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T8z L Daana b 1aT 191 T TasaauL f‘ma_w TMS32010

PROGRAMMABLE TMS32010
PRODUCTS DIGITAL SIGNAL PROCESSOR
MAY !m
]
= TMS32010. .. JDL PACKAGE
]
A2/PA2
° A3
A4
[ ] AS
A6
A7
- A8
MEN
* oeN
e WE
° Vee
A9
[ A10
@ A1l
oo
D1
(] D2
DS
®
[ ]
description PIN NOMENCLATURE
The TMS: o DEFINITION
TMS320 dig Qi) RO i e OUT | External address bus. /O port address
support a range of high-speed or numeric-

intensive applications. This 16/32-bit single-chip
mmcompmu u‘bﬂm ﬂ.xibilitv ofa high-speed

multiplexed -over PA2-PAO.
IN | External polling input for bit test and

jump operations.
h! ﬂ System clock output, % crystal/CLKIN
iy g
¥ > /0| 16-bit data bus.
o e ﬁm MOS ¥ °f ¥igh OUT | Data enable indicates the processor
acciiptifg input data on D15-D0.
SN N
}% E IN select pin. High selects
5 mode. Low selects
have been mcorpontod to spced the execution of ieriibheiact MBas.
digital signal processing (DSP) algorithms. e OUT | Memory enabie indicates that D15-00
The TMS320 family’s unique versatility and power will accept external memory
give the dwgn cnqmur a new approach to a variety 7 instruction.
of lications. In addition, these RS IN | Reset used to initialize the device.
microcomputers are capable of providing the multipie Vee IN | Power. ’
functions often required for a single application. For Vss IN | Ground.
exampie, the TMS320 family can enable an industrial WE OUT | Write enable indicates valid data on
robot to sy and h, sense ob- D15-D0.
jects with radar or optical mtolligencn, and perform X1 IN | Crystal input.
mechanical operations through digital servo loop X2/CLKIN IN | Crystal input or external clock input.
computations.
ADVANCE INFORMATION Copynght © 1983 by Texas Instruments Incorporsted
This ins inf ion on
new product. Specifications are subject Texas
S g o Aosen. INSTRUMENTS A3

POST OFFICE BOX 225012  DALLAS TEXAS 7526¢
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TMS32010
DIGITAL SIGNAL PROCESSOR

functional block diagram

WE—-(—
DEN —e—
MEN —<¢—

BIO —p—

MC/MP —p—|

INT —p—]

RS

A11-A0/
PA2-PAO

—»— CLKOUT

—4— X1

4 X2/CLKIN

CONTROLLER

e

Ix
2
2

16
D15-D0
16
Xie
ARO (16) | Ti16)
|ARPL : .
AR1 (16) | 7. 16
sl MULTIPUER |2
P(32)
Z A 32
i ™) Y
MUX 7

A 32
4

ﬂuaqw s
'am&mﬂmw

Auxiliary register 1

ALU (32)

ACC (32)

D = Data page pointer L 20
PC = Program counter i
P = P Register ’,16 2%
T =T Regeter *
| swrterio 1.4 | 16
164V

L DATABUS

A-4

TExas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265
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TMS32010
DIGITAL SIGNAL PROCESSOR

architecture

The TMS320 family utilizes a modified Harvard architecture for speed and flexibility. In a strict Harvard architecture,
program and data memory lie in two separate spaces, permitting a full overlap of the instruction fetch and execution.
The TMS320 family’s modification of the Harvard architecture allows transfers between program and data spaces,
thereby increasing the flexibility of the device. T ?)jiﬁcation permits coefficients stored in program memory to

be read into the RAM, eliminating the nee oefficient ROM. It also makes available immediate instruc-
tions and subroutines based on co d '

‘The TMS32010 utilizes hardware nt fun ther processors typically perform in software. For
example, this device contains a har ) Itiplication in a single 200-ns cycle. There is also
a hardware barrel shifter for ng data on it y in ally, extra hardware has been included so that
auxiliary registers, which pm RA add figured in an autoincrement/decrement mode
for single-cycle manipulation of e approach gives the design engineer the type of
power previously unavai

32-bit ALU/accumulator

The TMS22010 contains a
on 16-bit words taken fr
structions, the ALU ca
controller.

tructions. Besides the usual arithmetic in-

"dgl‘e precision arithmetic. The ALU operates
ipulation ability required of a high-speed

shifters

it is loaded into, subtracted from, or added
a word and zero-fills the low-order bits for two's
the accumulator O, 1, or 4 places while it is being
T s caling and bit extraction.

A barrel shifter is available
to the accumulator. This shifter
complement arithmetic. A seco
stored in the data RAM. Both shifters m

16 x 16-bit parallel mﬂﬂu

The TMS32010°'s multiplieipeioiins.a-16-x1.6 satntlitiplication in one 200-ns instruction cycle.

The 16-bit T Register termporari ]  the 32-bit result. Multiplier values either
come from the data memety or deriy 1 multiply immediate) instruction word. The
fast on-chip multiplier a@s the TMS3 perform such funda al operations as convolution, correlation,
and filtering at the rate o 2 5 million samples per second.

R ﬂ’ﬂ% NEILIVEINDT o enss

program. It can #o execute from an additional 2560 words of off-chip program memory at full speed. This memory
expansion capability is especially useful for ﬁose situations wme a customer has a ber of dxfferent apphcatlons

BTV TR LA T TR

The qusazowno can operate in either of the following memory modes via the MC/MP pin:

Microcomputer Mode (MC) - Instruction addresses 0-1535 fetched from on-chip ROM. Those with addresses
1536-4095 fetched from off-chip memory at full speed.
Microprocessor Mode (MP) — Full speed execution from all 4096 off-chip instruction addresses.

The TMS32010 is identical to the TMS320M10, except that the TMS32010 operates only in the microprocessor mode.
Henceforth, TMS32010 refers to both versions.

Texas
INSTRUMENTS A5

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TMS32010
DIGITAL SIGNAL PROCESSOR

The ability of the TMS32010 to execute at full speed from off-chip memory provides the following important benefits:

Easier prototyping and development work than is possible with a device that can address only on-chip
ROM, .

Purchase of a standard off-the-shelf product rather than a semi-custom mask-programmed device,
Ease of updating code,

Execution from external RAM, .
Downloading of code from another mi
Use of off-chip RAM to expand data stor apabi

input/output ‘:‘\;" | ._/‘-/-—'

j The TMS32010’s 16-bit paralle 1 i ( functions at burst rates of 40 million bits
per second. Available for interfagi T | re 28 output bits consisting of eight 16-bit

muiltiplexed input ports and eight 1
operations (BIO) and an inte

interrupts and subroutines

ddmon a polling input for bit test and jump
i-tasking.

stack from accumulator, a ccumiylator permi : ing restricted only by the amount of

available RAM. The interrupts u

instruction set

The TMS32010’s comprehensiv
ing, and general purpose operations,

nsive operations, such as signal process-
instruction set, expiained in Tables 1 and 2,

consists primarily of single-cycle single-w: { itting execution rates of up to five million instructions

The TMS32010 also contains a number 6'
ecute in 3 single cycle and

addressing.

are multicycle.

arithmetic operation. These all ex-
er operations.

.--;- J
tions t
‘3e very uuful for scaling mtﬂ

set: direct, indirect, and immediate

direct addressing ﬂ u

In direct addressing, seven bits of the.instruction word con@ated with the data page pointer form the data memory

address. This impl

i a mnd the second page contains
16 words. In a typ ppli :gmf r%(]ly vaa% na for servicing an interrupt, are
stored on the sec instruction format for dir ddressing is hovn n below.

15 14 13 12 11 10 9€8 7

Bit 7 =

0 defines direct addressing mode. The opcode is contained in bits 15 through 8. Bits 6 through O contain

data memory address.

The seven bits of the data memory address (dma) field can directly address up to 128 words (1 page) of data memory.
Use of the data memory page pointer is required to address the full 144 words of data memory.

Direct addressing can be used with all instructions requiring data operands except for the immediate operand instructions.

A-6

Texas
INSTRUMENTS
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indirect addressing

Indirect addressing forms the data memory address from the least significant eight bits of one of two auxiliary registers,
ARO and AR1. The auxiliary register pointer (ARP) selects the current auxiliary register. The auxiliary registers can
be automatically incremented or decremented in parallel with the execution of any indirect instruction to permit single-
cycle manipuiation of data tables. The instruction format for indirect addressing is as follows:

15 14 13 12 11 10 $ & g e

OPCODE INC |DEC JARP| O | O JARP

Bit 7 = 1 defines indirect addre s gontained in bits 15 through 8. Bits 6 through O contain
indirect addressing control bits, J ——

Bit 3 and bit O control the Auxili et _Pointer (ARP 0, then the contents of bit O are loaded into
the ARP. If bit 3 = 1, then the c , 2 ARP remain unchanged. ARP = O defines the contents of ARO as
a memory address. ARP = 0

Bit 5 and bit 4 control the auxi
cremented by 1. If bit 4
bit 4 are zero, then neither auxili ‘
always be programmed to

nes which auxiliary register is to be in-
s to be decremented by 1. If bit 5 and
Bits 6, 2, and 1 are reserved and should

instructions.

immediate addressing

The TMS32010 instruction set con tions. These instructions derive data from part
of the instruction word rather than 1A ul immediate instructions are multiply inmediate
(MPYK), load accumulator immediate ( 3 L ry register immediate (LARK).

K Immediate operand field
PA & o 3-bit port adgress field

1 168 IV BEERRELTTT
PRINNTUANINGINY

Texas
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