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® Performance Up to 8.77 MIPs

® All TMS320C1x Devices are Object Code
Compatible ® Operating Free-Air Temperature

® Commercial and Military Versions Available

* 144/256-Word On-Chip Data RAM -+ 0°C1070°C
. ® Packaging: DIP, PLCC, Quad Flatpack, and
® 1.5K/4K/8K-Word On-Chip Program ROM
P Frog CER-QUAD
® 4K-Word On-Chip Program EPROM N
CMOS Technology:

(TMS320E14/P14/E15/P15/E17/P17) Device 9y cvele Time
® One-Time Programmable (OTP) —TMS320C10 ....ooveiiaann.. 200-ns

Versions Available (TMS320P14/P15/P17) — TMS320C10-14 ................ 280-ns
* EPROM Code Protection for Copyright - Imgggggﬂ% """""""" igggz

Security — TMS320E14 .o\ 160-ns
® 4K/ 64K-Word Total External Memory at — TMS320P14 ................... 160-ns

Full Speed — TMS320C15 ................... 200-ns

. — TMS320C15-25 ................ 160-
® 32-Bit ALU/Accumulator — TMSB320E15 ..o, 200-22
* 16 x 16-Bit Multiplier With a 32-Bit Product — TMS320E15-25 ................ 160-ns
. ] — TMS320LC15 .................. 250-ns

* 0to 16-Bit Barrel Shifter — TMS320P15 ...oveeian . 200-ns
* Eight Input/Output Channels _$mgggggi$ """""""""" ;éggz
® Dual-Channel Serial Port — TMS320E17 ..., 200-ns
* Simple Memory and I/O Interface _ -Trmgggglﬁ(i%? """"""""" %ggz
® 5.V and 3.3-V Versions Available

(TMS320LC15/LC17)

introduction

The TMS32010 digital signal processor (DSP), introduced in 1983, was the first DSP in the TMS320 family. From
it has evolved this TMS320C1x generation of 16-bit DSPs. All'C1x DSPs are object code compatible with the
TMS32010 DSP. The 'C1x DSPs combine the flexibility of a high-speed controller with the numerical capability
of an array processor, thereby offering an inexpensive alternative to multichip bit-slice processors. The highly
paralleled architecture and efficient instruction set provide speed and flexibility to produce a CMOS
microprocessor generation capable of executing up to 8.77 MIPS (million instructions per second) ('C16). These
'C1x devices utilize a modified Harvard architecture to optimize speed and flexibility, implementing functions in
hardware that other processors implement through microcode or software.

The 'C1x generation’s powerful instruction set, inherent flexibility, high-speed number-handling capabilities,
reduced power consumption, and innovative architecture have made these cost-effective DSPs the ideal
solution for many telecommunications, computer, commercial, industrial, and military applications.

This data sheet provides detailed design documentation for the 'C1x DSPs. It facilitates the selection of devices
best suited for various user applications by providing specifications and special features for each 'C1x DSP.

This data sheet is arranged as follows: introduction, quick reference table of device parameters and packages,
summary overview of each device, architecture overview, and the 'C1x device instruction set summary. These
are followed by data sheets for each 'C1x device providing available package styles, terminal function tables,
block diagrams, and electrical and timing parameters. An index is provided to facilitate data sheet usage.

PRODUCTION DATA information is current as of Copyright [J 1991, Texas Instruments Incorporated
publication date. Products conform to specifications i

per the terms of Texas Instruments standard warranty.

Production processing does not necessarily include EXAS

testing of all parameters. lN S,].\RUMEN,],S
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Table 1 provides an overview of 'C1x processors with comparisons of memory, 1/0, cycle timing, military support,
and package types. For specific availability, contact the nearest Tl Field Sales Office.

Table 1. TMS320C1x Device Overview

MEMORY /0 CYCLE PACKAGE (1)
DEVICE RAM | ROM | EPROM | PROG. | SERIAL |PARALLEL (ns) DIP PLCC | CER-QUAD

TMS320C10 (2) 144 1.5K — 4K — 8 x 16 200 40 44 —
TMS320C10-14 144 1.5K — 4K — 8 x 16 280 40 a4 —
TMS320C10-25 144 1.5K — 4K — 8 x 16 160 40 a4 —
TMS320C14 (3) 256 aK — 4K 1 7 x 16 (4) 160 — 68 —
TMS320E14 (3) 256 — 4K 4K 1 7 x 16 (4) 160 — — 68 CER
TMS320P147T 256 — 4K 4K 1 7 % 16 (4) 160 — 68 —
TMS320C15 (3) 256 4K — 4K — 8x16 200 40 a4 —
TMS320C15-25 256 4K — 4K — 8 x 16 160 40 a4 —
TMS320E15 (3) 256 — 4K 4K — 8 x 16 200 40 — 44 CER
TMS320E15-25 256 — 4K 4K — 8x16 160 40 — 44 CER
TMS320LC15 256 aK — 4K — 8 x 16 250 40 a4 —
TMS320P15T 256 — 4K 4K — 8 x 16 200 40 44 —
TMS320C16 256 8K — 64K — 8x16 114 — — 64 QFP
TMS320C17 256 aK — — 2 6 x 16 (5) 200 40 a4 —
TMS320E17 (5) 256 — 4K — 2 6 x 16 (5) 200 40 — 44 CER
TMS320LC17 (5) | 256 4K — — 2 6 x 16 (5) 278 40 a4 —
TMS320P17 (5)T | 256 — 4K — 2 6 x 16 (5) 200 40 44

t One-time programmable (OTP) device is in a windowless plastic package and cannot be erased.

NOTES: 1. DIP = dual in-line package. PLCC = plastic-leaded chip carrier. CER = ceramic-leaded chip carrier. QFP = plastic quad flat pack.
2. Military version available.

Military versions planned; contact nearest Tl Field Sales Office for availability.

On-chip 16-bit I/O, four capture inputs, and six compare outputs are available.

On-chip 16-bit coprocessor interface is optional by pin selection.

o rw

Texas {')
INSTRUMENTS

2 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS320C1x
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

description

TMS320C10

The 'C10 provides the core CPU used in all other 'C1x devices. Its microprocessor operates at 5 MIPS. It
provides a parallel I/O of 8 x 16 bhits. Three versions with cycle times of 160, 200, and 280 ns are available as
illustrated in Table 1. The 'C10 versions are offered in plastic 40-pin DIP or a 44-lead PLCC packages.

TMS320C14/E14/P14

The 'C14/E14/P14 devices, using the 'C10 core CPU, offer expanded on-chip RAM, and ROM or EPROM
('E14/P14), 16 pins of bit selectable parallel I/O, an I/O mapped asynchronous serial port, four 16-bit timers, and
external/internal interrupts. The 'C14 devices can provide for microcomputer/microprocessor operating modes.
Three versions with cycle times of 160-ns are available as illustrated in Table 1. These devices are offered in
68-pin plastic PLCC or ceramic CER-QUAD packages.

TMS320C15/E15/P15

The 'C15/E15/P15 devices are a version of the 'C10, offering expanded on-chip RAM, and ROM or EPROM
('E15/P15). The 'P15 is a one-time programmable (OTP), windowless EPROM version. These devices can
operate in the microcomputer or microprocessor modes. Five versions are available with cycle times of 160 to
200 ns (see Table 1). These devices are offered in 40-pin DIP, 44-pin PLCC, or 44-pin ceramic packages.

TMS320LC15

The 'LC15 is a low-power version of the 'C15, utilizing a Vpp of only 3.3-V. This feature results in a 2.3: 1 power
requirement reduction over the typical 5-V'C1x device. It operates at a cycle time of 250 ns. The device is offered
in 40-pin DIP or 44-lead PLCC packages.

TMS320C16

The 'C16 offers on-chip RAM of 256-words, an expanded program memory of 64K-words, and a fast instruction
cycle time of 114 ns (8.77 MIPS). It is offered in a 64-pin quad flat-pack package.

TMS320C17/E17/P17

The 'C17/E17/P17 versions consist of five major functional units: the 'C15 microcomputer, a system control
register, a full-duplex dual channel serial port, p-law/A-law companding hardware, and a coprocessor port. The
dual-channel serial port is capable of full-duplex serial communication and offers direct interface to two
combo-codecs. The hardware companding logic can operate in either p-law or A-law format with either
sign-magnitude or twos complement numbers in either serial or parallel modes. The coprocessor port allows
the 'C17/E17/P17 to act as a slave microcomputer or as a master to a peripheral microcomputer.

The 'P17 utilizes a one-time programmable (OTP) windowless EPROM version of the 'E17.

TMS320LC17

The 'LC17 is a low-power version of the 'C17, utilizing a Vpp of only 3.3-V. This feature results in a
2.3: 1 power requirement reduction over the typical 5-V 'C1x device. It operates at a cycle time of 278 ns.
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architecture

The 'C1x DSPs use 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 instruction fetch and one-cycle
execution. The 'C1x DSPs modification allows transfers between program and data spaces, thereby increasing
the flexibility of the device. This modification permits coefficients stored in program memory to be read into the
RAM, eliminating the need for a separate coefficient ROM.

32-bit accumulator

All 'C1x devices contain a 32-bit ALU and accumulator for support of double-precision, twos-complement
arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken from the data RAM
or derived from immediate instructions. In addition to the usual arithmetic instructions, the ALU can perform
Boolean operations, providing the bit manipulation ability required of a high-speed controller. The accumulator
stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit word length. The
accumulator is divided into a high-order word (bits 31 through 16) and a low-order word (bits 15 through 0).
Instructions are provided for storing the high- and low-order accumulator words in memory.

shifters

Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of O to 16 places
on data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills
the low-order bits for twos-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1
or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM. Both
shifters are useful for scaling and bit extraction.

16 x 16-bit parallel multiplier

The multiplier performs a 16 x 16-bit twos-complement multiplication with a 32-bit result in a single instruction
cycle. The multiplier consists of three units: the T Register, P Register, and a multiplier array. The 16-bit T
Register stores the multiplicand, and the P Register stores the 32-bit product. Multiplier values either come from
the data memory or are derived immediately from the MPYK (multiply immediate) instruction word. The fast
on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation, and
filtering.

data and program memory

Since the 'C1x devices use a Harvard type architecture, data and program memory reside in two separate
spaces. These DSP devices have 144-or 256-words of on-chip data RAM and 1.5K- to 8K-words of on-chip
program ROM. On-chip program EPROM of 4K-words is provided in the 'E14/E15/E17 devices. An on-chip
one-time programmable 4K-word EPROM is provided in the 'P14/P15/P17 devices. The EPROM cell utilizes
standard PROM programmers and is programmed identically to a 64K CMOS EPROM (TMS27C64).
(Reference Table 1.)

program memory expansion

All'C1x devices exceptthe 'C17/E17/LC17/P17 devices are capable of executing from off-chip external memory
at full speed for those applications requiring external program memory space. This allows for external
RAM-based systems to provide multiple functionality. The 'C17/E17/LC17/P17 devices provide no external
memory expansion. (Reference Table 1.)

microcomputer/microprocessor operating modes

All devices except the 'x17 offer two modes of operation defined by the state of the MC/MP pin: the
microcomputer mode (MC/MP = 1) or the microprocessor mode (MC/MP = 0 ). In the microcomputer mode,
on-chip ROM is mapped into the program memory space. In the microprocessor mode, all words of progam
memory are external.

Texas ""'
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interrupts and subroutines

All devices except the 'C16 contain a four-level stack for saving the contents of the program counter during
interrupts and subroutine calls. Because of the larger 64K program space, the 'C16’s hardware stack has been
increased to eight levels. Instructions are available for saving the device’'s complete context. PUSH and POP
instructions permit a level of nesting restricted only by the amount of available RAM. The interrupts used in these
devices are maskable.

input/output

The 16-bit parallel data bus can be utilized to perform 1/O functions in two cycles. The I/O ports are addressed
by the three LSBs on the address lines. In addition, a polling input for bit test and jump operations (BIO) and
an interrupt pin (INT) have been incorporated for multitasking. The bit selectable I/O of the 'C14 is suitable for
microcontroller applications.

serial port (TMS320C17/E17)

Two of the 1/O ports on the 'C17/E17 are dedicated to the serial port and companding hardware. I/O port O is
dedicated to control register 0, which controls the serial port, interrupts, and companding hardware. 1/O port 1
accesses control register 1, as well as both serial port channels, and companding hardware. The six remaining
I/O ports are available for external parallel interfaces.

serial port (TMS320C14/E14)

The 'C14/E14 devices include one I/0O-mapped serial port that operates asynchronously. 1/0-mapped control
registers are used to configure port parameters such as inter-processor communication protocols and baud
rate.

companding hardware (TMS320C17/E17)

On-chip hardware enables the 'C17/E17 to compand (COMpress/exPAND) data in either p-law or A-law format.
The companding logic operation is configured via the system control register. Data may be companded in either
serial mode for operation on serial port data (converting between linear and logarithmic PCM) or a parallel mode
for computation inside the device. The 'C17/E17 allows the hardware companding logic to operate with either
sign-magnitude or twos-complement numbers.

coprocessor port (TMS320C17/E17)

The coprocessor port on the 'C17/E17 provides a direct connection to most microcomputers and
microprocessors. The port is accessed through 1/0 port 5 using IN and OUT instructions. The coprocessor
interface allows the device to act as a peripheral (slave) microcomputer to a microprocessor, or as a master to
a peripheral microcomputer. In the microcomputer mode, the 16 data lines are used for the 6 parallel 16-bit I/O
ports. In the coprocessor mode, the 16-bit parallel port is reconfigured to operate as a 16-bit latched bus
interface. For peripheral transfer, an 8-bit or 16-bit length of the coprocessor port can be selected.
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instruction set

A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations, such as high-speed control. All of the 'C1x devices are object-code compatible and
use the same 60 instructions. The instruction set consists primarily of single-cycle single-word instructions,
permitting execution rates of more than six million instructions per second. Only infrequently used branch and
I/O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute in a single
cycle and are useful for scaling data in parallel with other operations.

NOTE

The BIO pin on other 'C1x devices is not available for use in the 'C14/E14/P14. An attempt to execute the
BIOZ (Branch on BIO low) instruction will result in a two cycle NOP action.

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

In direct addressing, seven bits of the instruction word concatenated with the 1-bit 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 up to 128 words.

indirect addressing

Indirect addressing forms the data memory address from the least-significant eight bits of one of the two auxiliary
registers, ARO-ARL. The Auxiliary Register Pointer (ARP) selects the current auxiliary register. The auxiliary
registers can be automatically incremented or decremented and the ARP changed in parallel with the execution
of any indirect instruction to permit single-cycle manipulation of data tables. Indirect addressing can be used
with all instructions requiring data operands, except for the immediate operand instructions.

immediate addressing

Immediate instructions derive data from part of the instruction word rather than from the data RAM. Some useful
immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load auxiliary
register immediate (LARK).

instruction set summary

Table 2 lists the symbols and abbreviations used in Table 3, the instruction set summary. Table 3 contains a short
description and the opcode for each 'C1x instruction. The summary is arranged according to function and
alphabetized within each functional group.

Table 2. Instruction Symbols

SYMBOL MEANING
ACC Accumulator
D Data memory address field
M 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

Texas ""'
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Table 3. TMS320C1x Instruction Set Summary

ACCUMULATOR INSTRUCTIONS
OPCODE
NO. NO.

MNEMONIC DESCRIPTION cycLes | worbps INSTRUCTION REGISTER

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ABS Absolute value of accumulator 1 1 0 1 1 1 1 11 1 1 0 0 0 1 0 0 O
ADD Add to accumulator with shift 1 1 0 0 0 0 4¢4—sP»P vy ¢&———D—»
ADDH Add to high-order accumulator bits 1 1 0 1 1 0 0 00 0o Mm &¥—D—P
ADDS Add to accumulator with no sign extension 1 1 0 1 1 0 0 0 01 M ¢4¥4———D—Pp
AND AND with accumulator 1 1 0 1 1 1 1 0o 01 M ¢4¥4——D—Pp
LAC Load accumulator with shift 1 1 o 0o 1 0 4¢—sP»P v 4¢—D—h
LACK Load accumulator immediate 1 1 0 1 1 1 1 1 1 0 ¢&4—K———p
OR OR with accumulator 1 1 o 1 1 1 1 0 1 0 M ¢——D—p
SACH Store high-order accumulator bits with shift 1 1 0 1 0 1 1 4“— XPpP vy ¢4¥——D—Pp
SACL Store low-order accumulator bits 1 1 0 1. 0 1 0 0 0 0 M €4——D—Pp
SUB Subtract from accumulator with shift 1 1 0 0 o0 1 4—sP»P v ¢——D—Ph
SUBC Conditional subtract (for divide) 1 1 o 1 1 0 0 1 0 0 M €——D———p
SUBH Subtract from high-order accumulator bits 1 1 o 1 1 o o0 0 1 0 Mm ¢4———D——p
SUBS Subtract from accumulator with no sign extension 1 1 0 1 1 0 0 011 M ¢—D—p
XOR Exclusive OR with accumulator 1 1 0o 1 1.1 1 0 00 M ¢€——D—p
ZAC Zero accumulator 1 1 0 1 1 1 1 11 1 1 0 0 0 1 0 0 1
ZALH Zero accumulator and load high-order bits 1 1 o 1 1 o 0 1 0 1 M 4———D—p
ZALS Zero accumulator and load low-order bits with no sign extension 1 1 0 1 1 0 0 110 Mm €4¥4—D—Pp

AUXILIARY REGISTER AND DATA PAGE POINTER INSTRUCTIONS
OPCODE
NO. NO.

MNEMONIC DESCRIPTION cycLes| worDs INSTRUCTION REGISTER

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
LAR Load auxiliary register 1 1 o 0o 1 1.1 0 0 RM ¢——D—Pp
LARK Load auxiliary register immediate 1 1 0 1 1 1 0 0 0 R 44— K——>»
LARP Load auxiliary register pointer immediate 1 1 0 1 1 0 1 0O 0 0 1 0 0 0O O 0 0 K
LDP Load data memory page pointer 1 1 0 1 1 0 1 11 1 M €4¥4—D—Pp
LDPK Load data memory page pointer immediate 1 1 0 1 1 0 1 11 0 0 0 0 0 0 0 0 K
MAR Modify auxiliary register and pointer 1 1 0 1 1 0 1 00 0 M €4—D———Pp
SAR Store auxiliary register 1 1 o0 0 1 1 0 0 0R M €——D——p
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Table 3. TMS320C1x Instruction Set Summary (continued)

BRANCH INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION NO. NO. INSTRUCTION REGISTER
CYCLES| WORDS
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
1 1 1 1 1 0 0O 1 o 0o 0o o o o o0 o
B Branch unconditionally 2 2
0 0 0 0 4 BRANCH ADDRESS ————P»
1 1 1 1 0 1 0 0 0O O O O O O o0 O
BANZ Branch on auxiliary register not zero 2 2
0 0 0 0 4 BRANCH ADDRESS ————P»
1 1 1 1 1 1 0 1 0 0 O O 0O O o0 O
BGEZ Branch if accumulator = 0 2 2
0 0 0 0 <«——— BRANCHADDRESS —Pp
1 1 1 1 1 1 0 0 0O 0O O O O O o0 O
BGZ Branch if accumulator > 0 2 2
0 0 0 0 <«——— BRANCHADDRESS ——Pp
_ 11 1 1 0 1 1 .0 0 0 0 0 0 0 0 O
BIOZ BranchonBIO =0T 2 2
0 0 0O 0 <«——— BRANCHADDRESS ——p
1 1 1 1 1 0O 1 1 0 0 0O 0O O o 0 O
BLEZ B h if I < 2 2
ranch if accumulator < 0 0 0 0O 0 <«— BRANCHADDRESS —p»
1 1 1 1 1 0 1 0 0 0 0O 0O O o 0 O
BLZ Branch if accumulator < 0 2 2
0 0 0 0 <«—— BRANCHADDRESS —Pp
1 1 1 1 1 1 1 0 0 0 0 O O O O O
BNZ Branch if accumulator # 0 2 2
0 0 0 0 <«——— BRANCHADDRESS —Pp
1 1 1 1 0 1 0O 1 o 0o o o o o o0 o
BV Branch on overflow 2 2
0 0 0 0 <«——— BRANCHADDRESS —Pp
1 1 1 1 1 1 1 1 0 0 0 0O 0 0 o0 O
BZ Branch if accumulator = 0 2 2
0 0 0 0 <« BRANCHADDRESS—P
CALA Call subroutine from accumulator 2 1 0 1 1 1 1 11110001100
1 1 1 1 1 0O 0 0 0 0 0O O O o o0 o
CALL Call subroutine immediately 2 2
0 0 0 0 <«—— BRANCHADDRESS —P
RET Return from subroutine or interrupt routine 2 1 6 1 1 1 1 1 1 1 1 0 0 0 1 1 0 1
T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION NO. NO. INSTRUCTION REGISTER
CYCLES| WORDS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
APAC Add P register to accumulator 1 1 0 1 1 1 1 11 1 1 0 0 0 1 1 1 1
LT Load T Register 1 1 0 1 1 0 i1 0 1 0 M ¢4&4¥——D—p
LTA LTA combines LT and APAC into one instruction 1 1 o 1 1 0 1 1 0 0 M 4&4——D—p
LTD LTD combines LT, APAC, and DMOV into one instruction 1 1 0 1 1 0 1 o 1 1 M ¢4&4——D—p
MPY Multiply with T register, store product in P register 1 1 0 1 1 0 1 1 01 M 4&4—D—p
MPYK _Multiply_T register with immediate operand; store product 1 1 1 0 o P K ~
in P register l |
PAC Load accumulator from P register 1 1 0 1 1 1 1 1 1 1 1 0 O O 1 1 1 O
SPAC Subtract P register from accumulator 1 1 0 1 1 1 1 1 1 1 1 0 O 1 0 O 0 O

T This instruction is a NOP on the '320C14/E14/P14.
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

Table 3. TMS320C1x Instruction Set Summary (concluded)

CONTROL INSTRUCTIONS

OPCODE
NO. NO.

MNEMONIC DESCRIPTION cYcLEs | worps INSTRUCTION REGISTER

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
DINT Disable interrupt 1 1 0 1 1 1 1 1 11 1 0 0 0 0 O o0 1
EINT Enable interrupt 1 1 0 1 1 1 1 1 1 1 1 0 0 O 0 1 0
LST Load status register 1 1 o1 1 1 1 0 1 1 M €&——D——Pp
NOP No operation 1 1 0 1 1 1 1 11 1 1 0 0 0 0 0 0 O
POP POP stack to accumulator 2 1 0 1 1 1 1 11 1 1 0 0 1 1 1 0 1
PUSH PUSH stack from accumulator 2 1 0 1 1 1 1 11 1 1 0 0 1 1 1 0 O
ROVM Reset overflow mode 1 1 0 1 1 1 1 11 1 1 0 0 0O 1 0 1 O
SOVM Set overflow mode 1 1 0 1 1 1 1 11 1 1 0 0 0 1 0 1 1
SST Store status register 1 1 0 1 1 1 1 1 0 0 Mm €4¥4D———p

1/0 AND DATA MEMORY OPERATIONS
OPCODE
NO. NO.

MNEMONIC DESCRIPTION cYCLES | worDs INSTRUCTION REGISTER

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
DMOV Copy contents of data memory location into next higher location 1 1 0 1 1 0 1 o 01 M ¢€4——D—p
IN Input data from port 2 1 o 1.0 0 0 EPAP M ¢&4———D—p
out Output data to port 2 1 o0 1.0 0 1 4PAP M ¢&4——D—p
TBLR Table read from program memory to data RAM 3 1 0 1 1 0 0 11 1 M ¢4&4—D——p
TBLW Table write from data RAM to program memory 3 1 0 1 1 1 1 1 01 M €4¥——D—Pp

10
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TMS320C10, TMS320C10-14, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

Key Features: TMS320C10

Instruction Cycle Timing
— 160-ns (TMS320C10-25)
— 200-ns (TMS32010)
— 280-ns (TMS320C10-14)

144 Words of On-Chip Data RAM
1.5K Words On-Chip Program ROM

External Memory Expansion up to 4K
Words at Full Speed

16 x 16-Bit Multiplier With 32-Bit Product
0 to 16-Bit Barrel Shifter
On-Chip Clock Oscillator

Device Packaging:
— 40-Pin DIP

— 44-Lead PLCC
Single 5-V Supply

Operating Free-Air Temperature Range
...0°Cto70°C

TMS320C10
N/JD Package
(Top View)
ALPAL[| 1\Ya0[] A2/pa2
Ao/PAO[|2  39[] A3
MC/MP |3 38 A4
RS |4 37[] A5
INT (|5 36[] A6
CLKOUT []6 35 ] A7
X1 []7 34[] as
X2/CLKIN (] 8 33 ] MEN
BIO (|9 32| ] DEN
Vgg [] 10 31[] WE
D8 []11 30[] Vee
D9 []12 29[] A9
D10 [|13 28[ ] A10
D11 [ |14 27 ] A11
D12 [ |15 26[ ] DO
D13 [ |16 25 ] D1
D14 [ |17 24 ] D2
D15 [|18 23] ] D3
D7 (19 22[] D4
D6 [ |20 21]] D5

+5V GND

S

144-Word RAM

Interrupt

Data (16)
1.5K-Word ROM

32-Bit ALU/ACC

i 0

L]
O
|

Multiplier
Address (12)
Shifters
TMS320C10
FN/FZ Package
(Top View)
8% %
oS LR gl
‘Z‘ SaH N Mm< W0 ©
frs<a><aLI<<
65432%M%QMM
CLKOUT [] 7 39 A7
X1 8 38[| A8
X2/CLKIN |] 9 37[| MEN
BIO [] 10 36 [ DEN
NC [] 11 35[ WE
Vss || 12 34(] Ve
D8 || 13 33[ A9
D9[] 14 32 A10
D10 [] 15 31[ A11
D11 [] 16 30( DO
D12 [] 17 29 D1
18 19 20 21 22 23 24 25 26 27 28
SRIBE883883
Ynoon Lo

TEXAS“'P
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TMS320C10, TMS320C10-14, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

TERMINAL FUNCTIONS

NAME ilot DEFINITION
A11-A0/PA2-PAO (@) External address bus. I/O port address multiplexed over PA2-PAQ.
BIO | External polling input
CLKOUT (@) System clock output, 1/4 crystal/CLKIN frequency
D15-D0O 1/0 | 16-bit parallel data bus
DEN (@) Data enable for device input data on D15-D0
INT | External interrupt input
MC/MP | Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN (@) Memory enable indicates that D15-DO0 will accept external memory instruction.
NC e} No connection
RS | Reset for initializing the device
Vce | + 5V supply
Vgs | Ground
WE O Write enable for device output data on D15-D0
X1 O Crystal output for internal oscillator
X2/CLKIN | Crystal input internal oscillator or external system clock input

t Input/Output/High-impedance state.

12
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TMS320C10, TMS320C10-14, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

functional block diagram

X1
CLKOUT X2/CLKIN
. q Program Bus
_WE —<— 16 12 LSB
DEN —¢—]
MEN -—— & MUX
BIO ——— = 12
— = 12 12
MC/MP —p—| S \
INT —>— [Pcay |
RS —»— 12 -
Instruction
12
1. 3 > 16
A11-A0/ < a2 Program
v &
PA2-PAO 2 — 8| ROM/EPROM D15-D0
NI tacl S| (1.5K Words
N 3] 4x12 g )
% Program Bus
16/f 16
% Data Bus
16{ 7 16 16
ARO (16) @5
ARP DP Shifter T(16
AR1 (16
S 4Lr| (0-16)
Multiplier &
P(32)
)
Address
Data RAM v
. (144 Words) | I 4
Legend. ALU (32
ACC = Agcumu!ator ‘ . Data -
ALU = Arithmetic Logic Unit
ARP = Auxiliary Register Pointer y
ARO = Ausiliary Register 0 [ Acce |
AR1 = Auxiliary Register 1
DP = Data Page Pointer a2 32
P = P Register
PC = Program Counter
T = T Register I Shifter (0,1,4) I
16 16 i\
q Data Bus

TEXAS"@
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TMS320C10, TMS320C10-14, TMS320C10-25

DIGI

TAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

elect

rical specifications

This section contains the electrical specifications for all speed versions of the 'C10 Digital Signal Processors,
including test parameter measurement information.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range Vo (SEE NOLE B) ...ttt -03Vto7V
INPUL VOItAgE FaNgE . .o e e e e e e e e -03Vto7V
OULPUL VOITBGE FANGE . ..ottt e e e e e e e e e e -03Vto7V
Continuous power diSSIPation . ... ... ittt 0.5 mwW
Operating free-air temperature: L Suffix . ......... 0°Cto 70°C

A SURIX —40°C to 85°C
StOrage teMPEIAtUIE ... ...\ttt ettt e e e e e et e e e e e -55°Cto 150 °C

1 Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6: All voltage values are with respect to Vgg.
recommended operating conditions
MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.25 \%
Vss  Supply voltage 0 \%
High-level input volt CLKIN v
Vi igh-level input voltage
IH g P g All remaining inputs \%
, MC/MP 0.6 v
VIL Low-level input voltage —
All remaining inputs 0.8 \%
IoH High-level output current, all outputs -300 HA
loL Low-level output current 2 mA
L suffix 0 70 °C
TA Operating free-air temperature -
A suffix -40 85 °C

14
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TMS320C10, TMS320C10-14, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
. loH = MAX 2.4 3
VoH High-level output voltage \VJ
IOH = 20 YA (see Note 7) Vce - 0.4F
VoL Low-level output voltage loL = MAX 0.3 0.5 \Y
| of v MAX Vo=24V 20
-State output current cCc~= A
0z P Vo =04V 20| M
| Input ) All inputs except CLKIN +20 UA
nput curren Vce = Vsgto V
: P CC=VSSBYCC ferkin +50
c Inout i Data bus 25+ E
i nput capacitance
! P P All others ) 15% P
f=1 MHz, all other pins 0 V
c Data bus o5F .
o Output capacitance
P P All others 10% P

T All typical values are at Voc = 5 V, Ta = 25°C.

* values derived from characterization data and not tested.

NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data
sheet are specified for TTL logic levels and will differ for HC logic levels.

INTERNAL CLOCK OPTION

X1 X2/CLKIN
Crystal

hamlend
C1$ ? Cc2

Figure 1. Internal Clock Option

hd

PARAMETER MEASUREMENT INFORMATION

215V

% RL=825Q
From Output

Under Test ©——¢

. o Test

Point

T CL =100 pF

Figure 2. Test Load Circuit

Texas ""'
INSTRUMENTS
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TMS320C10, TMS320C10-25

DIGITAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS
(SEE FIGURE 2)

MIN  TYPt MAX

UNIT

TMS320C10

f=20.5 MHz, Ve = 5.5 V, Ta = — 40°C to 85°C 33 55

Ilcct  Supply current

TMS320C10-25

f=25.6 MHz, Vcc = 5.5 V Ta = — 0°C to 70°C

40 65

mA

T Al typical values are at Tp = 70°C and are used for thermal resistance calculations.
¥ Icc characteristics are inversely proportional to temperature. For Icc dependence on temperature, frequency, and loading.

CLOCK CHARACTERISTICS AND TIMING
The 'C10/C10-25 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Crystal frequency, fy TMS320C10 Tp =—40°Cto 85°C 6.7 20.5 MHz
TMS320C10-25 Ta =0°Cto 70°C 6.7 25.6
C1, C2 Ta =—40°Cto 85°C 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TMS320C10 TMS320C10-25
PARAMETER TEST CONDITIONS UNIT
MIN NOM MAX | MIN NOM MAX
tc(C) CLKOUT cycle time8 195.12 200 156.25 160 ns
tr(C) CLKOUT rise time 101 10f ns
CLKOUT fall i RL=8250 8T 8T
t(C) all time C| = 100 pF ns
tw(CL) Pulse duration, CLKOUT low (see Figure 2) 921 721 ns
tw(CH)  Pulse duration, CLKOUT high 90fl 701 ns
tyovce)  Delay time, CLKIN?T to CLKOUT! 251 60| 25 501 | ns
§ tc(C) is the cycle time of CLKOUT, i.e., 4tc(mcC) (4 times CLKIN cycle time if an external oscillator is used).
1 values derived from characterization data and not tested.
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25 UNIT
MIN NOM MAX MIN NOM MAX
tc(MC) Master clock cycle time 48.78 50 150 |39.06 40 1501 ns
tr(MC) Rise time, master clock input 51 10 51 10T| ns
tf(MC) Fall time, master clock input 51 101 51 101 ns
tw(MCP)  Pulse duration, master clock 0.4tcme)T 0.6tcuc)T [0.45tcmc)  0.55tcmc)T | ns
tw(MCL)  Pulse duration, master clock low 201 151 ns
tw(MCH) Pulse duration, master clock high 201 151 ns

{1 values derived from characterization data and not tested.

16
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TMS320C10, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

TEST TMS320C10 TMS320C10-25
PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNIT

Delay time, CLKOUT! to t +

td1 address bus valid 10 50 10 40 ns
Delay time, CLKOUT!

tq2 1o MEN. Udtgcy—5T gy +15 | Uatgc)y-5T  ldtgcy+12 | ns
Delay time, CLKOUT! + t

t43 to MEN1 -10 15 -10 12 ns
Delay time, CLKOUT! 1

tqa 1 DN 1atg(c) - 57 Iate(cy + 15 | Udtgc)-5T  latgcy+12 | ns
Delay time, CLKOUT! + +

tds to DEN1 -10 15 -10 12 ns

td6 Delay time, CLKOUT! to WE R =8250 |U2t(C)- 5T 12ty +15 |12ty -5T  L2tgcy+ 12| ns

tq7 Delay time, CLKOUT! to WE+ | CL =100 pF, —10t 15 —10t 12 ns

T CLrO " (see Figure 2)

Delay time, CLKOUT! to data t

idg bus OUT valid /ate(c) + 65 Udtecy +52T | ns
Time after CLKOUT! that data + +

td9 bus starts to be driven Vate(c) -5 ate(c) -5 ns
Time after CLKOUT! that data t +

td10 bus stops being driven Liate(c) + 40 late(c) + 40 ns
Data bus OUT valid after

ty CLKOUT! 1/4te(c)-10 1/4tc(c)—10 ns
Address hold time after WET, + +

th(A-WMD) ' MEN1, or DEN1 (see Note 8) 10 -10 ns
Address bus setup time prior

tsu(A-MD) to MEN. or DEN! 1/4tC(C)—45 1/4tC(C)—35 ns

t Values derived from characterization data and not tested.
NOTE 8: For interfacing 1/0 devices, see Figure 3.

TEXAs"v'?
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TMS320C10, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

timing requirements over recommended operating conditions

th(D)

(see Note 9)

(see Figure 2)

TMS320C10 TMS320C10-25
TEST CONDITION UNIT
MIN NOM MAX | MIN NOM MAX
tsu(D) Setup time, data bus valid prior to CLKOUT ! RL=825Q, 50 40 ns
Hold time, data bus held valid after CLKOUT! CL = 100 pF 0 0 ns

NOTE 9: Data may be removed from the data bus upon MENt or DEN1t preceding CLKOUT!.

SUGGESTED 1/0 DECODE CIRCUIT

The circuit shown in Figure 3 is a designh example for interfacing 1/0 devices to the 'C10/C10-25. This circuit
decodes the address for output operations using the OUT instruction. The same circuit can be used to decode
input and output operations if the inverter CALS04) is replaced with a NAND gate and both DEN and WE are
connected. Inputs and outputs can be decoded at the same port provided the output of the decoder (AS137)
is gated with the appropriate signal (DEN or WE) to select read or write (using an ’ALS32). Access times can
be increased when the circuit shown in Figure 3 is repeated to support IN instructions with DEN connected rather

than WE.

The table write (TBLW) function requires a different circuit. A detailed discussion of an example circuit for this
function is described in the application report, “Interfacing External Memory to the TMS32010", published in the
book, Digital Signal Processing Applications with the TMS320 Family (SPRA012A).

TMS320C10 74AS137
74ALS04
|32 4| —
WE ® GL
2
PAO A
1 2
PA1
40 3
PA2 c
6
Vee G1
5132

15
YO o——

Yl:)i

Y2 13
Y3 12
Y4
Y5

11

10

Y7

Figure 3. I/O Decode Circuit

I/0 Device

TEXAS*’.)
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TMS320C10, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

RESET (RS) TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tq11 Delay time, DENt, WE1, and MEN1 from RS CRL 820509, 1/2t¢(c) +50t ns
. . L =100 pF,
tdis(R) Data bus disable time after RS (see Figure 2) 1/4t¢(C) +50T ns
T Values derived from characterization data and not tested.
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
tsu(R) Reset (R_S) setup time prior to CLKOUT (see Note 10) 50 40 ns
tw(R) RS pulse duration 5te(c) 5te(c) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
UNIT
MIN NOM MAX | MIN NOM MAX
tFOINT) Fall time, INT 15 15 ns
tw(INT)  Pulse duration, INT tc(C) tc(C) ns
tsu(INT) ~ Setup time, INT, before CLKOUT! 50 40 ns
1O (BIO) TIMING
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
MIN NOM MAX | MIN NOM MAX UNIT
tfgo)  Falltime, BIO 15 15| ns
tw(l0)  Pulse duration, BIO te(C) te(C) ns
tsy(lo)  Setup time, BIO. before CLKOUT! 50 40 ns

Texas ""'
INSTRUMENTS
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TMS320C10-14
DIGITAL SIGNAL PROCESSORS

SPRS009C-JANUARY 1987 —-REVISED JULY 1991

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
lcct Supply current f=14.4, MHz, Vcc =5.5V, Tp = 0°C to 70°C 28 65 mA

T All typical values are at Ta = 70°C and are used for thermal resistance calculations.
t Icc characteristics are inversely proportional to temperature; i.e., Icc decreases approximately linearly with temperature.

CLOCK CHARACTERISTICS AND TIMING

The TMS320C10-14 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and be specified
at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Crystal frequency, fy Tp =0°Cto 70°C 6.7 144 | MHz
C1, C2 Ta =0°Cto 70°C 10 pF

external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TEST CONDITIONS MIN NOM MAX | UNIT
te(C) CLKOUT cycle time8 277.78 ns
tr(Cc) CLKOUT rise time 10 ns
) CLKOUT fall time EL_: fgos ;’F' 8 ns

L= :
tw(CL) Pulse duration, CLKOUT low (see Figure 2) 131 ns
tw(CH) Pulse duration, CLKOUT high 129 ns
tgomcc)  Delay time, CLKIN1 to CLKOUT! 251 60T | ns

§tc(c) is the cycle time of CLKOUT, i.e., 4tc(mc) (4 times CLKIN cycle time if an external oscillator is used).
fvalues derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
tc(MC) Master clock cycle time 69.5 150 ns
tr(MC) Rise time, master clock input 51 10 ns
tf(MC) Fall ime, master clock input 51 10fl ns
tw(MCP)  Pulse duration, master clock 0.4tcmc) 06tcuc)T| ns
tw(MCL) Pulse duration, master clock low, te(vc) = 50 ns 20f ns
tw(MCH) Pulse duration, master clock high, tc(vc) = 50 ns 201 ns

{1 values derived from characterization data and not tested.

j
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TMS320C10-14

DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
td1 Delay time, CLKOUT! to address bus valid 10t 50 ns
tq2 Delay time, CLKOUT! to MEN Ugte(cy - 57 Ugte(c)*15 | ns
t43 Delay time, CLKOUT! to MEN1 —10t 15 ns
td4 Delay time, CLKOUT! to DEN} Ugte(c) - 57 Ygte(c)+15 | ns
tg5 Delay time, CLKOUT! to DEN? -10f 15 ns
tde Delay time, CLKOUT! to El RL = 8250, 1iote(c) - 5t 1/ote(c)+15 ns
tq7 Delay time, CLKOUT! to WE1 Cr =100 pF -10t 15 ns
t4s Delay time, CLKOUT! to data bus OUT valid (see Figure 2) 14te(c)+65 | ns
tdg Time after CLKOUT! that data bus starts to be driven 1/4tc(c) - 5t ns
td10 Time after CLKOUT! that data bus stops being driven 1/4tc(c)+ a0t ns
ty Data bus OUT valid after CLKOUT 1/4te(cy — 10 ns
th(A-WMD) ,é(l(lr(’e\ls(i:(él)d time after WEt, MEN1, or DEN1t _10t ns
tsu(A-MD) Address bus setup time prior to MENL or DEN1 1/4tc(c) — 45 ns

T Values derived from characterization data and not tested.
NOTE 8: For interfacing 1/O devices, see Figure 3.
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX | UNIT
tsu(D) Setup time, data bus valid prior to CLKOUT! R =825Q, 50 ns
Cr =100 pF
th(D) Hold time, data bus held valid after CLKOUT! (see Note 9) (see Figure 2) 0 ns

NOTE 9: Data may be removed from the data bus upon MEN1t or DEN1 preceding CLKOUT! .

POST OFFICE BOX 1443 ®
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TMS320C10-14
DIGITAL SIGNAL PROCESSORS
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RESET (RS) TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ty1  Delay time, DEN1, WE+, and MEN1 from RS RL=825Q, 12tecy+ 50T | ns
— C|L = 100 pF
tdis(r) Data bus disable time after RS (see Figure 2) 1/4tc(C)+ 50t ns
T Values were derived from characterization data and not tested.
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
tsu(R) Reset (ﬁ) setup time prior to CLKOUT (see Note 10) 50 ns
tw(R) RS pulse duration 5tc(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
tOINT) Fall time, INT 15 ns
tw(INT)  Pulse duration, INT te(C) ns
tsu(INT) ~ Setup time, INT, before CLKOUT! 50 ns
1O (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
tf(10) Fall time, BIO 15 ns
tw(l0)  Pulse duration, BIO te(C) ns
tsy(lo) Setup time, BIO! before CLKOUT! 50 ns

22
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TMS320C10, TMS320C10-14, TMS320C10-25
DIGITAL SIGNAL PROCESSORS

SPRS009C -JANUARY 1987 -REVISED JULY 1991

TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 volts, unless
otherwise noted.

clock timing

—» & (o) -

tw(MCH) i t
} :‘_tC(MC) _’1‘ } “ " w(MCP)

\ \
wen NSNS N S

\
| le—pl—twovcy)

\
\
} » le o) t
“— —”
— [ tgovce) \ e \

CLKOUT _j"\‘r ﬁ \_

| |
BAERC! ¥ 4 |
| e twey) ———¥ |
¢ te(C) %‘

t td(Mcc) and tw(vmcp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

te(C)

war T\ / \ S
PR

\
tgp ——— W
) :
;|
H—tdl—_q lﬂ—tsu(A-MD) "_ﬂ r_th(A-WMD)

Al11-A0 W Address Bus Valid >< g g g g ><

[ tsup) — ¥
\

D15-D0 ,‘ { Instruction Valid K
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TBLR instruction timing

aor \__/ N/ N S

> g1
Al11-A0 5 6 @( 7 - 0‘2‘2.0 0”‘0
4= th(D)
tsu(D) —&—W

Legend:

1. TBLR Instruction Prefetch 7. Address Bus Valid

2. Dummy Prefetch 8. Address Bus Valid

3. Data Fetch 9. Instruction Valid

4. Next Instruction Prefetch 10. Instruction Valid

5. Address Bus Valid 11. Data Input Valid

6. Address Bus Valid 12. Instruction Valid

TBLW instruction timing

| |
- ‘ -
MEN /_\ L /~\ 2 | / | \ 2 /\
\
\
w20 XX XX XX DX
|

l«— tde —D? gy
| »
|t \
\ ‘d8 _T ﬂ—"F td10
R | |
tdg —14—P |ty —¥ ‘ﬂ— }
\ \ \

o

Legend:

1. TBLW Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Instruction Valid
3. Next Instruction Prefetch 9. Instruction Valid
4. Address Bus Valid 10. Data Output Valid
5. Address Bus Valid 11. |Instruction Valid

6. Address Bus Valid
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IN instruction timing

cwerr N /N N S
\
2/ N\

MEN / \ 1 | /
—» [ tsy(A-MD)

} } \ N—b‘&—tsu(o)
| |
! \ \ \
¢ty _’1‘ ‘ —H r—td5
DEN \! | ‘/'
} “_"_‘ th(D)
Legend:
1. IN Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Valid
3. Address Bus Valid 7. Data Input Valid
4. Peripheral Address Valid 8. Instruction Valid

OUT instruction timing

01509 CO— @& <0

Legend:

1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Valid
3. Address Bus Valid 7. Data Output Valid
4. Peripheral Address Valid 8. Instruction Valid
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reset timing

\ \
> 4 R b 4 tsu(R)

s\ /

l\( tw(R)
\

DEN ( 4
_WE  (see \ Data In From Data In From
MEN M— tq11 PC ADDR 0 PC ADDR PC+1
tdis(R) —p! 4— _ — N \L
VAN > < N\
\

Sata Data Shown Relative to WE
((
D15-DO out )
(
— J
MEN \ / \

AB = Address Bus AB = PC+1

\
AB =PC XAB:PC+1 X}S AB=PC=0 X N\

NOTES: A. RS forces DEN, WE, and MEN high and places data bus DO through D15 in a high-impedance state. AB outputs (and program count-

er) are synchronously cleared to zero after the next complete CLK cycle from RS1.

B. RS must be maintained for a minimum of five clock cycles.

C. Resumption of normal program will commence after one complete CLK cycle from RSt.

D. Due to the synchronization action on RS, time to execute the function can vary dependent upon when RSt or RS occur in the CLK
cycle.

E. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive.

F. During a write cycle, RS may produce an invalid write address.

Address
Bus

5

interrupt timing

chout _/—\—/—\_/—\_

N—’l— tsu(INT)

k— L(OINT) ‘
H— tw(INT) 4N

.

BIO timing

chout _/—\—/—\_/—\_

;‘4’1— tsu(l0)
BIO \ /

—H 14— tf(10)

H— tw(10) 4J
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TYPICAL POWER VS. FREQUENCY GRAPHS

I cc - Supply Current - mA

52

46

40

34

28

22

16

10

/

Ta =-40°C
Tp = 85°C
Ta =-40°C
Ta =85°C
Ta =-40°C
Ta = 85°C

1.2 4 8 12 16 20 24 28

fy - Crystal Frequency - MHz
(a) —40°C to 85°C Temperature Range

I cc - Supply Current - mA

42

36

30

24

18

12

) 1
With Load

A

\

) 7
Without Load

—
"

N\

1.2 4 8 12 16 20 24 28

fx - Crystal Frequency - MHz
(b) Voltage =5 V; Temperature =25 °C

Figure 4. Typical CMOS | ¢ vs Frequency
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Key Features: TMS320C14/E14/P14 +5V GND
® 160-ns Instruction Cycle + +
® 256 Words of On-Chip Data RAM
* 4K Words of On-Chip Program ROM Interrupt 256-Word RAM

(TMS320C14) Data (16)

® 4K Words of On-Chip Program EPROM

—’_
(TMS320E14/P14) T 32-Bit ALU/ACC
]

8K-Word ROM/
EPROM

® One-Time Programmable (OTP) Windowless

EPROM Version Available ( '320P14) Multiplier @
®* EPROM Code Protection for Copyright Security Shifters
® External Memory Expansion up to 4K-Words

at Full Speed (Microprocessor Mode)
® 16 x 16-Bit Multipler With 32-Bit Product

® 0 to 16-Bit Barrel Shifter
® Seven Input and Seven Output External Ports

® Bit Selectable I/O Port (16 Pins) TMS320C14, TMS320E14/P14
® 16-Bit Bidirectional Data Bus With Greater than FN/(iﬁppsicelffv‘)ges

50-Mbps Transfer Rate
® Asynchronous Serial Port
® 15 Internal/External Interrupts

o
o
w
N
o
<
[
3
a
=
<

CMP5/CAP3/FSX

Ei.-ggiies
. - N M
* Event Manager With Capture Inputs and 25656<<575650505%538888
987654321
Compare Outputs . TCLK/CLKR] 10 ° 60[} D4
® Four Independent Timers [Watchdog, TCLK2/CLKX E ggE o
General Purpose (2), Serial Port] 13 s7[|o7
14 56[}10P0O
® Four-Level Hardware Stack 15 ss[|1oP1
. . . REN[l 16 s54[}10P2
® Packaging: 68-Pin PLCC (FN Suffix) 17 53E 10P3
or CLCC (FZ Suffix) ceouTfiss g e
* Single 5-V Supply 20 soffos
) ] Az 49[| D9
® Operating Free-Air Temperature NMIMC/MPY] 22 48ERXD/DATA
23 47[) TXD/CLK
...0°Cto70°C cLkINfl 24 46[|D10
25 45[}10P6
26 44} ioP7
2728293031323334353637383940414243

oW MON A AN T 4O N0 ND O

L dddd ondd T ddda a
ooo o nonNnoa0n [a)
6665 LT g5-"¢e°
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introduction

The 'C14/E14/P14 are 16/32-bit single-chip digital signal processing (DSP) microcontrollers that combine the
high performance of a DSP with on-chip peripherals. With a 160-ns instruction cycle, these devices are capable
of executing up to 6.4 million instructions per second (MIPS). The 'C14/E14/P14 DSPs are ideal for applications
such as automotive control systems, computer peripherals, industrial controls, and military command/control
system applications.

Control-specific on-chip peripherals include: An event manager with 6 channel PWM D/A/, 6-bit 1/O pins, an
asynchronous serial port, four 16-bit timers, and internal/external interrupts.

With 4K-words of on-chip ROM, the 'C14 is a mask programmable device. Code is provided by the customer,
and Tl incorporates the customer’s code into the photomask. It is offered in a 68-pin plastic chip carrier package
(FN suffix), rated for operation from 0°C to 70°C.

The 'E14 is provided with a 4K-word on-chip EPROM. This EPROM version is excellent for prototyping and for
customized applications. It is programmable with standard EPROM programmers. It is offered in a 68-pin
(windowed) cerquad package (FZ suffix), rated for operation from 0°C to 70°C.

The 'P14 features a one-time programmable 4K-word on-chip EPROM. The 'P14 is provided in an
unprogrammed state and is programmed as if it were a blank 'E14. It is offered in a low-cost,
volume-production-oriented, 68-pin plastic leaded chip carrier (PLCC) package (FN suffix), rated for operation
from 0°C to 70°C.
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Each device can execute programs form either internal (MC/MP=0) or external program memory (MC/MP=1).

For proprietary code security, the 'E14 and 'P14 incorporate an EPROM protect bit (RBIT). If this bit is
programmed, the device’s internal program memory cannot be accessed by any external means.

TERMINAL FUNCTIONS

PIN vorzt DESCRIPTION

NAME NO. ADDRESS/DATA BUSES

All 5 Oo/z Program memory address bus A11 (MSB) through AO (LSB) and port addresses PA2 (MSB) through

A10 6 PAO (LSB). Addresses All through AO are always active and never go to high impedance except

A9 9 during reset. .During execution of the IN an_d OUT instructions, pins 26, 27, and 2_8 carry the port
addresses. Pins A3 through A1l are held high when port accesses are made on pins PAO through

A8 12 PA2.

A7 13

A6 14

A5 20

A4 21

A3 25

A2/PA2 26

A1/PA1 27

AO/PAO 28

D15 MSB 35 110/Z2 Parallel data bus D15 (MSB) through DO (LSB). The data bus is always in the high-impedance state

D14 36 exceptwhen WE is active (low). The data bus is also active when internal peripherals are written to.

D13 39

D12 40

D11 43

D10 46

D9 49

D8 50

D7 57

D6 58

D5 59

D4 60

D3 61

D2 62

D1 63

DO LSB 64

INTERRUPT AND MISCELLANEOUS SIGNALS

INT 18 | External interrupt input. The interrupt signal is generated by a high-to-low transition on this pin.

NMI/MC/MP 22 | Non-maskable interrupt. When this pin is brought low, the device is interrupted irrespective of the
state of the INTM bit in status register ST.
Microcomputer/microprocessor select. This pin is also sampled when RSis low. If high during reset,
internal program memory is selected. If low during reset, external memory will be selected.

WE 15 (@] Write enable. When active low, WE indicates that device will output data on the bus.

REN 16 (0] Read enable. When active low, REN indicates that device will accept data from the bus.

RS 17 | Reset. When this pin is low, the device is reset and PC is set to zero.

Continued next page.

t Input/Output/High-impedance state.
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TERMINAL FUNCTIONS (concluded)

PIN yoszt DESCRIPTION
NAME NO. SUPPLY/OSCILLATOR SIGNALS
CLKOUT 19 (@] System clock output (one fourth CLKIN frequency).
Vce 4,33 | 5-V supply pins.
Vss 3,34 | Ground pins.
CLKIN 24 | Master clock input from external clock source.
SERIAL PORT AND TIMER SIGNALS
RXD 48 | Asynchronous mode receive input.
TXD 47 o/z Asynchronous mode transmit output.
TCLK1 10 | Timer 1 clock. If external clock is selected, it serves as clock input to Timer 1.
TCLK2 11 | Timer 2 clock. If external clock is selected, it serves as clock input to Timer 2.
WDT 23 (0] Watchdog timer output. An active low is generated on this pin when the watchdog timer times out.
BIT I/O PINS
IOP15 MSB 29 1/0 16 bit 1/O lines that can be individually configured as inputs or outputs and also individually set or
IOP14 30 reset
|OP13 31 when configured as outputs.
I0P12 32
10P11 37
I0P10 38
10P9 41
10P8 42
10P7 44
10P6 45
10P5 51
10P4 52
10P3 53
10P2 54
10P1 55
I0PO LSB 56
COMPARE AND CAPTURE SIGNALS
CMPO 8 (@] Compare outputs. The states of these pins are determined by the combination of compare and action
CMP1 7 registers.
CMP2 2
CMP3 1
CAPO 68 | Capture inputs. A transition on these pins causes the timer register to be captured in FIFO stack.
CAP1 67
CMP4/CAP2 66 1/0 This pin can be configured as compare output or capture input.
CMP5/CAP3 65 1/0 This pin can be configured as compare output or capture input.

t Input/Output/High-impedance state.
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functional block diagram

CLKIN CLKOUT

| g

16{
WE —*

3
REN % 12 16 Watchdog Timer L » WDT
RS —1 8
nstruction
y Timers | TCLK1.2
b @ Program 16 12 I 16
AO-ALL 12 18 rRom/EPROM
PAO-PA2 Stack 8| (4K words) 16
3 ax12 | IS
=
c »— D15-DO
% Program Bus x
NMI/ > | 6
MC/MP nterrupt [ { 16
— Controller 16 l’r
—
INT 16 16
S Data Bus L4
16
16f 6 16 over 18 ACT |——— CMPO-CMP3
1 (6) (6) CMP4,5/
CAP2, 3
— ARO (16) T(16) 16
AR1 (16) W ol 16
Multiplier <+
3] s P 16 | 4xL |a | cae
[~ Detect
P(32) St(i():k @ e CAPO,1
MUX 1€
— , 2 2 <
Shifter
8 (0-16) }
Serial Serial
1 Port Port
h "—'L Timer Controller
Address 9
TBR | TSR |——— TXD
Data 2 RBR | RSR J¢+——RxD
(256 Words)
Data I0P I0P0-IOP15
Legend: DP = Data Page Pointer
ACC = Accumulator IOP = Input/Output Port
ACT = Action Register (Bit Selectable)
ALU = Arithmetic Logic Unit PC = Program Counter
16 ARP = Auxiliary Register Point P = P Register
Data Bus ARO = Auxiliary Register 0 RBR = Receive Buffer Register
S AR1 = Auxiliary Register 1 RSR = Receive Shift Register
BSR = Bank Select Register T = T Register
CAP = Capture TBR = Transmit Buffer Register
CMPR = Compare Register TSR = Transmit Shift Register

architecture

The 'C1x 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 instruction fetch and execution.
The 'C1x family’s modification of a Harvard architecture allows transfers between program and data spaces,
thereby increasing the flexibility of the device. This modification permits coefficients stored in program memory
to be read into the RAM, eliminating the need for a separate coefficient ROM. It also makes available immediate
instructions and subroutines based on computed values.

32-bit ALU/accumulator

The 'C14/E14/P14 devices contain a 32-bit ALU and accumulator for support of double-precision,
twos-complement arithmetic. The ALU is a general-purpose arithmetic unit that operates on 16-bit words taken
from the data RAM or derived from immediate instructions. In addition to the usual arithmetic instructions, the
ALU can perform Boolean operations, providing the bit manipulation ability required of a high-speed controller.
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The accumulator stores the output from the ALU and is often an input to the ALU. It operates with a 32-bit
wordlength. The accumulator is divided into a high-order word (bits 31 through 16) and a low-order word (bits
15 through 0). Instructions are provided for storing the high- and low- order accumulator words in memory.

shifters

Two shifters are available for manipulating data. The ALU barrel shifter performs a left-shift of 0 to16 places on
data memory words loaded into the ALU. This shifter extends the high-order bit of the data word and zero-fills
the low-order bits for twos-complement arithmetic. The accumulator parallel shifter performs a left-shift of 0, 1,
or 4 places on the entire accumulator and places the resulting high-order accumulator bits into data RAM. Both
shifters are useful for scaling and bit extraction

16 x 16-bit parallel multiplier

The multiplier performs a 16 x 16-bit twos-complement multiplication with a 32-bit result in a single instruction
cycle. The multiplier consists of three units: the T Register, P Register, and the multiplier array. The 16-bit T
Register temporarily stores the multiplicand; the P Register stores the 32-bit product. Multiplier values either
come from the data memory or are derived immediately from the MPYK (multiply immediate) instruction word.
The fast on-chip multiplier allows the device to perform fundamental operations such as convolution, correlation,
and filtering.

data and program memory

Since the 'C14/E14/P14 devices use a Harvard architecture, data and program memory reside in two separate
spaces. These devices have 256 words of on-chip data RAM and 4K words of on-chip program ROM ('C14)
or EPROM (‘E14 and the OTP 'P14). The EPROM cell utilizes standard PROM programmers and is
programmed identically to a 64K-bit CMOS EPROM (TMS27C64).

program memory expansion

The 'Clx devices are capable of executing up to 4K words of external memory at full speed for those applications
requiring external program memory space. This allows for external RAM-based systems to provide multiple
functionality.

microcomputer/microprocessor operating modes

The'C14/E14/P14 devices offer two modes of operation defined by the state of the NMI/MC/MP pin during reset:
the microcomputer mode (NMI/MC/MP is high) or the microprocessor mode (NMI/MC/MP is low). In the
microcomputer mode, the on-chip ROM is mapped into the program memory space. In the microprocessor
mode, all 4K words of memory are external.

interrupts and subroutines

The 'C14/E14/P14 devices contain a four-level hardware stack for saving the contents of the program counter
during interrupts and subroutine calls. Instructions are available for saving the complete context of the device.
PUSH and POP instructions permit a level of nesting restricted only by the amount of available RAM. The
'C14/E14/P14 have a total of 15 internal/external interrupts. Fourteen of these are maskable; NMI is the
fifteenth.

input/output

The 16-bit parallel data bus can be utilized to access external peripherals. However, only the lower three address
lines are active. The upper nine address lines are driven high.

bit 110

The 'C14/E14/P14 has 16 pins of bit I/O that can be individually configured as inputs or outputs. Each of the
pins can be set or cleared without affecting the others. The input pins can also detect and match patterns and
generate a maskable interrupt signal to the CPU.

serial port
The 'C14/E14/P14 includes an I/O-mapped asynchronous serial port.
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event manager

An event manager is included that provides up to four capture inputs and up to six compare outputs. This
peripheral operates with the timers to provide a form of programmable event logging/detection. The six compare
outputs can also be configured to produce six channels of high precision PWM.

timers 1 and 2

Two identical 16-bit timers are provided for general purpose applications. Both timers include a 16-bit period
register and buffer latch, and can generate a maskable interrupt.

serial port timer

The serial port timer is a 16-bit timer primarily intended for baud rate generation for the serial port. Its architecture
is the same as timers 1 and 2, therefore it can serve as a general purpose timer if not needed for serial
communication.

watchdog timer

The 'C14/E14/P14 contain a 16-bit watchdog timer that can produce a timeout (WDT) signal for various
applications such as software development and event monitoring. The watchdog timer also generates, at the
point of the timeout, a maskable interrupt signal to the CPU.

instruction set

A comprehensive instruction set supports both numeric-intensive operations, such as signal processing, and
general-purpose operations, such as high-speed control. All of the first-generation devices are object-code
compatible and use the same 60 instructions. The instruction set consists primarily of single-cycle single-word
instructions, permitting execution rates of more than six million instructions per second. Only infrequently used
branch and I/O instructions are multicycle. Instructions that shift data as part of an arithmetic operation execute
in a single cycle and are useful for scaling data in parallel with other operations.

NOTE

The BIO pin on other 'C1x devices is not available for use in the 'C14/E14/P14 devices. An attempt to
execute the BIOZ (Branch on BIO low) instruction will result in a two cycle NOP action.

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

direct addressing

In direct addressing, seven bits of the instruction word concatenated with the 1-bit data page pointer from the
data memory address. This implements a paging scheme in which each page contains 128 words.

indirect addressing

Indirect addressing forms the data memory address from the least-significant eight bits of one of the 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 and the ARP changed in parallel with the
execution of any indirect instruction to permit single-cycle manipulation of data tables. Indirect addressing can
be used with all instructions requiring data operands, except for the immediate operand instructions.

immediate addressing

Immediate instructions derive data from part of the instruction word rather than from part of the data RAM. Some
useful immediate instructions are multiply immediate (MPYK), load accumulator immediate (LACK), and load
auxiliary register immediate (LARK).
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electrical specifications
This section contains all the electrical specifications for the 'C14/E14/P14 devices, including test parameter
measurement information. Parameters with pp subscripts apply only to the 'E14 and 'P14 in the EPROM
programming mode.

absolute maximum ratings over specified temperature range (unless otherwise noted) T
Supply voltage range, Vo (See NOte 6) ... -03Vto7V
Supply voltage range, Vpp (See NOte 6) . ... ..ot -0.6Vto14V
INPUE VOIAGE FANGE . oottt ettt e e e e e e e e -0.3Vtol1l4V
OUtPUL VOItAGE raNgE . . oo e e e e e e e -03Vto7V
Continuous Power diSSIPAtION . .. ... ot 0.5W
Air temperature range above operating device: L version ............. ... ... . 0°Cto70°C
StOrage tEMPEIALUIE ... ...ttt et ettt et e e et et e e e et e e e -55°C+150°C

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6: All voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX | UNIT

Operating voltage 4.75 5 5.25 \%
Vcc  Supply voltage Fast programming 5.75 6 6.25 \%
SNAP! Pulse programming 6.25 6.5 6.75 \%
Vpp  Supply voltage for Fast programming (see Note 11) 12.25 12.5 12.75 \Y,
Vpp  Supply voltage for SNAP! Pulse programming (see Note 11) 12.75 13 13.25 \
Vss  Supply voltage 0 \%

CLKIN, CAPO, CAP1, CMP4/CAP2, CMP5/CAP3, RS

VIH High-level input voltage All remaining Inputs \%
ViL Low-level input voltage, all inputs 0.8 \%
loHq  High-leveloutputcurrent, all outputs -300 HA
loL Low-level output current, all outputs 2 mA
TA Operating free-air temperature 0 70 °c

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current
islpp +Icc.
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT
VoH High-level output voltage o = MAX 24 3 v
IOH = 20 pA (see Note 7) Ve - 0.4t v
VoL Low-level output voltage loL = MAX 0.3 0.5 \
loz Off-state output voltage Vce = MAX Vo=24V 20 HA
Vo =04V -20
| Input current V| = Vss to Voo All other inputs except CLKIN +20 A
CLKIN +50
Iicc® Supply current f=25.6 MHz, Vcc =5.25V, Tp = 0°C to 70°C 70 90 mA
Ipp1 Vpp supply current Vpp=Vcc =55V 100 HA
e R ey |VeR= 13V © w0 | m
_ Data bus 25t
C Input capacitance Al others 15% pF
output Data bus f=1 MHz, All other pins 0 V o5t
Co . pF
capacitance All others 10t

T All typical values are at Voc = 5 V, Ta = 25°C, except Icc at 70°C.
* values derived from characterization data and not tested.

§ Icc characteristics are inversely proportional to temperature.
NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data
sheet are specified for TTL logic levels and will differ for HC logic levels.

PARAMETER MEASUREMENT INFORMATION

From Output

Under Test ©——#¢

215V

% RL=8250Q

Test
Point

T CL =100 pF

&—O

Figure 5. Test Load Circuit

EXTERNAL CLOCK REQUIREMENTS

The TMS320C14/E14/P14 use an external frequency source for a clock. This source is applied to the CLKIN
pin, and must conform to the specifications in the table below.

PARAMETERS

TEST CONDITIONS

MIN

NOM

MAX

UNIT

CLKIN

Input clock frequency

Ta = 0°C to 70°C

6.7

25.6

MHz
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CLOCK TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
tc(C) CLKOUT cycle time 156.25 600 ns
tr(C) CLKOUT rise time 10t ns
: RL=825Q, T
tf(C) CLKOUT fall time CL= ]-_00 PF, 8 ns
tw(cL)  Pulse duration, CLKOUT low (see Figure 2) 72t ns
tw(CH) Pulse duration, CLKOUT high 70t ns
tdMcc)  Delay time CLKINT to CLKOUT! 45t ns

t Values were derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
tc(MC) Master clock cycle time ¥ 39.06 40 150 ns
tr(MC) Rise time, master clock input 5t 10t ns
tf(MC) Fall time, master clock input 5t 10t ns
tw(mcp)  Pulse duration, master clock 0-45C(MC)T O.SSC(MC)T ns
tw(MCL) Pulse duration, master clock low 15t 130 ns
tw(MCH)  Pulse duration, master clock high 151 130 ns

T Values were derived from characterization data and not tested.
t tc(C) is the cycle time of CLKOUT, i.e., 4tc(vc) (4 times CLKIN cycle time if an external oscillator is used).
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MEMORY READ AND INSTRUCTION TIMING
switching characteristics over recommended operating conditions

PARAMETER COI\-II—DEI%I-ONS MIN NOM MAX UNIT
tsu(A)R Address bus valid before REN} 0.25t¢(c)—-39 ns
tsu(A)wW Address bus valid before WE 0.50t¢(c)—45 ns
th(A) Address bus valid after REN1 or WE+ 5t ns
ten(D)W Data starts being driven before WE| 0.25 tC(C)T ns
tsu(D)W Data valid prior to WE | R =825Q, 0.25t¢(c)—45 ns
th(D)w Data valid after WE+ (E(Ie_e:F::-gL?rg';) 0.25t¢(c)-10 ns
tdis(D)wW Data in high impedance after WE1 0.25tg(c) + 25t ns
tw(WEL) WE-low duration 0.50t¢(c)-15 ns
tw(RENL) REN-low duration 0.75t¢(c)-15 ns
trec(WE) Write recovery time, time between WE+ and REN 0.25t¢(c)-5 ns
trec(REN) Read recovery time, time between REN*t and WE! 0.50 t¢(c)-10 ns
td(WE-CLK) Time from WE' to CLKOUT? 050 te(c)-15 ns

T Values were derived from characterization data and not tested.
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX UNIT
tsu(D)R Data set-up prior to REN1 52 ns
th(D)R Data hok.j after REN1 RL=8250, 0 ns
WA vai atervald address (ske Figure 2 ()90 | ns
tog(REN)  Access time for read cycle from REN! 0.75 t¢(c)—-60 ns
tdis(D)R Data in high impedance after REN+ 0.25 tC(C)T ns
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
td(RS-RW) Delay from RS! to RENt and WEt 0.75t¢c)+20T | ns
tdis(RS-RW) \?v—i""i,yufgoh%ﬁ iﬁptgdiﬁga”d RL =8250, 1251t | ns
— CL =100 pF,
tdis(RS-DB) Data bus disable after RS (see Figure 2) 1.25 tc(C)T ns
tdis(RS-AB) Address bus disable after RS tC(C)T ns
ten(RS-AB) Address bus enable after RS+ tc(C)T ns
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX UNIT
tsu(RS) RS setup prior to CLKOUT! (see Note 10) RL=825Q, 60 ns
— _ C| =100 pF,
tw(RS) RS pulse duration (see Figure 2) 5t¢(C) ns

NOTE 10: RS can occur anytime during the clock cycle. Time given is minimum to ensure synchronous operation.
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MICROCOMPUTER/MICROPROCESSOR MODE (NMI/MC/MP)
timing requirements over recommended operating conditions

MIN NOM MAX UNIT
th(Mc/MP)F  Hold time after RS high te(C) ns
T Values were derived from characterization data and not tested.
¥ Hold time to put device in microprocessor mode.
INTERRUPT (INT)/NONMASKABLE INTERRUPT (NMI )
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
H(INT) Fall time, INT 157 ns
tH(NMI) Fall time, NMI 157 ns
tw(INT) Pulse duration, INT te(C) ns
tw(NMI) Pulse duration, NMI te(C) ns
tsyNT)  Setup time, INT before CLKOUT low (see Note 12) 60 ns
tsu(NmI) ~ Setup time, NMI before CLKOUT low (see Note 12) 60 ns
NOTE 12: INT and NMI are synchronous inputs and can occur at any time during the cycle. NMI and INT are edge triggered only.
BIT 1/0 TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
trfooP)  Rise and fall ime outputs R =825Q, 207 ns
CL =100 pF,
tdgop)  CLKOUT low to data valid outputs (sé_e Figurer: 2) 0.75 t¢(c)*+80 ns
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX UNIT
trfilop)  Rise and fall time inputs RL =825 Q, 20t ns
tsy(lop) Data setup time before CLKOUT time CL =100 pF, 40 ns
- (see Figure 2)
tw(lop) Input pulse duration tc(C) ns
GENERAL PURPOSE TIMERS
timing requirements over recommended operating conditions
TEST CONDITIONS NOM MAX UNIT
tr(TIM) TCLK1, TCLK2 rise time 20t ns
t(TIM) TCLK1, TCLK2 fall time RL =825 Q, 20t ns
twi(TIM) ~ TCLKZ, TCLK2 low time C =100 pF, te(C)+20 ns
— (see Figure 2)
twh(TiM) ~ TCLK1, TCLK2 high time te(c)*+20 ns
tclk(TiM)  Input pulse duration 2tc(c)+40 ns

t values were derived from characterization data and not tested.
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WATCHDOG TIMER TIMING
switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
t(wpT)  Fall time, WDT RL = 8250, 20t ns
tgowpT)  CLKOUT to WDT valid CL =100 pF, 0.25 t¢(c) +20 ns

- (see Figure 2)
tw(wDT) WDT output pulse duration 7tc(C) ns
EVENT MANAGER TIMER
switching characteristics over recommended operating conditions
PARAMETER TESTCONDITIONS | MIN ~ NOM  MAX | UNIT
ticmp)  Fall time, CMPO-CMP5 RL=825Q, 20t ns
CL =100 pF,
tr(CMP) Rise time, CMP0O-CMP5 (see Figure 2) 20t ns
timing requirements over recommended operating conditions
TESTCONDITIONS | MIN  NOM  MAX | UNIT
t CAPO-CAP3 input pulse duration R =825Q, te(c)+20 ns
W(CAP) CL = 100 pF. c(C)
tsu(cAP)  Capture input setup time before CLKOUT low (see Figure 2) 20t ns

t Values were derived from characterization data and not tested.
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 volts, unless
otherwise noted.

clock timing
—» €& t(ve) Pty (vicH) t
‘ f‘_tc(MC) _.‘ } ?“ "‘ tw(MCP)
| | |
X2/CLKIN W\_/_\_/_
\
\ \ H—J—tw(MCL)
} —» tf(MC)
et —»
¢—»—tgovce) " \ WeH) \
\ N
CLKOUT } ‘ [ }
BAERC! ¥ et |
| tw(CL) —» |
¢ te(C) %‘

t td(Mcc) and tw(vmcp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

f‘i tw(RENL) 4’\?
K toe(REN) 'P“ \
\
|

\

tsu(A)R —‘H—H ﬂ—’r—‘ | th(a)

A11-A0 W Address Bus Valid >< g g E g X
| \
< ta(A) » \
l“_ tsuyD)R — M

‘ | th(D)R

D15-D0 ‘, { Instruction Input Valid }
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TBLR instruction timing

1 /  \ 2 /  \ 3 /\\ 4 /  \
\

000
LY

REN /_\

A11-A0

D15-D0
Legend:
1. TBLR Instruction Prefetch 7.
2. Dummy Prefetch 8.
3. Data Fetch 9.
4. Next Instruction Prefetch 10.
5. Address Bus Valid 11.
6. Address Bus Valid 12.

TBLW instruction timing

Address Bus Valid
Address Bus Valid
Instruction Input Valid
Instruction Input Valid
Data Input Valid
Instruction Input Valid

/_\_2/
0 0
QEX__ 5 XX 6

tsu(a)R f— ‘
| |
\ \
XX XX
KK KLY
| —» ‘N- th(D)R
ta(a) ——¥ ‘\

\_3/_\_
XEX 7 XX
ten(D)WTH

REN /_\ L
AL1-A0 @( 4
WE

1 Data valid prior to WE!

Legend:

Dummy Prefetch

Address Bus Valid
Address Bus Valid
Address Bus Valid

ouMwNE

TBLW Instruction Prefetch

Next Instruction Prefetch

Poo®N

Address Bus Valid
Instruction Input Valid
Instruction Input Valid
Data Output Valid
Instruction Input Valid

[

N/

} k—q— tw(WEL)

| \

ts“(D)WT adiln }C—H— tdis(D)W
\ | \
\
\

|
|
thow » }
|

CBX 0 X
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IN instruction timing

REN

1 2 | 3
tsumr ¥ |
A11-A0 @( 4 W 5 ‘ X 6 M
| H—N— tsu(D)R
ta(A) —H—H H'_ —

Legend:

IN Instruction Prefetch
Data Fetch

Next Instruction Prefetch
Address Bus Valid
Peripheral Address Valid

agrpODE

OUT instruction timing

REN / \ 1 /

6. Address Bus Valid
7. Instruction Input Valid

8. Data Input Valid
9. Instruction Input Valid

A11-A0

3 @( 4 @( 5

F—H- ten(D)W

Legend:

OUT Instruction Prefetch
Next Instruction Prefetch
Address Bus Valid

Peripheral Address Valid

PONPRE

\ \ *
‘ ‘
} l—— L twwer)

tsuOyw —e f'_?_”_ tdis(D)W
- thoyw

5. Address Bus Valid
6. Instruction Input Valid
7. Data Output Valid
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reset timing

\ \
—PT < tsy(Rs) —7 & tsy(RS)
— tdis(RS-RW) —» |

{{ ‘
1)

\
‘Hi tw(RS) ——¥ }
\
\
\

\
R\ | X
WE (see \

Note E) r_"_ tRS-RW)
tdis(RS-DB) —P ‘H—

A VA

[ ten(Rs-AB)

Data Shown Relative To WE
[(

D15-D0 Data Out o < > (
| Data In From Data In From
) PC ADDR 0 PC ADDR PC+1
tdis(RS-AB) —P} L
| AB = PC+1

\
\
|
\
\
\
\
ADDRESS _ [ 7 - P =
BUS >< AB =PC } 0 < AB=PC=0

AB = Address Bus

NOTES: A. RS forces REN, and WE high and then places data bus D0-D15, REN, WE, and address bus A0-A1l in a high-impedance state.
AB outputs (and program counter) are synchronously cleared to zero after the next complete CLK cycle from RS1.
B. RS must be maintained for a minimum of five clock cycles. _
C. Resumption of normal program will commence after one complete CLK cycle from RSt . _ _
D. Due to the synchronization action on RS, time to execute the function can vary dependent upon when RSt or RSt occur in the CLK
cycle.
E. Diagram shown is for definition purpose only. WE and REN are mutually exclusive.

microcomputer/microprocessor mode timing

—— th(mc/mp) —
NMI/MC/MP \

7
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interrupt timing

i M\.

\
H tsu(INT) tsu(NMI)

Ml or INT hN /

\
\ \
> gNT) M) |

M= tw(INT) tw(NMT P

bit 1/0 timing

CLKOUT M

I0P15-10P0 Ve
(Output)

I 1“— trfo(IOP)
\

||
tsyqop) ¥ & |

IOP15-10P0 X X
(Input)

} PR tw(IOP) 44

tfigop) — ¥ 14—
general purpose timers
‘Hitdk(ﬂl\/l);b“
\
TCLK1, TCLK2 '/ A L/ \
| |
| &= twh(TIm) Py } \
) _4 ‘F_ S U)) }
r
& tyirivy —

watchdog timer

CLKOUT m
td(wDT) —D‘r
nl
g
/

tw(WDT)

WDT

Zer

\
|
—» [ tfwpT)
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event manager

CLKOUT w

\
‘“—N— tsu(CAP)

CAP3-CAPO ‘>< ! }(

\ \
e tw(CAP) ———¥

CMP5-CMPO ‘><‘

||
—» & t{cmP) / t(CMP)
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PROGRAMMING THE TMS320E14/P14 EPROM CELL

The 'E14 and 'P14 include a 4K x 16-bit industry-standard EPROM cell for prototyping and low-volume
production. The 'C14 with a 4K-word masked ROM then provides a migration path for cost-effective production.
An EPROM adapter socket (part # TMDX3270110), shown in Figure 5, is available to provide 68-pin to 28-pin
conversion for programming the 'E14 and 'P14.

Key features of the EPROM cell include the normal programming operation as well as verification. The EPROM
cell also includes a code protection feature that allows code to be protected against copyright violations.

The 'E14/P14 EPROM cells are programmed using the same family and device codes as the TMS27C64 8K
x 8-bit EPROM. The TMS27C64 EPROM series are ultraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin compatible with existing 28-pin ROMs
and EPROMs. These EPROMs operate from a 5-V supply in the read mode; however, a 12.5-V supply is needed
for programming. All programming signals are TTL level. For programming outside the system, existing EPROM
programmers can be used. Locations may be programmed singly, in blocks, or at random.

Figure 5. EPROM Adapter Socket

The 'E14/P14 devices use 13 address lines to address the 4K-word memory in byte format (8K-byte memory).
In word format, the most-significant byte of each word is assigned an even address and the least-significant byte
an odd address in the byte format. Programming information should be downloaded to EPROM programmer
memory in a high-byte to low-byte order for proper programming of the devices (see Figure 6).
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Figure 7 shows the wiring conversion to program the 'E14 and 'P14 using the 28-pin pinout of the TMS27C64.

TMS320C14 On-Chip
Program Memory
(Word Format)

0(0000h)
1(000Ah)
2(0002h)
3(0003h)

4095(0FFh)

1234h
5678h
9ABCh
DEFOh

TMS320E14 and
TMS320P14 On-

Chip

Program Memory
(Byte Format)

0(0000h)
1(0001h)
2(0002h)
3(0003h)
4(0004h)
5(0005h)
6(0006h)
7(0007h)

34h
12h
78h
56h
BCh
9Ah
FOh
DEh

EPROM
Programmer

Memory
Byte Format with
Adapter Socket
0(0000h) 12h
1(0001h) 34h
2(0002h) 56h
3(0003h) 78h
4(0004h) 9Ah
5(0005h) BCh
6(0006h) DEh
7(0007h) FOh

8191(1FFFh)

Figure 6. Programming Data Format

The table of pin nomenclature provides a description of the TMS27C64 pins.

CAUTION

The 'E14 and 'P14 do not support the signature mode available with some EPROM programmers.
The signature mode places high voltage (12.5 V

dc) on pin A9. The 'E14 and 'P14 EPROM cells are

not designed for this feature and will be damaged if subjected to it. A 3.9 k
on the TI programmer socket between pin A9 and programmer. This protects the device from
unintentional use of the signature mode.

Q resistor is standard

1 28
5 Vpp Vce >
) S HEEEEREEEEE
] A7 EPT —_—
M as |2 /9876543216867666564636261
Sl Ao 24 3.9kQ A f o 6o
N1 PV a2 \_ALL ]11 59[
— a3 o = I |
| 12 58 ]
- 8m at0 2L
— ] 13 57 [}
NE—] PV} E|2 Al
] 14 56 [_/
10 oy e .y
A0 18 =] I
Q7 PGM k¢ s
1 17 I I
Q1 Q6 et b, o
2] o os |18 ver I I
3 = P18 TMS320E14 52 ]
03 o4 e TMS320P14 51
141 Gnp
] 20 50 ]
TMS27C64 Pinout ] 21 49]]
_f2 48]
S 23 47]]
cuanl 5, ]
] 25 45]]
] 26 a4]]
27 28 29 30 31 32 33 34 3536 37 38 39 40 4142 43

Vss
4
B

Figure 7. TMS320E14/P14 EPROM Programming Conversion to TMS27C64 EPROM Pinout
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TERMINAL FUNCTIONS (TMS320E14/P14)

NAME 110 DEFINITION
A12(MSB)-A0(LSB) | On-chip EPROM programming address lines

CLKIN | Clock oscillator input

E I EPROM chip enable

EPT | EPROM test mode select

G I EPROM output enable

GND | Ground

PGM | EPROM write/program select
Q8(MSB)-Q1(LSB) I/0 Data lines for byte-wide programming of on-chip 8K bytes of EPROM

RS | Reset for initializing the device

Vce | 5-V to 6.5-V power supply

Vpp | 12.5-V to 13-V power supply

Table 4 shows the programming levels required for programming, verifying, reading, and protecting the EPROM

cell.
Table 4. TMS320E14/P14 Programming Mode Levels
e B T e o e S s
E 19 20 ViL VIL VL VIH ViL
G 23 22 VIH PULSE PULSE VIH ViL
PGM 16 27 PULSE VIH VIH VIH VIH
Vpp 18 1 Vpp Vpp Vce Vpp Vcep
Vce 4,33 28 Vcep Vcep Vce Vcep Vcep
Vss 3,34 14 Vss Vss Vss Vss Vss
CLKIN 24 14 Vss Vss Vss Vss Vss
EPT 17 26 Vss Vss Vss Vpp Vpp
Q1-0Q8 42, 4312'_32' 37 | 11-13, 1519, Data In Data Out Data Out Qg =PULSE Qg =RBIT
A12-A7 15,11, 10,8,7,2 2, 22’52]5 24, ADDR ADDR ADDR X X
A6 1 4 ADDR ADDR ADDR X VIL
A5 68 5 ADDR ADDR ADDR X X
A4 67 6 ADDR ADDR ADDR VIH X
A3-A0 66, 65, 56, 55 7-10 ADDR ADDR ADDR X X
1 Signal names shown for 'E14/P14 EPROM programming mode only.
Legend:
ViH = TTL highlevel; Vj_=TTL low level; ADDR = byte address bit; Vpp = 12.5V + 0.25 V (FAST) or 13 V £ 0.25 V (SNAP! Pulse).
Vce = 5V £0.25V; X = don't care; PULSE = low-going TTL pulse.
DN = byte to be programmed at ADDR; QoyT = byte stored at ADDR.; RBIT = ROM protect bit

Vcep = 6V+0.25V (FAST) or 6.5V +0.25 V (SNAP! Pulse).

programming

Since every memory in the cell is at a logic high, the programming operation reprograms selected bits to low.
Oncethe'320E14 is programmed, these bits can only be erased using ultraviolet light. The correct byte is placed
on the data bus with Vpp set to the 12.5-V level. The PGM pin is then pulsed low to program in the zeros.
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erasure

Before programming, the 'E14 must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm?2. A typical 12-mWes/cm?2, filterless UV lamp will
erase the device in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After
exposure, all bits are in the high state.

verify/read

To verify correct programming, the EPROM cell can be read using either the verify or read line definitions shown
in Table 5, assuming the inhibit bit (RBIT) has not been programmed.

program inhibit

Programming may be inhibited by maintaining a high level input on the E pin or PGM pin.

standard programming procedure

Before programming, the 'E14 must first be completely erased. The device can then be programmed with the
correct code. It is advisable to program unused sections with zeros as a further security measure. After the
programming is complete, the code programmed into the cell should be verified. If the cell passes verification,
the next step is to program the ROM protect bit (RBIT). Once the RBIT programming is verified, an opaque label
should be placed over the window to protect the EPROM cell from inadvertent erasure by ambient light. At this
point, the programming is complete, and the device is ready to be placed into its destination circuit.

Refer to other appendices of the TMS320C1x User’s Guide for additional information on EPROM programming.

recommended timing requirements for programming: V cc =6V and Vpp = 125 V (FAST) or

Vce =6.5V and Vpp =13V (SNAP! PULSE), T = 25°C (see Note 13)
MIN NOM MAX UNIT
tw(PGM) Initial program pulse duration Fast programming algorithm 0.95 1 1.05 ms
SNAP! Pulse programming algorithm 95 100 105 us
tw(FPGM) Final pulse duration Fast programming only 2.85 78.75 ms
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 us
tsu(G) G setup time 2 ps
tsu(D) Data setup time 2 Hs
tsu(VPP) Vpp setup time 2 ps
tsu(VCC) Ve setup time 2 ps
th(A) Address hold time 0 Hs
th(D) Data hold time 2 us
NOTE 13: For all switching characteristics and timing measurements, input pulse levels are 0.4 V to 2.4 V and Vpp = 125V = 0.5 V during

programming.
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program cycle timing

{¢&—— Program 4*— Verify |
\ | |

ViIH
A12-A0 >< Address Stable >< Address N+1

ViL
> tsu) H—“‘— th(a)

‘ | V /V
Data Out | IHYOH
HI-Z Valid
| ViLVoL

P thisG) '

VIH

\
— \
PeM U } > ten(‘cs)Jr ViL
tw(FPGM) —1€—! 1ty |
\
\

_ \ VIH
S u
VL

t tdis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer.

Q8-Q1 4{ Data In Stable }—
|
\ 1 } 1 Vpp
Vpp /| \ \ | |
[ — STV R | | Vee
| \ \
\ ! ; T Vcep
vee _/L—J— | ]
| — lsuvee) | | vee
\ \ ‘ |
TN | o
} \ \ \ | viL
14— tsu(E) —‘} [ th(D) | }
]
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20P15

Key Features: TM320C15/E15/LC15/P15

® |nstruction Cycle Timing:
— 160-ns (TMS320C15-25/E15-25)
— 200-ns (TMS320C15/E15/P15)
— 250-ns (TMS320LC15)

® 256 Words of On-Chip Data RAM

Interrupt

+5V

or
+3.3V

:

GND

:

256-Word RAM

® 4K Words of On-Chip Program ROM
(TMS320C15/C15-25/LC15)

® 4K Words of On-Chip Program EPROM
(TMS320E15/E15-25)

® One-Time Programmable (OTP) Windowless
EPROM Version Available (TMS320P15)

® EPROM Code Protection for Copyright Security

® External Memory up to 4K-Words at Full Speed

® 16 x 16-Bit Multiplier With 32-Bit Product

® 0 to 16-Bit Barrel Shifter

® On-Chip Clock Oscillator

® 3.3-V Low-Power Version Available (TMS320LC15)

® Device Packaging:
— 40-Pin Dip (All Devices)

4

L]
O

J

4K-Word ROM/EPROM

32-Bit ALU/ACC

Multiplier

Shifters

— 44-Lead PLCC (TMS320C15/C15-25/LC15/P15)

— 44-Lead-QUAD (TMS320E15/E15-25)

TMS320C15/E15/LC15/P15
N/JD Package

TMS320C15/E15/LC15/P15
FN/FZ Package

Data (16)

Address (12)

b0

(Top View) (Top View)
oo« 9V}
avra1 [ 1 Y401 az/pa2 _ g% 0
AoPA0 |2 39[] A3 z0833 L0390
—_— craga>aCCIC<
RS []4 371 As 6 54 3 2 14443424140
—_— ®)
INT []5 36[] A6 CLKOUT [] 7 39| A7
CLKOUT [[|6 35[] A7 X1 8 38[ A8
x1 7 34[] A8 X2/CLKIN ] 9 37[] MEN
X2/CLKIN (] 8 33[] MEN BIO [] 10 36( DEN
BIO (]9 32| ] DEN NC [] 11 35[| WE
Vss []10 31 ] WE Vss [l 12 34[l Vee
D8 (|11 30[] Ve D8 || 13 33[| A9
D9 [|12 29[ ] A9 D9[] 14 32| A10
D10 [ |13 28[ ] A10 D10 [] 15 31 A11
D11 [|14 27[] A11 D11 [] 16 30[ DO
D12 [|15 26[] DO D12 [] 17 29| b1
D13 [}16 25[] D1 18 19 20 21 22 23 24 25 26 27 28
D14 [|17 24[ ] D2 o e e oo
D15 (|18 23] D3 OISR 883888
[apaNaNayayal
D7 []19 22[] D4 Yooo S
D6 [ |20 21[] D5
3
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functional block diagram

X1
CLKOUT X2/CLKIN
. q Program Bus
_WE —<— 16 12 LSB
DEN —¢—]
MEN -—— & MUX
BIO ——— = 12
— = 12 12
MC/MP —p—| S v
INT —>— [Pcay |
RS —»— 12 -
Instruction
12
1. 3 > 16
A11-A0/ <[ @ p
o) v %] rogram ~
PA2-PAO 2 <o |5 RowiEPROM D15-DO
N o 4K Words
N 3] 4x12 g )
% Program Bus
16/f 16
% Data Bus
16{ 7 16 16
ARO (16) 5)
ARP Shifter T(16
AR1 (16
(16) (0-16)
Multiplier &
P(32)
\d
Address
Data RAM v
) (256 Words) 1 [
ACC = Agcumu!ator ‘ . Data -
ALU = Arithmetic Logic Unit
ARP = Auxiliary Register Pointer y
ARO = Ausiliary Register 0 [ Acce |
AR1 = Auxiliary Register 1
DP = Data Page Pointer a2 32
P = P Register
PC = Program Counter
T = T Register I Shifter (0,1,4) I
16 16 i\
q Data Bus
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TERMINAL FUNCTIONS (TMS320C15/E15/LC15/P15) T

NAME /ot DEFINITION
A11-A0/PA2-PAO (@) External address bus. I/O port address multiplexed over PA2-PAQ.
BIO | External polling input
CLKOUT (@) System clock output, 1/4 crystal/CLKIN frequency
D15-D0O 1/0 | 16-bit parallel data bus
DEN (@) Data enable for device input data on D15-D0
INT | External interrupt input
MC/MP | Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN (@) Memory enable indicates that D15-DO0 will accept external memory instruction.
NC e} No connection
RS | Reset for initializing the device
Vce | + 5V supply
Vgs | Ground
WE O Write enable for device output data on D15-D0
X1 O Crystal output for internal oscillator
X2/CLKIN | Crystal input internal oscillator or external system clock input

t See EPROM programming section.
¥ Input/Output/High-impedance state.
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electrical specifications

This section contains the electrical specifications for the 'C15/E15/P15 digital signal processors, including test
parameter measurement information. Parameters with pp subscripts apply only to the 'E15/P15 in the EPROM
programming mode (see Note 11).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 6) ...t -0.3Vto7V
SUPPlY VOItAGE raNGE, VPP  « oot ettt e e e e -0.6Vto14V
INPUE VOIAgE FANGE . oottt e e e e e e e -0.3Vtol1l4V
OULPUL VOITBGE FANGE . . . oottt et e e e e e e e e e e -03Vto7V
Continuous power diSSIPatioN . ... ...ttt 0.5 mwW
Operating free-air temperature: L suffix . ........ . 0°C to 70°C

ASUffiX ..o —40°C to 85°C
StOrage tEMPEIALUIE ... ...ttt ettt et e e e e e e e e e e e —-55°Cto 150 °C

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6: All voltage values are with respect to Vgg,

recommended operating conditions

MIN NOM MAX | UNIT
v Supol " EPROM devices 4.75 5 5.25 \
u voltage
ce PPy 9 All other devices 4.5 5 55 \Y
Vpp  Supply voltage (see Note 11) 12.25 12.5 12.75 Y
Vsg  Supply voltage 0 \%
. . CLKIN \
VIH High-level input voltage —
All remaining inputs \%
MC/MP . Vv
VL Low-level input voltage <l 0.6
All remaining inputs 0.8 \%
loH High-level output current, all outputs —300 HA
loL Low-level output current (All outputs except for TMS320LC15) 2 mA
L suffix 0 70 °C
TA Operating free-air temperature
A suffix —-40 85 °C

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current is
Ipp *lcc.
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
) loH = MAX 24 3 \
VoH High-level output voltage
loH = 20 A (see Note 8) Vcc-04 \Y
VoL Low-level output voltage loL = MAX 0.3 0.5 \
Vo=24V 20
loz  Off-state output current Vce = MAX A
Vo=04V -20
| Inout ; Vi = Vee to V. All inputs except CLKIN +20
nput curren = (o}
| p | =VSSs CcC CLKIN 450 HA
TMS320C15 f=20.5MHz,Vcc =55V, Ta=0°Cto 70°C 45 55
+ TMS320C15-25 | f=25.6 MHz, Vcc =5.5V, T = 0°C to 70°C 50 65
Icct Supply current mA
TMS320E15 f=20.5MHz,Vcc =5.25V, Tp =—40°C to 85°C 55 75
TMS320E15-25 | f=25.6 MHz, Vcc =5.25V, Ta = 0°C to 70°C 65 85
c Inout i Data bus 25F
i nput capacitance
! putcap All other . _ 15% PF
_ Data bus 1 MHz, all other pins 0 V o5F
Co Output capacitance pF
All others 10%

1 All typical values are at Voe = 5 V, Ta = 70°C and are used for thermal resistance calculations.
t Icc characteristics are inversely proportional to temperature. For Icc dependence on temperature, frequency, and loading, see Figure 3.
NOTE 7: This voltage specification is included for interface to HC logic. However, note that all of the other timing parameters defined in this data

sheet are specified for TTL logic levels

CLOCK CHARACTERISTICS AND TIMING

and will differ for HC logic levels.

The TMS320C15/E15/P15 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 1). The frequency
of CLKOUT is one-fourth the crystal fundamental frequency. The crystal should be fundamental mode, and
parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, and should be
specified at a load capacitance of 20 pF.

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
TMS320C15 Ta=0°Cto70°C 6.7 20.5
Crystal frequency, fy TMS320E15/P15 Ta =—-40°Cto 85°C 6.7 20.5 MHz
TMS320C15-25/E15-25 Ta =0°Cto 70°C 6.7 25.6
Cl,C2 Ta =0°Cto70°C 10 pF
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external clock option

An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X1 left
unconnected. The external frequency injected must conform to the specifications listed in the table below.

switching characteristics over recommended operating conditions

TMS320C15/E15/P15 TMS320C15-25/E15-25
PARAMETER TEST CONDITIONS UNIT
MIN NOM MAX | MIN NOM MAX
te(C) CLKOUT cycle time¥ 195.12 200 156.25 160 ns
tr(C) CLKOUT rise time 107 107 ns
. RL=825Q, T T
tf(C) CLKOUT fall time C = 100 pF 8 8 ns
tw(CcL) Pulse duration, CLKOUT low (see Figure 2) 9ot 72t ns
tw(CH)  Pulse duration, CLKOUT high 9ot 70t ns
tdMcc) Delay time, CLKINT to CLKOUT! 25t got | 25T 50t | ns

T Values derived from characterization data and not tested.
1 tc(C) is the cycle time of CLKOUT, i.e., 4tc(mcC) (4 times CLKIN cycle time if an external oscillator is used).
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timing requirements over recommended operating conditions

TMS320C15/E15/P15 TMS320C15-25/E15-25 UNIT
MIN NOM MAX MIN NOM MAX
te(MC) Master clock cycle time 48.78 50 150 | 39.06 40 150 ns
tr(MC) Rise time, master clock input 5t 10t 5T 10t ns
tf(MC) Fall time, master clock input 5t 10t 5T 10t ns
twmcp)T  Pulse duration, master clock 0.4tc(MC) 06tcme)’ | 0.45tcmc)  0.55tcmc)T | ns
tw(MCL) Pulse duration, master clock low 20t 151 ns
tw(MCH) Pulse duration, master clock high 20t 15T ns
1t values derived from characterization data and not tested.
MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST TMS320C15/E15/P15 TMS320C15-25/E15-25 UNIT
CONDITIONS |\ NOM  MAX | MIN NOM MAX
Delay time, CLKOUT! to t t
td1 address bus valid 10 501 10 40 ns
tq2 Delay time, CLKOUT! to MEN 1/4te(C) - 5T 1/atg(c)+15 | Uatgc) - 5T 1atgcy+12 | ns
t43 Delay time, CLKOUT! to MENt -10t 15 | —10t 12 ns
tda Delay time, CLKOUT! to DEN! Udtgcy—5T  1dtgc)+15 | Yatec)-5T  atec)+12 | ns
tg5 Delay time, CLKOUT! to DENt -10f 15 | —10t 12| ns
td6 Delay time, CLKOUT to WE. 12ty -5T  1/2tg(cy+15 | 2tg(c) - 5T 12tgcy+12 | ns
tq7 Delay time, CLKOUT! to WE1 -10t 15 | -10f 12| ns
tds Delay time, CLKOUT! to data bus 1/4te(C) 65 Vate(c) +52 ns
OUT valid
RL=8250,
Time after CLKOUT! that data bus CL = 100 pF et et
td9 starts to be driven (see Figure 2) ate(c) -5 Late(c) -5 ns
Time after CLKOUT! that
t410 data bus stops being driven 1/4te(c) + 40T 1/4te(c) + 40T ns
(TMS320C15/C15-25 only)
Time after CLKOUT! that
t410 data bus stops being driven 1/4te(cy + 70T Utgcy +70T | ns
(TMS320E15/E15-25 only)
ty Data bus OUT valid after CLKOUT! 1/4te(cy - 10 1/4te(cy — 10 ns
Address hold time after WEt, MENT, t t + t
th(A-WMD) or DEN1 (see Note 15) 0 2 0 2 ns
Address bus setup time prior to
tsu(A-MD) DENL 1ate(c)—45 1/4te(c)—35 ns
1 Values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WE+t, MEN1, or DEN1.
timing requirements over recommended operating conditions
TEST TMS320C15/E15/P15 TMS320C15-25/E15-25
CONDITIONS | mIN NOM MAX | MIN NOM max | UNT
tsu(d) Setup time, data bus valid prior to CLKOU- RL=825Q, 50 20 ns
T! C|L =100 pF
Hold time, data bus held valid after (see Figure 2)
th(D) 0 0 ns

CLKOUT! (see Note 9)

NOTE 9: Data may be removed from the data bus upon MEN1 or DENt preceding CLKOUT .
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RESET (RS) TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tq11 Delay time, DEN1, WEt, and MEN1 from RS RL=825Q, late(c)+ 50T | ns
— CL =100 pF
tdis(r) Data bus disable time after RS (see Figure 2) Uste(c)+ 50t ns
T Values derived from characterization data and not tested.
timing requirements over recommended operating conditions
TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN  NOM  MAX | MIN  Nom  wmax | UNIT
tsy(R) Reset (%) setup time prior to CLKOUT (see Note 10) 50 40 ns
tw(R) RS pulse duration 5tc(C) 5tc(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN NOM MAX MIN NOM MAX UNIT
HOINT) Fall time, INT 15 15 ns
tw(INT)  Pulse duration, INT tc(C) tc(C) ns
tsu(INT) ~ Setup time, INT, before CLKOUT! 50 40 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN NOM MAX | MIN NOM MAX UNIT
tf(10) Fall time, BIO 15 15 ns
tw(l0)  Pulse duration, BIO te(C) te(C) ns
tsu(lo) Setup time, BIO! before CLKOUT! 50 40 ns
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TIMING DIAGRAMS

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless
otherwise noted.

clock timing
—» [ t(mC) P ty(vcH) . t
} r_tC(MC)_ﬂ } r " w(MCP)
\ \
X2/CLKINm_/_\_/_\_/_
\
\ \ H—tw(MCL)
} — tf(MC) :
“— —”
—b < tgovce)’ W(CH)
\ N
cwor Y // |
BAERC! —» () |
| tw(CL) —» \
¢ te(C) %‘

t td(Mcc) and tw(vmcp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

Al11-A0 W Address Bus Valid >< g 5 E g ><

[ tsup) — P
\

D15-D0 ,‘ { Instruction Valid }

j
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TBLR instruction timing

CLKOUT
- td3—DT D - |
MEN / \ 1 / \ 2 ‘/_\L 3

H—Pr— td1
o XX 7 XX e XKD

E

e e
\
\
\

A11-A0 xgggx 5 xgggx
—Pl [\ th(D)
tsu) 14— |

Legend:

1. TBLR Instruction Prefetch 7. Address Bus Valid

2. Dummy Prefetch 8. Address Bus Valid

3. Data Fetch 9. Instruction Valid

4. Next Instruction Prefetch 10. Instruction Valid

5. Address Bus Valid 11. Data Input Valid

6. Address Bus Valid 12. Instruction Valid

TBLW instruction timing

CLKOUT _\_/_\_/_\_/_\_/_\_/—

MEN

/" \
A11-A0 @( 4 @( 5

"X XD

CO——C— B0

Legend:

1. TBLW Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Instruction Valid
3. Next Instruction Prefetch 9. Instruction Valid
4. Address Bus Valid 10. Data Output Valid
5. Address Bus Valid 11. Instruction Valid

6. Address Bus Valid
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IN instruction timing

ot N\ /N S

} } N—H‘- tsu(D)
|
! \ \ \
L tda _’1‘ ‘ —H r— tds
DEN \! | ‘/
} “_"_‘ th(D)

Legend:
1. IN Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Valid
3. Address Bus Valid 7. Data Input Valid
4. Peripheral Address Valid 8. Instruction Valid

OUT instruction timing

!
01509 CO— @ <0

Legend:

1. IN Instruction Prefetch 5. Address Bus Valid

2. Next Instruction Prefetch 6. Instruction Valid

3. Address Bus Valid 7. Data Output Valid

4. Peripheral Address Valid 8. Instruction Input Valid
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reset timing

|
_'} h_ tsu(R) —" 4 tsy(R)

RS \L P/

DEN }
WE See ‘ Data In From Data In From
MEN Note E “_ ta11 PC ADDR 0 PC ADDR PC+1
tdis(R) —M — . — N\
Data Shown Relative to WE / AN
D15-D 3% \ >_<
[ (
RE— 1)
MEN \ / \

AB = Address Bus AB = PC+1

\
Add
e X AB=PC XAB:PC+1 >68 AB=PC=0 X N\

NOTES: A. RS forces DEN, WE, and MEN high and places data bus DO through D15 in a high-impedance state. AB outputs (and program count-

er) are synchronously cleared to zero after the next complete CLK cycle from RS1.

B. RS must be maintained for a minimum of five clock cycles.

C. Resumption of normal program will commence after one complete CLK cycle from RSt.

D. Due to the synchronization action on RS, time to execute the function can vary dependent upon when RSt or RS! occur in the CLK
cycle.

E. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive.

F. During a write cycle, RS may produce an invalid write address.

interrupt timing

N—’l— tsu(INT)

\
NT ”\_‘ /
—H “— LH(INT) ‘
H— tw(INT) 4N

BIO timing

;14# tsu(l0)

BIO \ /

—Dr 11— tf(10)

H— tw(10) 4J

Texas ‘b
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 63



TMS320E15, TMS320P15
DIGITAL SIGNAL PROCESSORS

SPRS009C—-JANUARY 1987 -REVISED JULY 1991

absolute maximum ratings over specified temperature range (unless otherwise noted) T

Supply voltage range, Vpp (see Note 6)

-0.6Vtol4V

t Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of

this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 6: All voltage values are with respect to Vgs.

recommended operating conditions

MIN NOM MAX

UNIT

Vpp  Supply voltage (see Note 11)

12.25 12.5 12.75

Vv

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the total supply current is

Ipp +IcC-

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typ MAX UNIT
Ipp1  Vpp supply current Vpp=Vcc 55V 100 \
Ipp2  Vpp supply current (during program pulse) Vpp =12.75V 