus ()
D6 143 Bit 6 of 16-bit data bus (T)
D7 5 Bit 7 of 16-bit data bus (T)
D8 9 Bit 8 of 16-bit data bus (T)
D9 13 Bit 9 of 16-bit data bus ()
D10 15 Bit 10 of 16-bit data bus (1)
D11 17 Bit 11 of 16-bit data bus (1)
D12 20 Bit 12 of 16-bit data bus (T)
D13 22 Bit 13 of 16-bit data bus ()
D14 24 Bit 14 of 16-bit data bus (T)
D15 27 Bit 15 of 16-bit data bus (T)
POWER SUPPLY
29 20 20 6
Vi 50 35 35 27 o _
DD 6 59 9 56 Core supply +3.3 V. Digital logic supply voltage.
129 91 91
4 4 4 10
42 30 30 35
Vi 67 47 47 52 1/0 buffer supply +3.3 V. Digital logic and buffer supply
bDO 77 54 54 voltage.
95 64 64
141 98 98

1 Bold, italicized pin names  indicate pin function after reset.

PO - General-purpose input/output pin. All GPIOs come up as input after reset.

8ltis highly recommended that Vcca be isolated from the digital supply voltage (and Vgga from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

T Only when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUQ is high

# No power supply pin (VDD VDDO. VA, Vss, or Vgso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.
LEGEND: T - Internal pullup d - Internal pulldown (Typical active pullup/pulldown value is +16 pA.)
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pin functions (continued)

Table 2. LF240xA and LC240xA Pin List and Package Options T+ (Continued)

2403A,
LC2402A
e |z | zom | cais| 02020
2402A
(64-PG)
POWER SUPPLY (CONTINUED)
28 19 19 5
49 34 34 26
VSS# a5 58 58 55 Core ground. Digital logic ground reference.
128 90 90
3 3 3 9
41 29 29 34
66 46 46 51
Vssof 76 53 53 1/O buffer ground. Digital logic and buffer ground reference.
94 63 63
125 97 97
140

T Bold, italicized pin names indicate pin function after reset.

fGPio - General-purpose input/output pin. All GPIOs come up as input after reset.

8t is highly recommended that Ve be isolated from the digital supply voltage (and Vgspa from digital ground) to maintain the specified accuracy
and improve the noise immunity of the ADC. _

Tonly when all of the following conditions are met: EMU1/OFF is low, TRST is low, and EMUO is high

# No power supply pin (Vpp. VDDO, VccA. Vss. or Vsso) should be left unconnected. All power supply pins must be connected appropriately for
proper device operation.
LEGEND: T - Internal pullup ! - Internal pulldown (Typical active pullup/pulldown value is +16 pA.)
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DSP CONTROLLERS
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memory maps

Hex
0000

OFFF
1000

3FFF
4000

6FFF
7000

7FFF
8000

87FF
8800

FDFF
FE0O

FEFF
FF0O

FFFF

[ ]

Program Hex Data Hex 110
0000 ] 0000
Flash Sector 0 (4K) . Memory-Mapped
005E Registers/Reserved Addresses
Interrupt Vectors (0000—-003Fh 0060 ;
pt Viectors (€ ) 9209 On-Chip DARAM B2
Reserved T (0040-0043h) 0080
User code begins at 0044h 0OFF lllegal
0100 Reserved
O1FF
0200 | On-Chip DARAM (B0)8§ (CNF = 0)
e 02FF Reserved (CNF = 1)
Flash Sector 1 (12K) 83?!92 On-Chip DARAM (B1) 1
0400
% ‘é’ég Reserved
O7FE lllegal
0800 SARAM (2K) External
Internal (DON = 1)
Flash Sector 2 (12K) OFFF Reserved (DON=0)
1000
lllegal
6FFF
7000 !
Peripheral Memory-Mapped
Flash Sector 3 (4K) Registers (System, WD, ADC,
7EEE SCI, SPI, CAN, I/O, Interrupts)
SARAM (2K) 8000
Internal (PON = 1)
External (PON=0)
FEFF
FFOO0
Reserved
External FEOE
External
FFOF| Flash Control Mode Register
Reserved ¥ (CNF = 1) FF10 Reserved
External (CNF = 0) FFFE
On-Chip DARAM (B0) ¥ (CNF = 1) Wait-State_z Generator _Control
External (CNF = 0) Register (On-Chip)
FFFF FFFF

On-Chip Flash Memory (Sectored) —LMP/MC_ =0
External Program Memory - if MP/MC =1

D SARAM (See Table 1 for details.)
D Reserved or lllegal

NOTE A: Boot ROM: If the boot ROM is enabled, then addresses 0000-00FF in the program space will be occupied by boot ROM.

T Addresses 0040h-0043h in on-chip program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh—-FFFFh are mapped to the same physical block (BO) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—FEFFh are referred to as reserved when
CNF=1.

8 When CNF = 0, addresses 0100h-01FFh and 0200h-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—01FFh are referred to as reserved.

T Addresses 0300h—-03FFh and 0400h—04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h

has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Figure 1. TMS320LF2407A Memory Map
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memory maps (continued)

Hex Program Hex Data Hex 110
0000 Flash Sector 0 (4K 0000 Memory-Mapped 0000
ash Sector 0 (4K) 005F Registers/Reserved Addresses
Interrupt Vectors (0000—003Fh) 0060 On-Chip DARAM B2
Reserved T (0040-0043h) 007F
User code begins at 0044h gggg lilegal
oFFF 0100 Reserved
1000 O01FF
0200 | on-Chip DARAM (B0) 8 (CNF = 0)
02FF Reserved (CNF = 1)
Flash Sector 1 (12K) 0300 i T
OSEF On-Chip DARAM (B1)
0400 Reserved
O04FF
3FEE 0500 lllegal
4000 %ggg
SARAM (2K) lllegal
Internal (DON = 1)
Flash Sector 2 (12K) OFFF Reserved (DON = 0)
1000
lllegal
6FFF
6FFF 7000

Peripheral Memory-Mapped

7000 Registers (System, WD, ADC,
—_— Flash Sector 3 (4K) sere | SCI SPI, CAN, 1/0, Interrupts)
8000 8000
SARAM (2K)
Internal (PON =1)
Reserved (PON=0)
87FF
8800
FEFF
FFOO
lllegal FFOE Reserved
lllegal
FFOF| Flash Control Mode Register
FDFF
FEOO FF10
Reserved ¥ FFFE Reserved
FEFF
FFOO

On-Chip DARAM (BO) ¥ (CNF = 1)
External (CNF = 0)
FFFF FFFF FFFF

: On-Chip Flash Memory (Sectored) : SARAM (See Table 1 for details.)
E Reserved or lllegal

NOTE A: Boot ROM: If the boot ROM is enabled, then addresses 0000—-00FF in the program space will be occupied by boot ROM.

T Addresses 0040h-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (BO) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—-FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h—-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h-01FFh are referred to as reserved.

T Addresses 0300h-03FFh and 0400h—-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h
has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Figure 2. TMS320LF2406A Memory Map
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memory maps (continued)

Hex
0000

OFFF
1000
3FFF
4000

7FFF
8000

81FF
8200

87FF
8800

FDFF
FEOO

FEFF
FF00

FFFF

D On-Chip Flash Memory (Sectored)

has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Program

Flash Sector 0 (4K)
Interrupt Vectors (0000-003Fh)

Reserved T (0040-0043h)
User code begins at 0044h

Flash Sector 1 (12K)

Reserved

SARAM (512 words)
Internal (PON = 1)
Reserved (PON = 0)

Reserved

llegal

Reserved ¥

On-Chip DARAM (B0) ¥ (CNF = 1)
Reserved (CNF = 0)

Hex
0000

005F
0060
007F
0080
00FF
0100
01FF
0200

02FF
0300
03FF
0400
04FF
0500
07FF
0800

09FF
0A00

OFFF
1000

6FFF
7000

7FFF
8000

FFFF

Data Hex 110
Memory-Mapped 0000
Registers/Reserved Addresses
On-Chip DARAM B2
lllegal
Reserved
On-Chip DARAM (B0) § (CNF = 0)
Reserved (CNF = 1)
On-Chip DARAM (B1) T
Reserved
lllegal
SARAM (512 words) lllegal
Internal (DON = 1)
Reserved (DON = 0)
Reserved
lllegal
Peripheral Memory-Mapped
Registers (System, WD, ADC,
SCI, /O, Interrupts)
FEFF
FFOO
Reserved
FFOE
lllegal FFOF| Flash Control Mode Register
FF10
Reserved
FFFE
Reserved
FFFF

D SARAM (See Table 1 for details.)
: Reserved or lllegal

NOTE A: Boot ROM: If the boot ROM is enabled, then addresses 0000-00FF in the program space will be occupied by boot ROM.

T Addresses 0040h-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (B0O) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—01FFh are referred to as reserved.

T Addresses 0300h-03FFh and 0400h-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h

Figure 3. TMS320LF2403A Memory Map
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TMS320LF2407A, TMS320LF2406A, TMS320LF2403A, TMS320LF2402A
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memory maps (continued)

Hex Program Hex Data Hex 110
0000 Flash Sector 0 (4K) 0000 Memory-Mapped 0000
005F Registers/Reserved Addresses
Interrupt Vectors (0000—-003Fh) 0080
Reserved T (0040-0043h) 007F On-Chip DARAM B2
User code begins at 0044h 0080
OFFF 00FE lllegal
1000 Flash Sector 1 (4K) 0100
1FFF 01FF Reserved
2000 0200 | on-Chip DARAM (BO) 8 (CNF = 0)
02FF Reserved (CNF = 1)
0300 p
03EF On-Chip DARAM (B1) T
0400
Reserved 04FF Reserved
0500 lllegal
07FF
0800 SARAM (512 words) lllegal
Internal (DON = 1)
7EFF Reserved (DON = 0)
8000 SARAM (512 words) ey
Internal (PON = 1) Reserved
Reserved (PON = 0) (?LIEJ'C:)E
212'(:); lllegal
Reserved 6FFF
8833'(:)8 7000 Peripheral Memory-Mapped
Registers (System, WD, ADC,
7EEE SCI, 1/O, Interrupts)
8000
lllegal EFEEE
FFOO
Reserved
FFOE
FFOF] Flash Control Mode Register
FDFE lllegal g
FE0O FF10
Reserved — Reserved
FEFF
FFOO
On-Chip DARAM (B0) * (CNF = 1) Reserved
Reserved (CNF = 0)
FFFF FFFF FFFF

D On-Chip Flash Memory (Sectored) D SARAM (See Table 1 for details.)
: Reserved or lllegal

NOTE A: Boot ROM: If the boot ROM is enabled, then addresses 0000—-00FF in the program space will be occupied by boot ROM.

T Addresses 0040h-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (BO) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—-FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h—-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h-01FFh are referred to as reserved.

T Addresses 0300h-03FFh and 0400h—-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h
has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Figure 4. TMS320LF2402A Memory Map
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memory maps (continued)

Hex
0000

7FBF
7FCO

7FFF
8000

87FF
8800

FDFF
FE0O

FEFF
FFOO

FFFF

Program

On-Chip ROM (32K)

Interrupt Vectors (0000—003Fh)

Reserved T (0040-0043h)
User code begins at 0044h

Reserved

SARAM (2K)
Internal (PON = 1)
Reserved (PON = 0)

Reserved

Reserved ¥

On-Chip DARAM (B0) ¥ (CNF = 1)
Reserved (CNF = 0)

: On-Chip ROM

Hex
0000

005F
0060
007F
0080

00FF
0100

O1FF
0200

02FF
0300
03FF

0400
04FF
0500

07FF
0800

OFFF
1000

6FFF
7000

7FFF
8000

FFFF

Data

Memory-Mapped
Registers/Reserved Addresses

On-Chip DARAM B2

lllegal

Reserved

On-Chip DARAM (B0) § (CNF = 0)
Reserved (CNF = 1)

On-Chip DARAM (B1) T

Reserved

lllegal

SARAM (2K)
Internal (DON = 1)
Reserved (DON = 0)

lllegal

Peripheral Memory-Mapped
Registers (System, WD, ADC,
SCI, SPI, CAN, I/O, Interrupts)

lllegal

D SARAM (See Table 1 for details.)
: Reserved or lllegal

T Addresses 0040h—-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (BO) in program-memory space. For

example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h-02FFh are mapped to the same physical block (B0) in data-memory space. For example,

a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—-01FFh are referred to as reserved.

T Addresses 0300h—-03FFh and 0400h—-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h
has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Figure 5. TMS320LC2406A Memory Map
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memory maps (continued)

Hex Program Hex Data
0000 0000 Memory-Mapped
005E Registers/Reserved Addresses
On-Chip ROM (16K) 8080 On-Chip DARAM B2
0080 lllegal
Interrupt Vectors (0000-003Fh) 00FF
Reservedt (0040-0043h) 0100 Reserved
User code begins at 0044h 01FF
0200 | on-Chip DARAM (B0) 8 (CNF = 0)
S’Egg 02FF Reserved (CNF = 1)
Reserved 9290 On-Chip DARAM (B1) T
3FFF 0400 Reserved
4000 04FF
Reserved 0500 llegal
7FFF 07FF
8000 SARAM (1K) 0800 SARAM (1K)
Internal (PON = 1) Internal (DON = 1)
83FF Reserved (PON = 0) OBEE Reserved (DON = 0)
0C00
8400 lllegal
6FFF
7000
Peripheral Memory-Mapped
Registers (System, WD, ADC,
SCI, SPI, 1/O, Interrupts)
7FFF
8000
Reserved
lllegal
FDFF
FEOO
Reserved ¥
FEFF
FFOO .
On-Chip DARAM (B0) F (CNF = 1)
Reserved (CNF = 0)
FFFF FFFF

: On-Chip ROM D SARAM (See Table 1 for details.)
: Reserved or lllegal

T Addresses 0040h—-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (BO) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—-FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—-01FFh are referred to as reserved.

1 Addresses 0300h—-03FFh and 0400h—-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h
has the same effect as a write to 0300h. For simplicity, addresses 0400h—-04FFh are referred to as reserved.

Figure 6. TMS320LC2404A Memory Map
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memory maps (continued)

Hex
0000

3FBF
3FCO

3FFF
4000

7FFF
8000

81FF
8200

FDFF
FEOO

FEFF
FF00

FFFF

[ onctisrow

Program

On-chip ROM (16K)

Interrupt Vectors (0000—-003Fh)

Reserved T (0040-0043h)
User code begins at 0044h

Reserved

Reserved

SARAM (512 words)
Internal (PON = 1)
Reserved (PON = 0)

Reserved

Reserved ¥

On-Chip DARAM (B0) ¥ (CNF = 1)

Reserved (CNF = 0)

Hex
0000

005F
0060
007F
0080
00FF
0100
01FF
0200

02FF
0300
03FF
0400
04FF
0500
07FF
0800

09FF
0A00

OFFF
1000

6FFF
7000

7FFF
8000

FFFF

Data

Memory-Mapped
Registers/Reserved Addresses

On-Chip DARAM B2

lllegal

Reserved

On-Chip DARAM (BO) 8 (CNF = 0)

Reserved (CNF = 1)

On-Chip DARAM (B1) T

Reserved

lllegal

SARAM (512 words)
Internal (DON = 1)
Reserved (DON = 0)

Reserved

lllegal

Peripheral Memory-Mapped
Registers (System, WD, ADC,
SCI, I/O, Interrupts)

lllegal

E SARAM (See Table 1 for details.)
E Reserved or lllegal

T Addresses 0040n-0043h in program memory are reserved for code security passwords.
¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh—-FFFFh are mapped to the same physical block (BO) in program-memory space. For

example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h-02FFh are mapped to the same physical block (B0) in data-memory space. For example,

a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—-01FFh are referred to as reserved.

T Addresses 0300h-03FFh and 0400h-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h
has the same effect as a write to 0300h. For simplicity, addresses 0400h—04FFh are referred to as reserved.

Figure 7. TMS320LC2403A Memory Map
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memory maps (continued)

Hex
0000

17BF
17CO0
17FF

1800
7FFF
8000

87FF
8800

FDFF
FE0O

FEFF
FFOO

FFFF

Program

On-Chip ROM (6K)

Interrupt Vectors (0000-003Fh)
Reserved T (0040-0043h)
User code begins at 0044h

Reserved

Reserved

Reserved

Reserved

Reserved ¥

On-Chip DARAM (B0) ¥ (CNF = 1)
Reserved (CNF = 0)

T Addresses 0040h-0043h in program memory are reserved for code security passwords.

¥ When CNF = 1, addresses FEOOh-FEFFh and FFOOh-FFFFh are mapped to the same physical block (B0) in program-memory space. For
example, a write to FEOOh has the same effect as a write to FFOOh. For simplicity, addresses FEOOh—-FEFFh are referred to as reserved.

8 When CNF = 0, addresses 0100h-01FFh and 0200h—-02FFh are mapped to the same physical block (BO) in data-memory space. For example,
a write to 0100h has the same effect as a write to 0200h. For simplicity, addresses 0100h—01FFh are referred to as reserved.

T Addresses 0300h-03FFh and 0400h—-04FFh are mapped to the same physical block (B1) in data-memory space. For example, a write to 0400h

Hex
0000

005F
0060
007F
0080
O0OFF
0100
01FF
0200

02FF
0300
03FF
0400
04FF

0500
07FF

0800

OFFF
1000

6FFF
7000

7FFF
8000

FFFF

Data

Memory-Mapped
Registers/Reserved Addresses

On-Chip DARAM B2

lllegal

Reserved

On-Chip DARAM (B0) § (CNF = 0)

Reserved (CNF = 1)

On-Chip DARAM (B1) T

Reserved

lllegal

Reserved

lllegal

Peripheral Memory-Mapped
Registers (System, WD, ADC,
SCI, 1/O, Interrupts)

lllegal

D Reserved or lllegal

has the same effect as a write to 0300h. For simplicity, addresses 0400h—04FFh are referred to as reserved.

Figure 8. TMS320LC2402A Memory Map

28

{’? TEXAS

INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




TMS320LF2407A, TMS320LF2406A, TMS320LF2403A, TMS320LF2402A
TMS320LC2406A, TMS320LC2404A, TMS320LC2403A, TMS320LC2402A

DSP CONTROLLERS

SPRS145L — JULY 2000 — REVISED SEPTEMBER 2007

peripheral memory map of the 2407A/2406A

Reserved

/
// Interrupt-Mask Register
/ Reserved
/ )
/ Interrupt Flag Register
// Emulation Registers
Vs and Reserved
Hex -
0000 _ i
Memory-Mapped Registers P ~
and Reserved - / llegal
005F
0060 On-Chio DARAM B2 / System Configuration and
007F P / Control Registers
0080 lleqal /
€ga / Watchdog Timer Registers
00FF /
0100
Reserved / lllegal
01FF / SPI
0200 / scl
On-Chip DARAM B0 /
02FF / lllegal
gzglo: On-Chip DARAM B1 // External-Interrupt Registers
A lllegal
0400 Reserved / 9
04FF // Digital /0 Control Registers
0500
lllegal / ADC Control Registers
O7FF " I
0800 SARAM (2K) / coa
OFFF CAN Control Registers
1000 /
lllegal lllegal
6FFF
7000 Peripheral Frame 1 (PF1) CAN Mailbox
;igg = lllegal
Peripheral Frame 2 (PF2) T~
;ﬁig S~ Event Manager — EVA
74FF lllegal \ General-Purpose
7800 \ Timer Registers
Peripheral Frame 3 (PF3) ANERN Compare, PWM, and
;gzg llegal \\ \\ Deadband Registers
;;Eg \\ N\ Capture and QEP Registers
77E3 Code Security Passwords \ \\ \\ Interrupt Mask, Vector and
77F4 I \ ANERN Flag Registers
TTFF \ \\ \ llegal
7800 \ \
7EFF lllegal \ \
8000 External T \\ Event Manager - EVB
FFFF General-Purpose
o \ Timer Registers
“lllegal” indicates that access to \ Compare. PWM. and
lllegal these addresses causes a \ D dpb d R ',t
nonmaskable interrupt (NMI). \ eadband ReqIsiers
Capture and QEP Registers
Reserved “Reserved” indicates addresses that \ Interrupt Mask, Vector, and
are reserved for test. \ Flag Registers
\

1 Available in LF2407A only

Reserved

Hex

0000
0003
0004

0005

0006
0007

005F

7000-700F

7010-701F

7020-702F

7030-703F
7040-704F
7050-705F
7060-706F
7070-707F
7080-708F
7090-709F
70A0-70BF
70C0O-70FF
7100-710E
710F-71FF
7200-722F
7230-73FF

7400-7408

7411-7419
7420-7429

742C-7431

7432-743F

7500-7508

7511-7519
7520-7529

752C-7531

7532-753F
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device reset and interrupts

The TMS320x240xA software-programmable interrupt structure supports flexible on-chip and external interrupt
configurations to meet real-time interrupt-driven application requirements. The LF240xA recognizes three types
of interrupt sources.

® Reset (hardware- or software-initiated) is unarbitrated by the CPU and takes immediate priority over any
other executing functions. All maskable interrupts are disabled until the reset service routine enables them.

The LF240xA devices have two sources of reset: an external reset pin and a watchdog timer time-out
(reset).

® Hardware-generated interrupts  are requested by external pins or by on-chip peripherals. There are two
types:

External interrupts are generated by one of four external pins corresponding to the interrupts XINTZ1,
XINT2, PDPINTA, and PDPINTB. These four can be masked both by dedicated enable bits and by the
CPU interrupt mask register (IMR), which can mask each maskable interrupt line at the DSP core.

Peripheral interrupts are initiated internally by these on-chip peripheral modules: event manager A,
event manager B, SPI, SCI, CAN, and ADC. They can be masked both by enable bits for each eventin
each peripheral and by the CPU IMR, which can mask each maskable interrupt line at the DSP core.

® Software-generated interrupts  for the LF240xA devices include:

The INTR instruction. This instruction allows initialization of any LF240xA interrupt with software. Its
operand indicates the interrupt vector location to which the CPU branches. This instruction globally
disables maskable interrupts (sets the INTM bit to 1).

The NMI instruction. This instruction forces a branch to interrupt vector location 24h. This instruction
globally disables maskable interrupts. 240xA devices do not have the NMI hardware signal, only
software activation is provided.

The TRAP instruction. This instruction forces the CPU to branch to interrupt vector location 22h. The
TRAP instruction does not disable maskable interrupts (INTM is not set to 1); therefore, when the CPU
branches to the interrupt service routine, that routine can be interrupted by the maskable hardware
interrupts.

An emulator trap. This interrupt can be generated with either an INTR instruction or a TRAP instruction.

Six core interrupts (INT1-INT6) are expanded using a peripheral interrupt expansion (PIE) module identical to
the F24x devices. The PIE manages all the peripheral interrupts from the 240xA peripherals and are grouped to
share the six core level interrupts. Figure 9 shows the PIE block diagram for hardware-generated interrupts.

The PIE block diagram (Figure 9) and the interrupt table (Table 3) explain the grouping and interrupt vector
maps. LF240xA devices have interrupts identical to those of the F24x devices and should be completely
code-compatible. 240xA devices also have peripheral interrupts identical to those of the F24x — plus additional
interrupts for new peripherals such as event manager B. Though the new interrupts share the 24x interrupt
grouping, they all have a unique vector to differentiate among the interrupts. See Table 3 for details.
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device reset and interrupts (continued)

] 1
PIE IMR

<:> IFR

PDPINTA

PDPINTB

ADCINT
XINT1

XINT2
Level 1

IRQ GEN

SPIINT
RXINT
TXINT

CANMBINT
CANERINT

CMP1INT
CMP2INT
CMP3INT
CMPA4INT
CMPSINT
CMPGINT

T1PINT

T1CINT
TIUFINT
T1OFINT

T3PINT

T3CINT
T3UFINT
T3OFINT

T2PINT
T2CINT
T2UFINT
T20FINT
TAPINT
TACINT
TAUFINT
T4AOFINT

— INT1

Yy Y Y VYYVYVYVYYYY

— INT2

Level 2
IRQ GEN

CPU

YyYY YY Y Y Y Y YYYYYY

— INT3

Level 3
IRQ GEN

Yy YY YY Y YY

CAPLINT
CAP2INT

CAP3INT
CAPA4INT

CAPSINT
CAPGINT

SPIINT
RXINT
TXINT

CANMBINT
CANERINT

ADCINT
XINT1

— INT4

Level 4
IRQ GEN

Yy YYYVY VYY

Level 5 " INT5
IRQ GEN

Yy YvYyYVvYY

— INT6

Level 6
IRQ GEN

A 20 2 4

XINT2 — IACK

PIVR & Logic
PIRQR# -

PIACK# ;>

]

Data Bus Addr Bus
|:| Indicates change with respect to the TMS320F243/F241/C242 data sheets.

C> Interrupts from external interrupt pins. The remaining interrupts are internal to the peripherals.

Figure 9. Peripheral Interrupt Expansion (PIE) Module Block Diagram for Hardware-Generated Interrupts
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interrupt request structure

Table 3. LF240xA/LC240xA Interrupt Source Priority and Vectors

CPU
BIT PERIPHERAL
INTERRUPT | OVERALL INTiT\IRDUPT POSITION IN INTERRUPT | MASK- PESROI;JI-ITI;EAL DESCRIPTION
NAME PRIORITY PIRQRx AND VECTOR ABLE?
VECTOR PIACKRxX PIV) MODULE
ADDRESS
RSN RS pin, Reset from pin, watchdog
Reset 1 0000h N/A N Watchdog | timeout
Reserved 2 0026h N/A N CPU Emulator trap
NMI Nonmaskable | Nonmaskable interrupt,
NMI 3 0024h N/A N Interrupt software interrupt only
PDPINTA 0.0 0020h Y EVA Power device protection
PDPINTB 5 2.0 0019h Y EVB interrupt pins
ADCINT 6 0.1 0004h Y ADC ADC interrupt in
high-priority mode
XINT1 7 0.2 0001h % External -
Interrupt Logic | External interrupt pins in high
riorit
XINT2 8 03 0011h Y External | priofty
Interrupt Logic
INT1
SPIINT 9 0002h 0.4 0005h Y SPI SPl interrupt pins in high priority
RXINT 10 05 0006h Y scl SCl receiver interrupt in
high-priority mode
TXINT 1 06 0007h Y scl SCI transmitter interrupt in
high-priority mode
CANMBINT 12 07 0040 Y CAN CAN mailbox in high-priority
mode
CANERINT 13 0.8 0041 Y CAN CAN error interrupt in
high-priority mode
CMPLINT 14 0.9 0021h Y EVA Compare 1 interrupt
CMP2INT 15 0.10 0022h Y EVA Compare 2 interrupt
CMP3INT 16 0.11 0023h Y EVA Compare 3 interrupt
T1PINT 17 0.12 0027h Y EVA Timer 1 period interrupt
INT2
T1CINT 18 0004h 0.13 0028h Y EVA Timer 1 compare interrupt
T1UFINT 19 0.14 0029h Y EVA Timer 1 underflow interrupt
T1OFINT 20 0.15 002Ah Y EVA Timer 1 overflow interrupt
CMP4INT 21 2.1 0024h Y EVB Compare 4 interrupt
CMPS5INT 22 2.2 0025h Y EVB Compare 5 interrupt
CMP6INT 23 2.3 0026h Y EVB Compare 6 interrupt
T3PINT 24 2.4 002Fh Y EVB Timer 3 period interrupt
T3CINT 25 2.5 0030h Y EVB Timer 3 compare interrupt
T3UFINT 26 2.6 0031h Y EVB Timer 3 underflow interrupt
T3OFINT 27 2.7 0032h Y EVB Timer 3 overflow interrupt

T See the TMS320LF/LC240xA DSP Controllers Reference Guide: System and Peripherals (literature number SPRU357) for more information.
NOTE: Some interrupts may not be available in a particular device due to the absence of a peripheral. See Table 1 for more details.

New peripheral interrupts and vectors with respect to the F243/F241 devices.
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interrupt request structure (continued)
Table 3. LF240xA/LC240xA Interrupt Source Priority and Vectors (Continued)

CPU

BIT PERIPHERAL
INTERRUPT | OVERALL INTEAIT\IRDUPT POSITION IN INTERRUPT | MASK- PESRCIJSI-ITI;:IEAL DESCRIPTION
NAME PRIORITY PIRQRx AND VECTOR ABLE?
VECTOR PIACKR PIV MODULE
ADDRESS X (PIV)
T2PINT 28 1.0 002Bh Y EVA Timer 2 period interrupt
T2CINT 29 11 002Ch Y EVA Timer 2 compare interrupt
T2UFINT 30 1.2 002Dh Y EVA Timer 2 underflow interrupt
T20FINT 31 INT3 1.3 002Eh Y EVA Timer 2 overflow interrupt
T4PINT 32 0006h 2.8 003%h Y EVB Timer 4 period interrupt
TACINT 33 2.9 003Ah Y EVB Timer 4 compare interrupt
TAUFINT 34 2.10 003Bh Y EVB Timer 4 underflow interrupt
TAOFINT 35 211 003Ch Y EVB Timer 4 overflow interrupt
CAP1LINT 36 14 0033h Y EVA Capture 1 interrupt
CAP2INT 37 15 0034h Y EVA Capture 2 interrupt
CAPS3INT 38 INT4 1.6 0035h Y EVA Capture 3 interrupt
CAP4INT 39 0008h 2.12 0036h Y EVB Capture 4 interrupt
CAPSINT 40 2.13 0037h Y EVB Capture 5 interrupt
CAPGINT 41 2.14 0038h Y EVB Capture 6 interrupt
SPIINT 42 1.7 0005h Y SPI SPI interrupt (low priority)
RXINT 43 18 0006h Y scl SCI receiver interrupt
(low-priority mode)
TXINT 44 INT5 1.9 0007h Y scl ﬁocvl\/_tr?;fitn;'t;f;g:frru'ot
000AN prory ™
CANMBINT 45 1.10 0040h Y CAN CAN mailbox interrupt
(low-priority mode)
CANERINT 46 111 0041h % CAN CAN error interrupt
(low-priority mode)
ADCINT 47 1.12 0004h % ADC ADC interrupt
(low priority)
XINTL 48 INT6 1.13 0001h Y External -
000Ch Interrupt Logic | External interrupt pins
low-priority mode
XINT2 49 1.14 0011h Y External | (low-priority mode)
Interrupt Logic
Reserved 000Eh N/A Y CPU Analysis interrupt
TRAP N/A 0022h N/A N/A CPU TRAP instruction
Phantom
Interrupt N/A N/A 0000h N/A CPU Phantom interrupt vector
Vector
INT8-INT16 N/A 0010h-0020h N/A N/A CPU @ +
Software interrupt vectors
INT20-INT31 N/A 00028h—0003Fh N/A N/A CPU P

T See the TMS320LF/LC240xA DSP Controllers Reference Guide: System and Peripherals (literature number SPRU357) for more information.
NOTE: Some interrupts may not be available in a particular device due to the absence of a peripheral. See Table 1 for more details.

New peripheral interrupts and vectors with respect to the F243/F241 devices.
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DSP CPU core

The TMS320x240xA devices use an advanced Harvard-type architecture that maximizes processing power by
maintaining two separate memory bus structures — program and data — for full-speed execution. This multiple
bus structure allows data and instructions to be read simultaneously. Instructions support data transfers
between program memory and data memory. This architecture permits coefficients that are stored in program
memory to be read in RAM, thereby eliminating the need for a separate coefficient ROM. This, coupled with a
four-deep pipeline, allows the LF240xA/LC240xA devices to execute most instructions in a single cycle. See
the functional block diagram of the 240xA DSP CPU for more information.

TMS320x240xA instruction set

The x240xA microprocessor implements a comprehensive instruction set that supports both numeric-intensive
signal-processing operations and general-purpose applications, such as multiprocessing and high-speed
control.

For maximum throughput, the next instruction is prefetched while the current one is being executed. Because
the same data lines are used to communicate to external data, program, or I/O space, the number of cycles an
instruction requires to execute varies, depending upon whether the next data operand fetch is from internal or
external memory. Highest throughput is achieved by maintaining data memory on chip and using either internal
or fast external program memory.

addressing modes

The TMS320x240xA instruction set provides four basic memory-addressing modes: direct, indirect, immediate,
and register.

In direct addressing, the instruction word contains the lower seven bits of the data memory address. This field
is concatenated with the nine bits of the data memory page pointer (DP) to form the 16-bit data memory address.
Therefore, in the direct-addressing mode, data memory is paged effectively with a total of 512 pages, with each
page containing 128 words.

Indirect addressing accesses data memory through the auxiliary registers. In this addressing mode, the address
of the instruction operand is contained in the currently selected auxiliary register. Eight auxiliary registers
(ARO-AR7) provide flexible and powerful indirect addressing. To select a specific auxiliary register, the auxiliary
register pointer (ARP) is loaded with a value from 0 to 7 for ARO through AR7, respectively.

scan-based emulation

TMS320x2xx devices incorporate scan-based emulation logic for code-development and hardware-
development support. Scan-based emulation allows the emulator to control the processor in the system without
the use of intrusive cables to the full pinout of the device. The scan-based emulator communicates with the x2xx
by way of the IEEE 1149.1-compatible (JTAG) interface. The x240xA DSPs do not include boundary scan. The
scan chain of these devices is useful for emulation function only.
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functional block diagram of the 2407A DSP CPU

Program Bus
[
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oS ‘ ‘
ﬁ‘ _+ Yy {
MUX
RIW €4— —— XTALL
STRB 4—] —» cLkouT
READY —p—] < XTAL2 NPAR

A

EAR I MSTACK MUX

Data Bus
Program Bus

Control

;

Y Stack8 x16 [ |

.
MP/MC — 4 T —
XINT[1-2]

2

FLASH EEPROM/
A ROM Program Control
1% (PCTRL)
AL5-A0 < <
16 < 16
J T > —
—1
16 > —
A 16
=
D15-DO0 < - - IS} \ Y
¢ >
16 Data Bus
16 16
8 16
@ 16
] 3 9 7 16
g LSB 16 16
ARO(16) from
DP(9) IR
AR1(16) | (9) | v 16 X
AR2(16) " U
ARP(3 > 16
OB o AR3(16) 0
3 AR4(16)
1 4
AR5(16) TREGO(16)
ARB(3) ARG(16)
AR7(16) Y Multiplier
3

I'scaLe 0-16) ] PrREG(32)

16 32

y
| PSCALE (-6, 0,1, 4)|

32 32

16

4

A

v
| ARAU(16) | MUX
| CALU(32)
16 32
Memory Map \ 4 \ 4
Eag Register -
MUX MUX
IMR (16) \T/ \T/ )
A\ 4
IFR (16)
Data/Prog Data 0
GREG (16) DARAM DARAM | c|AccH@e) | AccLie) | 3
BO (256 x 16) B2 (32 x 16) 32 E
B1 (256 x 16) v 2
|OSCALE (0-7) I o
16
A 16 16
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NOTES: A. See Table 4 for symbol descriptions.
B. For clarity, the data and program buses are shown as single buses although they include address and data bits.
C. See the TMS320F/C24x DSP Controllers Reference Guide: CPU and Instruction Set (literature number SPRU160) for CPU
instruction set information.
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240xA legend for the internal hardware

Table 4. Legend for the 240xA DSP CPU Internal Hardware

SYMBOL NAME DESCRIPTION
ACC Accumulator 32-bit register tha_t's_tores the results and provides input for subsequent CALU operations. Also includes shift
and rotate capabilities
Auxiliary Register | An unsigned, 16-bit arithmetic unit used to calculate indirect addresses using the auxiliary registers as inputs
ARAU . ) )
Arithmetic Unit and outputs
AUX Auxiliary Registers These 16-bit registers are used as pointers to anywher.e' within Fhe dat_a space address range. They are
operated upon by the ARAU and are selected by the auxiliary register pointer (ARP). ARO can also be used
REGS 0-7 -
as an index value for AR updates of more than one and as a compare value to AR.
Register carry output from CALU. C is fed back into the CALU for extended arithmetic operation. The C bit
C Carry resides in status register 1 (ST1), and can be tested in conditional instructions. C is also used in accumulator
shifts and rotates.
Central Arithmetic 32-bit-wide main arithmetic logic unit for the TMS320C2xx core. The CALU executes 32-bit operations in a
CALU . . single machine cycle. CALU operates on data coming from ISCALE or PSCALE with data from ACC, and
Logic Unit .
provides status results to PCTRL.
If the on-chip RAM configuration control bit (CNF) is set to 0, the reconfigurable data dual-access RAM
) (DARAM) block B0 is mapped to data space; otherwise, BO is mapped to program space. Blocks B1 and B2
DARAM Dual-Access RAM are mapped to data memory space only, at addresses 0300—-03FF and 0060-007F, respectively. Blocks O
and 1 contain 256 words, while block 2 contains 32 words.
DP Data Memory The 9-bit DP register is concatenated with the seven least significant bits (LSBs) of an instruction word to
Page Pointer form a direct memory address of 16 bits. DP can be modified by the LST and LDP instructions.
Global _Memory GREG specifies the size of the global data memory space. Since the global memory space is not used in
GREG Allocation . . . :
: the 240xA devices, this register is reserved.
Register
IMR Inter_rupt Mask IMR individually masks or enables the six core-level interrupts.
Register
IFR Interrupt Flag The 6-bit IFR indicates that the TMS320Lx240xA has latched an interrupt from one of the six maskable
Register interrupts.
INT# Interrupt Traps A total of 32 interrupts by way of hardware and/or software are available.
Input Data-Scaling | 16- to 32-bit barrel left-shifter. ISCALE shifts incoming 16-bit data 0 to16 positions left, relative to the 32-bit
ISCALE . s . . . . : .
Shifter output within the fetch cycle; therefore, no cycle overhead is required for input scaling operations.
L 16 x 16-bit multiplier to a 32-bit product. MPY executes multiplication in a single cycle. MPY operates either
MPY Multiplier . . . . .
signed or unsigned 2s-complement arithmetic multiply.
MSTACK Micro Stack MSTACK prowdgs tempo.rary storage for the addres; of the next |n.struct|on to be fetched when program
address-generation logic is used to generate sequential addresses in data space.
MUX Multiplexer Multiplexes buses to a common input
Next Program . .
NPAR ext Progra . NPAR holds the program address to be driven out on the PAB in the next cycle.
Address Register
Output 16- to 32-bit barrel left-shifter. OSCALE shifts the 32-bit accumulator output O to 7 bits left for quantization
OSCALE Data-Scaling management and outputs either the 16-bit high- or low-half of the shifted 32-bit data to the data-write data
Shifter bus (DWEB).
PAR Program Address | PAR holds the address currently being driven on PAB for as many cycles as it takes to complete all memory
Register operations scheduled for the current bus cycle.
PC increments the value from NPAR to provide sequential addresses for instruction-fetching and sequential
PC Program Counter .
data-transfer operations.
Program . . Lo o .
PCTRL Controller PCTRL decodes instruction, manages the pipeline, stores status, and decodes conditional operations.
‘Ui TEXAS
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240xA legend for the internal hardware (continued)

Table 4. Legend for the 240xA DSP CPU Internal Hardware (Continued)

SYMBOL NAME DESCRIPTION
PREG Product Register 32-bit register holds results of 16 x 16 multiply
0-, 1-, or 4-bit left shift, or 6-bit right shift of multiplier product. The left-shift options are used to manage the
Product-Scalin additional sign bits resulting from the 2s-complement multiply. The right-shift option is used to scale down
PSCALE Shifter 9 the number to manage overflow of product accumulation in the CALU. PSCALE resides in the path from the
32-bit product shifter and from either the CALU or the data-write data bus (DWEB), and requires no cycle
overhead.
STACK Stack STACK is a block of memory used for storing return addresses for subroutines and interrupt-service
routines, or for storing data. The C2xx stack is 16 bits wide and 8 levels deep.
TREG Temporary 16-bit register holds one of the operands for the multiply operations. TREG holds the dynamic shift count
Register for the LACT, ADDT, and SUBT instructions. TREG holds the dynamic bit position for the BITT instruction.

status and control registers

Two status registers, STO and ST1, contain the status of various conditions and modes. These registers can
be stored into data memory and loaded from data memory, thus allowing the status of the machine to be saved
and restored for subroutines.

The load status register (LST) instruction is used to write to STO and ST1. The store status register (SST)
instruction is used to read from STO and ST1 — except for the INTM bit, which is not affected by the LST
instruction. The individual bits of these registers can be set or cleared when using the SETC and CLRC
instructions. Figure 10 shows the organization of status registers STO and ST1, indicating all status bits
contained in each. Several bits in the status registers are reserved and are read as logic 1s. Table 5 lists status
register field definitions.

15

13 12 11 10 9 8 0

[ sto0 |

ARP | ov [oww | 1 [iNnTm | DP

15

13 12 11 10 9 8 7 6 5 4 3 2 1 0

[ st |

ARB [ene [ te Jsxm | ¢ [ 2 [ 12 |2 [ 2 [ x| 12 [ 1] pwm

Figure 10. Organization of Status Registers STO and ST1

Table 5. Status Register Field Definitions

FIELD

FUNCTION

ARB

Auxiliary register pointer buffer. When the ARP is loaded into STO, the old ARP value is copied to the ARB except during an LST
instruction. When the ARB is loaded by way of an LST #1 instruction, the same value is also copied to the ARP.

ARP

Auxiliary register (AR) pointer. ARP selects the AR to be used in indirect addressing. When the ARP is loaded, the old ARP value
is copied to the ARB register. ARP can be modified by memory-reference instructions when using indirect addressing, and by the
LARP, MAR, and LST instructions. The ARP is also loaded with the same value as ARB when an LST #1 instruction is executed.

Carry hit. C is set to 1 if the result of an addition generates a carry, or reset to 0 if the result of a subtraction generates a borrow.
Otherwise, C is reset after an addition or set after a subtraction, except if the instruction is ADD or SUB with a 16-bit shift. In these
cases, ADD can only set and SUB can only reset the carry bit, but cannot affect it otherwise. The single-bit shift and rotate
instructions also affect C, as well as the SETC, CLRC, and LST #1 instructions. Branch instructions have been provided to branch
on the status of C. C is setto 1 on a reset.

CNF

On-chip RAM configuration control bit. If CNF is set to 0, the reconfigurable data dual-access RAM blocks are mapped to data
space; otherwise, they are mapped to program space. The CNF can be modified by the SETC CNF, CLRC CNF, and LST #1
instructions. RS sets the CNF to 0.
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status and control registers (continued)

Table 5. Status Register Field Definitions (Continued)

FIELD FUNCTION

DP

Data memory page pointer. The 9-bit DP register is concatenated with the 7 LSBs of an instruction word to form a direct memory
address of 16 bits. DP can be modified by the LST and LDP instructions.

INTM

Interrupt mode bit. When INTM is set to 0, all unmasked interrupts are enabled. When set to 1, all maskable interrupts are disabled.
INTM is set and reset by the SETC INTM and CLRC INTM instructions. RS also sets INTM. INTM has no effect on the unmaskable
RS and NMI interrupts. Note that INTM is unaffected by the LST instruction. This bit is set to 1 by reset. It is also set to 1 when
a maskable interrupt trap is taken.

ov

Overflow flag bit. As a latched overflow signal, OV is set to 1 when overflow occurs in the arithmetic logic unit (ALU). Once an
overflow occurs, the OV remains set until a reset, BCND/D on OV/NQV, or LST instruction clears OV.

OovVM

Overflow mode bit. When OVM is set to 0, overflowed results overflow normally in the accumulator. When set to 1, the accumulator
is set to either its most positive or negative value upon encountering an overflow. The SETC and CLRC instructions set and reset
this bit, respectively. LST can also be used to modify the OVM.

PM

Product shift mode. If these two bits are 00, the multiplier’s 32-bit product is loaded into the ALU with no shift. If PM = 01, the PREG
output is left-shifted one place and loaded into the ALU, with the LSB zero-filled. If PM = 10, the PREG output is left-shifted by 4 bits
and loaded into the ALU, with the LSBs zero-filled. PM = 11 produces a right shift of 6 bits, sign-extended. Note that the PREG
contents remain unchanged. The shift takes place when transferring the contents of the PREG to the ALU. PM is loaded by the
SPM and LST #1 instructions. PM is cleared by RS.

SXM

Sign-extension mode bit. SXM = 1 produces sign extension on data as it is passed into the accumulator through the scaling shifter.
SXM = 0 suppresses sign extension. SXM does not affect the definitions of certain instructions; for example, the ADDS instruction
suppresses sign extension regardless of SXM. SXM is set by the SETC SXM instruction and reset by the CLRC SXM instruction
and can be loaded by the LST #1 instruction. SXM is set to 1 by reset.

TC

Test/control flag bit. TC is affected by the BIT, BITT, CMPR, LST #1, and NORM instructions. TC is set to a 1 if a bit tested by BIT
or BITT is a 1, if a compare condition tested by CMPR exists between AR (ARP) and ARQO, if the exclusive-OR function of the 2 most
significant bits (MSBs) of the accumulator is true when tested by a NORM instruction. The conditional branch, call, and return
instructions can execute based on the condition of TC.

XF

XF pin status bit. XF indicates the state of the XF pin, a general-purpose output pin. XF is set by the SETC XF instruction and reset
by the CLRC XF instruction. XF is set to 1 by reset.

central processing unit

The TMS320x240xA central processing unit (CPU) contains a 16-bit scaling shifter, a 16 x 16-bit parallel
multiplier, a 32-bit central arithmetic logic unit (CALU), a 32-bit accumulator, and additional shifters at the
outputs of both the accumulator and the multiplier. This section describes the CPU components and their
functions. The functional block diagram shows the components of the CPU.

input scaling shifter

The TMS320x240xA provides a scaling shifter with a 16-bit input connected to the data bus and a 32-bit output
connected to the CALU. This shifter operates as part of the path of data coming from program or data space
to the CALU and requires no cycle overhead. It is used to align the 16-bit data coming from memory to the 32-bit
CALU. This is necessary for scaling arithmetic as well as aligning masks for logical operations.

The scaling shifter produces a left shift of 0 to 16 on the input data. The LSBs of the output are filled with zeros;
the MSBs can either be filled with zeros or sign-extended, depending upon the value of the SXM bit
(sign-extension mode) of status register ST1. The shift count is specified by a constant embedded in the
instruction word or by a value in TREG. The shift count in the instruction allows for specific scaling or alignment
operations specific to that point in the code. The TREG base shift allows the scaling factor to be adaptable to
the system’s performance.
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multiplier

The TMS320x240xA devices use a 16 x 16-bit hardware multiplier that is capable of computing a signed or an
unsigned 32-bit product in a single machine cycle. All multiply instructions, except the MPYU (multiply unsigned)
instruction, perform a signed multiply operation. That is, two numbers being multiplied are treated as
2s-complement numbers, and the result is a 32-hit 2s-complement number. There are two registers associated
with the multiplier, as follow:

® 16-bit temporary register (TREG) that holds one of the operands for the multiplier
® 32-bit product register (PREG) that holds the product

Four product-shift modes (PM) are available at the PREG output (PSCALE). These shift modes are useful for
performing multiply/accumulate operations, performing fractional arithmetic, or justifying fractional products.
The PM field of status register ST1 specifies the PM shift mode, as shown in Table 6.

Table 6. PSCALE Product-Shift Modes

PM SHIFT DESCRIPTION
00 No shift Product feed to CALU or data bus with no shift
01 Left 1 Removes the extra sign bit generated in a 2s-complement multiply to produce a Q31 product
Removes the extra 4 sign bits generated in a 16x13 2s-complement multiply to a produce a Q31 product when
10 Left 4 ; - )
using the multiply-by-a-13-bit constant
11 Right 6 Scales the product to allow up to 128 product accumulation without the possibility of accumulator overflow

The product can be shifted one bit to compensate for the extra sign bit gained in multiplying two 16-bit
2s-complement numbers (MPY instruction). A four-bit shift is used in conjunction with the MPY instruction with
a short immediate value (13 bits or less) to eliminate the four extra sign bits gained in multiplying a 16-bit number
by a 13-bit number. Finally, the output of PREG can be right-shifted 6 bits to enable the execution of up to
128 consecutive multiply/accumulates without the possibility of overflow.

The LT (load TREG) instruction normally loads TREG to provide one operand (from the data bus), and the MPY
(multiply) instruction provides the second operand (also from the data bus). A multiplication also can be
performed with a 13-bit immediate operand when using the MPY instruction. Then, a product is obtained every
two cycles. When the code is executing multiple multiplies and product sums, the CPU supports the pipelining
of the TREG load operations with CALU operations using the previous product. The pipeline operations that
run in parallel with loading the TREG include: load ACC with PREG (LTP); add PREG to ACC (LTA); add PREG
to ACC and shift TREG input data (DMOV) to next address in data memory (LTD); and subtract PREG from ACC
(LTS).

Two multiply/accumulate instructions (MAC and MACD) fully utilize the computational bandwidth of the
multiplier, allowing both operands to be processed simultaneously. The data for these operations can be
transferred to the multiplier each cycle by way of the program and data buses. This facilitates single-cycle
multiply/accumulates when used with the repeat (RPT) instruction. In these instructions, the coefficient
addresses are generated by program address generation (PAGEN) logic, while the data addresses are
generated by data address generation (DAGEN) logic. This allows the repeated instruction to access the values
from the coefficient table sequentially and step through the data in any of the indirect addressing modes.

The MACD instruction, when repeated, supports filter constructs (weighted running averages) so that as the
sum-of-products is executed, the sample data is shifted in memory to make room for the next sample and to
throw away the oldest sample.
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multiplier (continued)

The MPYU instruction performs an unsigned multiplication, which greatly facilitates extended-precision
arithmetic operations. The unsigned contents of TREG are multiplied by the unsigned contents of the addressed
data memory location, with the result placed in PREG. This process allows the operands of greater than 16 bits
to be broken down into 16-bit words and processed separately to generate products of greater than 32 bits. The
SQRA (square/add) and SQRS (square/subtract) instructions pass the same value to both inputs of the
multiplier for squaring a data memory value.

After the multiplication of two 16-bit numbers, the 32-bit product is loaded into the 32-bit product register
(PREG). The product from PREG can be transferred to the CALU or to data memory by way of the SPH (store
product high) and SPL (store product low) instructions. Note: the transfer of PREG to either the CALU or data
bus passes through the PSCALE shifter, and therefore is affected by the product shift mode defined by PM. This
is important when saving PREG in an interrupt-service-routine context save as the PSCALE shift effects cannot
be modeled in the restore operation. PREG can be cleared by executing the MPY #0 instruction. The product
register can be restored by loading the saved low half into TREG and executing a MPY #1 instruction. The high
half, then, is loaded using the LPH instruction.

central arithmetic logic unit

The TMS320x240xA central arithmetic logic unit (CALU) implements a wide range of arithmetic and logical
functions, the majority of which execute in a single clock cycle. This ALU is referred to as central to differentiate
it from a second ALU used for indirect-address generation called the auxiliary register arithmetic unit (ARAU).
Once an operation is performed in the CALU, the result is transferred to the accumulator (ACC) where additional
operations, such as shifting, can occur. Data that is input to the CALU can be scaled by ISCALE when coming
from one of the data buses (DRDB or PRDB) or scaled by PSCALE when coming from the multiplier.

The CALU is a general-purpose ALU that operates on 16-bit words taken from data memory or derived from
immediate instructions. In addition to the usual arithmetic instructions, the CALU can perform Boolean
operations, facilitating the bit-manipulation ability required for a high-speed controller. One input to the CALU
is always provided from the accumulator, and the other input can be provided from the product register (PREG)
of the multiplier or the output of the scaling shifter (that has been read from data memory or from the ACC). After
the CALU has performed the arithmetic or logical operation, the result is stored in the accumulator.

The TMS320x240xA devices support floating-point operations for applications requiring a large dynamic range.
The NORM (normalization) instruction is used to normalize fixed-point numbers contained in the accumulator
by performing left shifts. The four bits of the TREG define a variable shift through the scaling shifter for the
LACT/ADDT/SUBT (load/add to/subtract from accumulator with shift specified by TREG) instructions. These
instructions are useful in floating-point arithmetic where a number needs to be denormalized — that is,
floating-point to fixed-point conversion. They are also useful in the execution of an automatic gain control (AGC)
going into a filter. The BITT (bit test) instruction provides testing of a single bit of a word in data memory based
on the value contained in the four LSBs of TREG.

The CALU overflow saturation mode can be enabled/disabled by setting/resetting the OVM bit of STO. When
the CALU is in the overflow saturation mode and an overflow occurs, the overflow flag is set and the accumulator
is loaded with either the most positive or the most negative value representable in the accumulator, depending
on the direction of the overflow. The value of the accumulator at saturation is 07FFFFFFFh (positive) or
080000000h (negative). If the OVM (overflow mode) status register bit is reset and an overflow occurs, the
overflowed results are loaded into the accumulator with modification. (Note that logical operations cannot result
in overflow.)

The CALU can execute a variety of branch instructions that depend on the status of the CALU and the
accumulator. These instructions can be executed conditionally based on any meaningful combination of these
status bits. For overflow management, these conditions include OV (branch on overflow) and EQ (branch on
accumulator equal to zero). In addition, the BACC (branch to address in accumulator) instruction provides the
ability to branch to an address specified by the accumulator (computed goto). Bit test instructions (BIT and
BITT), which do not affect the accumulator, allow the testing of a specified bit of a word in data memory.
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central arithmetic logic unit (continued)

The CALU also has an associated carry bit that is set or reset depending on various operations within the device.
The carry bit allows more efficient computation of extended-precision products and additions or subtractions.
It is also useful in overflow management. The carry bit is affected by most arithmetic instructions as well as the
single-bit shift and rotate instructions. It is not affected by loading the accumulator, logical operations, or other
such non-arithmetic or control instructions.

The ADDC (add to accumulator with carry) and SUBB (subtract from accumulator with borrow) instructions use
the previous value of carry in their addition/subtraction operation.

The one exception to the operation of the carry bit is in the use of ADD with a shift count of 16 (add to high
accumulator) and SUB with a shift count of 16 (subtract from high accumulator) instructions. This case of the
ADD instruction can set the carry bit only if a carry is generated, and this case of the SUB instruction can reset
the carry bit only if a borrow is generated; otherwise, neither instruction affects it.

Two conditional operands, C and NC, are provided for branching, calling, returning, and conditionally executing,
based upon the status of the carry bit. The SETC, CLRC, and LST #1 instructions also can be used to load the
carry bit. The carry bit is set to one on a hardware reset.

accumulator

The 32-bit accumulator is the registered ou