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SGUS027 — APRIL 1998

® Military Operating Temperature Range
—55°C to 125°C; QML Processing

® High-Performance Floating-Point Digital
Signal Processor (DSP)
SMQ320C32-50 (5 V)
— 40-ns Instruction Cycle Time
— 275 MOPS
— 50 MFLOPS
— 25 MIPS
® 32-Bit High-Performance CPU
® 16-/32-Bit Integer and 32-/40-Bit
Floating-Point Operations
® 32-Bit Instruction Word, 24-Bit Addresses
® Two 256 x 32-Bit Single-Cycle, Dual-Access
On-Chip RAM Blocks
® Flexible Boot-Program Loader
® On-Chip Memory-Mapped Peripherals:
— One Serial Port
— Two 32-Bit Timers
— Two-Channel Direct Memory Access
(DMA) Coprocessor With Configurable
Priorities
® Enhanced External Memory Interface That
Supports 8-/16-/32-Bit-Wide External RAM
for Data Access and Program Execution
From 16-/32-Bit-Wide External RAM

® SMJ320C30 and SMJ320C31 Object Code
Compatible

® F[abricated Using 0.7- um Enhanced
Performance Implanted CMOS (EPIC [)
Technology by Texas Instruments

® 144-Pin Plastic Quad Flat Package
(PCM Suffix) 5V

description

Eight Extended-Precision Registers
Two Address Generators With Eight
Auxiliary Registers and Two Auxiliary
Register Arithmetic Units (ARAUS)

Two Low-Power Modes
Two- and Three-Operand Instructions

Parallel Arithmetic Logic Unit (ALU) and
Multiplier Execution in a Single Cycle

Block-Repeat Capability

Zero-Overhead Loops With Single-Cycle
Branches

Conditional Calls and Returns

Interlocked Instructions for
Multiprocessing Support

One External Pin, PRGW, That Configures
the External-Program-Memory Width to
16 or 32 Bits

Two Sets of Memory Strobes (STRBO and
STRB1) and One |/O Strobe (IOSTRB )
Allow Zero-Glue Logic Interface to Two
Banks of Memory and One Bank of External
Peripherals

Separate Bus-Control Registers for Each

Strobe-Control Wait-State Generation,
External Memory Width, and Data Type Size

STRBO and STRB1 Memory Strobes Handle
8-, 16-, or 32-Bit External Data Accesses
(Reads and Writes)

Multiprocessor Support Through the HOLD
and HOLDA Signals Is Valid for All Strobes

The SMQ320C32 is a member of the '320C3x generation of digital signal processors from Texas Instruments.
The SMQ320C32 is an enhanced 32-bit floating-point processor manufactured in 0.7-um triple-level-metal
CMOS technology. The enhancements to the '320C3x architecture include a variable-width external-memory
interface, faster instruction cycle time, power-down modes, two-channel DMA coprocessor with configurable
priorities, flexible boot loader, relocatable interrupt-vector table, and edge- or level-triggered interrupts.

The internal busing and special digital signal processing instruction set of the SMQ320C32 have the speed and
flexibility to execute up to 50 million floating-point operations per second (MFLOPS). The SMQ320C32
optimizes speed by implementing functions in hardware that other processors implement through software or
microcode. This hardware-intensive approach provides performance previously unavailable on a single chip.

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.

EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include

testing of all parameters. @ TEXAS
INSTRUMENTS

Copyright 0 1998, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.
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Pin Assignments

PIN PIN PIN PIN PIN
NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME
1 DRO 30 Al7 59 DVpp 88 IVss 117 RDY
2 DVpp 31 Al6 60 D31 89 D11 118 IVss
3 FSRO 32 Al5 61 D30 90 DVpp 119 IOSTRB
4 CLKRO 33 Al4 62 D29 91 D10 120 STRBO_B3/A_1
5 CLKXO0 34 Al3 63 D28 92 CVss 121 STRBO_B2/A_»
6 FSX0 35 CVss 64 D27 93 DVssg 122 STRBO_B1
7 DX0 36 DVss 65 D26 94 VssL 123 STRBO_BO
8 IVss 37 NC 66 IVss 95 VssL 124 VpDL
9 SHZ 38 Al2 67 D25 96 D9 125 VpDL
10 TCLKO 39 DVpp 68 DVpp 97 D8 126 STRB1_B3/A_;
11 TCLK1 40 All 69 D24 98 D7 127 VssL
12 DVpD 41 Al0 70 D23 99 D6 128 STRB1_B2/A_
13 EMU3 42 A9 71 D22 100 D5 129 DVpp
14 EMUO 43 A8 72 NC 101 D4 130 STRB1_B1
15 VDDL 44 A7 73 CVss 102 DVpp 131 STRB1_BO
16 VDpDL 45 A6 74 DVssg 103 D3 132 R/W
17 EMU1 46 DVpp 75 D21 104 D2 133 PRGW
18 EMU2 47 A5 76 D20 105 D1 134 RESET
19 VssL 48 A4 77 D19 106 DO 135 CVss
20 MCBL/MP 49 A3 78 D18 107 H1 136 DVssg
21 CVsg 50 VDDL 79 DVpp 108 H3 137 XFO
22 DVss 51 VDDL 80 D17 109 NC 138 XF1
23 A23 52 A2 81 D16 110 VsuBs 139 IACK
24 A22 53 CVsgs 82 D15 111 CVgs 140 INTO
25 A21 54 DVss 83 D14 112 DVss 141 INTL
26 A20 55 Al 84 D13 113 CLKIN 142 INT2
27 Al19 56 VssL 85 VppL 114 HOLDA 143 INT3
28 Al8 57 VssL 86 VppL 115 HOLD 144 NC
29 DVpp 58 A0 87 D12 116 DVpp

J@ TEXAS
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pin functions

This section provides signal descriptions for the SMQ320C32 device. The following table lists each signal
(grouped by function), the number of pins, operating modes, and a brief signal description.

Pin Functions

CONDITIONS
oI WHEN

+
TYPE DESCRIPTION SIGNAL IS

NAME NO. IN HIGH Z*

EXTERNAL BUS INTERFACE (70 PINS)
D31-DO0 32 1/0/Z | 32-bit data port of the external bus interface S H R
A23-A0 24 O/Z | 24-bit address port of the external bus interface S H R

Read/write for external memory interface. R/Wis high when aread is performed
and low when a write is performed over the parallel interface.

R/W 1 0/z

IOSTRB 1 O/z External peripheral I/O strobe for the external memory interface S H

External memory-access strobe 0, byte enable 3 for 32-bit external memory

STRBO_B3/A_1 L o/z interface and address pin for 8-bit and 16-bit external memory interface

External memory-access strobe 0, byte enable 2 for 32-bit external memory

STRBO_B2/A_2 L o/z interface and address pin for 8-bit external memory interface

External memory-access strobe 0, byte enable 1 for the external memory

STRBO B1 1 0O/z .
- interface

External memory-access strobe 0, byte enable 0 for the external memory

STRBO_BO 1 0o/z .
- interface

External memory-access strobe 1, byte enable 3 for 32-bit external memory

STRB1_B3/A_1 L o/z interface and address pin for 8-bit and 16-bit external memory interface

External memory-access strobe 1, byte enable 2 for 32-bit external memory

STRB1_B2/A_2 1 o/z interface and address pin for 8-bit external memory interface

External memory-access strobe 1, byte enable 1 for the external memory

STRB1 B1 1 0O/z .
- interface

External memory-access strobe 1, byte enable 0 for the external memory

STRB1_BO 1 (oY V4 .
- interface

Ready. RDY indicates that the external device is prepared for an external memory

RDY 1 : interface transaction to complete.

Hold signal for external memory interface. When HOLD is a logic low, any ongoing
transaction is completed. A23-A0, D31-DO0, IOSTRB, STRBO_Bx, STRB1_Bx,
HOLD 1 | and R/W are placed in the high-impedance state, and all transactions over the
external memory interface are held until HOLD becomes a logic high or the
NOHOLD bit of the STRBO bus-control register is set.

Hold acknowledge for external memory interface. HOLDA is generated in
response to a logic low on HOLD. HOLDA indicates that A23—-A0, D31-DO,
IOSTRB, STRBO_Bx, STRB1_BX, and R/W are in the high-impedance state and
that all transactions over the memory are held. HOLDA is high in response to a
logic high of HOLD or when the NOHOLD bit of the external bus-control register
is set.

HOLDA 1 O/z

Program memory width select. When PRGW is a logic low, program is fetched as
a single 32-bit word. When PRGW is a logic high, two 16-bit program fetches are
performed to fetch a single 32-bit instruction word. The status of PRGW at device
reset affects the reset value of the STRBO and STRB1 bus-control register.

PRGW 1 |

T1=input, O = output, Z = high-impedance state
¥ S ='SHZ active, H = HOLD active, R = RESET active
8 Recommended decoupling capacitor is 0.1 pF.

{’f TeEXAS
INSTRUMENTS

4 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



SMQ320C32
DIGITAL SIGNAL PROCESSOR

SGUS027 — APRIL 1998

Pin Functions (Continued)

CONDITIONS
PIN WHEN
+
TYPE DESCRIPTION SIGNAL IS
NAME NO. IN HIGH zE
CONTROL SIGNALS (9 PINS)
Reset. When RESET is a logic low, the device is in the reset condition. When
RESET 1 | RESET becomes a logic high, execution begins from the location specified by the
reset vector.
INT3—INTO 4 | External interrupts
CONTROL SIGNALS (9 PINS) (CONTINUED)
—_— Interrupt acknowledge. IACK is set to a logic high by the IACK instruction. This
IACK 1 0/z . S o . . } S
signal can be used to indicate the beginning or end of an interrupt-service routine.
MCBL/MP 1 | Microcomputer boot loader/microprocessor mode
XF1—XFO 5 1/0/2 External flags. XF1 anq XFO are used as general-purpose |/ Os or used to support S R
interlocked-processor instructions.
SERIAL PORT SIGNALS (6 PINS)
CLKXO 1 1/0/2 Serial port 0 transmit clock. CLKXO is the serial shift clock for the serial port 0 S R
transmitter.
DX0 1 1/0/Z | Data transmit output. Serial port O transmits serial data on DXO. S R
FSX0 1 1/0/2 Frame-_synchromzanon pulse for transmit. The FSXO0 pulse initiates the s R
transmit-data process over DXO.
CLKRO 1 1/0/Z Serlgl port O receive clock. CLKRO is the serial shift clock for the serial port O S R
receiver.
DRO 1 1/0/Z | Data receive. Serial port 0 receives serial data on DRO. S R
FSRO 1 1/0/2 Frame—synchronlzatlon pulse for receive. The FSRO pulse initiates the S R
receive-data process over DRO.
TIMER SIGNALS (2 PINS)
Timer clock 0. As an input, TCLKO is used by timer 0 to count external pulses. As
TCLKO 1 110/z an output, TCLKO outputs pulses generated by timer 0. S R
Timer clock 1. As an input, TCLK1 is used by timer 1 to count external pulses. As
TCLKL L 110/z an output, TCLK1 outputs pulses generated by timer 1. S R
CLOCK SIGNALS (3 PINS)
CLKIN | Input to the internal oscillator from an external clock source
H1 o/z External H1 clock. H1 has a period equal to twice CLKIN. S
H3 0o/z External H3 clock. H3 has a period equal to twice CLKIN. S
RESERVED (5 PINS)
EMUO-EMU2 3 | Reserved for emulation. Use 18 kQ—22 kQ pullup resistors to 5 V.
EMU3 O/Z | Reserved for emulation S
Shutdown high impedance. When active, SHZ shuts down the 'C32 and places
all 3-state I/O pinsin the high-impedance state. SHZ is used for board-level testing
SHZ 1 | to ensure that no dual drive conditions occur. CAUTION: A low on SHZ corrupts

'C32 memory and register contents. Reset the device with SHZ high to restore it
to a known operating condition.

T1=input, O = output, Z = high-impedance state
1S ='SHZ active, H = HOLD active, R = RESET active
§ Recommended decoupling capacitor is 0.1 pF.
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Pin Functions (Continued)

CONDITIONS
PIN TYPEt DESCRIPTION Slévlil-fli\lls
NAME NO. IN HIGH zt
POWER/GROUND
CVss 7 | Ground
DVss 7 | Ground
IVsg 4 | Ground
DVpp 12 I 5 Ve supply8
VpDL 8 | 5 Ve supply8
VssL 6 | Ground
VsuBs 1 | Substrate, tie to ground

E input, O = output, Z = high-impedance state
1S = SHZ active, H = HOLD active, R = RESET active
8 Recommended decoupling capacitor is 0.1 pF.
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functional block diagram
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operation

Operation of the SMQ320C32 is identical to the '320C30 and '320C31 digital signal processors, with the
exception of an enhanced external memory interface and the addition of two CPU power-management modes.

external memory interface

The SMQ320C32 has a configurable external memory interface with a 24-bit address bus, a 32-bit data bus,
and three independent multi-function strobes. The flexibility of this unique interface enables product designers
to minimize external memory-chip count.

‘9 TeEXAS
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external memory interface (continued)

Up to three mutually exclusive memory areas—one program area and two data areas—can be implemented.
Each memory area configuration is independent of the physical memory width and independent of the other
memory areas configurations. See Figure 1.

r—————————————————— b
| | 8-/16-/32-Bit Data in
| C32 | STREO 8-/16-/32-Bit-Wide Memory
I I 32-Bit Program in 16-/32-Bit-
I Wide Memory
| |
32-Bit .
| cPU PRGW Pin | 8-/16-/32-Bit Data in
I ¢ I S 8-/16-/32-Bit-Wide Memory
o >
| | 32-Bit Program in 16-/32-Bit-
> Wide Memor
I Strobe- Memory —}—0 4
| Control Interface |
ontro > 32-Bit Data in 32-Bit-Wide
| Registers | - M
| | IOSTRB emory
| | 32-Bit Program in 32-Bit-
L _! Wide Memory

Figure 1. 'C32 External Memory Interface

The SMQ320C32 external memory configuration is controlled by a combination of hardware configuration and
memory-mapped control registers and can be reconfigured dynamically. The signals that control external
memory configuration are the PRGW, STRBO0, STRB1, and IOSTRB. The signals work as follows:

® The SMQ320C32 is a 32-bit microprocessor, that is, the CPU operates on 32-bit program words. The
external memory interface provides the capability of fetching instructions as either 32-bit words or two 16-bit
half words from consecutive addresses. Program memory width is 16 bits if the PRGW signal is high,
32 hits if the PRGW signal is low.

® STRBO and STRBL1 are sets of control signals, four signals each, that are mapped to specific ranges of
external memory addresses. When an address within one of these ranges is accessed by a read or write
instruction (CPU or DMA), the corresponding set of control signals is activated. Figure 8 illustrates the
SMQ320C32 memory map, showing the address ranges for which the strobe signals become active.

The behavior of the STRBO and STRB1 control signals is determined by the contents of the STRB0O and STRB1
control registers.

The STRBO and STRBL1 control registers each have a field that specifies the physical memory width (8, 16, or
32 bits) of the external memory address ranges they control. Another field specifies the data width (8, 16, or
32 hits) of the data contained in those addresses. The values in these fields are not required to match. For
example, a 32-bit-wide physical memory space can be configured to segment each 32-bit word into four
consecutive 8-bit locations, each having its own address.

Each control signal set has two pins (STRBx_B2/A_» and STRBx_B3/A_1) that can act as either byte-enable
(chip-select) pins or address pins, and two dedicated byte-enable (chip-select) pins (STRBx_BO and
STRBx_B1). The pins’ functions are determined by the physical memory width specified in the corresponding
control register:

{’? TeEXAS
INSTRUMENTS
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external memory interface (continued)

® For 8-bit-wide physical memory, the STRBx_B2/A_» and STRBx_B3/A_1 pins function as address pins
(least significant address bits) and the STRBx_BO pin functions as a byte-enable (chip-select) pin.

STRBx_B1 is unused.

See Figure 2.
8-Bit Data Bus
8
8
Data
Al4
] A13
8 A12 A14  Data
N
%
- | . 5
Al A3 £
AO A2 =
STRBO_BS/A_l/ A0 cS

STRBO_B2/A_»
STRBO_B1

STRBO_BO

— NC

Figure 2. 'C32 With 8-Bit-Wide External Memory

® [or 16-bit-wide physical memory, the STRBx_B3/A_1 pin functions as an address pin (least significant
address bits). The STRBx_BO and STRBx_B1 pins function as byte-enable (chip-select) pins.

STRBx_B2/A_5 is unused. See Figure 3.

16-Bit Data Bus

16
Data

N

3

S Al4d

™ Al3

%)

>

|_ .
A2
Al
A0

STRBO_B3/A_1

STRBO_B2/A_2}- NC

8
fa
) S
A3 =
(]
A2 =
Al
AO P~
CS

STRBO_B1

8

2

' £

A3 £

A2 =
AL

AO —

CS

STRBO_BO

Figure 3. 'C32 With 16-Bit-Wide External Memory
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external memory interface (continued)

® For 32-bit-wide physical memory, all STRBO and STRB1 pins function as byte-enable (chip-select) pins.
See Figure 4.

32-Bit Data Bus

32
8 8 8 8
Data
N
™
S
% Ald Al4 Data Al4 Data Al4 Data Al4d Data
n
s Al3 Al3 - Al3 - Al13 > Al13 >
= : : IS : IS : I} : o]
. . 1= . 1= . £ . IS
[} [] (] [
A2 A2 = A2 = A2 = A2 =
Al Al Al Al Al
A0 A0 & A0 & A0 & A0 E
STRBO_B3/A_1
STRBO B2/A_»
STRBO_B1
STRBO_BO

Figure 4. 'C32 With 32-Bit-Wide External Memory

For more detailed information and examples, see TMS320C32 Addendum to the TMS320C3x User’s Guide

(literature number SPRU132B) and Interfacing Memory to the SMQ320C32 DSP Application Report (literature

number SPRA040).

® The IOSTRB control signal, like STRBO and STRBL1, is also mapped to a specific range of addresses but
itis a single signal that can access only 32-bit data from 32-bit-wide memory. Its range of addresses appears
in Figure 8, the SMQ320C32’s memory map. The IOSTRB bus timing is different from the STRBO and
STRB1 bus timings to accommodate slower 1/O peripherals.

examples

Figure 5 and Figure 6 show examples of external memory configurations that can be implemented using the
SMQ320C32’s external memory interface. The first example has a 32-bit-wide external memory with 8- and
16-bit data areas and a 32-bit program area.

10
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examples (continued)

32-Bit-Wide Memory

(1 [1 1 ] I
= B = 8-Bit Data Ll—l 8-Bit Data LlJ 8-Bit Data Ll—l 8-Bit Data B
] ]
] 320C32 ] ] 32-Bit Program ]
] ] L] _ _ [ ]
16-Bit Data 16-Bit Data
O 0 O . o

H NN

= 1
- 1 8 1 ¢

32-Bit-Wide Data Bus

Figure 5. 'C32 With 32-Bit-Wide External Memory Configured With 8- and 16-Bit Data Areas and 32-Bit
Program Memory

Figure 6 shows a configuration that can be implemented with a 16-bit external memory. Note that 32-bit data
and program words can be stored and retrieved as half words.

16-Bit-Wide Memory

(1 (1 (1 [1 [
O] u O] 8-Bit Data Ll—l 8-Bit Data ]
[] ] [] ]
] 320C32 ] ] 32-Bit Program ]
= = U 16-Bit Data -
] 0 O M H
H NN

‘A,

16-Bit-Wide Data Bus

Figure 6. 'C32 With 16-Bit-Wide External Memory Configured With 8- and 16-Bit Data Areas and a 32-Bit
Program Area
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examples (continued)

Figure 7 shows one possible configuration that can be implemented with 8-bit external memory. Program words,
which are 32-bit, cannot be executed from 8-bit-wide memory.

Annnon 8-Bit-Wide Memory

L ] L] ]
2 - - 8-Bit Data -
] 320C32 ] ] | ]
] ] L] 16-Bit Data ]
L ] L] ]

0 0

8-Bit-Wide Data Bus

Figure 7. 'C32 With 8-Bit-Wide External Memory Configured With 8- and 16-Bit Data Areas
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memory map

Figure 8 depicts the memory map for the SMQ320C32. See the TMS320C32 Addendum to the TMS320C3x
User’s Guide (literature number SPRU132B) for a detailed description of this memory mapping.

Oh

7FFFFFh
800000h

807FFFh
808000h

8097FFh
809800h

80FFFFh
810000h

82FFFFh
830000h

87FDFFh
87FEOOh

87FEFFh
87FF00h

87FFFFh
880000h

8FFFFFh
900000h

FFFFFFh

Reset-Vector Location

External Memory
STRBO Active
(8.192M Words)

Reserved
(32K Words)

Peripheral-Bus
Memory-Mapped Registers
(6K-Word Internal)

Reserved
(26K Words)

External Memory
IOSTRB Active (128K)
(128K Words)

Reserved
(314.5K Words)

RAM Block 0
(256-Word Internal)

RAM Block 1
(256-Word Internal)

External Memory
STRBO Active

(512K Words)

External Memory
STRB1 Active
(7.168M Words)

Microprocessor Mode

Figure 8. SMQ320C32 Memory Map

Oh

FFFh
1000h

1001h

7FFFFFh
800000h

807FFFh
808000h

8097FFh
809800h

80FFFFh
810000h

810001h

82FFFFh
830000h

87FDFFh
87FEOOh

87FEFFh
87FF00h

87FFFFh
880000h

8FFFFFh
900000h

900001h

FFFFFFh

Reserved for
Boot-Loader Operations

External Memory

STRBO Active
(8.188M Words)

Reserved
(32K Words)

Peripheral-Bus
Memory-Mapped Registers
(6K-Word Internal)

Reserved
(26K Words)

External Memory
IOSTRB Active (128K)
(128K Words)

Reserved
(319.5K Words)

Internal Memory
RAM Block 0 (256-Word Internal)

Internal Memory
RAM Block 1 (256-Word Internal)

External Memory
STRBO Active
(512K Words)

Boot 3

External Memory
STRBL1 Active
(7.168M Words)

Microcomputer/Boot-Loader Mode

J@ TEXAS

INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443

13



SMQ320C32
DIGITAL SIGNAL PROCESSOR

SGUS027 — APRIL 1998

power management

The SMQ320C32 CPU has two power-management modes, IDLE2 and LOPOWER (low power). In IDLE2
mode, no instructions are executed and the CPU, peripherals, and memory retain their previous state while the
external bus output pins are idle. During IDLE2 mode, the H1 clock signal is held high while the H3 clock signal
is held low until one of the four external interrupts is asserted. In the LOPOWER mode, the CPU continues to
execute instructions and the DMA continues to perform transfers, but at a reduced clock rate of the CLKIN
frequency divided by 16 (that is, SMQ320C32 with a 32-MHz CLKIN frequency performs the same as a 2-MHz
SMQ320C32 with an instruction cycle time of 1000 ns or 1 MHz.

boot loader

The SMQ320C32 flexible boot loader loads programs from the serial port, EPROM, or other standard
non-volatile memory device. The boot-loader functionality of the SMQ320C32 is equivalent to that of the
'320C31, and has added modes to handle the data-type sizes and memory widths supported by the external
memory interface. The memory-boot load supports data transfers with and without handshaking. The
handshake mode allows synchronous transfer of programs by using two pins as data-acknowledge and
data-ready signals.

peripherals

The SMQ320C32 peripherals are comprised of one serial port, two timers, and two DMA channels. The serial
port and timers are functionally identical to those in the '320C31 peripherals. The SMQ320C32 two-channel
DMA coprocessor has user-configurable priorities: CPU, DMA, or rotating between CPU and DMA.

{’P TeEXAS
INSTRUMENTS
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peripherals (continued)

Figure 9 shows the SMQ320C32’s peripheral-bus control-register mapping.

808000h

808004h

808006h

808008h

808009h

808010h

808014h

808016h

808018h

808020h

808024h

808028h

808030h

808034h

808038h

808040h

808042h
808043h
808044h
808045h
808046h

808048h

80804Ch
808050h

80805Fh
808060h

808064h

808068h
808069h

8097FFh

Figure 9. Peripheral-Bus Memory-Mapped Registers

DMA 0 Global Control

DMA 0 Source Address

DMA 0 Destination Address

DMA 0 Transfer Counter

DMA 1 Global Control

DMA 1 Source Address

DMA 1 Destination Address

DMA 1 Transfer Counter

Timer 0 Global Control

Timer O Counter

Timer O Period

Timer 1 Global Control

Timer 1 Counter

Timer 1 Period Register

Serial Port Global Control

FSX/DX/CLKX Port Control

FSR/DR/CLKR Port Control

R/X Timer Control

R/X Timer Counter

R/X Timer Period

Data Transmit

Data Receive

Reserved

I0STRB-Bus Control

STRBO-Bus Control

STRB1-Bus Control

Reserved

‘v’r‘ TeEXAS
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interrupts

To reduce external logic and simplify the interface, the external interrupts can be either edge- or level-triggered.
Unlike the fixed interrupt-trap vector-table location of the '320C30 and '320C31 devices, the SMQ320C32 has
auser-relocatable interrupt-trap vector table. The interrupt-trap vector table must start on a 256-word boundary.
The interrupt and trap vector locations memory mapping is illustrated in Figure 10. The reset vector is fixed to
address Oh as shown in Figure 8.

EA (ITTP) + 00h Reserved
EA (ITTP) + 01h INTO
EA (ITTP) + 02h INT1
EA (ITTP) + 03h INT2
EA (ITTP) + 04h INT3
EA (ITTP) + 05h XINTO
EA (ITTP) + 06h RINTO
EA (ITTP) + 07h Reserved
EA (ITTP) + 08h Reserved
EA (ITTP) + 09h TINTO
EA (ITTP) + OAh TINT1
EA (ITTP) + 0Bh DINTO
EA (ITTP) + OCh DINT1

EA (ITTP) + 0Dh

Reserved
EA (ITTP) + 1Fh
EA (ITTP) + 20h TRAPO
EA (ITTP) + 3Bh TRAP27
EA (ITTP) + 3Ch TRAP28
EA (ITTP) + 3Dh TRAP29
EA (ITTP) + 3Eh TRAP30
EA (ITTP) + 3Fh TRAP31

Figure 10. Reset, Interrupt, and Trap Vector/Branches Memory-Map Locations
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absolute maximum ratings over specified temperature ranges (unless otherwise noted) T

Supply voltage range, Vo (SEe NOtE 1) ..ottt e -03Vto7V
INPUE VOITAGE TaNGE . .ottt e e e e e e e e e -03Vto7V
Output voltage range, Vo ..ot e -03Vto7V
Continuous power dissipation (See NOte 2) ... ... ot 1.95W
Operating free-air teMPerature, TA ..o vttt e e —55°C to 125°C
Storage temperature, Tstg ........................................................ —55°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to Vgs.

2. Thisvalue calculated for the 'C32-40. Actual operating power is less. This value was obtained under specially produced worst-case
test conditions which are not sustained during normal device operation. These conditions consist of continuous parallel writes of
a checkerboard pattern to the external bus at the maximum rate possible. See normal (Ipp) current specification in the electrical
characteristics table and see the Calculation of TMS320C30 Power Dissipation Application Report (literature number SPRA020).

recommended operating conditions (see Note 3)

MIN  Nom¥ MAX UNIT
Vpp  Supply voltage (DVpp, VDDL) 4.75 5 5.25 \
Vss  Supply voltage (CVss, VssL. IVss, DVss, VsuBs) 0 \
_ , CLKIN 2.6 Vpp + 0.3* %
VIH High-level input voltage -
All other inputs 2 Vpp + 0.3* \Y
ViL Low-level input voltage -0.3* 0.8 \
IOH High-level output current —300 pA
loL Low-level output current 2 mA
TA Operating free-air temperature -55 125 °C

* All nominal values are at Vpp =5V, Tp = 25°C.
* This parameter is not production tested.
NOTE 3: Allinput and output voltage levels are TTL compatible.

J@ TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443 17



SMQ320C32
DIGITAL SIGNAL PROCESSOR

SGUS027 — APRIL 1998

electric%I characteristics over recommended ranges of supply voltage (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN  NOM  MAX | UNIT
VOH High-level output voltage Vpp = MIN, loH = MAX 2.4 3 \
VoL Low-level output voltage Vpp = MIN, loL = MAX 0.3 0.8 \Y
loz High-impedance state output current Vpp = MAX -20 20 pA
I Input current V| =Vggto Vpp -10 10 HA
fy=50MHzE | TA=22°C. VDD =MAX, 200 425| mA
DD Supply current (see Note 4) fx = MAX
Standby IDLE2, CLKIN shut off 50 MA
CLKIN 25
Ci Input capacitance A|| other 15+ pF
inputs
Co Output capacitance 20* pF

T All nominal values are at Vpp = 5 V, Tp = 25°C.

t fx is the input clock frequency.

* This parameter is not production tested.

NOTE 4: Actual operating current is less than this maximum value (see Note 2).

PARAMETER MEASUREMENT INFORMATION

I
|
\
\
) } Output
Tester Pin V0 oad Under
Electronics } Test
|
|
\
1
Where: gL = 2 mA (all outputs)
loy = 300 pA (all outputs)
Vioad = Selected to emulate 50-Q termination (typical value = 1.54 V)
Cr = 80-pF typical load-circuit capacitance

Figure 11. Test Load Circuit
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PARAMETER MEASUREMENT INFORMATION (CONTINUED)

signal-transition levels

TTL-level outputs are driven to a minimum logic-high level of 2.4 V and to a maximum logic-low level of 0.6 V.
Output transition times are specified in the following paragraph.

For a high-to-low transition on a TTL-compatible output signal, the level at which the output is said to be no
longer high is 2 V and the level at which the output is said to be low is 1 V. For a low-to-high transition, the level
at which the output is said to be no longer low is 1 V and the level at which the output is said to be high is 2 V
(see Figure 12).

Figure 12. TTL-Level Outputs

Transition times for TTL-compatible inputs are specified as follows. For a high-to-low transition on an input
signal, the level at which the input is said to be no longer high is 2 V and the level at which the input is said to
be low is 0.8 V. For a low-to-high transition on an input signal, the level at which the input is said to be no longer
low is 0.8 V and the level at which the input is said to be high is 2 V (see Figure 13).

—————————— 2V

0.8V

Figure 13. TTL-Level Inputs
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PARAMETER MEASUREMENT INFORMATION (CONTINUED)

timing parameter symbology

Timing parameter symbols used in this document are in accordance with JEDEC Standard 100-A. Unless
otherwise noted, in order to shorten the symbols, pin names and other related terminology have been
abbreviated as follows:

A23-A0 when the physical-memory-width-bit field of the STRBx control register is set to 32 bits

A23—-A0 and STRBx_B3/A_1 when the physical-memory-width-bit field of the STRBx control register is
A set to 16 bits

A23-A0, STRBx_B3/A_; and STRBx_B2/A_p when the physical-memory-width-bit field of the STRBx

control register is set to 8 bits

Cl  CLKIN
RDY RDY

D D(31-0)
H H1, H3
IOS 10STRB
P tC(H)

Q e
RW R/W

STRBx_B(3-0) when the physical-memory-width-bit field of the STRBx control register is set to 32 bits
S STRBx_B(1-0) when the physical-memory-width-bit field of the STRBx control register is set to 16 bits
STRBx_BO0 when the physical-memory-width-bit field of the STRBx control register is set to 8 bits

XF  XFO or XF1

{’P TeEXAS
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timings for CLKIN [Q =t ¢(cy)] (see Figure 14)

TEST
NO. CONDITIONS MIN  MAX | UNIT
1 |tsen’ Fall time, CLKIN 55| ns
2 tW(C”_)T Pulse duration, CLKIN low Q =min 7 ns
3 |t Pulse duration, CLKIN high Q =min 8t ns
4 |tept Rise time, CLKIN 5¢ ns
5 |teen’ Cycle time, CLKIN 20 303| ns
T Minimum CLKIN high-pulse duration at 3.3 MHz is 10 ns.
* This parameter is not production tested.
« 5o
} 4—» le— |
e
CLKIN } ‘
\ \
\ \ \ |
\ | &3
[ 2 M

Figure 14. CLKIN Timing

switching characteristics for H1 and H3 over recommended operating conditions (unless

otherwise noted) (see Figure 15)
NO. PARAMETER COI\-erEI'SI';rONS MIN  MAX [ UNIT
6 tf(H) Fall time, H1/H3 3 ns
7 tw(HL) Pulse duration, H1/H3 low Q-5 ns
8 tw(HH) Pulse duration, H1/H3 high Q-6 ns
9 tr(H) Rise time, H1/H3 3 ns
9.1 |tg(HL-HH) Delay time, H1/H3 low to H1/H3 high 0* 4 ns
10 Jte(h) Cycle time, H1/H3 40 606 ns

*

This parameter is not production tested.
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switching characteristics for H1 and H3 (see Figure 15) (continued)

10

N 9

_”l‘_g —D}‘H—G

N

"l

\

H1 }/l 8 ) \ /
\
\

—N‘ — 9.1 \ !
| SN
s\ /_\_
| DI
A
4 10 >

Figure 15. H1/H3 Timing
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memory-read-cycle and memory-write-cycle timing (STRBx ) (see Figure 16 and Figure 17)

NO. MIN  MAX | UNIT
11 |td(H1L-SL) Delay time, H1 low to STRBx low 0* 9 ns
12 | tg(H1L-SH) Delay time, H1 low to STRBx high o* 9 ns
13 | td(H1H-RwL) Delay time, H1 high to R/W low (read) 0* 9 ns
14 | tdH1L-A) Delay time, H1 low to A valid 0* 9 ns
15 | tsy(D)R Setup time, D valid before H1 low (read) 10 ns
16 | th(D)R Hold time, D after H1 low (read) 0 ns
17 | tsu(RDY) Setup time, RDY before H1 low 19 ns
18 | th(RDY) Hold time, RDY after H1 low 0 ns
19 |td(H1H-RwH) Delay time, H1 high to R/W high (write) 9 ns
20 | ty(Dyw Valid time, D after H1 low (write) 14 ns
21 [th(p)w Hold time, D after H1 high (write) 0* ns
22 | tg(H1H-A) Delay time, H1 high to A valid on back-to-back write cycles 9 ns

*

This parameter is not production tested.

STRBx T ‘

|

\

W < p \
o ke—>— 14 ° | | | \k—

| | } } le—»— 13
X X

; ; —»  le— 16
) | N

| X Y

} l¢e—»— 18

=5y \ts—»l— 17

-

T'STRBx remains low during back-to-back operations.

Figure 16. Memory-Read-Cycle Timing
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memory-read-cycle and memory-write-cycle timing (STRBX ) (see Figure 16 and Figure 17)
(continued)

STRBXx

RDY \

Figure 17. Memory-Write-Cycle Timing
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memory-read-cycle timing using IOSTRB  (see Figure 18)

NO. MIN  MAX | UNIT
11.1 | tg(H3L-10SL) Delay time, H3 low to IOSTRB low 0* 9 ns
12.1 | tg(H3L-IOSH) Delay time, H3 low to IOSTRB high 0* 9 ns
13.1 | tg(H1L-RWL) Delay time, H1 low to RIW high 0* 9 ns
14.1 | tg(H1L-A) Delay time, H1 low to A valid 0* 9 ns
15.1 | tsy(D)R Setup time, D before H1 high 10 ns
16.1 | th(D)R Hold time, D after H1 high ns
17.1 | tsy(RDY) Setup time, RDY before H1 high ns
18.1 | th(RDY) Hold time, RDY after H1 high ns
* This parameter is not production tested.
" _/W\_
\
\
" M
| \
|
111y e 121 —¥ “— }
| \
IOSTRB } | | / }
|
N | |
€ 13.1 \ ¢ 23t
| | \
RIW _/ } \k_
—» 141 }
X X
151 —p| 4
—» l¢— 16.1
i -
171 —H ﬁ—
| — s 18.1
RDY \L \
t see Figure 19 and accompanying table
Figure 18. Memory-Read-Cycle Timing Using IOSTRB
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memory-write-cycle timing using IOSTRB  (see Figure 19)

NO. MIN  MAX | UNIT
23 | td(H1L-RWH) Delay time, H1 low to R/W low 0* 9 ns
24 | tyDyw Valid time, D after H1 high 14 ns
25 | th(D)wW Hold time, D after H1 low 0 ns

* This parameter is not production tested.

—>| ’4—‘14.1T
X
—p 14— 24 } —» }4— 25
> { )—
1717 —» e

o "7

1 See Figure 18 and accompanying table

Figure 19. Memory-Write-Cycle Timing Using IOSTRB
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timing for XFO and XF1 when executing LDFI or LDII (see Figure 20)

NO. MIN  MAX | UNIT
38 | tg(H3H-XFoL) Delay time, H3 high to XFO low 12 ns
39 tsu(XF1) Setup time, XF1 before H1 low 9 ns
40 th(XF1) Hold time, XF1 after H1 low 0 ns
Fetch
| LDFlorLDIl | Decode | Read | Execute |

\
STRBX | 1\ /
\ \
R/W } }
\ \
\ \
A } X X
| |
\ \
— | |
RDY }
\
\ \
XFO 39 —p, ‘h_ \\

XF1

Figure 20. XFO and XF1 When Executing LDFI or LDII
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timing for XFO when executing STFl or STII T (see Figure 21)

NO. MIN  MAX | UNIT
41 | tg(H3H-XFOH) Delay time, H3 high to XFO high 12 ns

T XFois always set high at the beginning of the execute phase of the interlock-store instruction. When no pipeline conflicts occur, the address of
the store is driven at the beginning of the execute phase of the interlock-store instruction. However, if a pipeline conflict prevents the store from
executing, the address of the store is not driven until the store can execute.

Fetch
| STFlorSTI | Decode | Read | Execute | |

N\ S S S

RIW _\
X
\
.

T?ﬁ\[‘

_<
o N/
XFO /

Figure 21. XFO When Executing a STFI or STII

RDY
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timing for XFO and XF1 when executing SIGI (see Figure 22)

NO. MIN  MAX | UNIT

41.1 | td(H3H-xFoL)  Delay time, H3 high to XFO low 12 ns

42 | tgH3H-XFoH) Delay time, H3 high to XFO high 12 ns

43 | tsu(xF1) Setup time, XF1 before H1 low 9 ns

44 | th(xF1) Hold time, XF1 after H1 low 0 ns
Fetch

‘ SIGI ‘ Decode ‘ Read ‘ Execute ‘

C SN NS

43—H‘H— i 7—41.1 €42
\

|l

| |

XFO

—ﬂ}<—4
: \ :
XF1 |

Figure 22. XFO and XF1 When Executing SIGI

timing for loading XF register when configured as an output pin (see Figure 23)

NO. MIN  MAX UNIT
45 | ty(H3H-XF) Valid time, H3 high to XF valid 12 ns
Fetch Load
‘ Instruction ‘ Decode ‘ Read ‘ Execute ‘

OUTXF Bit T 1or0

—» [ 45

XFx X

T OUTXFx represents either bit 2 or 6 of the IOF register.

Figure 23. Loading XF Register When Configured as an Output Pin
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timing of XF changing from output to input mode (see Figure 24)

NO. MIN MAX | UNIT
46 | th(H3H-xFo1) Hold time, XF after H3 high 12* | ns
47 | tsu(xF) Setup time, XF before H1 low 9 ns
48 Jth(xF) Hold time, XF after H1 low 0 ns

* This parameter is not production tested.

Buffers Go _
Execute from Ouput Synchronizer Value on Pin
| Load of IOF | | to Input Delay | 'Seenin IOF
H3
| | |
\ \ \
\ ‘ \
H1 \ \
| | \ |
1/0XFx Bit T } —» ¢ 47 |
| [ 48 1
— ‘

1
\
INXFx Bit T f;/‘
Sampled ’
Data

T1/0XFx represents either bit 1 or bit 5 of the I0F register, and INXFx represents either bit 3 or bit 7 of the IOF register.

Figure 24. Change of XF From Output to Input Mode
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timing of XF changing from input to output mode (see Figure 25)

NO. MIN  MAX | UNIT
49 | td(H3H-xF10) Delay time, H3 high to XF switching from input to output 17 ns
Execution of
‘ Load of IOF ‘ ‘
b w
\ |
\ \
\ |
H1 \_/_\_/_\_/_

|
| \
|
\
i7oxFx Bit T }

—pl — 49
\
XFx ¢
T1/0XFx represents either bit 1 or bit 5 of the IOF register.
Figure 25. Change of XF From Input to Output Mode
*i’
TEXAS
INSTRUMENTS
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 31



SMQ320C32
DIGITAL SIGNAL PROCESSOR

SGUS027 — APRIL 1998

timing for RESET [Q =t¢(cyy] (see Figure 26)

NO. MIN  MAX | UNIT
50 | tsy(RESET) Setup time, RESET before CLKIN low 10 Q* ns
51 | tg(CLKINH-H1H) Delay time, CLKIN high to H1 high 2 10 ns
52 | td(CLKINH-H1L) Delay time, CLKIN high to H1 low 2 10 ns
53 | tsu(RESETH-H1L) Setup time, RESET high before H1 low and after ten H1 clock cycles 7 ns
54 | td(CLKINH-H3L) Delay time, CLKIN high to H3 low 2 10 ns
55 | td(CLKINH-H3H) Delay time, CLKIN high to H3 high 2 10 ns
56 | tdis(H1H-D) Disable time, H1 low to D in the high-impedance state 12* ns
57 | tdis(H3HL-A) Disable time, H3 low to A in the high-impedance state 9* ns
58.1 | ty(H3H-CONTROLH) Delay time, H3 high to control signals high 8* ns
58.2 | td(H1H-RWH) Delay time, H1 low to R/W high 8* ns
59 | td(H1H-IACKH) Delay time, H1 high to IACK high 8* ns
60 | tdis(RESETL-ASYNCH) Rgﬁ?ﬁ&n&:ﬂ?{fﬁi& low to asynchronous reset signals in the 17+ ns

* This parameter is not production tested.

CLKIN

RESETT#+

H1

H3

D8

A8

Control
Signals T

[

\

_ \
RIW R R R R R )
—J‘ * 59
/?' )T

|
Asynchronous [ 60
Y 4 _\‘W y
—_—

\
IACK ‘

Reset Signals )T

T RESETisan asynchronousinputand can be asserted at any point during a clock cycle. If the specified timings are met, the exact sequence shown
occurs; otherwise, an additional delay of one clock cycle can occur.

¥TheR/W outputis placed in the high-impedance state during reset and can be provided with aresistive pullup, nominally 18 —22 kQ, if undesirable
spurious writes can occur when these outputs go low.

8in microprocessor mode (MCBL/MP = 0), reset vector is fetched twice with seven software wait states each. In microcomputer mode
(MCBL / MP = 1), the reset vector is fetched two times, with no software wait states.

1l Control signals include STRBx and IOSTRB.

# Asynchronous reset signals include XFO/1, CLKX0, DX0, FSX0, CLKRO, DRO, FSRO0, and TCLKXx.

Figure 26. RESET Timing
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timing for INT3 —INTO interrupt response [P =t ¢(H)] (see Figure 27)

NO. MIN  MAX | UNIT
61 | tsy(INT) Setup time, INT3-INTO before H1 low 10 ns
62.1 | tw(INT) Pulse duration of interrupt to assure only one interrupt seen for level-triggered interrupts P 2p* ns

62.2 tw(INT) Pulse duration of interrupt for edge-triggered interrupts p* ns

* This parameter is not production tested.

Interrupt Instruction of
Vector Read Service Routine

Reset or Fetch First
\
\

— 461
INT3—=INTO Pin \ \ /

l— 621 —p

INT3—INTO Flag | \

‘ \

“— 62.2 —b'

A
Vector

Address Instruction
Address

° - -

Figure 27. INT3 —INTO Interrupt-Response Timing
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timing for IACK (see Notes 5, 6, and Figure 28)

NO. MIN  MAX | UNIT
63 | td(H1H-IACKL) Delay time, H1 high to IACK low 7 ns
64 | td(H1H-IACKH) Delay time, H1 high to IACK high 7 ns

NOTES: 5. IACK is active for the entire duration of the bus cycle and is extended if the bus cycle utilizes wait states.
6. IACK goes active on the first half-cycle (H1 rising) of the decode phase of the IACK instruction and goes inactive at the first half-cycle
(H1rising) of the read phase of the IACK instruction. Because of pipeline conflicts, IACK remains low for one cycle evenif the decode
phase of the IACK instruction is extended.

Fetch IACK Decode IACK IACK Data
‘ Instruction ‘ Instruction ‘ Read ‘ ‘

N\
AN\

|
63— ¢ _J
|

_ \ /H_
X
O

A X

Figure 28. IACK Timing
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serial-port timing

serial-port timing [P =t c(H)] (see Figure 29 and Figure 30)

NO. MIN MAX UNIT
65 |td(H1-SCK) Delay time, H1 high to internal CLKX/R high/low 10 ns
s |t Covele fi CLKX/R CLKX/R ext 2.6P
cle time, - ns
¢(SCK) Y CLKX/R int 2P 232)p
) ) CLKX/R ext P+ 10
67 | tw(SCK) Pulse duration, CLKX/R high/low - ns
CLKX/R int [te(scky/2]-5 [te(sck)/2]+5
68 |tr(sck) Rise time, CLKX/R 6 ns
69 |tisck) Fall ime, CLKX/R 6 ns
70 |t Delay ti CLKX to DX valid CLiXext 24
elay time, 0 DX vali ns
d(DX) Y CLKX int 16
71 |t Setup i DR before CLKR | CLKR ext 2
etup time, efore ow ns
SU(DR) P CLKR int 17
) CLKR ext ns
72 | th(DR) Hold time, DR from CLKR low -
CLKR int ns
73 |t Delay ti CLKX to int | FSX high/1 CLiXext 22
elay time, o interna igh/low - ns
d(FSX) Y 9 CLKX int 15
74 |t Setup ti FSR before CLKR | CLKR ext !
etup time, efore ow ns
su(FSR) P CLKR int 7
) ) CLKX/R ext 7
75 | th(Fs) Hold time, FSX/R input from CLKX/R low - ns
CLKX/R int 0
, _ CLKX ext 8-P lte(sck)/21-10T
76 | tsu(FSX) Setup time, external FSX before CLKX high - ns
CLKX int 21-P te(sck)/ 27
77 |1 Delay time, CLKX to first DX bit, FSX precedes CLKX ext 24* ns
(CH-DX)V cLkX high CLKX int 14*
78 |t4(FSx-Dx)v  Delay time, FSX to first DX bit, CLKX precedes FSX 24* ns
Delay time, CLKX high to DX in the high-impedance state following .
79 |4(Dx2) last data bit 14 ns
* This parameter is not production tested.
‘Ui TEXAS
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serial-port timing

65 —»} }4— e 66—H
\ \
TVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN
| 65 \
‘ > \"_ | T }
‘ "— 67 —w ‘ m
CLKX/R \ \ \ \ \
\ \ \ } o \ » & 69 }
\ \ | j¢ 68
79
DX } } } { Bit n-1 X Bit n-2  Bit0 )
— 71 i
DR R AR RRRD) QAR o

0 0 0%
| Bit n-1 Bit n-2

e e S i B
FSR | \ "!!fofofo!0!0!0!0?ofo?ofofo!0!0!0!0!0!0!o?ofo?ofofofofofofofofofofo20?0!0!0!ofofofofofofofofofofofofofo, LB

\ 74 \

73 —4—»| || f—»—73
\ \ \
FSX(INT) —O—f » « 75 N\ 4
| @
FSX(EXT) /\ } D 00000000 a0 200000 e et 0020202020 e ettt toto o000 0o e e e tututotototototo o
\ 75—l

769 le

NOTES: A. Timing diagrams show operations with CLKXP = CLKRP = FSXP = FSRP = 0.
B. Timing diagrams depend upon the length of the serial-port word, where n= 8, 16, 24, or 32 bits, respectively.

Figure 29. Fixed Data-Rate-Mode Timing

CLKX/R __m\—m(—/
Wi | \ ’
FSX(INT) 4 78 \
\
\

|
| /L — ;
FSX(EXT) / iR 70 —le—b
|

DX 4 Bit n-1 X Bit n-2 X  Bitn3 v Bit 0 >—
» & 75 )

FeR I o ot RRRRRXAIXI KKK

4 —lq—ﬂ‘
a0 000020 it n- it n- it n- XXX KKK XKKK
or  RRRRIRIR. B ot TR Btz YRTIRZK Bins RIS

71 —H—ﬂ

P 72
NOTES: A. Timing diagrams show operation with CLKXP = CLKRP = FSXP = FSRP = 0.
B. Timing diagrams depend upon the length of the serial-port word, where n =8, 16, 24, or 32 bits, respectively.

C. The timings that are not specified expressly for the variable data-rate mode are the same as those that are specified for the fixed
data-rate mode.

Figure 30. Variable Data-Rate-Mode Timing
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timing for HOLD /HOLDA [P = t¢(H)] (see Note 7 and Figure 31)

NO. MIN  MAX'| UNIT
80 | tsu(HOLD) Setup time, HOLD before H1 low 10 ns
81 | ty(HOLDA) Valid time, HOLDA after H1 low 0* 7 ns
82 |tw(HOLD) Pulse duration, HOLD low 2P ns
83 | tw(HOLDA) Pulse duration, HOLDA low pP-5* ns
84 |tg(H1L-SH)H  Delay time, H1 low to STRBx high for a HOLD 0* 7* ns
84.1 | tjy(H1H-I0S)H Delay time, H1 high to IOSTRB high for a HOLD 0* 7* ns
85 | tdis(H1L-S) Disable time, H1 low to STRBx or IOSTRB (in the high-impedance state) 0* 8* ns
86 |ten(H1L-S) Enable time, H1 low to STRBx or IOSTRB active 0* * ns
87 |tdis(H1L-Rw) Disable time, H1 low to R/W in the high-impedance state 0* 8* ns
88 |ten(H1L-Rw) Enable time, H1 low to R/W (active) 0* * ns
89 | tdis(H1L-A) Disable time, H1 low to A in the high-impedance state 0* 8* ns
90 |ten(H1L-A) Enable time, H1 low to A valid 0* 12* ns
91 | tdis(H1H-D) Disable time, H1 high to D disabled in the high-impedance state 0* 8* ns

* This parameter is not production tested.

NOTE 7: HOLD is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are met, the exact
sequence shown occurs; otherwise, an additional delay of one clock cycle can occur. The NOHOLD bit of the primary-bit-control register

overwrites the HOLD signal.

I— | l 82 l 1
Ao \[ | | | / |
| | ‘ € 81 —p €81
| 1 | 1 t“— 83— h |
HOLDA \ | \ ; N\l I/
(see Note A) } 84—p <« } —» 485 4* [¢86
STRB \ "N —
X / | | ‘ \_
84.1-» & ‘ —» 485 —» =36
—\ | /
IOSTRB / } | o ﬂ‘ « s \
w — ¢
R/W ‘ 7 —X
| —» < 89 —pl kgo
A \ /
/ N
w‘ :«91
D Write Data )

NOTE A: HOLDA goes low in response to HOLD going low and continues to remain low until one H1 cycle after HOLD goes back high.

Figure 31. HOLD /HOLDA Timing
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timing of peripheral pin configured as general-purpose I/O (see Figure 32)

NO. MIN MAX UNIT
92 |tsy(GPIOH1L) Setuptime, general-purpose input before H1 low 9 ns
93 | th(GPIOH1L) Hold time, general-purpose input after H1 low 0 ns
94 | td(GPIOH1H) Delay time, general-purpose output after H1 high 10 ns

v N S S NS\ S
TN N S S S S

92—>‘+ t%_” 94 Pl A "H“_g“

Peripheral Pin 55
(see Note A) X X D( > { (e }(
NOTE A: Peripheral pins include CLKX0, CLKRO, DX0, DRO, FSX0, FSRO0, and TCLKx. The modes of these pins are defined by the contents
of internal control registers associated with each peripheral.

Figure 32. Peripheral-Pin General-Purpose I/O Timing

timing of peripheral pin changing from general-purpose output to input mode (see Figure 33)

NO. MIN  MAX | UNIT
95 | th(H1H) Hold time, after H1 high 12* | ns
96 |tsu(GPIOH1L)  Setup time, peripheral pin before H1 low 9 ns
97 | th(GPIOH1L) Hold time, peripheral pin after H1 low 0 ns

* This parameter is not production tested.

Value on
Execute Store :
of Peripheral Buffers Pin Seen
Control Go From ) in
Register Output to Input Synchronizer Delay Peripheral
Control Register
H3
H1 ‘
\
o | % ¥ & }
Control Bit | I_N e 97 |
—» o5 L \
Peripheral Pin \
(seoNote n) __Output WWW IR | RRRKEK 28
|
Data Bit ./ |
Data Sampled Data
Seen

NOTE A: Peripheral pins include CLKX0, CLKRO, DX0, DRO, FSX0, FSRO, and TCLKx. The modes of these pins are defined by the contents
of internal control registers associated with each peripheral.

Figure 33. Timing of Peripheral Pin Changing From General-Purpose Output to Input Mode

{? TEXAS

INSTRUMENTS

38 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



SMQ320C32
DIGITAL SIGNAL PROCESSOR

SGUS027 — APRIL 1998

timing of peripheral pin changing from general-purpose input to output mode (see Figure 34)

NO.

MIN

MAX

UNIT

98 | td(GPIOH1H) Delay time, H1 high to peripheral pin switching from input to output

10

ns

Execution of Store of
Peripheral Control
Register

N NI N e N

1/0O Control Bit

\

|

\

\

\
—» T‘_ 98
Peripheral Pin | /

(see Note A) N\

NOTE A: Peripheral pins include CLKX0, CLKRO, DX0, DRO, FSX0, FSRO0, and TCLKx. The modes of these pins are defined by the contents

of internal control registers associated with each peripheral.

Figure 34. Timing of Peripheral Pin Changing From General-Purpose Input to Output Mode

timing for timer pin [P =t ()] (see Figure 35)

NO. MIN MAX UNIT
99 |tsy(TCcLKH1L) Setuptime, TCLK external before H1 low 8 ns
100 | th(TCLKH1L) Hold time, TCLK external after H1 low 0 ns
101 |tg(TCLKH1H) Delay time, H1 high to TCLK internal valid 9 ns
. . TCLK external 2.6P*
102 | te(TCLK) Cycle time, TCLK cycle time TOLK nternal s 232 ns
103 | tw(TCLK) Pulse duration, TCLK high / low TeLK .external P10 ns
TCLK internal | [tg(TCLK)/2]1-5 [te(TCLK)/2]+5

* This parameter is not production tested.

NOTE: Timing parameters 99 and 100 are applicable for a synchronous input clock. Timing parameters 102 and 103 are applicable for an

asynchronous input clock.

s SN N S NSNS S

— \
991320 — e he -  je 101
TCLKx X )(T’ Xl‘_ _3_“_< X
103
— 1020 — |

Figure 35. Timing for Timer Pin
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timing for SHZ  pin [Q =t ¢(cy)] (see Figure 36)

NO.

MIN

MAX

UNIT

104 ] tgis(SHZ) Disable time, SHZ low to all O, I/O pins in the high-impedance state

O*

20*

ns

* This parameter is not production tested.

\
\
|
SHZ \ }
(see Note A)
[

All /O Pins }_

NOTE A: Enabling SHZ destroys'C32 register and memory contents. Assert SHZ = 1 and reset the 'C32 to restore it to a known condition.

Figure 36. SHZ Pin Timing

Table 1. Thermal Resistance Characteristics for PCM package

ReJc Junction-to-case

PARAMETER MIN  MAX | UNIT
Reja Junction-to-free-air 39| °C/W
10.0 | °C/wW
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PCM(S-PQFP-G***)
144 PIN SHOWN

MECHANICAL DATA

PLASTIC QUAD FLATPACK

"

— -
— -
——
— -
——
— -
— -
——

_f
T

NO. OF PINS*** A

144 22,75 TYP

160 25,35TYP

R AL RARRARRARL

37

0,16 NOM

f

3,60

/1 O\

4,10 MAX

36
| 2
> 3,20

0,25 MIN

L Seating Plane

0°-7°

1,03
0,73

0,10

(see Note C)

4040015/A-10/93

NOTES:

TMoOO®>

. All linear dimensions are in millimeters.

This drawing is subject to change without notice.

. Falls within JEDEC MS-022

. The 144PCM is identical to 160PCM except that 4 leads per corner are removed.
Foot length is measured from lead tip to a position on backside of lead 0,25 mm above seating plane (gage plane)
Preliminary drawing
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current and complete.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate T officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright [0 1998, Texas Instruments Incorporated



