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TMS32010

PRODUCTS DIGITAL SiGNAL PROCZ330R
MAY 1982
REV.*
@ 200-ns Instruction Cycle
: TMS32010 . . . JOL PACKAGE
® 288-Byte On-Chip Data RAM (TOP VIEW)
® ROMless Version — TMS32010
A1/PA1 1 |1 ij A2/PA2
® 3K-Byte On-Chip Program ROM - aorao (2 3s{] a3
TMS320M10 MC/P (3 383 At
® External Memory Expansion to A Total of i‘s Os 3700 as
8K Bytes at Fuil Speed INT (s 36[] As
ckout Qe 35(] A7
® 16-3it Instruction/Data Word x1 07 340] As
® 32-Bit ALU/Accumulator X2/CLKIN []8 33(] @
Bio(J9  32(] OeN
® 16 x 16-Bit Muitiply in 200 ns vssOio 210 we
® 0 to 15-Bit Barrel Shifter o8 (11 3] vee
o9 (12 29(7] a9
® Eight Input and Eight Output Channels o013 28(] At0
® 16-bit Bidirectional Data Bus with o E:; 7] g;‘
40-Megabits-per-Second Transfer Rate D12 26(]
o1a(e  250] o1
Interrupt with Full Context Save 01417 24[] o2
Signed Two'’s Complement Fixed-Point o1sCis 220 o3
Arithmetic o7 [he  22(] oa
p6 (J20 21[J os

® NMOS Technology
® Single 5-V Supply

description PIN NOMENCLATURE
I&es;;';sjzmlc" - :he f"sr,mefmb?l' °; fhe r;ew- SIGNATURE | 10 | DEFINITION
lgl.t.z signa pro:e:s'u;g amldy, FSIB98 _to A11-A0/ QUT | External address bus. I/O port address
.support 2 wl].e r.ange 2_h‘ '91 ;g;eb' or v nulme:t':- PA2-PAO muitiplexed over PA2-PAO.
m?ensxve app lCathl:\S. - =i i s'_ng Ep 810 iN External polling input for bit test and
microcomputer combines the flexibility of a high-speed i pmrations
controller with the nun.'nerncal. capablht.y of an arraY pro- CLKOUT OUT | System clock output, % crystal/CLKIN
cessor, thereby offering an inexpensive aiternative to — -
multu?hlp hbttf-.shct;lgrs::ace.ssor.s. The TMS32;.': fa;mly 015.00 10 | 16-bit data bus.
cont.ams.t - "ts't i mlcr?computers o i e.o ?x. DEN OUT | Data enable indicates the processor
ecuting five million instructions per second. This high I
. X [ accepting input data on D15-D0.
throughput is the result of the comprehensive, effi- —
. d i di 3 4 of INT IN | Interrupt. p
nt, N ; .
=5 t. e e'aSl'y prograr'nme IﬂStl’UCI'IOf? ¥ an. 1 MC/MP IN Memory mode select pin. High selects
the highly pipelined architecture. Special instructions :
| . microcomputer mode. Low selects
have been incorporated to speed the execution of :
digital signal processing (DSP) algorithms — e
g grat g S g . MEN OUT | Memory enable indicates that D15-D0
The TMS320 family’s unique versatility and power will accept external memory
give the design engineer a new approach to a variety instruction.
of complicated applications. In addition, these RS IN | Reset used to initialize the device.
microcomputers are capable of providing the multiple Vce IN | Power.
functions often required for a single application. For Vss IN | Ground. A
example, the TMS320 family can enable an industrial WE OUT | Write enable indicates valid data on
robot to synthesize and recognize speech, sense ob- D15-DO. :
jects with radar or optical intelligence, and perform X1 IN | Crystal input.
mechanical operations through digital servo loop X2/CLKIN IN | Crystal input or external clock input.
computations.
ADVANCE INFORMATION Copyright «) 1983 by Texas Instruments Incorporated
This document contains information on SPRS002
3 new product. Specifications are subject TEXAS
to change without notice. INS 1 RUMEN lS
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functional block diagram
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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,

shifters

A barrel shifter is available for left-shifting data O to 15 places before it is loaded into, subtracted from, or added
to the accumulator. This shifter extends the high-order bit of the data word and zero-fills the low-order bits for two’s
complement arithmetic. A second shifter left-shifts the upper halif of the accumulator 0, 1, or 4 places while itis being
stored in the data RAM. Both shifters are very useful for scaling and bit extraction,

- 16 x 16-bit parallel multiplier \

Program memory expansion

The TMS320M10 is equipped with a 1536-word ROM which is mask-programmed at the féctory with a customer’s
program. It can also execute from an additional 2560 words of off-chip program memory at full speed. This memory
expansion capability is especially useful for those situations where a Customer has a number of different applications

that share the same subroutines. In this case, the common subroutines can be stored on-chip while the application
specific code is stored off-chip.

Microcomputer Mode (MC) - Instruction addresses 0-1535 fetched from on-chip hOM. Those with addresses
1536-4095 fetched from off-chip memory at full speed.

Mic;oprocessor Mode (MP) — Full speed execution from all 4086 off-chip instructionﬁddresses.

The TMS32010is identical to the TMS320M10, except that the TMS32010 operates only in'the microprocessor mode.
Henceforth, TMS32010 refers to both version

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

i . Eas}e, 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,

o Ease of updating code,

L Execution from external RAM, s

. Downloading of code from another microprocessor, and

. Use of off-chip RAM to expand data storage capability.

input/output

B it lon

The TMS22010’s 16-bit parallel data bus can be utilized to perform 1/0 functions at burst rates of 40 million bits
per second. Available for interfacing to peripheral devices are 128 input and 128 output bits consisting of eight 16-bit
multiplexed input ports and eight 16-b_it_[_nultiplexed output ports. In addition, a polling input for bit test and jump
operations (B—ld) and an interrupt pin (INT) have been incorporated for multi-tasking.

et ]
Lty

Py

interrupts and subroutines

The TMS32010 contains a four-level hardware stack for saving the contents of the program counter during interrupts
and subroutine calls. Instructions are available for saving the TNMiS32010°s complete context. The instructions, PUSH
stack from accumulator, and POP stack to accumulator permit a level of nesting restricted only by the amount of
available RAM. The interrupts used in the TMS32010 are maskable. .

instruction set

The TMS32010‘s comprehensive instruction set supports both numeric-intensive operations, such as signal process-
‘_ing, and general purpose operations, such as high-speed control. The instruction set, explained in Tables 1 and 2,
consists pr'n:narily of single-cycle single-word instructions, permit}ing execution rates of up to ﬁvg million instructions

per seconds. Only infrequently used branch and 1/O instructions are multicycle. )

The TMS32010 also contains a number of instructions that shift data a part of an arithmetic operation. These all ex-
ecute in a single cycle and are very useful for scaling data in parallel with other operations.

- Three main addressing modes are available with the TMS32010 instruction set: direct, indirect, and immediate
addressing.

direct addressing

»

In direct addressing, seven bits of the instruction word concatenated with the data page pointer form the data memory
! address. This implements a paging scheme in which the first page contains 128 words and the second page contains
16 words. In a typical application, infrequently accessed variables, such as those used for servicing an interrupt, are
stored on the second page. The instruction format for direct addressing is shown below.

15141312111098765432_1'0

OPCODE 0 dma W

Bit 7 = O 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 1o address the full 144 words of data memory.

Direct addressing can be used with all instructions requiring dat. aperands except fur the immediate operand instructions.

A6 N o Ko

P S
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indirect addressing N

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 manipulation of data tables. The instruction format for indirect addressing is as follows:

18 14 118 12 11 10 9 8 7 6 5 4 3 2 il 0

.

OPCODE 1 0 |INC |DEC |ARP| O 0 |ARP

Bit 7 = 1 defines indirect addressing mode. The opcode is contained in bits 15 through 8. Bits 6 through O contain
indirect addressing control bits.

Bit 3 and bit O control the Auxiliary Register Pointer (ARP). If bit 3 = 0, then the contents of bit O are loaded into
the ARP. If bit 3 = 1, then the contents of the ARP remain unchanged. ARP = Q defines the contents of ARQ as
a memory address. ARP = 1 defines the contents of AR1 as a memory address.

Bit 5 and bit 4 control the auxiliary registers. If bit 5 = 1, then the ARP defines which auxiliary register is to be in-
cremented by 1. If bit 4 = 1, then the ARP defines which auxiliary register is to be decremented by 1. If bit 5 and

bit 4 are zero, then neither auxiliary register is incremented or decremented. Bits 6, 2, and 1 are reserved and should
always be programmed to zero.

Indirect addressing can be used with all instructions requiring data operands, except for the immediate operand

instructions.
~

immediate addressing

The TMS32010 instruction set contains special ‘‘immediate’’ instructions. These instructions derive data from part
of the instruction word rather than from the data RAM. Some very useful immediate instructions.are muitiply immediate
(MPYK), load accumulator immediate (LACK), and load auxiliary register immediate (LARK).

TABLE 1 — INSTRUCTION. SYMBOLS

SYMBOL 2 MEANING
~ ACC Accumulator
Bt v Data memory address field -
E - Addressing mode bit
K Immediate operand field
PA 3-bit port address field
R 1-bit operand field specifying auxiliary register
S 4-bit left-shift code
X 3-bit accumulator left-shift field

TeEXAS
. INSTRUMENTS
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