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Performance Up to 8.77 MIPs
All TMS320C1x Devices are Object Code

Commercial and Military Versions Available

Operating Free-Air Temperature

Compatible ...0°Cto 70°C
® 144/256-Word On-Chip Data RAM ¢ Packaging: DIP, PLCC, Quad Flatpack, and
* 1.5K/4K/8K-Word On-Chip Program ROM CER-QUAD
[ ] .
® 4K-Word On-Chip Program EPROM cmos T;ch.nology. le Ti
(TMS320E14/P14/E15/P15/E17/P17) TMSSMZO‘:;W st_e__ezoolm
, —TMS320C10 .........c.onnv.n.. -ns
® One-Time Programmable (OTP) — TMS320C10-14 ................ 280-ns
Versions Available (TMS320P14/P15/P17) — TMS320C10-25 ................ 160-ns
—T 14 ... -
e
Security —TMS320P14 ... 160-ns
* 4K /64K-Word Total External Memory at - Imggggg:g gy I fgg'::
Full Speed —TMS320E15 .ovueneananennnn.. 200-ns
¢ 32-Bit ALU/Accumulator — TMS320E15-25 ................ 160-ns
) o . —TMS320LC15 ......coeenn.... 250-ns
¢ 16 x 16-Bit Muitiplier With a 32-Bit Product — TMS320P15 oo, 200-ns
* 0to 16-Bit Barrel Shifter - ;mggggg:g """""""""" ;(1)3-::
¢ Eight Input/Output Channels — TMS320E17 ..........ccvut.n.. 200-ns
— TMS320LC17 ......cvvvvnrnnn, 278-ns
¢ Dual-Channel Serial Port —TMS320P17 ... .. 200-ns

® Simple Memory and I/O Interface

® 5-V and 3.3-V Versions Available
(TMS320LC15/LC17)

introduction

The TM832010 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, industria!, 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 electricat and timing parameters. An index is provided to facilitate data sheet usage.

PRODUCTION DATA information is current as of publication date, Copyright © 1991, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas w

Instruments standard warranty. Production processing does not
EXAS
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Table 1 provides an overview of 'C1x processors with comparisons of memory, 1/O, cycle timing, military support,
and package types. For specific availability, contact the nearest Tl Field Sales Office.

Table 1. TMS320C1x Device Overview

DEVICE MEMORY 0 CYCLE PACKAGE (1)

RAM | ROM | EPROM | PROG. | SERIAL |PARALLEL [ (ns) DIP PLCC | CER-QUAD
TMS320C10 (2) 144 1.5K — 4K — 8x16 200 40 44 —
TMS320C10-14 144 1.5K — 4K — 8x16 280 40 44 —
TMS320C10-25 144 1.5K — 4K — | 8x18 160 40 44 —
TMS320C14 (3) 256 4K — 4K 1 7 x 16 (4) 160 — 68 —
TMS320E14 (3) 256 — 4K 4K 1 7 x 16 (4) 160 — — 68 CER
TMS320P141 256 — 4K 4K 1 7 x 16 (4) 160 — 68 —
TMS320C15 (3) 256 4K — 4K — 8x16 200 40 44 —
TMS320C15-25 256 4K — 4K — 8x16 160 40 44 —
TMS320E15 (3) 256 - 4K aK — 8x 16 200 40 — 44 CER
TMS320E15-25 256 — 4K aK —_ 8x 16 160 40 — 44 CER
TMS320LC15 256 4K — 4K — 8x16 250 40 44 —
T™MS320P15T 256 — 4K 4K — 8x16 200 40 44 —
TMS320C16 256 8K — 64K — 8x16 114 — — 64 QFP
TMS320C17 256 4K — — 2 6x 16 (5) 200 40 44 —
TMS320E17 (5) 256 — 4K — 2 6 x 16 (5) 200 40 — 44 CER
TMS320LC17 (5) | 256 4K — — 2 6 x 16 (5) 278 40 44 -
T™MS320P17 (5T | 256 — 4K — 2 6 x 16 (5) 200 40 44

1 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 /O, four capture inputs, and six compare outputs are available.

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

[S P ]
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description

TMS320C10

The 'C10 provides the core CPU used in all other 'C1x devices. Its microprocessor operates at 5 MIPS. it
provides a parallel /O of 8 x 16 bits. 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
externalfinternal 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 ina 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, u-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.

*p
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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 0 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 paralle! 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 cel! 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.

*p
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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 1/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 /O of the ‘C14 is suitable for
microcontroller applications.

serial port (TMS320C17/E17)

Two of the I/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. /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/O-mapped serial port that operates asynchronously. I/O-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 u-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 I/O 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.

Texas “P
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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-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 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

j
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Table 3. TMS320C1x Instruction Set Summary

ACCUMULATOR INSTRUCTIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION CYCLES| WORDS INSTRUCTION REGISTER
15 14 13 12 1% 10 9 B8 7 8 5§ 4 3 2 1 0

ABS Absolute value of accumulator 1 1 0 1 1 1 1 11110 0 0 1 0 0 O

ADD Add to accumulator with shit 1 1 00 0 0 E*—sP yt&——0o—Pp
ADDH Add to high-order accumulator bits 1 1 o 1 1 0 0 0 00 M &——0—>
ADDS Add to accumulator with no sign extension 1 1 0 1 1 0 Q 6 01 M ¢4/ D—p
AND AND with accumulator 1 1 o 1 1 1 1 0 01 MeE—D—Pp
LAC Load accumulator with shift 1 1 o 0 1 0o ¢ —sP y ¢&——D—p
LACK Load accumuiator immediate 1 1 6 1 1 1 1 1 1 0 4&———K—Pp
OR OR with accumulator 1 1 6 1 1 1 1 0 1t oM eE¢E——D—Ph
SACH Store high-order accumulator bits with shift 1 1 0 1 0 1 1 4XP y ¢4——D——Pp
SACL Store low-order accumulator bits 1 1 6 1t 0 1+ 0 0 0 0 M ¢&4———D——Pp
sus Subtract from accumulator with shift 1 1 o 0 0 1 4¢—sP»P v ¢4——D—p
susC Conditional subtract (for divide) 1 1 0 1 1 o 0 1 0 0 M ¢ —D—p
SUBH Subtract from high-order accumulator bits 1 1 [+] 1 1 ¢ 0 0 1 0 M ¢4 D——Pp
sSuBsS Subtract from accumulator with no sign extension 1 1 0 1 1 6 0 0 1 1 M ¢————0—Pp
XOR Exclusive OR with accumutator 1 1 6 1 1 1 1 0 0 0 ME——D0—P
ZAC Zero accumulator 1 1 0 1 1 1 1 1 111 0 0 0 t 0 0 1

ZALH Zero accumutator and load high-order bits 1 1 o 1t 1 0 0 1 01 M 4&4—D—Pp
ZALS Zero accumulator and foad low-order bits with no sign extension 1 1 [ I 1 o 0 1 1 0 4¢——o—»

AUXILIARY REGISTER AND DATA PAGE POINTER INSTRUCTIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION cycLes| woRrbps INSTRUCTION REGISTER
% 14 13 122 11 10 9 8 7 6 5 4 3 2 t O
LAR Load auxiliary register 1 1 6 0 1 1 1 0 0 RM ¢——D0—p
LARK Load auxiliary register inmediate 1 1 [} 1 1 1 0 0 0 R 4———K—Pp
LARP t.oad auxiliary register pointer immediate 1 1 0 1 1 o 1 0 0 0 1 0 0 0 0 0 0 K
LoP iLoad data memory page pointer 1 1 0 1 1 [V | 111 M ¢————D—p
LDPK Load data memory page pointer immediate 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 K
MAR Modify auxiliary register and pointer 1 1 61 1t 0 1 0 0 0 M ¢4———D—p
SAR Store auxiliary register 17 1 ©o 0 1 1 0 0 0 R M 4——D—Pp
TEXAS *
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Table 3. TMS320C1x Instruction Set Summary (continued)

BRANCH 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 0
t 1 1 1 1 0 0 1 000000 0 0
B8 Branch unconditionally 6 o o o < BRANCH ADDRESS »
2 2 » . 11 1 1 0 1 0 0 0 0 0 0 0 0 0 0
SANZ granch on auxiliary register not zero o o o o BRANCH ADDRESS )
) 11 1 1 1 1 01 00 O0 00 0 O 0
gGEZ granch if accumulator = 0 © 0 0 0 €—— BHANCH ADDRESS —
11 1 1 1 1 0 0 00 D000 0 0 0
BGZ Branch if accumulator > 0 0 0 0 0 € BRANCH ADDRESS ——P
2 2 - 11 1 1 0 1 1 0 000 00 0 0 0
SIOZ granch onBio=071 0 0 0 0 <€ BRANCHADDRESS —P
i+ 1 1 1 1 0 1 1 00 D0 00 0 0 0
SLEZ granch if accumulator < 0 o o o o ¢ BRANCH ADDRESS >
_ 11 1 1 1 0 1 0 000 0 0 0 0 0
SLZ 2Branch if accumulator < 0 0 0 0 0 € ———— BRANGH ADDRESS ——— P
) 11 1t 1 1 1 1 000000 0 0 0
SNZ granch if accumulator » 0 6 0 0 0 <€ BRANCHADDRESS —— P
T 1 % 1 06 1 01 00 0 0 00 0 O
gv Branch on overflow 2 0 0 0 0 <€ BRANCHADDRESS—P
. 11 1 1 1 1 11 0000 0 OO0 O
2BZ granch if accumulator = 0 o o o o ¢ BRANCH ADDRESS >
CALA  Calt subroutine from accumulator 2 1 o1 1 1 1y 1t 600 1T 100
11 1 1 1 0 000 0 0 0 0 0 0 0
(ZZALL (23all subroutine immediately o o0 o o ¢ BRANCH ADDRESS »
RET Return from subroutine or interrupt routine 2 ! ot v v v v trrooorro
T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS
OPCODE
MNEMONIC DESCRIPTION wo. No. INSTRUCTION REGISTER
CYCLES| WORDS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
APAC Add P register to accumulator 1 1 0 1 1 1 1 11 1 1 0 0 0 1 1 1
LT Load T Register 1 1 o 11 0 1 0 1 0 M ¢&4—D—Pp
LTA LTA combines LT and APAC into one instruction 1 1 ] 1 1 0 1 1 0 0 M 4&—8—D——Pp
LTD LTD combines LT, APAC, and DMOV into one instruction 1 1 [V t 0 1 0 1 1 M $&——D—Pp
MPY Muttiply with T register, store product in P register 1 1 6o 1t 0 1 1 0 1 M g&———D—P
MPYK ih:lgti:)eléi:t:gis(er with immediate operand; store product y 1 1 0 0 < K >
PAC Load accumulator from P register 1 1 0 1 1 1 1 i1y 10 0 0 ¥ 1 1 0
SPAC Subtract P register from accumulator 1 1 0 1 1 1 1 1 11 % 0 0 1 0 0 0 O

t This instruction is a NOP on the '320C14/E14/P14.
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Table 3. TMS320C1x Instruction Set Summary (concluded)

CONTROL INSTRUCTIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION CcYCLES | woRDS INSTRUCTION REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DINT Disable interrupt 1 1 0 1 1 1 1 1 1 11 0 0 0 0 O 0 1
EINT Enable interrupt 1 1 0 1 1 1 1 1 11 1 0 0 0 0 0 1 O
LsT Load status regrster 1 1 o 1 1 1 1 0 1 1 M E——D—Pp
NOP No operation 1 1 0 1 1 1 1 1 111+ 0 0 0 0 0O 0 O
POP POP stack to accumulator 2 1 o 1 1 1 1 11 1 1 0 0 v 1 1 0
PUSH PUSH stack from accumulator 2 1 0 1 1 1 1 Tt 11t 00 % 1 1 0 O
ROVM Reset overfiow mode 1 1 0 1 1 1 1 it 1 1t 0 0 0 1 0 t Q0
SOVM Set overflow mode 1 1 [ 1 1 1 i1 1 1 ¢ 0 0 1 0 1 1
8ST Store status register 1 1 [} 1 1 1 1 10 0 M ¢&4—D——Pp
/O AND DATA MEMORY OPERATIONS
OPCODE
NO. NO.
MNEMONIC DESCRIPTION CYCLES | WORDS INSTRUCTION REGISTER
15 14 13 12 11 10 9 8 7 86 5 4 3 2 1 0
DMOV Copy contents of data memory location into next higher location 1 1 61 1 0 1 0 0 1+ M ¢€——D——p
IN Input data from port 2 1 6 1 0o 06 0o 4PAP M ¢&4¥—D—Pp
ouT Output data to port 2 1 6 1 0o 0 1 4PpAP 4y 4—D—Pp
TBLR Table read from program memory to data RAM 3 1 0 1 1 0 0 1 11 M ¢&4——0—Pp
TBLW Table write from data RAM to program memory 3 1 0 1 1 1 1 101 M ¢&4/—0—Pp
TEXAS *
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Key Features: TMS320C10 5V GND
¢ Instruction Cycle Timing ¢
— 160-ns (TMS320C10-25)

— 200-ns (TMS32010)
— 280-ns (TMS320C10-14) 144-Word RAM

Interrupt___
* 144 Words of On-Chip Data RAM " 1.5K-Word ROM

® 1.5K Words On-Chip Program ROM
32-Bit ALU/ACC

¢ External Memory Expansion up to 4K

Words at Full Speed | Muitiptier

* 16 x 16-Bit Multiplier With 32-Bit Product Address (12)

® 0 to 16-Bit Barrel Shifter
¢ On-Chip Clock Osgcitlator

Shifters

¢ Device Packaging:
— 40-Pin DIP
— 44-Lead PLCC

® Single 5-V Supply

® Operating Free-Air Temperature Range

...0°Cto 70°C
TMS320C10 TMS320C10
N/JD Package FN/FZ Package
(Top View) (Top View)
o Qo

A1/PA1 E 1407 Az/pa2 . ’g& g mg

Ao/PAO ]2 39 A3 EReez 9992329
g Z LS LICL<

MCMP 13 38[] A4 y uLuuuuu_uuu
RS [}s 3700 As 65432 14443424140
INT [(]5 38 as CLKOUT [1 7 39[ A7

cLkout e  35[] A7 X1l 8 8[| As
xt 7 347 Ag X2/CLKIN f] 9 a7[] MEN
X2/CLKIN []8  33[] MEN B0 [ 10 ss[| DEN
BIO [Js 32[] DEN NC [] 11 35[| WE
Vss Lj10 317 WE Vgs [ 12 34]] Ve
D8 [j11 300 vee Ds [l 13 33} A9
D9 [j12 29[ Ag D9 [l 14 32 At0
D10 []13 28] A10 D10 ] 15 31 A11
D11 L] 14 27[] At D11 {] 16 30 Do
D12 E 15 26% DO D12 ) 17 29[| D1
D13 []16 25[] D1
p1a 7 247 b2 1819202122224 25 2027 26
D15 [|18 23[7] D3 OOTOUNOD LT ONO
g alalaRaal

D7 (]19 227 D4 $ooao o
D6 [J20 217 Ds

*
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TERMINAL FUNCTIONS
NAME ot DEFINITION
A11-A0/PA2-PAD o} External address bus. /O port address multiplexed over PA2-PAQ.
BIO ! External polling input
CLKOUT o] System clock output, 1/4 crystal/CLKIN frequency
D15-DO 1/0 | 16-bit parallel data bus
DEN o] 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 (0] Memory enable indicates that D15-D0 will accept external memory instruction.
NC (e] No connection
RS I Reset for initializing the device
\Zele} | + 5V supply
Vsg | 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

* Input/Output/High-impedance state.

Texas
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functional block diagram

X1
CLKOUT X2/CLKIN -
q Program Bus
WE —«—] 16
DEN —¢—]
MEN -« 38
BIO »— £ 12
MCMP »—1 §
Nt ] ©
RS —»—]
Instruction
e 3 o 16
A11-A0/ x[ o Program
y
PA2-PAD 2 s: - £ Rom/EPROM D15-D0
ac ©| (1.5K Words,
N 3 a2 |[|§ ¢ )
9 Program Bus
16 16
S Data Bus
16{ 7 ) 16 16
ARO (16)
ARP (0P || shitter T(16)
AR1 (16) - (0-16) e
8 8 Multiplier |8«
‘7 P(32)
MUX 32
8 32
\4
Address MUX
32 32
Data RAM
. (144 Words)
Legend: Y ALU (32)
ACC = Accumulator D
ata 32
ALU = Arithmetic Logic Unit
ARP = Aucxiliary Register Pointer '3 y
ARO = Auxiliary Register 0 ACC (32) |
AR1 = Auxiliary Register 1
DP = Data Page Pointer 32 32
P = P Register
PC = Program Counter
T = TRegister Shifter (0,1,4)
16 16
AS
q Data Bus

*

Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



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

JANUARY 1887 — REVISED JULY 1881

electrical 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 Voo (see Note B) ... i -03Vto7V
Inputvoltage range ... ... e -03Vto7V
OUIPUE VO AGE TaNGE . . vttt e e e -03Vto7V
Continuous power dissipation ... ... .. 0.5mwW
Operating free-air temperature: Lsuffix ... i 0°C to 70°C

ASUffiX o —40°C to 85°C
StOrage tEMPEIatUIE . ... ... . ittt -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-maximume-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
Vee  Supply voltage 4.5 5 5.25 \
Vgg  Supply voltage 0 v

CLKIN \

Viq  High-level input voltage All remaining inputs v
) MC/MP 0.6 v
V)L  Low-levelinput voltage —

All remaining inputs 08 Vv
loH  High-level output current, all outputs —-300 pA
loL Low-level output current 2 mA

‘ ) L suffix 0 70 °C
TA Operating free-air temperature A suffix 20 ps <
TEXAS *p
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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 \
IOH = 20 pA (see Note 7) Voo - 0.4%
VoL Low-level output voltage lot = MAX 0.3 0.5 A
Vo =24V 20
! Off-state output current Vee = MAX
0z P ce Vo =04V 20| A
| Inout \ v v v Allinputs except CLKIN +20 WA
nput curren = t
| P CC=Y8s1oVCC I'ci kN =50
c Inout " Data bus 25% .
i nput capacitance
' put cap All others ) 15% P
f = 1 MHgz, all other pins 0 V
c o Data bus 25% .
tput i
0 utput capacitance All others 1ot p

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

1 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

Bupliand
Ci I ,l-\ C2

Figure 1. Internal Clock Option

PARAMETER MEASUREMENT INFORMATION

215V

% RL=825¢Q
From Output

Under Test O——¢

o Jest
Point

T~ CL=100pF
T

Figure 2. Test Load Circuit
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER Tf:g:g:ggéogs MIN TYPt Max]| unIT
TMS320C10 f=20.5 MHz, Vg = 6.5 V, Ta = — 40°C to 85°C 33 55

icct  Supply current mA
TMS320C10-25 f= 256 MHz, Vo = 55 V Ta = — 0°C to 70°C 40 65

1 All typical values are at Ta = 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 TMS320G10 Ta =-40°C1085°C 6.7 205 Mz
TMS320C10-25 TA = 0°C to 70°C 6.7 25.6
C1,C2 Ta=-40°C t0 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

PARAMETER TEST CONDITIONS TMS320010 TMS320C10-25 UNIT
MIN NOM MAX | MIN NOM MAX
tc(C) CLKOUT cycle time$ 195.12 200 156.25 160 ns
tr(C) CLKOUT rise time AL 8256 107 101 ns
%(C) CLKOUT fall time CL = 100 pF 8 8 ns
tw(CL) Pulse duration, CLKOUT fow (see Figure 2) g2f 72 ns
tw(CH)  Pulse duration, CLKOUT high g0 70" ns
tdmcc)  Delay time, CLKIN® to CLKOUT|, 251 607 | 25 507 ns
510(0) is the cycle time of CLKOUT, i.e., 4t¢(Mc) (4 times CLKIN cycle time if an external oscillator is used).
9 values derived from characterization data and not tested.
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25 UNIT
MIN NOM MAX | MIN NOM MAX
ItMc)  Master clock cycle time 48.78 50 150 | 39.06 40 1507 | s
1(MC) Rise time, master clock input sf 10% 5% 107 ns
HMC) Fall time, master clock input 57 101 5% 10%| ns
twiMCP)  Pulse duration, master clock 0.4temey) " 06teucy’ | 045y’ 055ty | s
twmcL)  Pulse duration, master clock low 201 181 ns
tw(MCH)  Pulse duration, master clock high 20" 157 ns
T Vaiues derived from characterization data and not tested.
TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

switching characteristics over recommended operating conditions

MEMORY AND PERIPHERAL INTERFACE TIMING

TEST TMS320C10 TMS320C10-25
PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNIT
Delay time, CLKOUT| to + +
1 address bus valid 10 50 10 40 ns
t42 ge%?’e' crrouT: 1/4tecy ~ st 1/4tg(cy + 15 | 1/4t(C) - st 1/4tg(cy + 12 ns
Delay time, CLKOUT| 4ot 1ot
td3 to MEN? 10 15 10 12 ns
Delay time, CLKOUT
tda to D_éNL ' 1atecy -5 Viatercy + 15 | 1/41(cy - 51 1atecy+12 | ns
Delay time, CLKOUT) _ _1ot
tds 1o DENt 10t 15 10 12 ns
tde Delay time, CLKOUT| to WE| RL=825Q |12(C)- 5t 120y« 15 [ 12y -5t 2ty +12 | s
tg7 Delay time, CLKOUT| to WEt | CiL =100 pF, -10t 15 -10t 12 ns
el CLKOUT 0 (see Figure 2)
elay time, to data t
tds bus OUT valid 1/4t(C) + 65 1/415(c) + 52 ns
Time after CLKOUT that data _&t _st
td9 bus starts to be driven 1/4te(c) - S atg(c) - 5 ns
Time after CLKOUT| that data + +
td10 bus stops being driven 1/ate(C) + 40 /4te(C) + 40 ns
Data bus OUT valid after
h CLKOUT, 1/4tg(c)—10 1étg(c)-10 ns
Address hold time after WE$, 1ot 10t
'h(A-WMD) ' FiENY, or DEN' (sce Note 8) 10 10 ns
Address bus setup time prior
tsu(A-MD) to MEN |, or DEN| 1/4t¢(Cy~45 1/4t¢(c)-35 ns
1 Values derived from characterization data and not tested.
NQOTE 8: For interfacing I/O devices, see Figure 3.
INSTRUMENTS
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timing requirements over recommended operating conditions

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
: N Ci =100 pF
Hold time, data bus held valid after CLKOUT} L=
th(D) (see Note 9) (see Figure 2) 0 0 ns

NOTE 9: Data may be removed from the data bus upon MEN? or DEN* preceding CLKOUT].

SUGGESTED I/0 DECODE CIRCUIT

The circuit shown in Figure 3 is a design example for interfacing 1/O 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 (ALS04) 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

WE

PAO
PA1
PA2

74AS137
74ALS04
32 4 [
2 1
1 2
40 3 c
vVee G1
5] G2

Yo p———
Yipo
Y2 13
Y3 12

Y4 1
Y5 .

10
ve p——

Figure 3. 1/0 Decode Circuit

1/O Device

>
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RESET (R_S) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tg11 Delay time, DEN$, WE$, and MEN1t from RS CRL 8125 Q,F 1/2t5(C) +501 ns
— =100 pF,
tgis(R)  Data bus disable time after RS (se‘;e Figure 2) 1/atg(cy+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 | UNT
tsy(R)  Reset (RS) setup time prior to CLKOUT (see Note 10) 50 40 ns
tw(R) RS pulse duration 5t¢(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
TMS320C10 TMS320C10-25 oNIT
MIN NOM MAX | MIN NOM MAX
H(INT) Fall time, INT 15 15 ns
tw(INT)  Pulse duration, INT te(C) te(C) ns
tsu(NT)  Setuptime, INT| before CLKOUT} 50 40 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
TMS320C10 TMS320C10-25
MIN NOM  MAX| MIN nom  wmax | UNT
tfqo)  Falltime, BIO 15 15| ns
tw(i0)  Pulse duration, BIO te(C) t¢(C) ns
tsu(0) Setup time, BIO| before CLKOUT, 50 40 ns
INSTRUMENTS
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYPt

MAX

UNIT

Icct Supply current

f=14.4, MHz, Vo = 5.5V, T = 0°C to 70°C

28

65

mA

t Al typical values are at Tp = 70°C and are used for thermal resistance calculations.
E: Icc characteristics are inversely proportional to temperature: i.e.. lcc 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 (seeFigure 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

at a load capacitance of 20 pF.

power dissipation of 1 mW, and be specified

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Crystal frequency, fy . TA =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 time$ 277.78 ns
tr(C) CLKOUT rise time 10 ns
() CLKOUT fall time QLL: fgg ;f: 8 ns
tw(CL) Pulse duration, CLKOUT low (see Figure 2) 131 ns
tw(CH) Pulse duration, CLKOUT high 129 ns
tgMcc)  Delay time, CLKIN{ to CLKOUT) 25f 607 | ns

§tc(c) is the cycle time of CLKOUT, ie., 4tc(MC) (4 times CLKIN cycle time if an external oscillator is used).

9 Values derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX UNIT

te(MC) Master clock cycle time 69.5 150 ns
tr(MC) Rise time, master clock input sT 101 ns
1MC) Fall time, master clock input s 107 ns
tw(MCP)  Pulse duration, master clock 0.4temey” 06temc)’ | ns
tw(MCL) Pulse duration, master clock low, te(MC) =50 ns 20 ns
tw(MCH) Pulse duration, master clock high, te(MC) = 50 ns 201 ns

9 Vatues derived from characterization data and not tested.

*p
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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
tdo Delay time, CLKOUT| to MEN} atec) - 51 atec)*+15 | ns
143 Delay time, CLKOUT| to MEN? -10t 15 ns
td4 Delay time, CLKOUT| to DEN} 1ate(cy - 57 Ygteicy+15 | s
tds Delay time, CLKOUT to DEN? —1ot 15 ns
tde Delay time, CLKOUT | to WE| RL-8250, 1atec) - 51 tgte(g)+15 | ns
tq7 Delay time, CLKOUT | to WEt CL =100 pF —1ot 15 ns
tds Delay time, CLKOUT} to data bus OUT valid (see Figure 2) 1/4t(c)+ 65 | ns
tgg Time after CLKOUT | that data bus starts to be driven 1/4¢(C) - st ns
td10 Time after CLKOUT | that data bus stops being driven 1/4tc(C) + 40t ns
ty Data bus OUT valid after CLKOUT} 1/4tg(c) - 10 ns
th(A- WMD) f\sdederils;:(;)d time after WE{, MEN1, or DENt 1ot ns
tsu(A-MD)  Address bus setup time prior to MEN|, or DEN} 1/4tg(c) — 45 ns

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

timing requirements over recommended operating conditions
TEST CONDITIONS | MIN NOM MAX | UNIT

tsy(D)  Setup time, data bus valid prior to CLKOUT| R_=825Q, 50 ns
CL =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 MENt or DEN? preceding CLKOUT .

ixas WP
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
t411 Delay time, DEN1, WEt, and MEN? from RS R_=825Q, 1/2t5c)+ 50T | ns
— CL = 100 pF
tdis(R) Data bus disable time after RS (see Figure 2) 1/4t(cy + sot ns

1 Values were derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX | UNIT

tsu(R) Reset (RS) setup time prior to CLKOUT {see Note 10) 50 ns

tw(R) RS pulse duration 5t(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
tHINT) Fall time, INT x I
tw(INT)  Pulse duration, INT = -
tsu(INT)  Setup time, INT| before CLKOUT} - ns

10 (BIO) TIMING
timing requirements over recommended operating conditions

MIN NOM MAX | UNIT
tq0)  Falltime, BIO > I
tw(i0) Pulse duration, BIO = ns
tsu(l0) Setup time, BIO| before CLKOUT| = =

bxas
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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

— = trme) Pty (MCH)
: e te M) _’: | lﬂ—ﬂ-l !w(MCP)T
| | |
| | |
man NSNS S S
!
| | —pltwmey
i —» t(MC)
—» :‘—td(Mccf‘ \ j

CLKOUT :

|

|

!

tc) — ()
tw(cL) »

lr‘_£
li_f_ -

te(C)
t ta(MCC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

) e "
| |
CLKOUT \| / \L : /
— tga —» :
‘ds—’l| i | |
|
¥
' — tsu(A-MD) '
- 4— th(A-wMD)
—ta1 — e
A11-A0 >< g E g S x Address Bus Valid x E E S Sx
|
— tgup) —M
| su(D) ’ thD)
D15-DO ) { Instruction Valid }

it
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TBLR instruction timing

ta3 _.‘H—’t- ta2 —’l|
I
i

e Naa /\
g
R e XX+ XX XX

EN

/\
A11-A0 W

)?
g

— 14— thp)
tsup) ¢ ¥
N/ N

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

EN

a\

WE
<4 t4gg —W
l i H——*l td10
|
| | | |
tdo —N—ﬂ | tv p— |
| I
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

*p
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IN instruction timing

| |
!
N2/
|

!

MEN / \ 1 4
—» 4 tgy(A-MD)
: : I ! tsu(D)
| |
A11-A0 @( 3 @{ a W 5 @(
PN s
tda ds
_ T E
DEN \ V4
: " "‘ th(D)
D15-D0

Legend:

1. IN Instruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

OUT instruction timing

axor "N__ /T N/ N/ _/
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Data Input Valid
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Legend:

1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Valid
3. Address Bus Valid 7. Data Qutput Valid
4. Peripheral Address Valid 8. Instruction Vatid
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reset timing
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NOTES: A.
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interrupt
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AB = Address Bus AB = PC+1

:>< AB=PC Xﬁ:Pcn )6& AB=PC=0 X\\

RSforces DEN, WE, andMEN highand places databus DOthroughD15ina high-impedance state. AB outputs (and program counter)
are synchronously cleared to zero after the next complete CLK cycle from RS|.

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

Resumption of normal program will commence after one complete CLK cycle from RS1.

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

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

timing
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I cc - Supply Current - mA

I cc - Supply Current - mA

AVEA
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36
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TYPICAL POWER VS. FREQUENCY GRAPHS

Ta =-40°C

Ta =85°C

Ta=-40°C

Ta =85°C

Ta =-40°C

Ta = 85°C

8 12 16 20 24 28

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

7

With Lag

e

-
Without Coag

// —
"

1.2

8 12 16 20 24 28

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

Figure 4. Typical CMOS I¢¢ vs Frequency
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Key Features: TMS320C14/E14/P14

160-ns Instruction Cycle
256 Words of On-Chip Data RAM

4K Words of On-Chip Program ROM
(TMS320C14)

4K Words of On-Chip Program EPROM
(TMS320E14/P14)

One-Time Programmable (OTP) Windowless
EPROM Version Available ('320P14)

EPROM Code Protection for Copyright Security

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 1/0 Port (16 Pins)

16-Bit Bidirectional Data Bus With Greater than
50-Mbps Transfer Rate

Asynchronous Serial Port
15 Internal/External Interrupts

Event Manager With Capture Inputs and
Compare Outputs

Four Independent Timers [Watchdog,
General Purpose (2), Serial Port]

Four-Level Hardware Stack
Packaging: 68-Pin PLCC (FN Suffix)
or CLCC (FZ Suffix)

Single 5-V Supply

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

+5V GND

256-Word RAM

Interrupt )

8K-Word ROM/
EPROM

32-Bit ALU/ACC

Multiplier

-
N

Shifters

TMS320C 14, TMS320E14/P14
FN/FZ Packages
(Top View)

AMP4/CAP2/FSR
CMPS/CAPJ/FSX

Data (16)

Q- No
[sN-N-N-]

TCLK/CLKR [ 10
TCLK2/CLKX{] 11
asfl 12

A7fl13

Asfl 14

WEl 15

REN[ 16
RSf17

[iNid (BT}
cLkouT 1
As ]l 20

Asll 21
NMimMC/MP ] 22
WOT[l 23
CLKINH 24
A3ll2s

A2l 26

4.
2728 2930 31 32333435363738‘3:94041 4243
———

67 666564636261

€0
59
58
57
56
55
54
53
52
51

Address (12)

D4

[+

D6

D7

10PQ
10P1
10P2
10P3
10P4
10P5

[o£:]

D9
AXD/DATA
TXD/CLK
[2310)
10P6
10P7

z2ezroy 6"&3"°9§°’°
Yooaoogo
£

10P1
10P1
10P1
10P1
S
10P!
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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 I/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 yorzt DESCRIPTION
NAME NO. ADDRESS/DATA BUSES
ANt 5 (0174 Program memory address bus A11 (MSB) through A0 (LSB) and port addresses PA2 (MSB) through
A10 6 PAQ (L.SB). Addresses A11 through AQ are always active and never go to high impedance except
A9 o during reset. _During execution of the IN aqd OUT instructions, pins 26, 27, and 28 carry the port
A8 12 ;dA(;resses. Pins A3 through A11 are held high when port accesses are made on pins PAQ through
A7 13
A6 14
A5 20
A4 21
A3 25
A2/PA2 26
A1/PA1 27
AQ/PAQ 28
D15 MSB 35 1/10/2 Parallel data bus D15 (MSB) through DO (LSB). The data bus is always in the high-impedance state
D14 36 except when 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 RS is low. If high during reset,
internal program memory is selected. If low during reset, external memory will be selected.
WE 15 o] 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

DESCRIPTION

NAME NO. vorzt SUPPLY/OSCILLATOR SIGNALS
CLKOUT 19 o System clock output (one fourth CLKIN frequency).
vee 4,33 | 5-V supply pins.
Vgs 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 0]/ 4 Asynchronous mode transmit output.
TCLK1 10 1 Timer 1 clock. if external clock is selected, it serves as clock input to Timer 1.
TCLK2 1 I 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 /O PINS
IOP15 MSB 29 [7{e] 16bit1/O lines that can be individually configured as inputs or outputs and also individually setor reset
10P14 30 when configured as outputs.
10P13 31
10P12 32
IOP11 37
10P10 38
I0P9 41
10P8 42
I0P7 44
10P6 45
10P5 51
10P4 52
10P3 53
10P2 54
10P1 55
10P0 LSB 56
COMPARE AND CAPTURE SIGNALS
CMPO 8 [o] 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 [l{e} This pin can be configured as compare output or capture input.
CMP5/CAP3 65 110 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

l

Timer

WDT

1sf
WE Y
REN—4 £ 16
— T
RS — 8
Instruction
12 2% 51
|
AG-A11 x 12 19 ooMEPR
=] ROM
PAQ-PA2 E L Stack § (4K Words) 16
3 4x12

Program Bus

i
Mc/MP
INT —*]

Interrupt

9
—]
Controtier [ 7577 [*SRl— 46

[

g

architecture

P

Data Bus

7,
1

T

T(16)

Multiplier

P(32)

Shifter
(0-16)

Address

Data
(256 Words)

Data

Data Bus

TCLK1.2

16

D15-DO

CMPO-CMP3

CMP4,5/
CAP2, 3

Stack peteet fe———— caroa
16 !
L—»] Serlal Serial
16 Port Pont
Timer Controlier
9 TBR] TSR ™D
S RBR | RSR RXD
10P I0PO-I0OP15
Legend: DP = Data Page Pointer
ACC = Accumulator IOP = Input/Output Port
ACT = Actlon Register (Bit Selectable)
ALU = Arithmetic Logic Unit PC = Program Counter
ARP = Auxlliary Register Point P = P Register
ARO = Auxlliary Register 0 RBR = Receive Buffer Register
AR1 = Auxiliary Register 1 ASR = R Shift Reg
BSR = Bank Select Register T = T Register
CAP = Capture TBR = Transmit Butfer Reglster
CMPR = C; gis! TSR = Shift Reg

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.

3-52
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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 accumutator 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-comptement muitiplication 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 'C1x 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 atotal 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 I/0

The 'C14/E14/P14 has 16 pins of bit I/O that can be individually configured as inputs or outputs. Each of the pins
canbe setor 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 |/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 eventlogging/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 porttimer 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)?

Supply voltage range, Voo (SEe NOIE B) .. ..ot -03Vto7V
Supply voltage range, Vpp (SEENOLE 6) ... .....oiviini e -0.6Vto14V
INPUEVORAGE FANGE . .ttt e e e -03Vto14V
OULPUL VORAGE FaNGE ... .ttt et e e -03Vto7V
Continuous power dissipation ........ ..ottt 0.5W
Air temperature range above operating device: L version ... 0°'Cto70°C
Storage temperature . ... ... -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

funct

ional 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

reco

6: All voltage values are with respect to Vgg.

mmended operating conditions

MIN NOM MAX [ UNIT

Operating voltage 4.75 5 5.25 \Y
Vcc  Supply voltage Fast programming 5.75 6 6.25 v

SNAP! Pulse programming 6.25 6.5 6.75 \%
Vpp  Supply voltage for Fast programming (see Note 11) 12.25 125 12.75 v
Vpp  Supply voltage for SNAP! Pulse programming (see Note 11) 12.75 13 13.25 Vv
Vgs  Supply voltage 0 \

CLKIN, CAPO, CAP1, CMP4/CAP2, CMP5/CAP3, RS 3
Vi  High-level input voltage All remaining inputs > \
ViL Low-level input voltage, all inputs 0.8 \
loH  High-level output current, all outputs -300 A
loL  Low-level output current, alf 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
. 10H = MAX 24 3 \
Vo  High-level output voltage
IOH = 20 uA (see Note 7) Voo - 0.4t v
VoL Low-level output voltage log = MAX 0.3 0.5 \
lpz  Off-state output voltage Vgog = MAX Vo-24V 20 HA
Vo =04V -20
" Input current Vi = Vgs o Vo All other inputs except CLKIN +20 A
CLKIN x50
icc¥  Supply current f=256MHz, Voc=5.25V,Ta =0°Cto 70°C 70 80 mA
Ipp1  Vpp supply current Vpp=Vcp =55V 100 nA
e R
Cy Input capacitance Data bus 25t pF
All others ) 154
o Outpu.t Data bus f =1 MHz, All other pins 0 V o5t -
capacitance All others 10%

T All typical values are at Vgg = 5V, TA = 25°C, except Igg 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 Qutput

Under Test ©——¢

215V

% RL=825Q

p o Test
Point

T Cy =100 pF

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°Cto 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
t¢(C) CLKOUT cycle time 156.25 600 ns
1(C) CLKOUT rise time 10t ns

- RL=825Q, 7
%(C) CLKOUT fall time CL= 1'00 pF, 8 ns
tw(CL) Pulse duration, CLKOUT fow (see Figure 2) 72t ns
tw(CH)  Pulse duration, CLKOUT high 70t ns
taMcc)  Delay time CLKINt to CLKOUT] a5t ns

1 Values were derived from characterization data and not tested.

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
te(MC) Master clock cycle time ¥ 39.06 40 150 ns
te(MC) Rise time, master clock input st 10t ns
tMC) Fall time, master clock input st 10t ns
tw(MCP)  Pulse duration, master clock 0.45 eyt 055temcyf | ns
twiMcL)  Pulse duration, master clock low 15t 130 ns
tw(MCH)  Pulse duration, master clock high 151 130 ns

1 Values were derived from characterization data and not tested.
*‘c(C) is the cycle time of CLKOUT, i.e., 4tc(Mc) (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 CONIONS MIN NOM MAX UNIT
tsu(A)R Address bus valid before REN| 0.25 t(c)—39 ns
tsu(A)W Address bus valid before WE| 0.50 tg(C)—45 ns
th(a) Address bus valid after RENt or WEt st ns
ten(D)W Data starts being driven before WE| 0251yt | ns
tsu(D)W Data valid prior to WE } RL=825Q, | 0.25tc(C)~45 ns
tho)w Data valid after WE t gé—;g::r:';) 0.25 t¢(C)-10 ns
tdis(D)W Data in high impedance after WEt 0.251¢(C) + 25t ns
tw(WEL) WE-low duration 0.50 t¢(c)—15 ns
tw(RENL)  REN-low duration 0.75%(c)-15 ns
trec(WE) Write recovery time, time between WEt and REN| 0.25t¢(c)-5 ns
trec(REN)  Read recovery time, time between RENt and WE| 0.50 tg(c)—- 10 ns
t4(WE-CLK) Time from WE1 to CLKOUT? 0.50 tg(C)— 15 ns

f Values were derived from characterization data and not tested.

timing requirements over recommended operating conditions

TEST CONDITIONS MIN NOM MAX UNIT
tsup)R  Data set-up prior to REN{ 52 ns
thD)R Data holfj after RENt AL 8250, 0 ns
el ead e da Shoaert -
toe(REN) Access time for read cycle from REN| 0.75 t¢(C)-60 ns
tgis(D)R  Data in high impedance after REN{ 0251yt | ns
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
4RS-RW)  Delay from RS| to RENt and WE? 0.751c)+ 20T | ns
tdis(RS-AW) %ﬁﬁtgoh%: isml;:gd:r%criand R -8250 125t0)T| 0
CL =100 pF,

tdis(RS-DB)  Databus disable after RS (see Figure 2) 1.25tc)f | ns
t4is(RS-AB)  Address bus disable after RS} eyt [ ns
ten(RS-AB)  Address bus enable after RS1 iyl | s

timing requirements over recommended operating conditions

TEST CONDITIONS MIN NOM MAX UNIT

tsu(RS) RS setup prior to CLKOUT (see Note 10) CF:*IL_: 1853 SF 60 ns
tw(RS) RS pulse duration (see Figure 2) Ste(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
'h(MC/MP)t Hold time after RS high te(C) ns

1 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
HINT) Fall time, INT 151 ns
tH(NMI) Fall time, NMI 15t ns
tw(INT) Pulse duration, INT te(C) ns
tw(NMI) Pulse duration, NMI te(C) ns
tsu(NT)  Setup time, INT before CLKOUT low (see Note 12) 60 ns
tsu(NMmr)  Setup time, NM 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 I/O TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
tifo(OP) Rise and fall time outputs CR|I_-== 18023 ;?F 20t ns
tqgop)  CLKOUT low to data valid outputs (see Figure 2) 0.75t¢(c) +80 ns

timing requirements over recommended operating conditions

TEST CONDITIONS MIN  NOM  MAX | UNIT
trfigopP)  Rise and fall time inputs RL=-825Q, 20t ns
tsu(iop) Data setup time before CLKOUT time CL =100 pF, 40 ns

" (see Figure 2)
tw(tOP) Input pulse duration te(C) ns
GENERAL PURPOSE TIMERS
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX UNIT
t(TIM) TCLK1, TCLK2 rise time 20t ns
triv)  TCLK1, TCLK2 fall time AL -825Q, 20t ns
twi(TiM)  TCLK1, TCLK2 low time C| = 100 pF, te(C) +20 ns
— (see Figure 2)
twh(TIM)  TCLK1, TCLK2 high time te(c)+20 ns
telk(TIM) Input pulse duration 21¢(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
twpT) Falltime, WDT RL=825Q, 20t ns
tawpT)  CLKOUT to WDT valid CL =100 pF, 0.25 t¢(c) +20 ns
" (see Figure 2)
tw(wDT)  WDT output pulse duration 7t(C) ns
EVENT MANAGER TIMER
switching characteristics over recommended operating conditions
PARAMETER TESTCONDITIONS | MIN  NOM  MAX | UNIT
ficMp)  Fall time, CMPO-CMPS RL=825Q, 20t ns
CL = 100 pF,
trCMP)  Rise time, CMPO-CMPS (see Figure 2) 20t | ns
timing requirements over recommended operating conditions
TESTCONDITIONS | MIN  NOM  MAX | UNIT
t CAPQ-CAP3 input pulse duration RL=825Q, to(C) +20 ns
w(CAP) put p L= 100 pF, c(C)
tsu(CAP) Capture input setup time before CLKOUT low (see Figure 2) 20t ns

1 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(me) w(MCH) 1
i [ tw(MCP)
| }"“‘"c(MC) I ' : I
X2/CLKIN M
|
J | le—twmey
l - tMC)
ﬁ_‘——tw(CH)—H
"_’:—td(MCC)f [ [
|
CLKOUT } | | : JE\
=y » -t |
| l‘—tW(CI-)—" |
¢ te(c) »l

T td(mccC) and tywmcp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

memory read timing

]hi tw(RENL) ———’:
|
% toe(REN) ": :
|
tsu(a)R —:‘—H } IH_I — th(a)
A11-A0 X E g S S x Address Bus Valid )( g E :):‘ g X
| T
e taa) —M |
| tsuo)p —
i H—’:— th(D)R
D15-DO ,‘ {: Instruction Input Valid }
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TBLR instruction timing

tsu(A)R"{l‘_
|

|
|

| —’il“th(D)R
|
ta(a) —ﬂ—ﬂl I
I
tsuDR &,
CO—Co— —CC—~<
Legend:
1. TBLR Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. Address Bus Valid
3. Data Fetch 9. Instruction Input Valid
4. Next Instruction Prefetch 10. Instruction Input Valid
5. Address Bus Valid 11. Data Input Valid
6. Address Bus Valid 12. Instruction Input Valid

TBLW instruction timing

B/ N\ /\ / \ / "\

tenywt —‘1—‘——*:

1
wE N
|
|
]

lH———blf— tw(WEL)
T
t
tsu(D)\:V —’: s :H_ P
I | |
| thow ¥ .-
|

-\ /S \ L7y (T
ST S G oo B S T i R

1 Data valid prior to WE}

Legend:

1. TBLW Instruction Prefetch 7. Address Bus Valid

2. Dummy Prefetch 8. Instruction input Valid
3. Next Instruction Prefetch 9. Instruction input Valid
4. Address Bus Valid 10. Data Output Valid

5. Address Bus Valid 11, Instruction Input Valid
6. Address Bus Valid

*p
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IN instruction timing

EN

tsua)n ¥ & }
A11-A0 _)@L a 5 X 6
i — XEx
' l—bf— tsu(D)R

ta(a) " .| “"_’lf_ O

Legend:

1. IN Instruction Prefetch 6. Address Bus Valid

2. Data Fetch 7. Instruction Input Valid
3. Next Instruction Prefetch 8. Data Input Valid

4. Address Bus Valid 9. Instruction input Valid
5. Peripheral Address Valid

OUT instruction timing
w_ N/ : /\

l‘_ﬂ‘ ten(D)W
o { |
WE | Y 4
: le———pt— w(WEL)
COo—@C — X
| |
tsuDyw —¢—¥ l“—:——ﬂ— tdis)W
- thioyw
Legend:
1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch 6. Instruction Input Valid
3. Address Bus Valid 7. Data Output Valid

4. Peripheral Address Valid
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reset timing

| 1
_’1 4 tsu(RS) —» ¢ tsu(RS)
!

—— tdis(RS-RW) —b: l

RS \ LA

T T

i
@) —h

b
REN | ! = /_\__/—\_
WE ﬁeti E) ' !
o]
P— typs. |
I dBS-RW) ——P— ton(RS-AB)
tdis(RS-DB) —»

Data Shown Relative To WE

|
|
! /
D15-D0 Data Out ' t \ >_< /
. : Data in From Data In From
i PC ADDR 0 PC ADDR PC+1
tdis(RS-AB) —» M- l ¢ *
| | AB = PC+1

ADDRESS
s X AB=rpc } i { AB=PC=0 X

AB = Address Bus

NOTES: A. RS forces REN, and WE high and then places data bus D0-D15, REN, WE, and address bus A0-A11 in a high-impedance state.
AB outputs (and program counter) are synchronously cleared to zero after the next complete CLK cycle from RSt

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

. Resumption of normal program will commence after one complete CLK cycle from RS?.

. 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. WE and REN are mutually exclusive.

oOOm

microcomputer/microprocessor mode timing

7S _\_‘ J

4——— th(MC/MP) —N:

NMI/MC/MP \ » /

)T

R
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interrupt timing

!
:‘—H— tsu(INT): tsu(NMI)

NMI or INT N\ /
|

I |
> N M) |
= twaNT), tw(Nmr P

bit I/O timing

CLKOUT —W

I
I
I0P15-10P0 N
(Output)

! —’: :‘— trfo(1OP)
||

tsu(lop)—Hl “—
o X X
: }‘——tw(IOP)——D{
trfl(low)—HI lﬂ—

general purpose timers

Ih—i teIk(TIM) ———b:
| |

TCLK1, TCLK2 '/ | AN L/ \
| |
: Ih—'whmM)—Nl I |
I >l oy |
iy W | fmm) I
- tywirim) —¥

watchdog timer

CLKOUT _/m
| o ,
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event manager

|
j&—d— tsu(caP)
|
CAP3-CAPO X X
I |
———— tw(CAP) ————

CMP5-CMPO 'x‘

|
—» & CMP)/ tr(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 HVCMOS technology. They are pin compatible with existing 28-pin ROMs
and EPROMs. These EPROMSs 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).
Inword 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 6. Programming Data Format

TMS320C14 On-Chip TMS320E14 and EPROM
Program Memory TMS320P14 On-Chip Programmer
(Word Format) Program Memory Memory
(Byte Format) Byte Format with
Adapter Socket
o(ooooh) | 1234h 0(0000h) 34h 0(0000h) 12h
1(000Ah) [ 5678h 1(0001h) 12h 1(0001h) 34h
2(0002h) | 9ABCh 2(0002h) 78h 2(0002h) 56h
3(0003h) | DEFOh 3(0003h) 56h 3(0003h) 78h
o 4(0004h) BCh 4(0004h) 9Ah
5(0005h) 9Ah 5(0005h) BCh
6(0006h) FOh 6(0006h) DEh
7(0007h) DEh 7{0007h) FOh
4095(0FFh) . . . .
8191(1FFFh)

Figure 7 shows the wiring conversion to program the 'E14 and 'P14 using the 28-pin pinout of the TMS27C64.
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 V4¢) 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 kQ resistor is standard

on the Tl programmer socket between pin A9 and programmer. This protects the device from
unintentional use of the signature mode.

1 28
] vee vee |~ " ]
N—1 NP FGM ® 9ol <
N—1 U epT |28 .._.%_.‘f__..._.._f_f_.‘f._:_.%i_.%_,% uuuuu
NERS—E P Yy K — 98 76 54 3 2 1686766656463 62 61
— Slas a9 |2 AAN 22K o f o %
&l mfp T Can §
7 =122 [j 1 59
| ———— Y G 12 58
8 21 I
9 A2 At0 20 ] 13 57
N— ¥ E i o6 1AL
a8 A1 A0
%ﬂ A0 o e ‘%] 15 ss 22
aM h
1 17 16 54
— Q6 | Pt by, .
21 g2 os ¢ vee b
13 15 =] 18 TMS320E14 52 [}
s as 2 Eh TMS320P14 51
GND ) 20 50
TMS27C64 Pinout ) 21 49
_ =22 48
S 23 a7
BT %
] 25 45 (3
| 26 44
27 28 29 30 3132 33 34 3536 37 38 39 40 41 42 43
@l ~Ilelw] O <] N
> >
T

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) 1 On-chip EPROM programming address lines

CLKIN | Clock oscillator input

E I EPROM chip enable

EPT [ EPROM test mode select

G 1 EPROM output enable

GND [ Ground

PGM 1 EPROM write/program select
Q8(MSB)-Q1(LSB) 110 Data lines for byte-wide programming of on-chip 8K bytes of EPROM

RS | Reset for initializing the device

Vee t 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
ey [ Twssmerapia | Twekost | procan | Pioene [ neao | eenoM [ PhotecT
E 19 20 ViL ViL ViL VIH ViL
G 23 22 VIH PULSE PULSE VIH ViL
PGM 16 27 PULSE VIH VIH VIH VIH
Vep 18 1 Vep Vep vVce Vep Veee
vce 433 28 Veep Veee Vee Veee Vcee
Vss 3,34 14 Vss Vss Vss Vss Vss
CLKIN 24 14 Vgs Vss Vss Vss Vss
EPT 17 26 Vs Vgs Vgs Vpp Vpp
Q1-Q8 42403537 | 4113, 15119, Data In Data Out DataOut | Qg=PULSE | Qg=RBIT
at2-A7 | 15,11,10,8,7,2 | 2232124 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
t Signal names shown for 'E14/P14 EPROM programming mode only.
Legend:
VIH = TTL high level; V)_ = TTL low level; ADDR = byte address bit; Vpp = 125V £ 0.25 V (FAST) or 13 V = 0.25 V (SNAP! Pulse).
Vee = 5V =:0.25V,; X =don't care; PULSE = low-going TTL pulse.
DIN = byte to be programmed at ADDR; QouT = byte stored at ADDR.; RBIT = ROM protect bit
Voep = 6V +0.25V (FAST) or 6.5 V = 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.
Once the '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/cm2, 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 leve! 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 TMS320C 1x User’s Guide for additional information on EPROM programming.

recommended timing requirements for programming: Vge = 6 V and Vpp = 12.5 V (FAST) or

Ve = 6.5V and Vpp = 13 V (SNAP! PULSE), Tp = 25°C (see Note 13)

MIN NOM MAX | UNIT

tw(PGM) Inital 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 s
tsu(D) Data setup time 2 us
tsu(vVPP) Vpp setup time 2 us
tsu(vCC) Ve setup time 2 us
th(A) Address hold time 0 us
th(D) Data hold time 2 us

NOTE 13: For all switching characteristics and timing measurements, input pulse levels are 0.4 V10 2.4 V and Vpp = 12.5 V = 0.5 V during

programming.
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program cycle timing

[¢———— Program —————‘I‘— Verity |
| | L Vi
A12-A0 X Address Stable X Address N+1
T T ViL
l‘—ﬂ—] tsu(A) | H_'_’IL— th(A)
|

|
Q8-Q1 ——( Data In Stable }—— HI
ﬁ————"— tsu(D) |

VIV
s Data Out IHYOH
Valid ViLVoL

—— tisig)’

|
f ——
ﬁ——“— tsu(vPP) : I I ‘I Vee
l[ : 5 { Veee
_./L———b:— tsu(vee) : lt i : vee
_ T : | o ViH
E ! | ' ! ! '
o —» orwo | .
—t—

u f | VIH
PGM I |
| —»— tenc)!

ViL
[ i |
tw(FPGM) —€¢—¥ H—T— tsu(G) I
|
| |

_ [ VIH
5 u

ViL

t tdis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer.
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Key Features: TM320C15/E15/LC15/P15 5V
¢ Instruction Cycle Timing: +3?3rv GND
— 160-ns (TMS320C15-25/E15-25)
— 200-ns (TMS320C15/E15/P15)

— 250-ns (TMS320LC15)

® 256 Words of On-Chip Data RAM Interrupt 256-Word RAM
* 4K Words of On-Chip Program ROM 4K-Word ROM/EPROM

(TMS320C15/C15-25/LC15)

* 4K Words of On-Chip Program EPROM I 32-Bit ALU/ACC
(TMS320E15/E15-25) - Multipier

® One-Time Programmable (OTP) Windowless _E Address (12)
EPROM Version Available (TMS320P15) Shifters

¢ EPROM Code Protection for Copyright Security
¢ External Memory up to 4K-Words at Full Speed
® 16 x 16-Bit Multiplier With 32-Bit Product
~® 0to 16-Bit Barrel Shifter
® On-Chip Clock Oscillator
¢ 3.3-V Low-Power Version Available (TMS320LC15)

® Device Packaging:
— 40-Pin Dip (All Devices)
- 44-Lead PLCC (TMS320C15/C15-25/LC15/P15)
— 44-Lead-QUAD (TMS320E15/E15-25)

TMS320C15/E15/LC15/P15 TMS320C15/E15/LC15/P15
N/JD Package FN/FZ Package
(Top View) (Top View)
Anor
A1pat 1 a0l az/paz 5 Ig &8 mg
Ao/PA0 (]2 39[] A3 Zc£§a>w§n¢mo
g = <> L L L
MC/MP (]33 38[7 A4 /Tl:':éﬂm
RS (4 3710 a5 65432&4443424140
INT []5 36[] A6 CLKOUT [] 7 39] A7
CLKOUT 6  35[] A7 x1 1] 8 8[| As
x1 07 340 A8 X2/CLKIN [] 9 37[] MEN
X2/CLKIN (8 33[] MEN BID [] 10 36[ DEN
BiO [Jo 32[] DEN NC ] 11 35(] WE
Vgs L] 10 31[] WE vgg [l 12 34 vee
D8 [f 11 30[] vge D8 | 13 33]] A9
D9 [{12 20[] A9 D9 [] 14 a2{] A10
Dio []13 28[7 at0 D10 [} 15 31 A1
D11‘[: 14 277 At4 D11 [] 16 30{] Do
D12 E 15 26% Do D12 [] 17 23] D1
D13 16 25 D1
D14 []17 24[] D2 181920212223242526 27 28
D15 (] 18 23[] D3 QOITLEOTONQ
b lialaNaNalala)
D7 19 22[7 D4 $oao 9
D6 []20 217 Ds
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functional block diagram

X1
CLKOUT X2/CLKIN
o 4 9 Program Bus
WE —¢— 16
DEN —¢—]
MEN <« 38
BIO »—| £ 12
MCMP »—{ §
Nt o ©
RS —»—]
Instruction
A 3 - 16
A11-A0/ x| » Pro
v gram g
PA2-PAO 2 o & ROM/EPROM D15-DO
N b 4K Words
N 3] 4x12 g ¢ rds)
q Program Bus
16; 16
S Data Bus
16£ 7 16i 1Gi
ARO(19) l DP | T(16)
ARP Shifter
AR1 (16) (©-16)
8 8 Multiplier |45
MUX7 s P(32)
8 32
v
Address MUX 7
Data RAM v
(256 Words) 7
Legend: ALU (32)
ACC = Accumulator
Data 32
ALU = Arithmetic Logic Unit
ARP = Auxiliary Register Pointer ' y
ARO = Auxiliary Register 0 ACC (32) |
AR1 = Auxiliary Register 1
OP = Data Page Pointer 32 32
P = P Register
PC = Program Counter
T = T Register Shifter (0,1,4)
16 16
AS
q Data Bus
INSTRUMENTS
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TERMINAL FUNCTIONS (TMS320C15/E15/LC15/P15)t

NAME ot DEFINITION
A11-A0/PA2-PAQ o} External address bus. I/O port address multiplexed over PA2-PAQ.
BIO I | External poiing input
CLKOUT (o} System clock output, 1/4 crystal/CLKIN frequency
D15-DO /0 | 16-bit parallel data bus
DEN o Data enable for device input data on D15-D0
INT | External interrupt input
MC/MP t Memory mode select pin. High selects microcomputer mode. Low selects microprocessor mode.
MEN (o] Memory enable indicates that D15-DO0 will accept external memory instruction.
NC o} No connection
RS I | Reset for initializing the device
Vece | + 5V supply
Vss [ 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)?

Supply voltage range, Voo (see Note B) ... .. -03Vto7V
Supply voltage range, Vpp .. ..o e ~-0.6Vto14V
INPUEVOAGE raNGE ... o -0.3Vto 14V
OULPUL VO AGE FaNGE . ...ttt -03Vto7V
Continuous power dissSiPation ... . ... 0.5 mwW
Operating free-air temperature: Lsuffix ... ... o i 0°Cto 70°C

ASURfiX ... —40°C to 85°C
StOrage temperature ... ... ... ittt -55°Ct0 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 atthese 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
EPROM devices 4.75 5 5.25 Vv
vec  Supply votage All other devices 45 5 5.5 \%
Vpp  Supply voltage (see Note 11) 12.25 125 12.75 A\
Vgs  Supply voltage 0 v
CLKIN 3 \
ViH High-level input voltage All remaining inputs 2 v
ViL  Low-level input voltage MC/mP 0.6 v
All remaining inputs 0.8 \%
loH  High-level output current, all outputs —-300 uA
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

‘PP +Icc

*

Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 3-75



TMS320C15, TMS320E15, TMS320P15
DIGITAL SIGNAL PROCESSORS

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 A
VoH High-level output voltage
{OH = 20 pA (see Note 8) Vee - 0.4 v
VoL Low-level output voltage loL = MAX 0.3 0.5 \
Vo=24V 20
loz  Off-state output current Vee = MAX o pA
Vo =04V -20
| Inout . Vi< VeatoV All inputs except CLKIN 20
nput curren = (o]
! P 1=Yssovee CLKIN «50 | WA
TM3320C15 f=20.5MHz, Voo =5.5V, Ta = 0°Cto 70°C 45 55
TMS320C15-25 | f=25.6 MHz, Vo =55V, Ta = 0°C to 70°C 50 65
icct  Supply current mA
TMS320E15 f=20.5MHz, Vo =5.25V, Ta = - 40°C to 85°C 55 75
TMS320E15-25 | f = 25.6 MHz, Vcc =525V, Tao =0°C1070°C 65 85
c nout " Data bus 25%
i nput capacitance
' putcap All other . ' 15t PF
] Data bus = 1 MHz, all other pins 0 V 25t
Co Output capacitance pF
All others 10%

1 Al typical values are at Ve =5V, Ta = 70°C and are used for thermal resistance calculations.
IcC characteristics are inversely proportional to temperature. For |cc 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 and will differ for HC logic levels.

CLOCK CHARACTERISTICS AND TIMING
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°Cto070°C 6.7 205

Crystal frequency, fx TMS320E15/P15 Ta = - 40°C t0 85°C 6.7 205 MHz
TMS320C15-25/E15-25 Ta =0°C1t070°C 6.7 25.6

C1,C2 Ta = 0°C to 70°C 10 pF

Texas “'"
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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

PARAMETER TEST CONDITIONS TMS320C15/E15/P15 TMS320C15-25/E15-25
MIN NOM MAX | MIN NOM MAX UNIT
te(C) CLKOUT cycle time¥ 195.12 200 156.25 160 ns
tr(C) CLKOUT rise time 10t 10t ns
- RL=825Q,
#(C) CLKOUT fall time CL = 100 pF st 8t ns
tw(CL) _ Pulse duration, CLKOUT low (see Figure 2) g2t 721 ns
tw(CH)  Pulse duration, CLKOUT high got 70t ns
tgMcc) Delay time, CLKIN'T to CLKOUT} 25t sof | 25t sot | ns
T Values derived from characterization data and not tested.
i'c(C) is the cycle time of CLKOUT, i.e., 4tc(mc) (4 times CLKIN cycle time if an external oscillator is used).
POST OFFICE BOX 1443 ¢ HOUSTON, TEXAS 77001 3-77
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timing requirements over recommended operating conditions

TMS320C15/E15/P15 TMS320C15-25/E15-25 UNIT
MIN NOM MAX MIN NOM MAX
tc(MC) Master clock cycle time 48.78 50 150 39.06 40 150 ns
t(MC) Rise time, master clock input st 1ot st 10t ns
1(MC) Fall time, master clock input st 1ot st 10t ns
tw(Mcp)T Pulse duration, master clock 0.4t(MC) O.Gtc(MC)T 0.45tc(me) 0-55tc(MC)T ns
twiMcL)  Pulse duration, master clock low 20t 151 ns
tw(MCH)  Pulse duration, master clock high 20t 15 ns
T 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 | N NOM  MAX | MIN NOM  MAX
Delay time, CLKOUT| to + +
td1 address bus valid 10 501 10 40 ns
td2 Delay time, CLKOUT| to MEN} 1/41(C) — 5T 1/4t¢(C) +15 | 1/4tg(c) — st 1/4c(c)+12 ns
t43 Delay time, CLKOUT |, to MEN? 10t 15 | —10t 12 ns
tda Delay time, CLKOUT| to DEN} 1/4%(c) - st 1/4t5(c) +15 1/41(;((;) -5t 1/ate(c) +12 ns
tds Delay time, CLKOUT to DEN?t 10t 15 | -107 12 ns
tde Delay time, CLKOUT} to WE| l2tg0) =51 1/2tg(0)+15 | 1210y ~ 5T 12ty +12| s
tq7 Delay time, CLKOUT} to WEt —1ot 15 | —10t 12 ns
tds Delay time, CLKOUT| to data bus 1/4te(C) +65 1/4te(c) +52 ns
OUT valid
R =825Q,
Time after CLKOUT| that data bus CL=100pF _&t _et
'do starts to be driven (see Figure 2) 14c(c) -5 4(C) - 5 ns
Time after CLKOUT| that
td10 data bus stops being driven ”‘“c(C) + 40t 1 /4tc(C) + a0t ns
(TMS320C15/C15-25 only)
Time after CLKOUT| that
td10 data bus stops being driven 1/atgc) + 707 1/at¢(cy +70T | ns
(TMS320E15/E15-25 only)
ty Data bus OUT valid after CLKOUT} 1/4t(c) — 10 1/4tg(cy - 10 ns
Address hold time after WEt, MEN1, t + + i
th(A-WMD) o GENt (see Note 15) 0 2 0 2 ns
Address bus setup time prior to
suAMD)  BEN, PP 1/4tg(c)—45 1/4tg(c)-35 ns
1 Values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WEt, MEN?, or DEN?.
timing requirements over recommended operating conditions
TEST TMS320C15/E15/P15 TMS320C15-25/E15-25
CONDITIONS | mN NOM  MAX | MIN nom  max| UNT
tsu(D) Setuptime, data bus valid priorto CLKOUT} RL=825Q, 50 40 ns
' Hold time, data bus held valid after Cy = 100 pF 0 0 ns
h(D)  CLKOUT| (see Note 9) (see Figure 2)

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

*p
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tg11 Delay time, DEN{, WE1, and MEN? from RS RL=825Q, 1iote(cy+ 50T | ns
— CL =100 pF
tgis(r) Data bus disable time after RS (see Figure 2) ate(cy + 50t ns
1 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  max | YNIT
tsu(R) Reset (RS) setup time prior to CLKOUT (see Note 10) 50 40 ns
twiR) RS pulse duration 5te(C) 5te(C) ns
NOTE 10: RS can oceur 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 | UNT
tGNT)  Falltime, INT 15 15| ns
tw(NT)  Pulse duration, INT t(0) t5(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 | UNT
tf(|o) Fall time, BIO 15 15 ns
tw(0) Pulse duration, BIO te(C) te(C) ns
tsu(0) Setup time, BIO| before CLKOUT| 50 40 ns
TExas t”
INSTRUMENTS
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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

~» = tyme) M—PtwmcH) ¢ t
| H——l to(me) —¥ : r—T wMeP)
| | |
X2/CLKIN M\_/—
|
| | h—bl—!w(MCL)
I —» t(MC) .
H_— ——”
g tamee)’ ! wicH) [
\I
CLKOUT : | | : ‘*:\-
—+ —» 4 tyc) |
| - '_ twicr) —————» !
L te(c) »l
t td(MCC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform,
memory read timing
- =.
| |
CLKOUT \ / \L /
PR — |
'ds—'ll < | |
|
¥
| le— 1t . |
— td1 —q—" Su(A-MD) | :‘— th(A-WMD)
A11-A0 X g S g g >< Address Bus Valid )( 2 E S g x
T
e tgy) —M
| ()] ¢ .' thiD)
D15-DO ¥ { Instruction Valid }
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TBLR instruction timing

)zf

“‘—’r td2 _’ll
3 |
I

|
H—‘-—"— td1 |

tda—’;
W /N /2

XB_

@{74

tsu) ¢

=th(D
|

-

Legend:

TBLR Instruction Prefetch
Dummy Prefetch

Data Fetch

Next Instruction Prefetch
Address Bus Valid
Address Bus Valid

oo k0N =

TBLW instruction timing

7. Address Bus Valid

8. Address Bus Valid

9. Instruction Valid
10. Instruction Valid
11, Data Input Valid
12. Instruction Valid

aor N/ N/ N S

|
- [
MEN /_\ /_\ 2 l/ : \ 3 /_\
} |
[ I
"[“_ 1
tde —P
I d6 ! —,hq—td.,
J— |
WE | u
—ts ¥ pie-ty
—tgg | hp—’r—l td1o
CO—CO— & X
Legend:
1. TBLW Instruction Prefetch 7. Address Bus Valid
2. Dummy Prefetch 8. lInstruction 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

CLK°”TM

[
|
WEN /\ . 1/ T \ 2 /\
-’} r‘tsu(A-MD) |
I

[ ——> tsy(D)
! ]
T [ | i
- tg ™ | —» l‘_ tds
__ | i |
DEN \ I/
| > thp)
D15:00 s ) &)
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

wor N\ /N N/

A11-A0 W 3 W 4 W 5 W

T — T
— tdg —¥ —» lv‘- tda7
t ' |
WE tag J4— ‘
; t
PR =
(37 TR
CO—@X 7 <

Legend:

1. IN Instruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

. Address Bus Valid

. Instruction Valid

. Data Output Valid

. Instruction Input Valid

o~NOWO,
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reset timing

| |
> tsuR) —P‘ ¢ tsu(R)

RS l J

——— twr) ———»!

DEN z 5
WE Ssee | Data In From Data In From
MEN Note E - tg11 PC ADDR 0 PC ADDR PC+1

|
dis(R) — Data Shown Relative to WE >\ \\
D15-D0 " \

AB = Address Bus AB = PC+1

AN
Addiess N aB=PC XAB:PC+1 >GS AB=PC=0 X N

NOTES: A. RSforces DEN, WE, and MEN high and places data bus DO through D15 in a high-impedance state. AB outputs (and program counter)
are synchronously cleared to zero after the next complete CLK cycle from RS|.

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

. Resumption of normal program will commence after one complete CLK cycle from RS?.

. 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.

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

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

—— 7T

EN

e

COom

nm

interrupt timing

|
;4—-———"— tsu(INT)

N /

|
—» }4— HINT)

(™3

< tw(INT)

O

3

3
Q

ctwout m

(
:1—"— tsu(10)
BIO ! \ T/
- ¢ yqo) |
¢ tw(10) —p
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absolute maximum ratings over specified temperature range (unless otherwise noted)t
Supply voltage range, Vpp (SEENOE B) ......ooiiiie ittt -06Vto14V
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 atthese 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
Vpp  Supply voltage (see Note 11) 12.25 12.5 12.75 \

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=Vce 55V 100 \4
Ipp2  Vpp supply current (during program pulse) Vpp = 1275V 30 50 \

* Al typical values except for Icg are at Voo = 5V, Tp = 25°C.

recommended timing requirements for programming, Tp = 25°C, Vge = 6, Vpp = 1255 V,
(see Note 13)

MIN NOM MAX | UNIT
tw(IPGM) Initial program pulse duration 0.95 1 1.05 ms
tw(FPGM) Final pulse duration 38 63 ms
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 us
su(G) G setup time 2 us
tdis(G) Outputdisable time from G (see Note 15) 0 1308 ns
ten(G) Output enable time from G 0 1508 ns
tsu(D) Data setup time 2 us
tsu(vPP) Vpp setup time 2 us
tsu(VCC) Ve setup time 2 us
th(a) Address hold time 0 us
th(D} Data hold time 2 us

§ values derived from characterization data and not tested.
NOTES: 13. For all switching characteristics and timing measurements, input pulse levels are 0.4 V t0 2.4 V and Vpp =125V £ 0.5V during
programming.
15. Common test conditions apply for tdis(G) except during programming.

*p

Texas
INSTRUMENTS

3-84 POST OFFICE BOX 1443 * HOUSTON, TEXAS 77001



TMS320E15, TMS320P15
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

PROGRAMMING THE TMS320E15/P15 EPROM CELL

'E15/P15 devices include a 4K x 16-bit industry-standard EPROM cell for prototyping, early field testing, and
low-volume production. In conjunction with this EPROM, the 'E15/P15 with a 4K-word masked ROM, then,
provide more migration paths for cost-effective production.

EPROM adapter sockets are available that provide pin-to-pin conversions for programming any 'E15/P15
devices. One adapter socket (part number RTC/PGM320C-06), shown in Figure 8, converts a 40-pin DIP device
into an equivalent 28-pin device. Another socket (part number RTC/PGM320A-06), not shown, permits 44- to
28-pin conversion.

Figure 8. EPROM Adapter Socket (40-pin to 28-pin DIP Conversion)

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 'E15/P15 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64
8K x 8-bit EPROM. The TMS27C64 EPROM series are unltraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HVCMOS technology. They are pin-compatible with existing 28-pin ROMs
and EPROMs. These EPROMs operate from a single 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 9 shows the wiring conversion to program the 'E15/P15 using the 28-pin pinout of the TMS27C64. Table 5
on pin nomenclature provides a description of the TMS27C64 pins. The code to be programmed into the device
should be in serial mode. The 'E15/P15 devices use 13 address lines to address 4K-word memory in byte format.

EXAS Q’
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~—t—] 1 At A2 40
—————] 2 Ao(LSB) A3 39
—{] 3 vPP A4 38
{| 4 RS A5 37
vep 10 {15 EpT A6 36 28 vee
A12 2[ (s A7 35 1 27 PGM
A7 3 {7 A8 34 ]———I 0 26 EPT
A6 4 [— ———{] 8 CLKIN 33 39K0 0 25 A8
A5 5[— s 32 i AVAY: [ 24 A9
As 60— +—1] 10GND a1 [ 23 An
A3 70— 11 Q1(LSB) vVee 30— 122 G
Az sl— 12 Q2 A9 29 - l [ 21 At0
Al 9[—{4 13 Q3 A10 28 L 0 20 E
A0 10 ] 14 Q4 A1 27 [} 1 19 Q8
a1 11— 15 Q5 (MSB)A12 26 [— 18 Q7
Q2 12— 16 Q6 E 25— 17 Q6
Q3 13— 17 Q7 _Gz2a[h ] 16 Q5
GND 14 (] 18 Q8(MSB) PGM 23 [} 015 Q4
—_— 19 22 —
TMS27C64 E 20  TMS320E15/P15 21 % TMS27C64
PINOUT PINOUT
[
CAUTION

Although acceptable by some EPROM programmers, the signature mode cannot be used on any 'E1x
device. The signature mode will input a high-level voltage (12.5 V) onto pin A9. Since this pin is not
designed for high voltage, the cell will be damaged. To prevent an accidental application of voltage,
Texas Instruments has inserted a 3.9 kQ resistor between pin A9 of the Tl programmer socket and the
programmer itself. ’

Pin Nomenclature (TMS320E15/P15)

NAME /0 DEFINITION
AQ-A12 1 On-chip EPROM programming address lines
CLKIN ! Clock oscillator input
E I EPROM chip select
EPT 1 EPROM test mode select
G | EPROM read/verify select
GND 1 Ground
PGM i EPROM write/program select
Q1-Q8 110 Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS | Reset for initializing the device
Voo | 5-V power supply
Vpp | 12.5-V power supply

Figure 9. TMS320E15/P15 EPROM Programming Conversion to TMS27C64 EPROM Pinout
TExas {’f
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Table 5 shows the programming levels required for programming, verifying, reading, and protecting the EPROM cell.

Table 5. TMS320E15/P15 Programming Mode Levels

SIGNAL NAME | TMS320E15 PIN | TMS27C64 PIN | PROGRAM | VERIFY READ PROTECT VERIFY | EPROM PROTECT
E 25 20 Vi ViL VIL VIL VIH
G 24 22 VIH PULSE PULSE ViL VIH
PGM 23 27 PULSE ViIH ViH ViH VIH
VPP 3 1 Vpp VPP Vee vee +1 Vpp
vee 30 28 vece vce vce Voo +1 Vee +1
Vss 10 14 vss Vss Vss vss Vss
CLKIN 8 14 Vss Vss Vss Vgs Vss
RS 4 14 Vss vss Vss vss Vss
EPT 5 26 Vss Vss Vgs Vpp Vpp
Q1-Q8 11-18 11-13, 15-18 DIN QouT QouTt Q8=RBIT Q8=PULSE
AQ-A3 2,1,40,39 10-7 ADDR ADDR ADDR X X
A4 38 6 ADDR ADDR ADDR X VIH
A5 37 ) ADDR ADDR ADDR X X
A6 36 4 ADDR ADDR ADDR ViL X
A7-A9 35, 34,29 3,25,24 ADDR ADDR ADDR X X
A10-A12 28-26 21,23,2 ADDR ADDR ADDR X X
Legend:

ViH = TTL high level; Vj_ = TTL low level; ADDR = byte address bit

Vpp =125V =025V, Ve =5V £0.25V, X = don't care

PULSE = low-going TTL level pulse; DjN = byte to be programmed at ADDR
QouyT = byte stored at ADDR; RBIT = ROM protect bit.

programming

Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once
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.

erasure

Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm?2, Atypical 12-mW/cm2, 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 has not been programmed.

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

The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents
of the EPROM location selected by the value on the address inputs appear on Q8-Q1.

*p
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output disable

Duringthe EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing
the output disable state. This state is selected by setting G and E pins high. While output disable is selected,
Q8-Q1are placed in the high-impedance state.

EPROM protection

To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code
from external accesses can be completely disabled. Programming the RBIT disables external access of the
EPROM cell and disables the microprocessor mode, making it impossible to access the code resident in the
EPROM cell. The only way to remove this protection is to erase the entire EPROM cell, thus removing the
proprietary information. The signal requirements for programming this bit are shown in Table 5. The cell can be
determined as protected by verifying the programming of the RBIT shown in the table.

standard programming procedure

Before programming, the device must first be completely erased. Then the device can be programmed with the
correct code. It is advisable to program unused sections with zeroes 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 cel! 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.

program cycle timing

—_— Program—-}ﬂ

|
|

)
|
A12-A0 x Address Stable

l‘——’r tsu(A) :
|

ViHVOH
0s-Q1 —{ Data In Stable }—— HI-Z
Valid VitNoL

Verify —»
|

ViH

ViL

j i |
h—ﬁ‘ tsu(D) : | ' > tis(G)
l T T f 1 Vep
vVep /1 | | | | |
Vv
| l | ! cc
|‘——’f"su(VPP) i | | |
t 1 [ + Vee+t
vee /i | | | | |
| |
I l | | | Vee
I‘ .l tsu(vce) : : | | v
— | | | H
E I\ | ! I ViL
—luE) ¥ ety | {
$ VIH
| [ [
PGM u_" "'I' 'SU(' l
. ViL
tw(PGMm) —¥ — a—'e G
tv‘\llv((FPGM))—N — Tﬁ ")

ol

| ViH
_\ | /
ViL
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absolute maximum ratings over specified temperature range (unless otherwise noted)?

Supply voltage range, Vo (SEENOE 6) ... vviii et -03Vto46V
INPUL VOIRAGE FANGE ... .. e e e e e -03VtoVge +0.5
Output vORAGE raNGE ...ttt e e -0.3VtoVgc +0.5
Continuous power diSSIPatioN . ... ... .iireit e 75 mW
Air temperature range above operating devices: Lversion ......................cciiiiiinn... 0°C to 70°C

Aversion ... —40°Cto 85°C
Storage temperature range ..............iieiiiitin it -55°C to +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 atthese 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 Vggs.

recommended operating conditions

MIN NOM MAX UNIT

Voe  Supply voltage 3.0 3.3 3.6 \
Vgs  Supply voltage 0 \

Al inputs except CLKIN 2.0 v
VIH High-level input voltage P s

CLKIN 25 v
ViL Low-level input voltage All inputs 0.55 \
loH High-level output current (alf outputs) —-300 HA
loL Low-level output current (all outputs) 1.5 mA

L version 0 70 °C
TA Operating free-air temperature verst

A version —40 85 °C

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
VoM High-level output volt IoH = MAX 20 v
igh-level output voltage
OH 9 P ¢ I0H = 20 pA (see Note 7) Voo - 0.4% v
VolL. Low-level output voltage lot. = MAX 0.5 \
vee = max, Yo=Vce 20 WA
lpz Off-state ouput current Vo = Vss 20
Vi=VggtoV All inputs except CLKIN +20
Iy Input current 12288 ce P P uA
Vi=VggtoVcc CLKIN =50
Data bus 25% .
Ci Input capacitance 15t p
All others f= 1 MHz, All other pins OV
C Output itance Data bus 25t F
utput capaci
° puteap All others 10% P

1 Al typical vatues are at Vo = 3.3 V, Tp = 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.

*p
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N Package FN Package
(Top View) (Top View)
[a = N
A1/PA1 E 1Ja0[] A2/PA2 _ E§% na
AoPA0 (]2 39 A3 z@Le- V9030 e
i Zlr =
e e H b st i SER ]
RS []s 37[J As 6543 234443424140
INT (s 361 as cLkouT [ 7 39{] A7
CclkouT [Je 351 A7 X1 8 8[| As
x1 O}z 34% A8 X2/CLKIN [l o 37} MEN
X2/CLKIN[]8 33 EN Biof 10 36[ DEN
BIO (Jo 32[] DAl NG [ 11 35( WE
vgs O 10 310 WE Vgs [ 12 34[ vee
D8 11 30[] vec Ds [} 13 33[] A9
D9 12 29[] A9 D9 [] 14 a2{] A0
D10 (113 28[] Af0 D10 [] 15 3t AN
D11 [ 14 27[] A1 D11 [] 16 30(] Do
D12 [J 15 26[] Do D12 [] 17 29(] D1
013 E 16 25:] D1 181920 21222324 2526 27 28
D14 []17 241 D2 R s oo oo oy
D15E18 23]03 NDOTONMNONTOND
bl el s Nala]
D7 19 22[7 D4 £586 00
De (20 211 Ds
INTERNAL CLOCK OPTION

‘320LC15
X1 X2/CLKIN

3t
C1 ? :l-__\ c2

A

PARAMETER MEASUREMENT INFORMATION

175V

% RL=825Q
From Output

Under Test o———¢
— o Test
Point

~T~ C =100 pF
T

Figure 10. Test Load Circuit
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CLOCK CHARACTERISTICS AND TIMING
The 'LC15 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 f, 4.0 16 MHz
i uenoy x Ta = - 40°C t0 85°C
C1,C2 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

PARAMETER TEST CONDITIONS | MIN NOM  MAX | uNIT
tec)  CLKOUT cycle timef 250 1000 | ns
trqc)  CLKOUT rise time R_=825Q, 10% ns
tc)  CLKOUT fall time CL = 100 pF, 8t ns
tw(CL)  Pulse duration, CLKOUT low (see Figure 2) 117% ns
tw(CH) Pulse duration, CLKOUT high 11s# ns
taggmcc) Delay time, CLKIN? to CLKOUT| 20 70 ns

timing requirements over recommended operating conditions

MIN NOM MAX UNIT

tcgMc)  Master clock cycle time 62.5 150 ns
tr(uc)  Rise time, master clock input 3 10t ns
tMc)  Fall time, master clock input st 10t ns
tw(MCP) Pulse duration, master clock 0.4temo)t  06temoy | ns
tw(MCL) Pulse duration, master clock low at topc) min 26 ns
tw(MCH) Pulse duration, master clock high at temc) min 26 ns

T tc(C) is the cycle time of CLKOUT, i.e., 4gMC) (4 times CLKIN cycle time if an external oscillator is used)
# Values derived from characterization data and not tested.
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT

icct f=16.0MHz, Voo =3.6 V, Ta = 0°C to 70°C 15 20| ma

1 All typical values are at Ta =70°C and are used for thermal resistance calculations.
% Icc characteristics are inversely proportional to temperature. For I dependence on frequency, see figure below.

typical power vs. frequency graph (outputs unloaded)$

20.0
15.0
o1 Vee=3.5V
g
E Rl ~4 Vec=3V
G 100 PP S
o e1° —
‘.‘v "—
o[ =
.-" /‘
5.0 =
r"..//,
-o'-’/’<>
—a
0.0
0 2 4 6 8 10 12 14 16

CLKIN Frequency, MHz
—40°C to 85°C Temperature Range

§ Device operation is not guaranteed befow 4 MHz CLKIN.
Graph is for device in RESET; i.e., only clock-out is driven.
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN MAX UNIT
td1 Delay time CLKOUT| to address bus valid 10t 75 ns
td2 Delay time CLKOUT} to MEN| Yatgc)-5T 1/415c)+25 ns
43 Detay time CLKOUT| to MEN?t -1ot 30 ns
{94 Detay time CLKOUT} to DEN} 1/415(c)-5T 1/415(c)+25 ns
s Delay time CLKOUT/ to DEN? -10t 30 ns
tde Delay time CLKOUT} to WE} RL = 825Q, 12tgc)-5T 1/215(cy+25 ns
tq7 Delay time CLKOUT | to WE? (Sé':;:}gfrg% —10t 30 | ns
tas Delay time CLKOUT| to data bus OUT valid 1/415(C)+75 ns
tdg Time after CLKOUT |} that data bus starts to be driven 1/415(c)-57 ns
td10 Time after CLKOUT | that data bus stops being driven 1/4 t¢(C)+60 ns
tv Data bus OUT valid after CLKOUT| 1/4t¢(c)-10 ns
th(A-WMD) Address hold time after WEt, MENt, or DEN? (see Note 14) ot ns
tsu(A-MD) _ Address bus setup time to DEN| -4t ns

t values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WEt, MEN1, or DEN?.

timing requirements over recommended operating conditions
TEST CONDITIONS | MIN NOM MAX UNIT

tsu(D) Setup time data bus valid prior to CLKOUT} gL = 802059{: 56 ns
=1 pF,
th(D) Hold time, data bus held valid after CLKOUT| (see Note 9) (sée Figure 2) [¢] ns

NOTE 9: Data may be removed from the data bus upon MENt or DEN?t preceding CLKOUT|.
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RESET (RS) TIMING

switching characteristics over recommended operating conditions

TEST CONDITIONS | MIN NOM  MAX | uNIT
td11 Delay time, DEN{, WE?1, and MEN? from RS gL =1802059,.: 1/2t(C)+76 ns
tdis(r) Data bus disable time after RS (seLe_Figurg 2’) 1/4tc(C)+75 ns

t These parameters do not apply to this device.
timing requirements over recommended operating conditions
MIN NOM  MAX | UNIT
tsu(r)  Reset (RS) setup time prior to CLKOUT (see Note 10) 85 ns
tw(R)  BS 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
tFgNT)  Fall time, INT 15 | ns
tw(NT) Pulse duration, INT t5(C) ns
tsu(INT) Setup time, INT| before CLKOUT| 85 ns
/O (B10) TIMING
timing requirements over recommended operating conditions
MIN NOM  MAX | UNIT
%(10) Fall time BIO 15 ns
tw(10) Pulse duration BIO te(C) ns
tsu(10) Setup time BIO| before CLKOUT) 85 ns
TExAS '9
INSTRUMENTS
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clock timing

—¥ & Mo ﬁw(MCH) ' t
l I‘—'«:(MC) : | | WMCP)

I |

! ) | [
|

|
| | h—’l—tw(MCL)
: —H tHMC) .
H—P:— tamecyt i w(CH)
|
CLKOUT } | | :
BAhERC) ¥ = trc)
' H———tw(m_)—-——ﬂ
e te(C)

T td(MCC) and tw(mCp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

IN instruction timing

|

|

N2/ N\
tsu(a-MD) |

l I : |4—>+-tsu(o)
PA2-PAO @( 3 @; 4 m 5 @(
T T T ¥
€y, [ —» |‘—'ds
DEN

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
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OUT instruction timing

tH——tds —»| —)1 :1— td7
|
T
WE tag ~¢— N '
¢ : t410 —M
‘ _h
d8 t tv 4> |
X (X X) (XX
Co—X 7 3
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

external memory read timing

o)

It

x

[e]

c

=
Jil
4[__1

-

9

[ — — tsu(A-MD)

44— th(A-WMD)
— td1 —b | |
A11-A0 >< g S E S X Address Bus Valid X S E S g x
t
—tgyp) —¥
I (D) ¢ N - th0)
D15-DO ,‘ { Instruction Valid }
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TBLR instruction timing

MEN

d3

-

4

ta2 —;! -t
|
|
|
|

/\
A11-A0 W

/SN /\
XEX 2 X

—thD)
|

L

X 12\ s

Legend:

1. TBLR instruction Prefetch 7.
2. Dummy Prefetch 8.
3. DataFetch 9.
4. Next Instruction Prefetch 10.
5. Address Bus Valid 1.
6.

TBLW instruction timing

Address Bus Valid 12.

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

axor N/ N N S

EN

/" \

S

o\

Legend:

TBLW Instruction Prefetch
Dummy Prefetch

Address Bus Valid

DO AN~

Address Bus Valid

7
8.
Next Instruction Prefetch 9.
[
1

10.
Address Bus Valid 1.

Address Bus Valid
Instruction Valid
Instruction Valid
Data Output Valid
Instruction Valid
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reset timing

°LK°”T\_/WW
|

|
—» *— tsu(R) —D: +— tsu(R)

ﬁ—-\L J

(1—— tw(R) ——————Ib‘

DEN ! e
WE ijsee | Data In From Data In From
MEN Note E) — td11 ©C ADDR 0 PC ADDR PC+1

o
d's}mi,}:_ Data Shown Relative To WE >\ \\
\ ) (

EN

D15-DO 4 / )Y

yd

L4
AB = Address Bus AB =\PC+1

ADDRSgS:X B PC XAB:PC+1 ><38 AB=PC=0 X N

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

are synchronously cleared to zero after the next complete CLK cycle from RS].
RS must be maintained for a minimum of five clock cycles. o
Resumption of normal program wili commence after one complete CLK cycle from RS?.

cow

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

CLKOUT _/—_\—/—\—/_\_

}‘—'L tsu(INT)
INT 1\ /
—N l‘— HONT) I
l— tw(NT) —N
BIO timing
aworr_ /SN /S
;1———DL tsu(10)
) Y T/
‘N l"— tmo)
“—'—‘— tw(10) —‘N

Due to the synchronization action on RS, time to execute the function can vary dependent upon when RS 1 or RS | occur in the CLK

*

Texas
INSTRUMENTS

3-98 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS320C16
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

Key Features: TMS320C16

114-ns Instruction Cycle Time
256 Words of On-Chip Data RAM
8K Words of On-Chip Program ROM

64K Words Total External Memory at
Full Speed

8 Level Stack

32-Bit ALU/Accumulator

16 x 16-Bit Multiplier With 32-Bit Product
16-Bit Barrel Shifter

Eight Input and Eight Output Channels

Simple Memory and I/O Interface:
— Memory Write Enable Signal MWE
— |1/O Write Enable Signal IOWE

Single 5-V Supply
64-Pin Quad Flatpack (PG Suffix)

Operating Free-Air Temperature Range
.0°C to 70°C

+5V GND
256-Word RAM
Interrupt Data (16)
8K-Word ROM

32-Bit ALU/ACC

8-Level Stack

—
O
.

Multiplier
Address (12) )
Shifters
PG Package
(Top View)

C/W

waoan g
oooomo 3
Z3>>>>> 122105
mmmmmmmmmml—\mm

|O

( 64 63 62 61 60 59 58 57 56 55 54 53 52
N1 e 51 [J NC
RS{] 2 50 [1 NC
X113 49 [] AO/PAQ
X2/CLKIN[] 4 48 [] A1/PA1
vss s 47 [] A2/PA2
vgs[ 6 46 [1 A3
vgs 7 45 [1 A4
Vss[ 8 44 [] A5
CcLKouT [ 9 a3 ] A6
D150 10 42 {] vgs
D14[] 1 a1 [ A7
NC([] 12 40 [] A8
D13(] 13 39 [] A9
D12[] 14 38 [1 A10
D1t} 1s 37 [1 A1t
pD1o[] 18 36 [ A12
po[] 17 35 [0 A13
NC[] 18 34 [] A4
NC[] 19 a3 NC
2021 2223 24 25 26 27 28 29 30 31 32
N ) G D N N A J A D | S ) g
OO OTARNNO-OW
DDQDzD>QQDzQQE
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TERMINAL FUNCTIONS
PIN vorzt DESCRIPTION
NAME NO. ADDRESS/DATA BUSES
A15 MSB 32 1/0/z Program memory address bus A15 (MSB) through A0 (LSB) and port addresses PA2 (MSB) through
Al4 34 PAO (LSB). Addresses A15 through A0 are always active and never go to high impedance. During
A13 a5 executionofthe IN and OUT in§tructions, pins A2 through AO carry the portaddresses. (Address pins
A15 through A3 are always driven low on IN and QUT instruction.
Al2 36
Al 37
A10 38
A9 39
A8 40
A7 a1
A6 43
A5 44
A4 45
A3 46
A2/PA2 47
A1/PA1 48
AQ/PAD 49
D15 MSB 10 1/10/Z Paralle! data bus D15 (MSB) through DO (LSB). The data bus is always in the high-impedance state
D14 1 except when IOWE or MWE are active (low).
D13 13
D12 14
D11 15
D10 16
D9 17
D8 20
D7 21
D6 22
DS 23
D4 25
D3 27
D2 28
D1 30
DO LSB 31

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

PIN vorzt DESCRIPTION
NAME NO. INTERRUPT AND MISCELLANEOUS SIGNALS
T External polling input. Polled by BtOZ instruction. if low, the device branches to the address
BIO 64 | . . ;
specified by the instruction.
Data enable for device input data. When active (low), IOEN indicates that the device will
I0EN 54 o accept data from the data bus. IGEN is active only during the IN instruction. When 1OEN is
active, MEN, IOWE, and MWE will always be inactive (high).
Write enable for device output data. When active (low), IOWE indicates that data will be
1OWE &2 o outputfromthe device on the data bus. IDWE is active only during the OUT instruction. When
IOWE is active, MEN, 1OEN, and MWE will always be inactive (high).
- External interrupt input. The interrupt signal is generated by applying a negative-going edge
INT 63 | to the INT pin. The edge is used to latch the interrupt flag register (INTF) until an interrupt

is granted by the device. An active low level will also be sensed.

. Memory mode select pin. High selects the microcomputer mode, in which 8K words of
MC/MP 62 I on-chip program memory are available. A low on MC/MP pin enables the microprocessor
mode. In this mode, the entire memory space is external; i.e., addresses 0 through 65535.

Memory enable. MEN is an active {low) control signal generated by the device to enable
instruction fetches from program memory. MEN will be active on instructions fetched from
both internal and external memory. When MEN is active, MWE, TOWE, and IOEN will be
inactive (high).

|

=
m
b4

56 (e}

Write enable for device output data. When active (low), MWE indicates that data will be output
MWE 53 (0] fromthe device on the data bus. MWE is active only during the TBLW instruction. When MWE
is active, MEN, IOEN, and IODWE will always be inactive (high).

1,12, 18,19,
NC 24, 29, 33, — No connection.
50, 51, 55
Schmitt-triggered input for initializing the device. When held active for a minimum of five clock
cycles. IOEN, IOWE, MWE, and MEN are forced high; and, the data bus (D15 through D0)
as 2 | is not driven. The program counter (PC) and the address bus (A15 through A0) are then
synchronously cleared after the next complete clock cycle from the falling edge of RS. Reset
also disables the interrupt, clears the interrupt flag register, and leaves the overflow mode
register unchanged. The device can be held in the reset state indefinitely.
SUPPLY/OSCILLATOR SIGNALS
PIN
- DESCRIPTION
NAME NO. vorzt
CLKOUT 9 (o} System clock output {one-fourth crystal/CLKIN frequency).
26, 57, 58, .
Vpp 59. 60 | 5-V suppy pins.
5,6,7,8, :
Vssg 42, 61 | Ground pins.
Crystal output pin for internal oscillator. If the internal oscillator is not used, this pin should
X1 3 o]
be left unconnected.
X2/CLKIN 4 | Input pin to the internal oscillator (X2) from the crystal. Alternatively, an input pin for an

external oscillator (CLKIN).

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

CLKOUT X1 X2/CLKIN

q Program Bus
{OEN —¢—] 16 16 LSB
MWE —¢—
IOWE «—{ 3
VEN »— 2 " 18
BIO —»—1 5
MC/—F —»— o PC (16)
INT —»—]
RS —»—] 16
Instruction
1 16 >, 16
A15-A0/ x[* 18 Program
PA2-PAO ]2 Y 2l rom D15-D0
“~J | stack 3 (8K Words)
3 8x 16
q Program Bus
16; 16
9 Data Bus
16{ 7 16 16
P ARO (16) = —
Shitter
AR1 (16) I__,_I (©-16)
8 8 Multiplier |3«
P(32
MUX / 32 ©2)
8 32
A4 [
Address MUX 7
32
Data RAM v
(256 Words) IR o
Legend: DATA
ACC= Accumulator A
ARP= Auxiliary Register Pointer (32) |
ARO = Auxiliary Register 0
AR1 = Auxiltary Register 1
DP = Data Page Pointer
P = P Register
PC = Program Counter
T = TRegister Shifter (0,1,4)
16 16
AY
q Data Bus
INSTRUMENTS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (SEeNOte 6) . .....oveini i -03Vto7V
INPUE VORAGE FANGE ...ttt ettt et -03Vto7V
OUtPUL VORAGE TANGE . ..ottt ettt et ettt -03Vto7V
Continuous power diSSIPALION ...\ttt 0.5W
Operating free-air teMperature:  .......o.eeinn e 0°Cto 70°C
SHOrage tEMPEIAtUIE . ...\ttt ettt e et 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 respectto Vgg

recommended operating conditions

MiIN NOM MAX | UNIT
Vee  Supply voltage 4.75 5 5.25 A
Vgs  Supply voltage 0 \

All inputs except CLKIN \
ViH  High-level input voltage ey cep

CLKIN 3 \

) All inputs except MC/MP 0.8 v
ViL Low-level input voltage —

MC/MP 0.6 v
loH  High-level output current, all outputs -300 uA
loL Low-level output current 2 mA
TA Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. loH = MAX 2.4 3
VoH High-level output voltage A
loH =20 pA Vec-0.4
VoL Low-level output voltage loL = MAX 0.3 05 \
v MAX Vo=24V 20
| ff- =
oz  Off-state output current cC Vo =04V 20 UA
| v Vs toV All inputs except CLKIN =20 WA
= o}
1 input current CC=VsS cc CLKIN 250 !
lcc  Supply current f=35MHz, Vcc =525V 60 75 mA
c | . Data bus 25 .
i nput capacitance P
1
All others f = 1 MHz, all other pins 0 V 5
. Data bus 25
Co Output capacitance pF
All others 10

*
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internal clock option

PARAMETER TEST CONDITIONS MIN NOM MAX [ UNIT
Crystal frequency, fy TA=0°Cto70°C 6.7 35.1 | MHz
C1,C2 Ta=0°Cto70°C 10 pF
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
te(MC) Master clock cycle time 28.49 28.57 150 ns
tr(MC) Rise time, master clock input 5 10 ns
tfmC) Fall time, master clock input 5 10 ns
tw(MCP)  Pulse duration, master clock 0.45t¢(C) 0.55%(C) ns
twiMcL)  Pulse duration, master clock low 10 ns
tw(MCH)  Pulse duration, master clock high 10 ns
switching characteristics over recommended operating conditions
PARAMETER MIN NOM MAX | UNIT
te(C) CLKOUT cycle time 113.96 1143 600 ns
tr(C) CLKOUT rise time 10 ns
t(C) CLKOUT fall time 8 ns
tw(CL) Pulse duration, CLKOUT low 49 ns
tw(CH)  Pulse duration, CLKOUT high 47 ns
tgMcc)  Delay time, CLKINt to CLKOUT} 5 50| ns
Texas 'k?
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MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER MIN NOM MAX UNIT
td1 Delay time, MEN1, MWE, IDEN1, IOWE 1, to next address bus valid 0 35 ns
t42 Delay time, CLKOUT| to MEN| Yate(cy -5 Viatecy+12 | ns
t43 Delay time, CLKOUT | to MEN? -3 6 ns
144 Delay time, CLKOUT| to I0EN} Viate(c) -5 Viatecy+12| ns
tds Delay time, CLKOUT| to IOEN?t -3 6 ns
tde Delay time, CLKOUT} to MWE |, IOWE} Viate(cy - 5 stecy+12 | ns
t47 Delay time, CLKOUT | to MWE, IOWEt -3 ns
tas Delay time, MWE |, IOWE |, data bus out valid ns
149 (CLK) Delay time, CLKOUT] to data bus starts to be driven Yatec) -5 ns
td9(MEN) Delay time, MEN't, to data bus starts to be driven 1/4tc(c) ns
td10(CLK) Delay time, CLKOUT | to data bus stops being driven 15 ns
t410(WE) Delay time, MWEt, IOWE, data bus stops being driven 20 ns
ty Data bus OUT valid after MWE , IOWE? 5 10 ns
th(A-WMD)  Address bus hold time after MWE, MEN', TOWEH, or TOENt 0 2 ns
tsy(A-MD)  Address bus setup time prior to MEN|, TOEN| 5 ns

timing requirements over recommended operating conditions

MIN MAX | UNIT
tsy(D) Setup time, data bus valid prior to MEN', TOEN? 35 ns
th(p) Hold time, data bus held valid after MEN', IOEN't 0 ns
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER MIN MAX UNIT
t411 Delay time, TOENt, TOWEt, MWE1, and MEN? from RS Tiate(c)+50 | ns
tgis(R)  Data bus disable time after RS Yiale(c)+60 | ns
timing requirements over recommended operating conditions
MIN MAX | UNIT
tsy(R)  Reset (RS) setup time prior to CLKOUT 30 ns
tw@®) RS pulse duration 5te(C) ns
TExas “?
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INTERRUPT (INT) TIMING
timing requirements over recommended operating conditions
MIN MAX | UNIT
t(INT) Fall time, INT 15| ns
tw(NT)  Pulse duration, INT te(C) ns
tsu(INT)  Setup time, INT| before CLKOUT}, 30 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
MIN MAX | UNIT
tf(|o) Fall time, BIO 15 ns
tw(l0) Pulse duration, BIO te(C) ns
tsu(10) Setup time, BIO| before CLKOUT}, 30 ns

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
—» & tyMC) P —twmcH) < > t
| :d—tc(MC)_’: } | | HMCF)
! | |
X2/CLKIN m_\_/__\_/_
|
[ | l‘—b‘—tw(McL)
} —» e tf(MC) .
—» - tamee)t | wich) |
N
CLKOUT : | ! : ::'\—
¥ = ) —* k1) |
| e twe) ———»¥ |
— te(C) —pl

T td(MCC) and ty(mcp) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

*
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memory read timing

f e "
| |
CLKOUT \ / \L /
|‘— ta2 —”l
ta3—b| 4
|
i | l—
‘ — tsu(A-MD) | €—tha-wmp)
| td1 —¥ _ﬁt i
A15-A0 x g E g g x Address Bus Valid x g g g g x
Y
—tgyp) —P|
| 1)
D15-DO ,‘ ( Instruction nput Valid }

IN instruction timing

|
|

|
|
MEN | 1 / \
—/_\——-1—/ ¥ € t5y(aA-MD) : \ 2
: YEX

I |
! |

|
|
A15-A0 )@( 3 )@( 4 X 5
] ! [
] e

| | —» - tds
IOEN \ l /i
|
} ﬂ*{- th(D)
D15.00 & ) e )

Legend:

Address bus valid
Instruction input valid
Data input valid
Instruction input valid

1. INinstruction prefetch
2. Next instruction prefetch
3. Address bus valid

4. Peripheral address valid

@ND ;o
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OUT instruction timing

aworr \_/ N__/ N/ /"

MEN

A

2/ \

/" \
A15-A0 W

|

o
£
m

tdo(MEN)
tdo(CLK)

D15-DO

Legend:

1. OUT instruction prefetch
2. Next instruction prefetch
3. Address bus valid

4. Peripheral address valid

TBLR instruction timing

e
1 R+ XX s KX
D > H—tde
] : ’ |
|
| ! H—-H—-'cno(WE)
——f—» r‘—tv
—K——N M———— ta1o(cLK)

CO— n P2 )

®~No»

Address bus valid
Instruction valid
Data output valid
Instruction valid

2 ey

MEN

d3

D15-DO >

TBLW instruction timing

EN

/\
A15-A0 )@(

tdg(MEN)

|
{ l | lh—ﬂ—tav
| | t
I \_,_’_/ﬁ—n—l d10(WE)

tdo(CLK) —ﬂ—ﬂ H—y—N—tdw(CLK)
C— @ o

|
/" \ / "\ /TN /" \ /" \
- tgy ]
tsup) ¢——¥ !“‘“"’
X/ \ Ve
L/ .

*p
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reset timing

°LK°”T\_/_\_/_\_/W

! I
_,‘ 4— tsy(R) _"I o tsu(R)
RS \| [ J
i !
§<———- tw(R) — )l

IOEN, IOWE tse0 | -4

MEN, MWE Note E) l Data In From Data tn From
e tgqq PC ADDR 0 PC ADDR PC+1
tdis(R) B Data Shown Relative To TOWE N \

D15-DO Rata {im < ~ ) ( AN

\ ut ,( 7

e " N\

AB = Address Bus AB = PC+1
Addrsjz:>< aB=pc X AB=PC+ )68 AB=PC=0 X <

NOTES: A. RSforces IOEN, [OWE, MWE, and MEN high and places data bus DO through D15 in a high-impedance state. AB outputs (and program
counter) are synchronously cleared to zero after the next complete CLK cycle from RS|.

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

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

. 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.

. Diagram shown is for definition purpose only. IDEN, IOWE, MWE, and MEN are mutually exclusive.

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

oOow

mm

interrupt timing

;G—FL tsu(INT)
T }\ 1/
- %"'f(INT) |
e tw(INT) »
BIO timing
CLKOUTW
lﬁ————’:— tsu(10)
) At /
¥ & tyo) |
—tyioy—»
Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 3-109



TMS320C16
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1891

design considerations for interfacing to SRAM, EPROM and peripherals

The 'C16 differs somewhat from the other members of the ‘C1x family of digital signal processors (DSPs).
Additional control signals are available for easier interface to external memory or peripherals, and the memory
write cycle timings have been changed.

The discussion here will center around changes in t, and its impact upon SRAM, EPROM and
peripherals/latches interfaces.

Access time requirements for interface may be defined relative to :
1. Valid address (t,);
2. MENJICEN, [(tameN));

Figure 11 and the following examples summarize these timings at 35 MHz CLKIN.

—tec) —¥

} [— tw(CH) —ﬂl :

| ' —» ()

| |

eLxout W
|

| H—ﬂ— ta(CLKOUT)

— 92 —»i .

| ﬂ—H— a(MEN)]

MEN : / \

|

— g1 —H

t—ta —H‘ I
|
——»t5y(D)
|
D15-D0 \ / \
4 ﬁ
Figure 11.
where:
ta : (access time from address valid) = te(C) — td1 —tsu(p) = 443 ns
ta(MEN) : (access time from MEN valid) = te@c) —td2 - tsu(D) +1t33=35.73ns

and where (for 35 MHz CLKIN):

tC(C) =1143ns

ty1 =35 ns

tgo = [1/4 x (114.3) + 12) ns
tsu(D) = 35 ns

tw(CH) = 47 ns nominal
tf(c) = 8 ns nominal

3-110
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in addition to the above timings, t, must be taken into account. t, is the time that the data bus is
guaranteed to be held after the rising edge of MWE or IOWE. In other ‘C1x devices, the value of t, was
referenced to CLKOUT and not WE? (see Figure 12). For the 'C16, t, is a minimum of 5 ns. This implies
that MWE and IOWE must be tied directly to the external device. If required, decode logic must be added to
an input other than the read/write input — for example, the chip select on SRAMs. If the external device
does not have two inputs, then transparent latches must be added to extend the time data is held on the
data bus. These latches must be off the bus prior to the next instruction (see Figure 12).

CLKOUT

MWE or 10

’

D15-D0O

Figure 12.

where:

ty = 5 ns (min)
tg10 = 15 ns (max)
There is a potential for bus conflict on the prefetch and execution of a TBLW or an OUT instruction. Figure 13

details the timings to be considered. In addition to the timings for the 'C186, timing definitions for interface are
also included.

Dummy Prefetch Cycle —P:G——— TBLW or OUT Execution

|
CLKOuUT \! /

D15-D0 )‘
Memory Driven Data |
|
tdo(MEN) —ﬂ——ﬂl : ' teont
|

D15-DO
DSP Driven Data

Figure 13.

*
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where:
teont (data bus conflict time) = tygeco + tdmemn — tdoMEN)
with:

tddeco decode delay time to make the CE or OE signa!

tdmemh : memory data hold time from CE or OE

tqg : delay time, MEN to data bus starts being driven

tdg : (at 35 MHz CLKIN) = [1/4t5(c)] = [1/4(114.3)] = 28.58 ns

If teon is less than or equal to zero, data bus conflict does not occur.
If tcont is greater than zero, data conflict occurs.

Note that the following discussion is for CLKIN of 35 MHz.
static memory with output enable and write enable/chip select

The following SRAMs are able to interface directly to the 'C16, needing only to directly connect the ‘C16 memory
control signals MEN and MWE to the memory. Device select decode is accomplished with address decode and

then input to the device chip select.

PRODUCT tddeco tamemh tdcont UNITS
TC55645-35 0 15 ~13.58 ns
TC55328-35 0 15 -13.58 ns
TMS6789-35 0 8 -20.58 ns
TC5588-35 0 10 -18.58 ns
TMS6716-35 0 10 -18.58 ns

MWE »| WE
MEN »{ OE
SRAM With OE
TMS320C16

[>——————9p{ CS
——\J ALs138 —\
A15-AXX (Decoder) { abpr

DATA

N |

Figure 14.

D15-DO

TEXAS“«"
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static memory with chip enable and write enable

Without a separate output enable, a faster SRAM is required. Logic is added to decode address and memory
control to perform a read/write cycle. The MWE signal is directly connected to the WE input of the SRAM to meet
the t,, specification (see Figure 15).

Product tddeco tdmemn tacont Units
CY7C164-25 7.5 10 -11.08 ns
WWE > Prog‘r_%rgir(r;able > WE
MEN > 7.5ns > CE
TMS320C16 SRAM With CE
A15-AXX ) 3 ADDR

/ —‘\/
DATA
D15-DO <

Figure 15.

EPROM interface
The following high-speed EPROMSs can be used directly:

Product tddeco tdmemh tdcont Units
CY7C291-35 0 25 —-3.58 ns
TMS27C291-35 0 25 —-3.58 ns

MEN »{ CS1

TMS320C16 Fast EPROM

TMS27C291-35

A15-AXX N Decoder > CS3
1 75ns N\ ADDR

DATA

D15-DO

AN

Figure 16.
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interfacing latches to the TMS320C16

As with the previous devices, the memory control signal must be directly connected to the latch and the latch
needs to have a separate chip select. There are several devices with this feature, including the SN74ALS996.
The SN74ALS996 is an 8-bit D-type edge-triggered read-back latch with three-state outputs, connected to the
'C16 as illustrated in Figure 17.

D15-DO < > D15-DO
IOWE »-{ CLK
IOEN »-1 RD
TMS320C16 ALS 138 ALS996A x 2
A2
———\/ Decoder —
A1 ) ——»| EN
A0

Figure 17.
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Key Features: TMS320C17/E17/LC17/P17
200-ns Instruction Cycle Timing Interrupt Dua-Channel
—_— Serial Port

(TMS320C17/E17/P17)
278-ns Instruction Cycle Timing ’ Cﬁg{:ﬁ:zzm
(TMS320LC17) 322?17 Serial Interface

. '320E17 | ,-Law/A-La
256 Words of On-Chip Data RAM | M H:xware‘”
4K Words of On-Chip Program ROM [ @
(TMS320C17/LC17) I Timer
4K Words of On-Chip Program EPROM
(TMS320E17/P17)

* Device Packaging:
— 40-Pin DIP (All Devices)
— 44-Lead PLCC (TMS320C17/L.C17/P17
— 44-Lead CER-QUAD (TMS320E17)

One-Time Programmable (OTP) Windowless
EPROM Version Available (TMS320P17)

EPROM Code Protection for Copyright Security

Dual-Channel Serial Port for Full-Duplex Serial ® 3.3 -V Low-Power Version Available
Communication (TMS320L.C17)

Serial Port Timer for Standalone Serial ® Operating Free-Air Temperature Range
Communication ...0°Cto 70°C

16-Bit Coprocessor Interface for Common
4/8/16/32-Bit Microcomputers/Microprocessors

On-Chip Companding Hardware for pu-law/A-law *
PCM Conversions

TMS320C17/E17/LC17/P17 TMS320C17, TMS320E17

N/JD Package FN/FZ Packages
(Top View) (Top View)
ISE \5
PA1/RBLE [ 1“0l paz/TBLE 5 Ile B
PAOHILO ]2 397 FsR =29 2z3 2’%‘?},,; <
MCES 38:]FSX WirE oo a> aluiklt A
RS O]+ 3700 rFR ' 6543 2 14443424140
EXINT (s 961 DX1 CLKOUT [ 7 ° 39[] DXO
clkouT e 35[] Dxo x1 [ 38 SCLK
x1 7 34% SCLK X2/CLKIN [ 9 37[] DR
X2/CLKIN []8  33[] DRI BIO J] 10 36 [} DEN/RD
B0 [Jo 32[] DEN/RD NG ] 11 as[| WEMWR
VSS l: 10 31:] WE/RD VSS ] 12 34[ VCC
pe/Lbs [] 11 30l vge D8 [ 13 33| DRO
Do/LDs {12 28[] pRo D9 [ 14 2| xF
D1oAD10 []13 28] ] xF D10 [] 15 31| MC/PM
D11/D11 [} 14 271 MC/PM D11 [ 16 30[| Do/LDO
D12/D12 []15 28] Do/LDO D12 [j 17 20 Vsg
D13/D13 []16 25[] D1/LD1
D14/LD14 [] 17 24[] D2/LD2 181920 212223 24 25 26 27 28
D15/LD15 [} 18 23[] D3/LD3 HDOTONODTON~
p7AD7 (19 22[] D4/LD4 £5853355333
De/LD6 (|20 21 D5/LDS 5¥5588088a
[aNala]
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architecture

The 'C17/E17/L.C17/P17 consists of five major functional units: the ‘C15 microcomputer, a system control
register, a full-duplex dual-channel serial port, companding hardware, and a coprocessor port.

Three of the 1/O ports are used by the serial port, companding hardware, and the coprocessor port. Their
operation is determined by the 32 bits of the system control register (see Table 6 for the control register bit
definitions). Port 0 accesses control register 0 and consists of the lower 16 register bits (CR15-CR0), and is used
to control the interrupts, serial port connections, and companding hardware operation. Port 1 accesses control
register 1, consisting of the upper 16 control bits (CR31-CR16), as well as both serial port channels, the
companding hardware, and the coprocessor port channels. Communication with the control register is via IN
and OUT instructions to ports 0 and 1.

Interrupts fully support the serial port interface. Four maskable interrupts (EXINT, FR, FSX, and FSR) are
mapped into I/O port O via control register 0. When disabled, these interrupts may be used as single-bit logic
inputs polled by software.

serial port

The dual-channel serial port is capable of full-duplex serial communication and offers direct interface to two
combo-codecs. Two receive and two transmit registers are mapped into 1/O port 1, and operate with 8-bit data
samples. Internal and external framing signals for serial port transfers (MSB first) are selected via the system
control register. The serial port clock, SCLK, provides the bit timing for transfers with the serial port, and may
be either aninput or output. As an input, an external clock provides the timing for data transfers and framing pulse
synchronization. As an output, SCLK provides the timing for standalone serial communication and is derived
from the 'C17/E17/P17 system clock, X2/CLKIN, and system control register bits CR27-CR24
(see Table 7 for the available divide ratios). The internal framing (FR) pulse frequency is derived from the serial
port clock (SCLK) and system control register bits CR23-CR16. This framing pulse signal provides framing
pulses for combo-codecs, for a sample clock for voice-band systems, or for a timer used in control applications.

u-law/A-law companding hardware

The 'C17/E17/LC17/P17 features hardware companding logic and can operate in either p-law or A-law format
with either sign-magnitude or twos-complement numbers. Data may be companded in either a serial mode for
operation on serial port data or a parallel mode for computation inside the device. The companding logic
operation is selected through CR14. No bias is required when operating in twos-complement. A bias of 33 is
required for sign-magnitude in u-law companding. Upon reset, the device is programmed to operate in
sign-magnitude mode. This mode can be changed by modifying control bit 29 (CR29) in control register 1. For
further information on companding, see the TCM29C13/TCM29C14/TCM29C16/TCM29C17 Combined
Single-Chip PCM Codec and Filter Data Sheet, and the application report, “Companding Routines for the
TMS32010/TMS32020,” in the book Digital Signal Processing Applications with the TMS320 Family
(SPRA0O12A), both documents published by Texas Instruments.

Inthe serial mode, sign-magnitude linear PCM (13 magnitude bits plus 1 sign bit for u-law format or 12 magnitude
bits plus 1 sign bit for A-law format) is compressed to 8-bit sign-magnitude logarithmic PCM by the encoder and
sent to the transmit register for transmission on an active framing pulse. The decoder converts 8-bit
sign-magnitude log PCM from the serial port receive registers to sign-magnitude linear PCM.

In the parallel mode, the serial port registers are disabled to allow paralle! data from internal memory to be
encoded or decoded for computation inside the device. Inthe parallel encode mode, the encoder is enabled and
a 14-bit sign-magnitude value written to port 1. The encoded value is returned with an IN instruction from port
1. In the parallel decode mode, the decoder is enabled and an 8-bit sign-magnitude log PCM value is written
to port 1. On the successive IN instruction from port 1, the decoded value is returned. At least one instruction
should be inserted between an OUT and the successive IN when companding is performed with
twos-compiement values.

3-116
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Table 6. Control Register Configuration

FR 4———port1| Porto——>
Pulse
Width Frame Counter Modulus Interrupt Mask Bits

A\ pr— \—
|31I30|29|28127l26|25|24|23[22]21|20|19|18[17]16|15|14]13|12|11T10{ 9| 8' 7 ' 6’ 5 ‘ 41 3[ 2 | 1 |0 |

—— —— N —/

s} Serial Clock Serial-Port Configuration Interrupt Flags
Control Prescale Control Companding Hardware Control
Reserved
BIT DESCRIPTION AND CONFIGURATION
0 EXINT Interrupt flag’
1 FSR interrupt flagt
2 FS8X interrupt flag?
3 FR interrupt flagt
4 EXINT interrupt enable mask. When set to logic 1, an interrupt on EXINT activates device interrupt circuitry.
5 FSR interrupt enable mask. Same as EXINT control.
6 FSX interrupt enable mask. Same as EXINT control.
7 FR interrupt enable mask. Same as EXINT control.
8 X . .~ 0=port 1 connects to either serial-port registers or companding hardware.
Port 1 configuration control: 4 _ port 1 accesses CR31-CR186.
g X ) 0 = serial-port data transfers controlled by active FR.
External framing enable: 1 = serial-port data transfers controlled by active FSX/FSR.
10 XF external logic output flag latch
11 Serial-port enable: 0 = Parallel companding mode; serial port disabled.
erial-portenabie: 4y  serial companding mode; serial port registers enabled.
0 = disabled.
12 p-law/A-law encoder enable: | _ qaa written to port 1 is p-law or A-law encoded.
. 0 =disabled.
13 u-law/A-law decoder enable: {1 _ gata written to port 1 is p-law or A-law decoded.
. 0 = companding hardware performs p-law conversion.
14 w-law/A-law decoder encode/decoded select: 1 _ (ompanding hardware performs A-law conversion.
15 Serial clock control: 0 = SCLK is an output, derived from the prescaler in timing logic.
enal clock controk: 4 - gCLK is an input that provides the clock for serial port and frame counter in timing logic.
23-16 Frame counter modulus. Controls FR frequency = SCLK/(CNT + 2) where CNT is binary value fo CR23-CR16%
27-24 SCLK prescale cotnrol bits. {See Table 7 for divide ratios.)
28 . . 0 = fixed-data rate; FR is 1 SCLK cycle wide.
FR pulse-width controk: 1 = variable-data rate; FR is 8 SCLK cycles wide.
0 = sign-magnitude compandin
29 Two's-complement p-law/A-law conversion enable: 4 _ Mgos»co%plemem co?npandging
0 = 8-bit byte length
30 8/16-bit length coprocessor mode select: 4 _ 16-Ibit {vtord Ie%wgth
31 Reserved for future expansion: Should be set to zero.

T Interrupt flag is cleared by writing a logic 1 to the bit with an OUT instruction to port 0.
¥ All ones in CR23-CR16 indicate a degenerative state and should be avoided. Bits are operational whether SCLK is an input or an output.
CNT must be greater than 7.
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Table 7. Serial Clock (SCLK) Divide Ratios (X2/CLKIN = 20.48 MHz2)

CR27 CR26 CR2s CR24 DIVIDE RATIO | SCLK FREQUENCY UNIT
o] 0 0 0 32 0.640 MHz
0 0 0 1 28 0.731 MHz
0 0 1 0 24 0.853 MHz
0 1 0 0 20 1.024 MHz
1 0 0 0 16 1.280 MHz
1 [¢] 0 1 14 1.463 MHz
1 0 1 0 12 1.706 MHz
1 1 0 0 10 2.048 MHz

The specification for p-law and A-law log PCM coding is part of the CCITT G.711 recommendation. The
following diagram shows a 'C17/E17/P17 interface to two codecs as used for u-law or A-law companding format.

TMS320C17/E17/P17
TCM29C13
DXo0 »-1PCM In —P— Analog Out
J__ Vss DRO (¢ PCM Out -4— Analogin
= SCLK » CLKR/X
ey Vee FR » FSX
mC » FSR
MC/PM
TCM298C13
I R DX1 > PCMIn L Analog Out
DR1 |-« PCM Out |-€— Analogin
T x4
»—{ CLKR/X
® »{ FsX
T——F FSR

coprocessor port

The coprocessor port, accessed through 1/O port 5 using IN and OUT instructions, provides a direct connection
to most 4/8-bit microcomputers and 16/32-bit micorprocessors. The coprocessor interface allows the
'C17/E17/P17 to act as a peripheral (slave) microcomputer to a microprocessor, or a master to a peripheral
microcomputer such as TMS7042. The coprocessor port is enabled by setting MC/PM and MC low. The
microcomputer mode is enabled by setting these two pins high. (Note that MC/PM = MC is undefined.)

In the microcomputer mode, the 16 data lines are used for the 6 parallel 16-bit I/O ports.

Inthe coprocessor mode, the 16-bit coprocessor portis reconfigured to operate as a 16-bit latched bus interface.
Control bit 30 (CR30) in control register 1 is used to configure the coprocessor port to either an 8-bit or a 16-bit
length. When CR30 is high, the coprocessor port is 16 bits wide thereby making all 16 bits of the data port
available for 16-bit transfers to 16 and 32-bit microprocessors. When CR30 is low, the port is 8-bits wide and
mapped to the low byte of the data port for interfacing to 8-bit microcomputers. When operating in the 8-bit mode,
both halves of the 16-bit latch can be addressed using the HI/LO pin, thus allowing 16-bit transfers over 8 data
lines. When not in the coprocessor mode, port 5 can be used as a generic I/O port.
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coprocessor port (continued)

The external processor recognizes the coprocessor interface in which both processors run asynchronously as
amemory-mapped I/O operation. The external processor lowers the WR line and places data on the bus. It next
raises the WR line to clock the data into the on-chip latch. The rising edge of WR automatically creates an
interrupttothe 'C17/E17/P17, and the falling edge of WR clears the RBLE (receive buffer latch empty) flag. When
the 'C17/E17/P17 reads the coprocessor port, it causes the RBLE signal to transition to a logic low state that
clears the data in the latch, and allows the interrupt condition to be cleared internally. Likewise, the external
processor reads form the latch by driving the RD line active low, thus enabling the outputlatch to drive the latched
data. When the data has been read, the external device will again bring the RD line high. This activates the BIO
line to signal that the transfer is complete and the latch is available for the next transfer. The falling edge of RD
resets the TBLF (transmit buffer latch full) flag. Note that the EXINT and BIO lines are reserved for coprocessor
interface and cannot be driven externally when in the coprocessor mode.

An example of the use of a coprocessor interface is shown in Figure 18, in which the ‘C17/E17/P17 are DSPs
interfaced to the TMS70C42, an 8-bit microcontroller.

TMS320C17/E17/P17 TMS70C42

mc 3

Mc/PM 2L

HILO |2

CLKOUT |-E 171 xraLe
WR 3 L A1
ABLE |— &1 a0
RD 2 2 A3
T8LF -2 8 A2
o7 |18 ¥ o7
Lo |22 201 b6
Los |21 21 bs
Lba |22 2104
Los -2 B 1ps
Loz |24 2 b2
Lot -2 2 1 b1
Loo |28 Ll S

Figure 18. Coprocessor Interface
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TERMINAL FUNCTIONS?

NAME Vot DEFINITION
BIO | External polling input
CLKOUT o} System clock output, 1/4 crystal/CLKIN frequency
D15/LD15-D0/LDO 110 | 16-bit parallel data bus/data tines for coprocessor latch
DEN/RD 1/0 | Data enable for device input data/external read for output latch
DR1, DRO | Serial-port receive-channel inputs
DX1, DX0 o} Serial-port transmit-channel outputs
EXINT 1 External interrupt input
FR 0] Internal serial-port framing output
FSR | External serial-port receive framing input
FSX | External serial-port transmit framing input
MC | Microcomputer select (must be same state as MC/PM)
MC/PM | Microcomputer/peripheral coprocessor select (must be same state as MC)
PAO/HI/LO 1/0 | I/O port address output/latch byte select pin
PA1/RBLE 0] 1/0 port address output/receive buffer latch empty flag
PA2/TBLF O | 1/O port address output/transmit buffer latch full flag
RS I Reset for initializing the device
SCLK /O | Serial-port clock
vece i +5V Supply
Vss | Ground
WE/MWR O | Write enable for device output data/external write for input fatch
X1 o} Crystal output for internal oscillator
X2/CLKIN | Crystal input for internal oscillator or external oscillator system clock input
XF 0 External-flag output pin

t See EPROM programming section.
$ Input/Output/High-impedance state.
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functional block diagram

CcLKouT X2/CLKIN

__FR X A
X1 INT‘EXINTL l s

I A A \d S Program Bus : Interrupt Latch and
Multiptexer
16 12188
MC —p—H] |
MCPH >t !
WRWE —»—— MUX I
RO/DEN —»— 12 |
BiO 12 12 | Serial-port Timing and
e —b—‘— 8 v | Framing Control
HILO —p——] | PC (12)
ABLE —e— ' t —
TBLIF - 12 Instruction |
TBLF i , | SCL
| ] < 12 2 Program M IK
paz-pao « | |3 Y £l  ROMEPROM D15.00
E 2 (4K Words) v
I | steex < Data Latch
| N 3 4ax12 !
| |
! S Program Bus : > Data Latch
: 16 18 :
| A 4 | MuX \
| () Data Bus I 444
} : 16
| 18 7 16 16 | 16 18
| | System Control 16
| ARO (16) i A
ARP opP T(16) b e e = 45
: AR1 (16) »5.—] Shifter (0-1€) { 16 Register
16
| Muttipiier | <] |l
) 8 ‘
; | U-Law/A-Law
P(32) Encoder
| MUX 7 ‘
i |
| 8 f
} Ad:: : MUX \ u-l;wé:-uw
ress
‘ W ecoder .
‘ Data RAM [ 8 A
{ - (256 Words) t 8 Mux
8
| oota ALU (32) 18
i |
] )y 1732 | N TRomso - Dx0
Legend: ol 7 Traimer —
ACC = Accumulator ACC (32) i TRUTS! DXy
PC = Program Counter | Nl pry—— a
ARP = Auxiliary Register Pointer ‘ | _RRORSO TR
P = P Register | N RR1/AS1 |——-DR1
ARO = Auxiliary Register 0 |
T = T Register
AR1 = Auxiliary Register 1 ‘
TR = Transmit Register ‘
DP = Data Page Pointer ‘
RR = Receive Register 16 |
I A \
| S Data Bus ‘
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electrical specifications

This section contains the electrical specifications for all versions of the 'C17/E17/P17 digital signal processors,
including test parameter measurement information. Parameters with pp subscripts apply only to the 'E17/P17
in the EPROM programming mode (see Note 11).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vg, except for the '320LC17 (see Note6) ...................ott. -03Vto7V
Supply voltage range, Vpp ...t i e e -06Vto14V
Inputvoltage range ... e -03Vto 14V
Output voltage range ... ..ot e e -03Vto7V
Continuous POWer disSSIPatION ... ... ittt e e e 1.5W
Operating free-air temperature: L suffix ....... .. . i i 0°C to 70°C

Asuffix ... e —40°C to 85°C
StOrage tBMPEIALUIE ...\t e ettt ettt et e et 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

EPROM devices 4.75 5 5.25 v
Vee  Supply voltage

All other devices ! 4.5 5 5.5 \
Vpp  Supply voltage (see Note 11) 12.25 125 12.75 A\
Vgg  Supply voltage 0 v

i . All inputs except CLKIN 2 \"
VIH High-level input voltage
CLKIN \
) All inputs except MC/MP 0.8 Y
ViL Low-level input voltage —

MC/MP 0.6 \
lon  High-level output current, all outputs -300 RA
loL  Low-level output current (All outputs) 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
islpp + Icc.
INSTRUMENTS
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electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
. TMS320G17 f= 205 MHz, VoG = 5.5 V, Ta = 0°C 10 70°C 50 65
lcct Supplyeurrent  "7\5320E17/P17 | 1= 25.6 MHz, Voo = 5.5V, Ta = — 40°C 10 85°C 55 75| ™

1 All typical values are at Ta = 70°C and are used for thermal resistance calculations.
¥ Icc characteristics are inversely proportional to temperature. For Igc dependance on temperature, frequency, and loading, see Figure 3.

CLOCK CHARACTERISTICS AND TIMING

The 'C17/E17/P17 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, fx TMS320C17 Ta = 0°Cto 70°C 6.7 205 MHz
TMS320E17/P17 TA = - 40°C to 85°C 6.7 20.5

C1,C2 Ta = 0°C to 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

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
() CLKOUT cycle time$ 195.12 200 ns
trc) CLKOUT rise time RL =825, 101 ns
tH(C) CLKOUT fall time CL= ?00 pF Al ns
twicy  Pulse duration, CLKOUT low (see Figure 2) 921 ns
tw(CH)  Pulse duration, CLKOUT high 901 ns
| tdMc) _ Delay time, CLKIN' to CLKOUTY 251 607 | ns

§tc(c) is the cycle time of CLKOUT, i.e., 4tg(MC) (4 times CLKIN cycle time if an external oscillator is used).
T values derived from characterization data and not tested.
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timing requirements over recommended operating conditions

MIN NOM MAX UNIT
te(MC). Master clock cycle time 48.78 50 150 ns
trMC) Rise time, master clock input st 10t ns
tiMC) Fall time, master clock input st 10t ns
tw(MCP) Pulse duration, master clock 04semeyt oMoyt | ns
tw(MCL) Pulse duration, master clock low 20t ns
tw(MCH) Pulse duration, master clock high 20t ns

¥ Values derived from characterization data and not tested.
MEMORY AND PERIPHERAL INTERFACE TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
td1 Delay time, CLKOUT | to address bus valid 10t 50 ns
(™ Delay time, CLKOUT} to DEN} 1iatgcy) -5t vy +15| ns
tds Delay time, CLKOUT to DEN? —10t 15 ns
tdg Delay time, CLKOUT} to WE} 12tecy -5t U2y + 15| ns
tg7 Delay time, CLKOUT) to WE$ -10t 15 ns
R =825Q
tds Delay time, CLKOUT | to data bus OUT valid Cp =100 pF, 1/4te(c)+ 65 | ns
tdg Time after CLKOUT | that data bus starts to be driven (see Figure 2) 1/atgcy - 57 ns
td10 Time after CLKOUT| that data bus stops bieng driven 1/atg(cy+70t | ns
ty Data bus OUT valid after CLKOUT | 1/4tc(c)-10 ns
th(A-WMD) z-\sic;ri‘s;:cilf)time after WE?, or DEN? ot ot ns
tsu(A-MD)  Address bus setup time prior to DEN| 1/4t¢(C)—45 ns
T Values derived from characterization dataand nottested.
NOTE 14: Address bus will be valid upon WEt, MEN?, or DEN*t.
timing requirements over recommended operating conditions
TEST CONDITIONS MIN NOM MAX | UNIT
tsu(D) Setup time, data bus valid prior to CLKOUT| Ry =825Q, 50 ns
(o) gc:g i!'&i 1dg)ta bus held valid after CLKOUT (SeL:F:gOL?r::) 0 ns

NOTE 16: Data may be removed from the data bus upon DEN? preceding CLKOUT|.
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RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tg11 Delay time, DEN?, and WE? from RS 1/2tg(cy+501 | ns
tdi Data bus disable time after RS R 825 Q, 1/atecy+50T | ns
dis(R) gl Cy = 100 pF, )
td12 Delay time from RS/ to high-impedance SCLK (see Figure 2) 200t ns
t413 Delay time from RS} to high-impedance DX1, DX0 200t | ns
1 Values derived form characterization data and not tested.
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
tsu(R) Reset {RS) setup time prior to CLKOUT (see Note 10) 50 ns
tw(R) RS pulse duration 5te(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (EXINT) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
HONT) Falt time, EXINT 15 ns
tw(INT) Pulse duration, EXINT te(C) ns
5u(INT) Setup time, EXINT| before CLKOUT} 50 ns
10 (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX | UNIT
(o)  Falltime, BIO 15[ ns
tw(l0) Pulse duration, BIO te(C) ns
tsu(l0) Setup time, BIO} before CLKOUT} 50 ns
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
) ) R 825 Q, C|_ = 100 pF, t
tdxF) Delay time CLOCKOUT? to valid XF (see Figure 2) 5 115 ns
1 Values derived form characterization data and not tested.
Texas .e
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SERIAL PORT TIMING

switching characteristics over recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
td(CH-FR) Internal framing (FR) delay from SCLK rising edge 70 ns
t4(DX1-XL) DX bit 1 valid before SCLK falling edge 20 ns
ta(DX2-XL) DX bit 2 valid before SCLK falling edge 20 ns
th(DX) DX hold time after SCLK falling edge te(SCLK)/2 ns

timing requirements over recommended operating conditions

MIN NOM MAX | UNIT
tc(SCLK) Serial port clock (SCLK) cycle time (see Note 17) 390 4770 ns
(SCLK) Serial port clock (SCLK) fall time 30t | ns
4 (SCLK) Serial port clock (SCLK) rise time 30t ns
tw(SCLKL)  Serial port clock (SCLK) low-pulse duration (see Note 17) 185 2500 ns
tw(SCLKH) Serial port clock (SCLK) high-pulse duration (see Note 17) 185 2500 ns
tsu(FS) FSX/FSR setup time before SCLK falling edge 100 ns
tsu(DR) DR setup time before SCLK falling edge 20 ns
th(DR) DR hold time after SCLK falling edge 20 ns

1 Values derived from characterization data and not tested.
NOTES: 17. Minimum cycle time is 2t¢(C) where te(C) is CLKOUT cycle time.
18. The duty cycle of the serial port clock must be within 45 to 55 percent.
COPROCESSOR INTERFACE TIMING
switching characteristics over recommended operating conditions
PARAMETER MIN NOM MAX | UNIT
td(R-A) RD low to TBLF high ] 75 ns
td(W-A) WR low to RBLE high 751 ns
ta(RD) RD low to data valid 80 ns
th(RD) Data hold time after RD high 25 ns
timing requirements over recommended operating conditions

MIN NOM MAX | UNIT
th(HL) HY/LO hold time after WR or RD high 25 ns
tsu(HL) HI/LO setup time after WR or RD low 40 ns
tsu(WR) Data setup time prior to WR high 30 ns
th(WR) Data hold time after WR high 25 ns
tw(RDL) RD low-pulse duration 80 ns
tw(WRL) WH low-pulse duration ' 60 ns

j
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TIMING DIAGRAMS

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

clock timing
—» = t(mc) P twmcn) o >t "
: :G—tc(MC)_’} : | | w(MCP)
] | |
X2/CLKINW\_/_\_/_
|
I | le—twmey
: —» H(MC) \
“_._ —.__”
H—'{— tagcc)t [ wicH) |
|
CLKOUT { | l ! T\—
BAhaR C) —¥ M-t |
| I‘_"W(CL)—’l |
¢ te(C) »l

t tdmcc) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform,

memory read timing

1« te(C) g
| |
|
CKKOUT \/ / \L /_
! |
[ tgp —¥ I
taz ¥ [ : :
|
— € tgyamp) | P
I | SuA-MD) [ | 4 th(a-wMD:
g — ! | L )
A11-A0 X g S S g >< Address Bus Valid X g S E g )(
| |
Ih_ tsu(D) —ﬂ,
[ | th(D)
D15-DO ,‘ { Instruction Input Valid }
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|

=

IN instruction timing
o \__ /T N/ N~/
|
| |
EN / \ 1 |/ T
. -’l H— tsu(A-MD) |
ﬂ——ﬂ—t su(D)
A11-A0—_>@( 3 a W 5
e — YEX
‘ﬂM I ™ [ tds

/N

¥,

g
m
Z

| N'-—H— th(D)

Legend:

1. IN Instruction Prefetch

2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

Address Bus Valid
Instruction Input Valid
Data Input Valid
Instruction Valid

® oo

OUT instruction timing

awor N\__ /" N/ N

A11-A0 )@( 3 )@( 2 )@( S @(
'p—tas — -+ -ty '
WE '®4¢——H I
l‘—‘dq —H ty _u._tﬂ,w _’1[
D15-D0 Co O—X 7 X< ° )

Legend:

1. OUT Instruction Prefetch
2. Next Instruction Prefetch
3. Address Bus Valid

4. Peripheral Address Valid

Address Bus Valid
Instruction Input Valid
Data Output Valid
Instruction Valid

o ~NoOo

*
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reset timing
h f
—P} % tsu(R) —>: = tsu(R)
RS A\ J
L
' ]
:1 tw(R) —
DEN | 49
WE ]
td11
tais(r) i
D15-D0 Data™, | 4
Out 1 o
—» l‘— td12
—» 4 td13
DX1, DX0 4
PA = Port Address PC3 = 3 LSB of PC PC=0 PC=1

{
PA2-PAQ x Valid x Valid x I PA=PC3=0 XPA=PC3+1=1
)

interrupt timing

worr /T N/ N/ N\

:‘——'L tsu(INT)
INT |\ /
I
—» 14- HINT) '
H—-—— tw(INT) ———N
B10O timing
CLKOUT _/_'\—_/__\—_/——\_
:4——’1— tsu(lo)
Bio N /
- l‘— t§(0) '
H——— tw(i0) ————N
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XF timing

crreuT \_/_\M

]
|
> e ty7
ﬁ—tds —Nl [
WE I | :
a9 —"——H ta10—»
ty "H—"
N— tdg —»
V V
H—H——— td(xF)
XF X XF Valid
Legend:
1. Port Address Valid 3. Port Data Valid
2. Out Opcode Valid 4. Next Instruction Opcode Valid

external framing: transmit timing

b-’t— tw(SCLKH)

SeLx mm
l"—"_ tsu(Fs) ! : l

!

|

|

|
[P tw(SCLKL) )
FSX \/

|
|
|
Ly tsu(FS) —4p
> 4 t{(SCLK) sulFSI
|
|
[
|
fa(ox1-CL) _N” | ——>— tg(px2-CL)

—Hl - ty(sCLK)
[
[

T
oo XX+ X X ——

NOTES: A. Data valid on transmit output until SCLK rises.
B. The most significant bit is shifted first.
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external framing: receive timing

SCLK 1 2 3 /T\_/—\_
|

'*—>l-— tsu(Fs)

|
!
L
Lo
|

FSR \! /
L(
27

DR1, DRo CRIK 2 XK

NOTE: The most significant bit is shifted first.

internal framing: variable-data rate

"—’}' 'c:!(CH-FR) { td(CH-FR) — &>
|

T ? I
FR —_/ | | |
td(px1-cL) —™ lﬁ— H— ta(oxa2-cL) | S

oo ——¢ 1 Xz X :X ) S—

i
—» [ t5,0R)
'h(DR) 4>l e

©w

DR1, DRO

’V ""V"’V" "V"’
e

AVAVAVAVAVAVAVAN

NOTE: The most significant bit is shifted first.
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internal framing: fixed-data rate

—» 4 tycH- !
1 WCHFR) o, ta(CH-FR)
|

_/— X

|
i
| le—»— tgpx2-CL)
]
|

X X X >—

i
td(pxi-cL) —P: -
|

L XXXIXXAXXXX)
QUK

JAVAVAVAVAVAVAVAVAL

> e tsu(DR)

NOTE: The most significant bit is shifted first.

coprocessor timing: external write to coprocessor port

o TT 2™ &
i e —
|

| : | I f— tw(WRL) —™ I

H—P:— tsu(HL) [‘_’l_‘h(*j(L) —> PERE thHL

1 | ‘su(HL)

l—>t— thwr le—»tt
Hﬁl"su(wn)‘——" { WR) e tgywr) ———> ! nWR)

DATA IN —{ Valid }—%—{ Valid }—

|
td(w-A) ——P>

RBLE |
| |
|

¢ Only necessary for operation of 8-bit mode »
constructing 16-bit data
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coprocessor timing: external read to coprocessor port

o TR MR £F
| tw(RDL) I

) i
et " U st L Sy L R S Y
t t
ta(RD)—T¢——| ! hRO) 1 mD) ‘II‘_W | h(RD)
DATA : | :
ouT | Valid i § t i Valid |
td(R-a) —H—>

TBLF /
{¢
| 17

| !
¢ Only necessary for operation of 8-bit mode N

constructing 16-bit data
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EPROM PROGRAMMING

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

Supply voltage range, Vpp (SEENOE B) ... ... .ot -06Vio14V
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 GND.

recommended operating conditions

MIN NOM MAX | UNIT
Vpp  Supply voltage (see Note 11) 12.5 1275 \'

NOTE 11: Vpp can be applied only to programming pins designed to accept Vpp as an input. During programming the tota! supply current
islpp + e

electrical characteristics over specified temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
IPP1  Vpp supply current Vpp=Vcg =55V 100 HA
Ipp2  Vpp supply current (during program pulse) Vpp=1275V,Vgc =55V 30 50 mA

recommended timing requirements for programming, Ta = 25°C, Vgg = 6 V, Vpp = 125 V,
(see Note 13)

MIN NOM MAX | UNIT
tw(iPGM)  Initial program pulse duration 0.95 1 1.05 ms
tw(FPGM) Final pulse duration 3.8 63 ms
tsu(A) Address setup time 2 us
tsu(E) E setup time 2 us
tsu(@) G setup time 2 us
14is(G) Output disable time from G (see Note 15) 0 130% | ns
ten(G) Output enable time from G 150% | ns
tsu(D) Data setup time 2 us
tsu(vPP)  Vpp setup time 2 us
tsu(vcC) VCC setup time 2 us
tha)y Address hoid time 0 us
th(D) Data hold time 2 us

* Values derived from characterization data and not tested.
NOTES: 13. For all switching characteristics and timing measurements, input pulse levels are 0.4 V10 2.4 V and Vpp = 12,5 V = 0.25 V during
programming.
15. Commaon test conditions apply for tdis(G) except during programming.

TExas ”
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PROGRAMMING THE TMS320E17/P17 EPROM CELL

Each 'E17/P17 devices include a 4K x 16-bit industry-standard EPROM cell for prototyping, early field testing,
and low-volume production. In conjunction with this EPROM, the TMS320C17 with a 4K-word masked ROM,
then, provides more migration paths for cost-effective production.

Note: The TMS320P17 is a one-time programmable (OTP) EPROM device.

EPROM adapter sockets are available that provide pin-to-pin conversions for programming any 'E17/P17
devices. One adapter socket (part number RTC/PGM320C-06), shown in Figure 19, converts a 40-pin DIP into
an equivalent 28-pin device. Another socket (part number RTC/PGM320C-06), not shown, permits 44-to 28-pin
conversion.

Figure 19. EPROM Adapter Socket (40-Pin to 28-Pin DIP Conversion)

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 'E17/P17 EPROM cell is programmed using the same family and device pinout codes as the TMS27C64
8K x 8-bit EPROM. The TMS27C64 EPROM series are unitraviolet-light erasable, electrically programmable,
read-only memories, fabricated using HYCMOS technology. They are pin-compatible with existing 28-pin ROMs
and EPROMSs. These EPROMSs operate from a single 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 20 shows the wiring conversion to program the 'E17/P17 using the 28-pin pinout of the TMS27C64.
Table 8 on pin nomenclature provides a description of the TMS27C64 pins. The code to be programmed into
the device should be in serial mode. The 'E17/P17 devices use 13 address lines to address 4K-word memory
in byte format.

+p
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—— 1 A1 A2 40
————1{] 2 A0(LSB) A3 39
— 3 vPP A4 38
{l 4 RS A5 37
vpp 1] —{ 5 EPT A6 36 28 vVge
A12 2] ds A7 35 [ 27 PGM
A7 30— g7z A8 34 }—[ [l 26 EPT
A6 4 0 8 CLKIN 33 [ 39Kk 1 25 A8
As 50— — o a2 =2AAN N 24 A9
As 60— +—1] 10GnD 31 [ 23 AN
A3 7 Ej 11 Q1(LSB) Vee 30 [- ] 22 G
A2 8] — Erzm A9 29 [} ! 0 21 A10
At 9] 13 Q3 A10 28 [} 1 20 E
A0 10 ] 14 Q4 A1 27 1 ] 19 Q8
al 11 (] 15 Q5 (MSB)A12 26 — ] 18 Q7
Q2 12 16 Q6 E2s[1— 1 17 Q6
Q3 13 17 Q7 __Gaa— ] 16 Q5
GND 14 (] 18 Q8(MSB) PGM 23 {} 15 Q4
- g 19 22[] —
TMS27C64 TMS27C64
PINOUT 0 20  TMS320E17/P17 21]] PRAE
{

CAUTION
Although acceptable by some EPROM programmers, the signature mode cannot be used on any
TMS320E1x device. The signature mode will input a high-level voltage (12.5 V4¢) onto pin A9. Since this
pin is not designed for high voltage, the cell will be damaged. To prevent an accidental application of
voltage, Texas Instruments has inserted a 3.9 kQ resistor between pin A9 of the Tl programmer socket

and the programmer itself.

Pin Nomenclature (TMS320E17/P17)

NAME /0 DEFINITION
AQ-A12 | On-chip EPROM programming address lines
CLKIN | Clock oscillator input
[3 | EPROM chip select
EPT | EPROM test mode select
G ! EPROM read/verify select
GND | Ground
PGM | EPROM write/program select
Q1-Q8 110 Data lines for byte-wide programming of on-chip 8K bytes of EPROM
RS ! Reset for initializing the device
vee I 5-V power supply
Vpp I 12.5-V power supply
Figure 20. TMS320E17/P17 EPROM Programming Conversion to TMS27C64 EPROM Pinout
TEXAS .
INSTRUMENTS
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Table 8 shows the programming levels required for programming, verifying, reading, and protecting the EPROM cell.

Table 8. TMS320E17/P17 Programming Mode Levels

SIGNAL NAME | TMS320E17 PIN | TMS27C64 PIN | PROGRAM | VERIFY READ | PROTECT VERIFY | EPROM PROTECT
E 25 20 ViL VIL Vil Vi, VIH
G 24 22 ViH PULSE PULSE ViL VIH
PGM 23 27 PULSE VIH VIH VIH ViH
Vpp 3 1 Vpp Vep vee vee +1 Vpp
\Zele} 30 28 vce vee vee Veo +1 Vee +1
Vss 10 14 Vss Vss Vss Vss Vss
CLKIN 8 14 Vss Vsg Vss vss Vss
RS 4 14 Vss Vss Vss Vss Vss
EPT 5 26 Vss Vss Vgs Vpp Vpp
Q1-Q8 11-18 11-13,15-19 DIN QouT Qout Q8=RBIT Q8=PULSE
A0-A3 2,1,40,39 10-7 ADDR ADDR ADDR X X
A4 38 6 ADDR ADDR ADDR X ViH
A5 37 5 ADDR ADDR ADDR X X
A6 36 4 ADDR ADDR ADDR vIL X
A7-A9 35,34, 29 3,25,24 ADDR ADDR ADDR X X
A10-A12 28-26 21,23,2 ADDR ADDR ADDR X X
Legend:

ViH = TTL high level; V|_ = TTL low level; ADDR = byte address bit

Vpp =125V =+ 025V, Voo =5V =025V, X = don’t care

PULSE =

QouT = byte stored at ADDR; RBIT = ROM protect bit.

programming

low-going TTL level pulse; D|N = byte to be programmed at ADDR

Since every memory bit in the cell is a logic 1, the programming operation reprograms certain bits to 0. Once
programmed, these bits can be erased only by 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 zeroes.

erasure

Before programming, the device must be erased by exposing it to ultraviolet light. The recommended minimum
exposure dose (UV-intensity x exposure-time) is 15 Wes/cm2. Atypical 1 2-mW/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 8 assuming the inhibit bit has not been programmed.

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

read

The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents
of the EPROM location selected by the value on the address inputs appear on Q8-Q1.

*p
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output disable

Duringthe EPROM programming process, the EPROM data outputs may be disabled, if desired, by establishing
the output disable state. This state is selected by setting G and E pins high. While output disable is selected,
Q8-Q1are placed in the high-impedance state.

EPROM protection

To protect the proprietary algorithms existing in the code programmed on-chip, the ability to read or verify code
from external accesses can be completely disabled. Programming the RBIT disables external access of the
EPROM cell, making it impossible to access the code resident in the EPROM cell. The only way to remove this
protection is to erase the entire EPROM cell, thus removing the proprietary information. The signal requirements
for programming this bit are shown in Table 8. The cell can be determined as protected by verifying the
programming of the RBIT shown in the table.

standard programming procedure

Before programming, the device must first be completely erased. The device can then be programmed with the
correct code. It is advisable to program unused sections with zeroes 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.

program cycle timing

————— Program —’Iﬂ

] ]

o)
|
ViH
A12-A0 X Address Stable x Address N+1

™ ViL
—*l—ﬂ- thia)

VIH/VoH

VitVoL

Verity —9
|

i | i
— ) | | g
T T T i T VrP
Vep /l | | | | !
! | | I | I Vee
¥ tsuvpp) | | | |
+ t t T 1 Vee+t
Vee /I : I } | |
| | Vee
H ‘SU(VCC) | | | |
_ | ' I | | ViH
E N | ' | |
| | | l : | viL
4= tsuE) —Jl —» e th(b) ! |
; : i ; ; ViH
—_— |
PGM \k__[—" - tey@) |
twapGM) —M E: + | ! viL
tw(FPGM)—W | I 4 ten(G)
G x | . VIH
viL
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absolute maximum ratings over specified temperature range (uniess otherwise noted)t

Supply voltage range, Voo (€ NOE B) .. .. oo -0.3Vto4.6V
Inputvoltage range ... .. ... i e -03VtoVegto 05V
Output voltage range ... ... ~-0.3V toVgcto 0.5V
Continuous power disSIPation .. ... ... ... oo 75 mW
Air temperature range above operating devices: Lversion .................. ... 0°C to 70°C

AVErSioOn ... —40°C to 85°C
Storage tempPerature TaNGE . ... ittt —55°C to +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 atthese 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: Al voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX UNIT
Vcc  Supply voltage 3.0 33 3.6 \
Vgs  Supply voltage 0 \
All inputs except CLKIN 2.0 \
ViH High-level input voitage
CLKIN 25 \
ViL Low-level input voltage All inputs 0.55 \
loH High-level output current (all outputs) -300 nA
loL Low-level output current (all outputs) 15 mA
L version 0 70 °C
Ta Operating free-air temperature
A version -40 85 °C
electrical characteristics over specified temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPS MAX | UNIT
VoH High-level output voltage 'oH = MAX 20 v
I0H = 20 uA (see Note 19) Vog-0.47 Y
Vou Low-level output voltage loL = MAX 0.5 \
vee = Vo =V, 20
loz Off-state ouput current CC=MAX, Y0 =YCC uA
Vo =Vss -20
V) =Vgg to Ve, All inputs except CLKIN =20
I Input current 1= 7ss® 7ce P e HA
V| =Vggto Ve, CLKIN x50
i Data bus 251
Ci Input capacitance pF
All others 159
f=1 MHz, All other pins 0 V
) Data bus 25
Co  Output capacitance pF
All others 107

§ All typical values are at VoG = 3.3 V, Ta = 25°C.
Y values derived from characterization data and not tested.

NOTE

19: This voltage specification is included for interface to HC logic. Ali other timing parameters defined in this data sheet are specified for
the test load circuit shown in Figure 2.
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TMS320LC17 TMS320LC17
FN PACKAGE N PACKAGE
(TOP VIEW) (TOP VIEW)
oW |w R
[g‘a' ‘5’ PA1/RBLE [ 1 \“40[J pA2/TBLF
‘E N PAO/HI/LOE 2 39[] FSR
<0 QI m<lm]wn:>< mc [J3 38 ] FSX
e RS [l« %70 Fr
6 5 4 3 2 14443424140 EXINT [£]s5 3sJ pxi
CLKOUT [} 7 ° 39[| DX0 CLkout [fe 357 DXo
: x1fl s 38| sLck xi (7 347 scLK
X2/CLKIN [} 9 37(] DRi X2/CLKIN L8 33(] DR1
BIO || 10 36[] DEN/RD BIO CJs 32|} DEN/RD
NC [ 11 3s{| WEWR Vgs L] 10 311 WEAWR
Vsg [] 12 34l Vee p8LD8 [} 11 30[d Vo
De/LDs [] 13 33| DRO Do/LDe []12 29[ DRo
DO/LDY ] 14 2 xF D10LD10 []13 28[] XF
D10/LD10 J] 15 31 [} MC/PM DH/LD#1 []14 27L] MC/PM
DIALD11 [} 16 30} DoLDO D12/LD12 L1 15 26L] DOLDO
D12/LD12 | 17 29[] vgg D131LD13 [} 16 25[] D1/LD1
s D14/LD14 [} 17 24[J D2/LD2
18192021 2223 24 25 26 27 28 D15/D15 [[ 18 23[] D3/LD3
NDOTOMNOID T 0N — D7/LD7 []19 22] ] D4/LD4
20035588533 DeLD6 []20 21]] Ds/LDS
dIdIdRN OB FTAIA =
RSN aYaYaYaNaNapa
[aNala]
electrical characteristics over specified ranges (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
lcct  Supply current f=14.4MHz, Vo =36V, Ta = 0°C 1o 70°C 15 20 mA

T Al typical values are at Tp = 70°C and are used for thermal resistance calculations.
t Icc characteristics are inversely proportional to temperature. For ¢ dependence on frequency, see Figure 3.

clock characteristics and timing

The TMS320LC17 can use either its internal oscillator or an external frequency source for a clock.

internal clock option

Theinternal 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 Ta = - 40°C 10 85°C 4.0 144 MHz
C1,C2 10 pF
INSTRUMENTS
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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

PARAMETER TEST CONDITIONS | MIN NOM  MAX | UNIT
ey  CLKOUT cycle time$ 277.78 1000 ns
ey  CLKOUT rise time 107 ns
t(C) CLKOUT fall time gLL: 18023& Al ns
tw(cL)y Pulse duration, CLKOUT low (see Figure 2) 131 ns
tw(CH) Pulse duration, CLKOUT high 129 ns
tagmcc) Delay time CLKIN? to CLKOUT| 25 75 ns

§‘c(C) is the cycle time of CLKOUT, i.e., 4tg(Mmc) (4 times CLKIN cycle time if an external oscillator is used).
9 values derived from characterization data and not tested

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
te(MC)  Master clock cycle time 69.5 150 ns
tmc)  Rise time, master clock input ) st 10t ns
tMC)  Fall time, master clock input st 10t ns
tw(MCP) Pulse duration, master clock 0.4temo)t  0.6tgmo)t | s
tw(MCL) Pulse duration, master clock low at te(MC) min 30 ns
tw(MCH) Pulse duration, master clock high at t(mcy min 30 ns

T Values derived from characterization data and not tested.

MEMORY AND PERIPHERAL INTERFACE TIMING

switching characteristics over recommended operating conditions

PARAMETER TEST CONDITIONS MIN MAX UNIT
td1 Delay time CLKOUT| to address bus valid 10t 100 ns
tda Delay time CLKOUT to DEN|, 1/4tgc)-57 14 1g(cy+25 ns
tds Delay time CLKOUT|, to DEN?t -10t 30 ns
td6 Delay time CLKOUT/ to WE|| 12tgc)-51 121cy+25 ns
147 Delay time CLKOUT | to WE gLL: fgg SZF-’ -10t 30 ns
tds Delay time CLKOUT | to data bus OUT valid (see Figure 2) 1/4t(c)+130 ns
td9 Time after CLKOUT | that data bus starts to be driven 1/4 tc(C)—ST ns
td10 Time after CLKOUT | that data bus stops being driven 1/41¢(C)+90 ns
ty Data bus OUT valid after CLKOUT) 1/4tc(c)-10 ns
th(aA-wMD) Address hold time after WEt, MEN*, or DEN' (see Note 14) of ns
tsu(A-MD)  Address bus setup time or DEN| 0 ns

1 Values derived from characterization data and not tested.
NOTE 14: Address bus will be valid upon WEt, MEN?, or DEN?t.
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timing requirements over recommended operating conditions

TEST CONDITIONS | MIN NOM MAX UNIT
tsu(D) Setup time data bus valid prior to CLKOUT} gL = fgg ff: 80 ns
L= PR,
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 MENt or DEN?t preceding CLKOUT|.
RESET (RS) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS | MIN NOM MAX UNIT
t11 Delay time DENt, WE*, and MENt from RS 1/2t(c)+75 | ns
tdi Data bus disable time after RS R =825Q, 174t 75 S
dis(R) ata bus disal e_lrnea Gl L= 100 pF. Ate(c)+ n
t412 Delay time from RS to high-impedance SCLK (see Figure 2) 200t ns
td13 Delay time from RS/ to high-impedance DX1, DX0 200t ns
T These values were derived from characterization data and not tested.
timing requirements over recommended operating conditions
N MIN NOM MAX UNIT
tsu(R) Reset (RS) setup time prior to CLKOUT (see Note 10) 85 ns
twr) RS pulse duration 51e(C) ns
NOTE 10: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation.
INTERRUPT (EXINT) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
HINT) Fall time EXINT 15 ns
tw(INT) Pulse duration EXINT te(C) ns
tsu(INT) Setup time EXINT| before CLKOUT| 85 ns
1/0 (BIO) TIMING
timing requirements over recommended operating conditions
MIN NOM MAX UNIT
t#(10) Fall time BIO 15 ns
tw(10) Pulse duration BIO t¢(C) ns
tsu(io) Setup time BIO} before CLKOUT 85 ns
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I/0 (BIO) TIMING
switching characteristics over recommended operating conditions
PARAMETER TEST CONDITIONS | MIN NOM  MAX | UNIT
R =825 Q,
td(xF) Delay time CLKOUT| to valid XF Cy =100 pF, st 115 ns
(see Figure 2)

t values derived from characterization data and not tested.

SERIAL PORT TIMING

switching characteristics over recommended operating conditions

. MIN NOM MAX UNIT
td(CH-FR) Internai framing (FR) delay from SCLK rising edge 120 ns
ty(DX1-cLy DX bit 1 valid before SCLK falling edge 20 ns
td(DX2-cL) DX bit 2 valid before SCLK falling edge 20 ns
th(DX) DX hold time after SCLK falling edge te(SCLK)/2 ns

timing requirements over recommended operating conditions

MIN NOM MAX UNIT

te(SCLK) Serial port clock (SCLK) cycle time¥ 555 8000 ns
H(SCLK) Serial port clock {SCLK) fait time 30t ns
tr(sCLK)  Serial port clock (SCLK) rise time 30t ns
tw(SCLK)  Serial port clock (SCLK) low, pulse duration$ 250 4400 ns
tw(SCLKH) Serial port clock (SCLK) high, pulse duration$ : 250 4400 ns
tsu(FS) FSX/FSR setup time before SCLK falling edge 130 ns
tsu(DR) DR setup time before SCLK falling edge 20 ns
th(DR) DR hold time after SCLK falling edge 20 ns

1 values derived from characterization data and not tested.
¥ Minimum cycle time is 2t¢(c) where tg(C) is CLKOUT cycle time.
8 The duty cycle of the serial port clock must be within 45 to 55%.

*p
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COPROCESSOR INTERFACE TIMING

switching characteristics over recommended operating conditions

MIN NOM MAX | UNIT
19(R-A) RD low to TBLF high 150 ns
td(W-A) WR low to RBLF high 150 ns
ta(RD) RD low to data valid 150 ns
th(RD) Data hold time after RD high 25

timing requirements over recommended operating conditions

MIN NOM MAX UNIT
th(HL) HI/RD hold time after WR or RD high 25 ns
tsu(HL) HI/RD setup time prior to WR or RD low 40 ns
tsu(WR) Data setup time prior to WR high 50 ns
th(wR) Data hold time after WR high 35 ns
tw(RDL) Pulse duration, RD low 150 ns
tw(WRL) Pulse duration, WR low 150 ns
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clock timing

t
—» r(l:IlC) ﬁw(mcu) ¢ > twmce)!
e(MC) | |

t |

| |
|

1

|
[ | h—b‘—tw(MCL)
{ —¥ tMC)
+ H—-_—_‘W(CH)———”
H—‘d(MCC) | |
CLKOUT : 5&‘ ' : JE\—

¥ ) —» ) |

| e tw(cL) » |

¢ te(c) »l

t tgmcC) and tw(MCP) are referenced to an intermediate level of 1.5 V on the CLKIN waveform.

IN instruction timing

| |

| i

WEN /\ Y T
—» & tsyamD) |

! I ﬂ—’}- tsu(D)

|

3
m
-4
Y

l K—H— 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
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OUT instruction timing

CLKOUT _\_/_\___/_\_/—\__/_

EN / \ 1 4

2 /N

PA2-PAO )@( 3 )@( 4

XBX

XEX

1h—tds —b —’1 :‘— td7
!
R i
WE tag —4— ‘ '
' t
— tgs —» . d10 —'}
+
X (X0 (XX
C—X 7 X
Legend:
1. OUT Instruction Prefetch 5. Address Bus Valid
2. Next Instruction Prefetch €. Instruction Valid
3. Address Bus Valid 7. Data Output Valid
4. Peripheral Address Valid 8. Instruction Valid

reset timing

DX1, DX0
|

L “ tsu(R)

CLkout \_/_\«_/—\_/W

| > ety
RS \ { J
)
lh——— tw(R) —
DEN | by
WE \___f
| td11
tdis(R) — ¢
}')_H; |
D15-DO Qata 3 4
—» l‘— td12
SCLK { | k =)
) S 4
—»  — td13

PA = Port Address

PC3=3LSBofPC

PC=0

PC=1

PA2-PAQ x Valid X Valid

5

PA=PC3=0

=PC3+1=1
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interrupt timing
CLKOUT m—/—\_
:4———':- tsu(NT)
INT ;\_ /
—H [4— YONT) '
H——-— tw(NT) ——N
BIO timing
CLKOUT _/—_\—/—\—/—\__
"—V‘l l tsu(10)
B8I0 N /
-H l‘— t(10) '
'1— tw(10) ———————N
XF timing

|
XXX

paz-p0 GRENNN

|
—» :1— ta7
|
WE | {
td9 ¢ | it —»
H— lda ——H
< > td(XF)
XF X XF Valid

Legend:
1. Port Address Valid 3. Port Data Valid
2. Out Opcode Valid 4. Next Instruction Opcode Valid

*
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TMS320LC17
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1931

external framing: transmit timing
—» M tscLk)

|
H— tw(SCLKH)

|
|
|

H—’i— tsu(Fs) : : |

|
|
|
I
i
FSX \/
——p— th(DX)

|
|
‘ | [ tw(scLKL) ‘
| | tsu(FS) —aP|
: —» 4= tyscLk) s l
|
1
taox1-cLy —Hep : e—>— tgpx2-cL)

NOTES: A. Data valid on transmit output until SCLK rises.
B. The most significant bit is shifted first.

|
| (
T g
!

external framing: receive timing

sCLK 1 2 3 /T\_/__\_
|

H—-’{— tsu(Fs)

|
|
|
| | tsu(Fs) —le¥
| |
|

FSR \
tsu(DR) —T‘*
|"I l"— th(DR)

NOTE B: The most significant bit is shifted first.

TEXAS"V"
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TMS320LC17
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

internal framing: variable-data rate

| ":’(CH'F“) : N td(CH-Fn)—H—Hl
l ! 148
FR ﬂ——bt— th(DX) \ |
ta(px1-cL) —> lﬂ— | [—»— taxa-cL) {
)
L
[ )
—» 4 tsy(pR)
th(DR) ¥ -

DR1, DRO

(RRRRERRRRT
000000002000

KRLKRKS

NOTE: The most significant bit is shifted first.

internal framing: fixed-data rate

|
e {d(CH-FRIep— tcll(CH-FR)
-

|

|

FR / \ |
| ! o
A4

} > tqpxa-cL)
ﬁ_‘_ﬂ“f_‘ th(DX) ;

DX1, DX0 ( 1 X 2 X 3 >< 8 )—
td(|3x1-CL)“’} |l<-

|

> R

(TR \ N/ \ARXTXIIXIR
, e et

DR1, DRO

NOTE: The most significant bit is shifted first.

bxas ¥
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TMS320LC17
DIGITAL SIGNAL PROCESSOR

JANUARY 1987 — REVISED JULY 1991

coprocessor timing: external write to coprocessor port

0 T e I
W Ry J m

I | ‘ : {— tw(wRL) —» I

| |e—pl |
| tsU(HL) th(’z")-) g tSU(HL) H—N— th(HL
l——>— thwR le—pt-t
ety wR) — ¥ | we fe——tgywr) ——¥ | hWR)
DATA IN —{ Valid }—59—{ Valid }—
[
tgw-a) —+¢—>

L
R
i

|

!

e Only necessary for operation of 8-bit mode »
constructing 16-bit data

coprocessor timing: external read to coprocessor port

{
f [ tw(RDL) — ¥ !

’ I t —p !
e S
RO —_—\L.—/ ) L———/_-LL
—»— [PR———
ta(RO)—¢—— D D) ey T Ee
|

DATA .
ouT [ Valid | ', t [ Valid |
|

td(R-4) ——P

TBLF /
(

r s
|
‘ Only necessary for operation of 8-bit mode )
constructing 16-bit data

{i’
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

THERMAL RESISTANCE CHARACTERISTICS

Commercial Devices
Device/Package Thermal Resistance
Junction To Case

DEVICE Reyc ('CW)
PDIP (N) CDIP (JD) PLCC (FN) CLCC (F2) QFP (PG)
TMS320C10 26 17
TMS8320C10-14 26 17
TMS320C10-25 26 17
TMS320C 14 11
TMS320E14 8
TMS320P14 11
TMS320C15 26 17
TMS320C15-25 26 17
TMS320E15
TMS320E15-25
TMS320LC15 26 17
TMS320P15 13 13
TMS320C16 25
TMS320C17 26 17
TMS320E17 8 8
TMS320LC17 26 17
TMS320P17 13 13
TExas
INSTRUMENTS
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TMS320C1x

DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

THERMAL RESISTANCE CHARACTERISTICS

Commercial Devices

Device/Package Thermal Resistance

Junction To Ambient

DEVICE Roga (CIW)
PDIP (N) CDIP (JD) PLCC (FN) CLCC (F2) QFP (PG)
TMS320C10 84 60
TMS320C10-14 84 60
TMS320C10-25 84 60
TMS320C14 46
TMS320E14 49
TMS320P14 46
TMS320C15 84 60
TMS8320C15-25 84 60
TMS320E15 40 64
TMS320E15-25 40 64
TMS320LC15 84 60
TMS320P15 40 55
TMS320C16 120
TMS320C17 84 60
TMS320E17 40 64
TMS320LC17 84 60
TMS320P17 40 55
i
EXAS b
INSTRUMENTS
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

MECHANICAL DATA

40-pin plastic dual-in-line package

53,1 (2.090) Max
@

jainininininisisisinsiainfaliaininlininialin]

Either or Both

Index Marks
D)
15,24 + 0,25

(0.600 + 0.010)

LN 0 [ [ g N O N N 0 O D O

¢ ¢ ® )

0,51 (0.020) — 5,08 (0.200)
Min Max

Seating Plane _,l:__

o 0t e JL J_ L 2,92 (0.115)
’ Min
90" 0,28 :0,08 0,457 + 0,076
(0.011 + 0.003) (0.018 + 0.003)

0,84 (0.033)
2,54 (0.100) T.P. Min %3
Pin Spacing ! :

(See Note A) :‘,:rzn (0.060)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,254 (0.010) of its true longitudinal position.

40-pin windowed ceramic dual-in-line package

51,31 (2.020) Max
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21

f

15,0 (0.590)
Index Dot —\ Nom
\, ¢
15,24 £ 0,25
——————— 4
¢ G Peozooig ' 234567 891011121314151617 181920
4,70 (0.185)
0,508 (0.020) ax
Min +
L e—r———— e
_  Seating v v
? Plane ;
[
& 1 1,27 + 0,508 L_ 1,27 + 0,254 3
90 {0.050 % 0.020) 2,64 (0.100) TP {0.050 £ 0.010) 3,81 + 0,762
€= 0,25(0.010) s‘;‘e ﬁzg‘g (0.150 £ 0.030)
Nom 0,457 & 0,076

10.018 = 0.003)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,254 (0.010) of its true longitudinal position.

*
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

44-lead plastic chip carrier (FN suffix)

o o I e O o I O o N

16,66 (0.656) 17,65 (0.695)
16,51 (0.650) 17,40 (0.685)

index
Dot

A\

L]

A r1rir
SN D NV N N [ N S [ N G [ D O O §

| SR O N D [ N G D D D i

le— 1,14 (0.045) x 45° Typ

4,57 (0.180,
16,66 (0.656) W
16,51 (0.650) S
17,65 (0.695) 3,05 (0.120) |
17,40 (0.685) 2,29 (0.090)

0,51 (0.020) ¥
Min

0,533 (0.021)

0,330 (0.013) |
—

16,00 (0.630)
14,99 (0.590)

v
L 1,27 (0.050)
Typ

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

*
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

64-pin quad flat pack (PG suffix) (TMS320C16)

24,0 (0.945)
23,2 (0.913)

20,0 (0.787) Nom

— - — 18,0 (0.709)

] L 17,2 (0.677)
14,0

== === (0.552)

o —_— Nom

r=ry =

T by

- b——

J

J ?* H ‘
el

0,20 (0.008) 0,35 (0.0014) Typ
0,10 (0.004) 3,10 (0.122) Max ——3

T \/ 1,0 (0.040) 0,1 (0.004) Min -
0,6 (0.023)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

MECHANICAL DATA

68-lead plastic chip carrier package (FN suffix)

1,35 (0.053) .
- T1900a7) < 4°
. 0,25 (0.010) R Max
2,79 (0.110) in 3 places
2,41 (0.095) 24,33 (0.956)
4,50 (0.177) 24,13 (0.950)
| 4,24 (0.167) (see Note A)

¥

25,27 (0.995)
23,62 (0.930) 25,02 (0.985)

23,11 (0.910)
(At Seating Plane)

=]
'\ 1,27 (0.050) T.P.
| (see Note B) — 24,33 (0.956)
i 24,13 (0.950)
{see Note A) 1,22 (0.048) o
| - T & Toro0ez <%
0,94 (0.037)
| 0,69 (0.027 ¢ 25,27 (0.995) _ »
Seating Plane @021 25,02 (0.985)
0,81 (0.032)
0,66 (0.026) ° r’ — 1,52 (0.060) Min
— & — 0,64
___ ¥ (0.025)
E  Min
_JL_ 0,51 (0.020)
0,36 (0.014)
Lead Detail

NOTES: A. Centerline of center pin, each side, is within 0,10 (0.004) of package centerline as determined by this deminsion.
B. Location of each pin is within 0,27 (0.005) of true position with respect to center pin on each side.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY N INCHES

*p
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TMS320C1x
DIGITAL SIGNAL PROCESSORS

JANUARY 1987 — REVISED JULY 1991

MECHANICAL DATA

68-lead ceramic chip carrier package (FZ suffix)

A 4,57 (0.180)
¢ (see Note A) 3,94 (0.155)
o 3,55 (0.140)
1.02 (0.040) x 45 [—— B —»|
¢ ) 3,05 (0.120) 1,27 (0.05) Typ
( (see Note B)
—'_'/_ imimimimimisi r— i
®] I
f 1 i _.i_ |
g [ =
0 i 0,81 (0.032) c
A B d i 0,66 (0.026) o5 051(0.020) (5 eating
i il i 0,36 (0.014) Plane)
i i b |
q i 5 1
_ \ 4
D D N N A O |
0.64 (0.025) R Max ‘
Optional Typ, 3 Places 1.016 (0.040) Min
EPROM Window 3,05 (0.120)
2,29 (0.090)
Seating Plane
(see Note C)
B C
MIN MAX MIN MAX MIN MAX
12,32 12,57 10,92 11,56 10,41 10.92
M0-087AA 28 (©0.485) | (0.495) | (0.430) | (0.455) | (0.410) | (0.430)
17,40 17,65 16,00 16,64 15,49 16,00
M0-087AB 4“4 ©0.685) | (0.695) | 0.630) | (0655 | 0.610) | (0.630)
25,02 25,27 23,62 24,26 23.11 23,62
M0-087AD 68 (0.985) | (0.995) | (0.830) | (0.955) | (0.910) | (0.930)
NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,27 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar within 0,15 (0.006)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
INSTRUMENTS
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