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1.1

1.2

2.1

INTRODUCTION

DESCRIPTION

The TMS 9995 microcomputer is a single-chip 16-bit central processing unit (CPU) with 256 bytes of on-chip
random access memory (RAM). A member of the TMS 9900 family of microprocessor and peripheral circuits, the
TMS 9995 is fabricated using N-channel silicon-gate MOS technology. The rich instruction set of the TMS 9995 is
based upon a unique memory-to-memory architecture that features multiple register files resident in memory.
Memory-resident register files allow faster response to interrupts and increased programming flexibility. The inclu-
sion of RAM, timer function, clock generator, interrupt interface, and a flexible flag register on-chip facilitates
support of small system implementations.

All members of the TMS 9900 family of peripheral circuits are compatible with the TMS 9995. Providing a per-
formance upgrade to the TMS 9900 microprocessor, the TMS 9995 instruction set is an opcode-compatible super-

set of the TMS 9900 processor famiiy.

KEY FEATURES

o 16-Bit instruction word

L] Memory-to-Memory architecture

[ ] 65,536 byte/32,768 word directly addressable memory address space
L] Minicomputer instruction set including signed multiply and divide instructions
[ ] Multiple 16-word register files (Workspaces) residing in memory

L] 256 bytes of on-chip RAM

(] Separate memory and interrupt bus structures

L] 8-Bit memory data bus

L] 7 prioritized hardware interrupts

L] 16 software interrupts (XOPS)

[ Programmed and DMA /O capability

[ Serial 1/0 via communication register unit (CRU)

° On-chip time/event counter

o On-chip programmable flags (16)

. Macro instruction detection (MID) feature

L] Automatic first wait state generation feature

o Single 5-volt supply

L] 40-pin package

o N-Channel silicon gate MOS technology

o On-chip clock generator
ARCHITECTURE

MEMORY ALLOCATION

The basic word of the TMS 9995 architecture is 16 bits in length. These 16 bits are divided into 8-bit bytes for
external memory in the manner shown in Figure 1. A word is, therefore, defined as two consecutive 8-bit bytes in
memory. All words (instruction opcodes, operand addresses, word-length data, etc.) are restricted to even address
boundaries, i.e., the most significant half, or 8 bits, resides at an even address and the least significant half resides at
the subsequent odd address. Any memory access involving a full word that is directed by software to utilize an odd
address will result in the word starting with this odd address minus one to be accessed.



MsB

OR
SIGN
BIT
EVEN ADDRESS 0 1 2 3 a4 5 6 7
WORD
FORMAT
ODD ADDRESS 8 9 10 1 12 13 14 15
(ODD ADDRESS =
EVEN ADDRESS + 1) LsB
MmsB
OR
SIGN
BIT Ls8
EVEN ADDRESS 0 1 2 3 4 5 6 7 BYTE
FORMAT
ODD ADDRESS 0 1 2 3 4 5 6 7

FIGURE 1 — WORD AND BYTE FORMATS

The instruction set of the TMS 9995 allows both word and byte operations. Byte instructions may address either
byte as necessary. A byte access of this type will not affect the other byte of the word involved since the other
byte will not be accessed during the execution of the byte instruction.

The TMS 9995 memory map is shown in Figure 2. Shown are the locations in the memory address space for the
Reset, NMI, other interrupt and XOP trap vectors, and the dedicated address segments for the on-chip RAM and
the on-chip memory-mapped /0.

LEVEL O (RESET)
VECTOR

LEVEL 1
INTERRUPT
VECTOR

LEVEL 2& LEVEL 3

INTERRUPT

VECTORS

LEVEL 4

INTERRUPT

VECTOR
EXTERNAL
(OFF-CHIP)

> MEMORY

ADDRESS
SPACE

XOPO
VECTOR

XOP1-XOP14
VECTORS

XOP15
VECTOR

0080 GENERAL USE

: JF < MEMORY AD-
P

- DRESS SPACE

GENERAL USE INTERNAL (ON-
INTERNAL INTERNALS, cHiP) MEMORY
ES RAM

RAM ADDRESS| ADDRESS SPACE

FOFC GENERAL USE EXTERNAL (OFF-
: MEMORY ADDRESS CHIP) MEMORY
FFFO SPACE ADDRESS SPACE

e N’ ;mmye === CINTER|
}DECREMENTER MEMORY -
FFF8 e MAPPED
. - -< Vo INTERNAL (ON-
}WP CHIP) MEMORY
FFFD NMI inTernaL [ ADDRESS sPACE
FFFE

VECTOR @ RAM
} PC

NOTE: Addresses are byte addresses in hex

" FIGURE 2 — TMS9995 MEMORY MAP



2.2 TMS 9995 ORGANIZATION

The block diagram of the TMS 9995 is shown in Figure 3. A flow chart, representative of the TMS 9995 functional
operation, is shown in Figure 4.

f :] } D0-D7
RAM L.l >_J
.8
e ' i
ADDRESS MICROCODE
™ oecooe SWAP ROM
- DECREMENTER MUX

[ i

CRUIN cRU le— — —
A15/CRUOUT <} - CONTROL Lo MA, PC, WP, " MICRO
AND CONTROLLER
TEMPORARY -———
REGISTERS
AQ-A14 ] FLAG REG
"——ﬁ ~
)
INTERNAL ]
INTERRUPT [T 4
LATCH CRU
INPUTS |e— RESET
| LATCH ll I TEMP. REG. B A INTERRUPT |@— NMI
. CONTROL —
ALU — ha— iNT1
e "
DBIN | H
WE/CRI -— SHIFT REG.
WE/CRUCLK CONTROL  |o _ _ _ o I l )
IAQ/HOLDA @ LOGIC ; l
READY et r

AOLD ~———————1 STATUS REG. fe— xTAL1

CLOCK
GENERATOR

- CLKOUT

—— XTAL2 /CLKIN

FIGURE 3 — TMS9995 BLOCK DIAGRAM
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2.2.1

222

2221

2222

Arithmetic Logic Unit

The arithmetic logic unit (ALU) is the computational component of the TMS 9995. it performs all arithmetic and
logic functions required to execute instructions. The functions include addition, subtraction, AND, OR, exclusive
OR, and complement. A separate comparison circuit performs the logic and arithmetic comparisons to control bits
0 through 2 of the status register. The ALU is arranged in two 8-bit halves to accommodate byte operations. Each
half of the ALU operates on one byte of the operand. During word operand operations, both halves of the ALU
function in conjunction with each other. However, during byte operand processing, results from the least significant
half of the ALU are ignored. The most-significant half of the ALU performs all operations on byte operands so that
the status circuitry used in word operations is also used in byte operations.

internai Registers

The following three (3) internal registers are accessible to the user (programmer):
. Program Counter (PC)

o Status Register (ST)

° Workspace Pointer (WP)

Program Counter

The program counter (PC) is a 15-bit counter that contains the word address of the next instruction following the
instruction currently executing. The microprocessor references this address to fetch the next instruction from
memory and increments the address in the PC when the new instruction is executing. |f the current instruction in
the microprocessor alters the contents of PC, then a program branch occurs to the location specified by the altered
contents of PC. All context switching (see Section 2.2.2.3.2) operations plus simple branch and jump instructions
affect the contents of PC.

Status Register

The status register (ST) is a fully implemented 16-bit register that reports the results of program comparisons, indi-
cates program status conditions, and supplies the arithmetic overflow enable and interrupt mask level to the inter-
rupt priority circuits. Each bit position in the register signifies a particular function or condition that exists in the
microprocessor. Figure 5 illustrates the bit position assignments. Some instructions use the status register to check
for a prerequisite condition; others affect the values of the bits in the register; and others load the entire status
register with a new set of parameters. Interrupts also modify the status register. The description of the instruction
set later in this document details the effect of each instruction on the status register (see Section 3).

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

sTO
L>

st | st2 | st3 | sta | sts | ste | st7 | st8 | sto | sTio | s7tir | STI2 I 57'31 sT14 I sT15

. . . ov
A> EQ c ov op X ENT INTERRUPT MASK

* ST7,ST8,STY, and ST11 are not used in the TMS9995, but still physically exist in the register. These bits could therefore be used as flag bits,
but software transportability should be kept in mind when doing so as these bits are defined in other 9900 microprocessor family and 990
minicomputer family products,

T Do not allow the overflow Interrupt Enable bit (ST10 OV EN) to be set to 1 as the arithmetic overflow is not functional on current devices.
This will be corrected at a later date.

L>
A>
EQ

2223

Logical Greater Than (o] :  Carry Out X : XOP In Progress
Arithmetic Greater Than ov :  Overflow OV EN : Overflow Interrupt Enable
Equal/TB Indicator oP : Parity (Odd No. of Bits)

FIGURE 5 — STATUS REGISTER BIT ASSIGNMENTS

Workspace

The TMS 9995 uses blocks of memory words called workspaces for instruction operand manipulation. A work-
space occupies 16 contiguous words in any part of memory that is not reserved for other use. The individual
workspace registers may contain data or address, or function as operand registers, accumulators, address registers,
or index registers. Some workspace registers take on special significance during execution of certain instructions.
Table 1 lists each of these dedicated workspace registers and the instructions that use them. Figure 6 defines the
workspace registers that are allowed to be used as index registers.

b



TABLE 1 — DEDICATED WORKSPACE REGISTERS

REGISTER NO.

CONTENTS

USED DURING

0 Shift count (optional) Shift instructions (SLA, SRA,
SRC, and SLC)
Multiplicand and MSW Signed Multiply
of result
MSW of dividend and Signed Divide
quotient
1 LSW of result Signed Multiply
LSW of dividend and Signed Divide
remainder
1 Return Address Branch and Link Instruction (BL)
Effective Address Extended Operation (XOP)
12 CRU Base Address CRU instructions (SBO, SBZ, TB,
LDCR, and STCR)
13 Saved WP register Context switching (BLWP, RTWP,
XOP, interrupts)
14 Saved PC register Context switching (BLWP, RTWP,
XOP, interrupts)
15 Saved ST register Context switching (BLWP, RTWP,
XOP, interrupts)
WORKSPACE REGISTERS
0
—_—
1
2
3
4
5
6
7
DATA
OR 8
ADDRESSES
9
INDEX 10
CAPABILITY 11
12
13
14
15
R R e

NOTE: The WP register contains the address of workspace register zero.

FIGURE 6 — WORKSPACE REGISTERS USABLE AS INDEX REGISTERS




2.2.2.3.1

2.2.23.2

Workspace Pointer

To locate the workspace in memory, a hardware register called the workspace pointer (WP) is used. The workspace
pointer is a 16-bit register that contains the memory address of the first word in the workspace. The address is
left-justified with the 16th bit (LSB) hardwired to logic zero. The TMS 9995 accesses each register in the work-
space by adding twice the register number to the contents of the workspace pointer and initiating a memory re-
quest for that word. Figure 7 illustrates the relationship between the workspace pointer and its corresponding
workspace in memory

WORKSPACE POINTER WORKSPACE WORKSPACE
(WP) ADDRESS REGISTERS
e i
WP +021¢ ——— 1
WP + 044¢g —— 2
WP +061¢g —_—— 3
MICROPROCESSOR ADDS
WORKSPACE POINTER
———
(WP) TO TWICE THE WP+ 0816 4
REGISTER NUMBER TO
DERIVE ACTUAL WP + 0A1g 5
REGISTER ADDRESS
WP +0Cqg L — 6
WP + 0Eqg [ 7
WP + 1016 — 8
WP +124¢ _—— 9
WP + 1416 _—— 10
WP +164¢ —— 11
NOTE: All memory word addresses are even. WP +181¢ —— 12
WP +1A1g —_—— 13
WP +1Cq¢ e —— 14
\ WP +1Eqg ——— 15

FIGURE 7 — WORKSPACE POINTER AND REGISTERS

For instructions performing byte operations, use of the workspace register addressing mode (see Section 3.2) will
result in the most significant byte of the workspace register involved to be used as the operand for the operation.
Since the workspace is also addressable as a memory address, the least significant byte may be directly addressed
using any one of the general memory addressing modes.

Context Switching

The workspace concept is particularly valuable during operations that require a context switch, which is a change
from one program environment to another, as in the case of a subroutine or an interrupt service routine. Such an
operation using a conventional multi-register arrangement requires that at least part of the contents of the register

7
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23.1.1

2.3.1.1.1

file be stored and reloaded using a memory cycle to store or fetch each word. The TMS 9995 accomplishes this
operation by changing the workspace pointer. A context switch requires only three store cycles and two fetch
cycles, exchanging the program counter, status register and workspace pointer. After the switch, the workspace
pointer contains the starting address of a new 16-word workspace in memory for use in the new routine. A corre-
sponding time saving occurs when the original context is restored. Instructions in the TMS 9995 that result in a
context switch include: Call subroutine (BLWP), Return from Subroutine (RTWP) and the Extended Operation
(XOP) instruction. All interrupts also cause a context switch by forcing the TMS 9995 to trap to a service sub-
routine.

TMS 9995 INTERFACES

Each TMS 9995 system interface uses one or more of the signals from one or more of the signal groupings given in
the pin description list in Section 3. Each interface is described in detail in the following paragraphs.

TMS 9995 Memory Interface

The signals used in the TMS 9995 interface to system memory are shown in Figure 8.

A0-A14, A15/CRUOUT

MEMORY SYSTEM

" D0-D7 »| AnD/ORDMA
( ) CONTROLLER
| Y
MEMEN
»—
TMS9995 LI
WE/CRUCLK
Y
< READ IAQ/HOLDA AND
AQMOLDA HOLD ARE NOT
D »—{\ REQUIRED FOR
SIMPLE MEMORY
HOLD SYSTEMS BUT WILL
¢ l BE USED BY DMA
CONTROLLERS

FIGURE 8 — TMS9995 MEMORY INTERFACE

External Memory Address Space

The details of memory accesses that are external to the TMS 9995 (off-chip accesses) are given in the following
paragraphs. (See Figure 2 for the addresses that are in the external memory-address space.)

Memory Read Operations

To perform a memory read operation, the TMS 9995 first outputs the appropriate address on A0-A14 and A15/
CRUOUT, and asserts MEMEN. The TMS 9995 then places its data bus drivers in the high impedance state, asserts
ﬁm, and then reads in the data byte. Completion of the memory read cycle and/or generation of Wait states is
determined by the READY input as detailed in Section 2.3.1.3. Timing relationships of the memory read sequence
are shown in Figure 9. Note that MEMEN remains active (low) between consecutive memory operations.



AQ-A14, A15/CRUOUT X @ X

CLKOUT w

©©

|
wo T Q.

WE/CRUCLK } I X
l | ' -
| | |
A e ® '
IAQ/HOLDA l '
(- I\ /
v v
MEMORY READ MEMORY READ
NO WAIT STATE ONE WAIT STATE

NOTES:

®
@
®@
®

2.3.1.1.2

Valid address

In input mode (drivers @ High-Z)

Memory Read Data must be valid at CLKOUT edge indicated

IAQ/HOLDA will only be asserted during memory read cycles if an instruction opcode is being read (timing shown is for an instruc-

tion fetch from external memory —, i.e., two consecutive byte reads).

FIGURE 9 — TMS9995 MEMORY READ CYCLE

Although not explicitly shown in Figure 9, reading a word (two 8-bit bytes) from external memory requires two
memory read cycles that occur back-to-back (a Hold state request will not be granted between cycles). If an
instruction directs that a byte read from external memory is to be performed, only the byte specifically addressed
will be read (one memory read cycle). External words are accessed most-significant (even) byte first, followed by
the least-significant (odd) byte.

During memory read cycles in which an instruction opcode is being read, IAQ/HOLDA is asserted as shown in
Figure 9. Note that since an instruction opcode is a word in length, IAQ/HOLDA remains asserted between the two
byte read operations involved when an instruction opcode is read from the external memory address space.

Memory Write Operations

To perform a memory write operation, the TMS 9995 first outputs the appropriate address on A0-A14 and A15/
CRUOUT, and asserts MEMEN. The TMS 9995 then outputs the data byte being written to memory on pins DO
through D7, and then asserts WE/CRUCLK. Completion of the memory write cycle and/or generation of Wait
states is determined by the Ready input as detailed in Section 2.3.1.3. Timing relationships of the memory write
sequence are shown in Figure 10. Note that MEMEN remains active (low) between consecutive memory operations.



2.3.1.13

cLKOUT _——r_—'—l————l'—__—l—r_——‘l——'___—l‘
|
A0-A14, A15/CRUOUT X ©) 3( 0]
—d__ |
007 :—T::X O] A9 X-
MEMEN —I'IL

DBIN !

|
|
I
|
|
|
WE/CRUCLK \ , l \ , \\—
|
!
I
\

1AQ/HOLDA !
|
\
\'A v
MEMORY WRITE MEMORY WRITE
NOTES: NO WAIT STATE ONE WAIT STATE

@ Valid address
@ Valid memory write data
@ 1AQ/HOLDA will never be asserted during a memory write cycle

FIGURE 10 — TMS9995 MEMORY WRITE CYCLE

Writing a word (two 8-bit bytes) to external memory requires two memory write cycles that occur back-to-back.
(A Hold state request will not be granted between cycles.) If an instruction directs that a byte write to external
memory is to be performed, only the byte specifically addressed will be written (one memory write cycle). External
words are accessed most-significant (even) byte first followed by the least-significant (odd) byte.

Direct Memory Access

The TMS 9995 Hold state allows both external devices and the TMS 9995 to share a common external memory.
To gain direct memory access (DMA) to the common memory, the external device first requests the TMS 9995 to
enter a Hold state by asserting (taking low) the HOLD input. The TMS 9995 will then enter a Hold state following
completion of the cycle (either memory, CRU, external Instruction, or internal ALU cycles) that it is currently
performing. Note, however, that a Hold state is not entered between the first and second byte accesses of a full
word in the external memory address space, and a Hold state is not entered between the first and second clock
cycles of a CRU cycle.

Upon entry of a Hold state, the TMS 9995 puts its address, data, m, and WE/CRUCLK drivers in the high
impedance mode, and asserts IAQ/HOLDA. The external device can then utilize these signal lines to communicate
with the common memory. After the external device has completed its memory transactions, it releases HOLD,
and the TMS 9995 continues instruction execution at the point where it had been suspended. Timing relationships
for this sequence are shown in Figure 11.
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@ HOLD must be valid at last low-to-high CLKOUT transition of a cycle for next low-to-high CLKOUT transition to begin a hold
state

@ In high-impedance mode (output drivers)
(@) Next cycle will begin after first low-to-high CLKOUT transition at which HOLD is high

FIGURE 11 — TMS9995 HOLD STATE

To allow DMA loading of external memory on power-up, the TMS 9995 does not begin instruction execution
after a Reset state until HOLD has been removed if HOLD was active (low) at the time RESET was taken from
low to high RESET released).

External devices cannot access the internai {on-chip) memory address space of the TMS 9995 when it is in the
Hold state.

Since |AQ (Instruction Opcode Acquisition) and HOLDA (Hold Acknowledge) are multiplexed on a single signal,
IAQ/HOLDA, this signal must be gated with MEMEN using external logic to separate IAQ and HOLDA. When
MEMEN = 0, IAQ/HOLDA can indicate IAQ, and when MEMEN = 1, IAQ/HOLDA can indicate HOLDA.

Internal Memory Address Space

Access of the internal {on-chip) memory address space is transparent to the TMS 9995 instruction set. That is,
operands can be read from and written into locations in the internal memory space simply by using the appro-
priate addresses via any of the addressing modes in the TMS 9995 instruction set, and instructions can even be
executed from the internal memory space by loading the appropriate address into the program counter of the
TMS 9995.

1



2.3.1.2.1

2.3.1.2.2

The TMS 9995 indicates to the external world when these internal memory address space accesses are occurring
by asserting the same signals used for accessing external memory (see Figure 8) in a manner very similar to an ex-
ternal memory address space access. There are a few differences in these cycles, however, and these differences
are detailed in the following paragraphs.

When performing an internal memory address space access, the TMS 9995 outputs the same signals that it would
for an external memory space access, with the same timing (see Figures 9 and 10) except for the following:

(1) A single cycle (read or write) is output as both internal bytes are accessed simultaneously. (Externally, it
appears as though a single byte memory access cycle to an internal address is occurring.)

(2) The cycle always has no Wait states, and the READY input is ignored by the TMS 9995 (see Section 2.3.2.3).

(3) During read cycles, the data bus (D0-D7) output drivers are put in the high-impedance mode. During write
cycles, the data bus outputs non-specific data.

During read cycles to the internal memory address space, the TMS 9995 does not make the read data available to
the external world. If an instruction is executed from the internal memory address space, IAQ/HOLDA is still
asserted, but only during the one read cycle shown externally while the full word is read internally.

When in a Hold state, external devices are not able to access the internal memory address space.

Internal RAM

The 256 bytes of internal random-access read/write memory (RAM), the memory addresses of which are shown
in Figure 2, are organized internally as 128 16-bit words. Since the TMS 9995 has 16-bit internal data paths, two
8-bit bytes are accessed each time a memory access is made to the internal RAM.

Byte accesses are transparent to the internal RAM. That is, when an instruction addresses a byte in the internal
RAM, the TMS 9995 will: (1) read the entire word but only use the byte specifically addressed for a read opera-
tion and, (2) only write to the specifically addressed byte and not alter the contents of the other byte in the word
during a write operation.

Decrementer (Timer/Event Counter)

Accessible via one of the word addresses (see Figure 2) of the internal memory-mapped 1/O address space is the de-
crementer. The on-chip decrementer logic can function as a programmable real-time clock, an event timer, or as an
external event counter. A block diagram of the decrementer that is representative of its functional operation (but
not necessarily representative of its specific logic implementation) is shown in Figure 12.

16 BIT INTERNAL PULSE GENERATED WHEN

DATA PATH LEVEL 3 INTERRUPT
CONTEXT SWITCH IS TAKEN
INTERNAL CLOCK
(MACHINE STATE U PULSE GENERATED
FREQUENCY) DURING RESET
STARTING COUNT INTERRUPT SEQUENCE
STORAGE
REGISTER (16 BITS)
—e—{>o— FLAG! cLean
£
Laco DECREMENT
BY ONE LEVEL 3 INTERRUPT
o DECREMENTING REQUEST LATCH
fSYNCHRONIZER REGISTER INPUT
(16 8ITS)
COUNT = 0 OUTFUT

NT4/EC ———0

LEVEL3
INTERRUPT
TO INPUT OF LEVEL4 ERRU

._@—.INTEF\NAL INTERRUPT 16 BIT INTERNAL REQUEST
DATA PATH

REQUEST LATCH

CRU INPUT DATA FOR CRU
ADDRESS OF FLAG3 IN
FLAG REGISTER

NOTE: FLAGO and FLAG1 are bits in the Flag Register

FIGURE 12 — DECREMENTER FUNCTIONAL BLOCK DIAGRAM
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The decrementer is configured as either a timer or an event counter using bit FLAGO of the internal Flag register.
The decrementer is enabled/disabled using bit FLAG1 of the internal Flag register. (See Section 2.3.3.2.1 for de-
tails of the Flag register and accessing the bits in it.) When FLAGO is set to zero, the decrementer will function as
a timer. When FLAGO is set to one, the decrementer will function as an event counter. When FLAG1 is set to
zero, the decrementer is disabled and will not be allowed to decrement and request level 3 interrupt traps. When
FLAGH1 is set to one, the decrementer is enabled and will decrement and request level 3 interrupt traps. It should
be noted that when the decrementer is configured as a timer, INT4/EC will be usable as an external interrupt
level 4 trap request. When the decrementer is configured as an event counter, INT4/EC is the input for the “‘event
counter” pulses, and an interrupt level 4 trap request input is no longer available externally or internally.

The general operation of the decrementer is as follows. FLAGO of the Flag register is first set to select the desired
mode of operation. The desired start count is then loaded into the Starting Count Storage Register by performing
a memory write of the count word to the dedicated internal memory mapped 1/0 address of the decrementer.
(This also loads the Decrementing Register with the same count.) The decrementer is then enabled and allowed to
start decrementing by setting FLAG1 of the Flag Register to one. (Both FLAGO and FLAG1 are set to zero when
the TMS 9995 is reset. (See Section 2.3.2.1.1.) When the count in the Decrementing Register reaches zero, the
level 3 internal interrupt request latch is set (see Section 2.3.2.2.3), the Decrementing Register is reloaded from the
Starting Count Storage Register, and decrementing continues. Note that writing a start count of 00001g to the
decrementer will disable it.

When configured as a timer, the decrementer functions as a programmable real-time clock by decreasing the count
in the Decrementing Register by one for each fourth CLKOUT cycle. Loading the decrementer with the appro-
priate start count causes an interrupt to be requested every time the count in the Decrementing Register reaches
zero. The decrementer can also be used as an event timer when configured as a timer by reading the decrementer
(which is accomplished by performing a memory read from the dedicated internal memory mapped 1/O address
of the decrementer) at the start and stop points of the event of interest and comparing the two values. The dif-
ference will be a measurement of the elapsed time.

When configured as an event counter, operation is as previously discussed except that each high-to-low transition
on INT4/EC will cause the Decrementing Register to decrement. These INT4/EC high-to-low transitions can be
asynchronous with respect to CLKOUT. Note that INT4/EC can function as a negative edge-triggered interrupt by
loading a start count of one,

The decrementer should always be accessed as a full word (two 8-bit bytes). Reading a byte from the decrementer
does not present a problem since only the byte specifically addressed will be read. Writing a single byte to either of
the bytes of the decrementer will result in the data byte being written into the byte specifically addressed and
random bits being written into the other byte of the decrementer.

Wait State Generation

Wait states can be generated for external memory cycles, external CRU cycles and external instruction cycles for
the TMS 9995 using the READY input. A Wait state is defined as extension of the present cycle by one CLKOUT
cycle. The timing relationships of the READY input to the memory interface and the CRU interface signals are
shown in Figure 13. Note that Wait states cannot be generated for memory cycles that access the internal memory
address space or for CRU cycles that access the internal CRU address space, as the READY input will be ignored
during these cycles.

The Automatic First Wait State Generation feature of the TMS 9995 allows a Wait state to be inserted in each ex-
ternal memory cycle, regardless of the READY input, as shown in Figure 13. The Automatic First Wait State
Generation feature can be invoked when RESET is asserted. If READY is active (high) when RESET goes through
a low-to-high transition, the first Wait state in each external memory cycle will be automatically generated. If
READY is inactive (low) when RESET goes through a low-to-high transition, no Wait state will be inserted auto-
matically in each external memory cycle. There is a one and one-half CLKOUT cycle time minimum setup time
requirementon READY before the RESET low-to-high transition. The recommended external circuitry for invoking
or inhibiting the Automatic First Wait State Generation feature is shown in Figure 14. Note that this feature does
not apply to internal memory address space accesses, external instruction cycles, or any CRU cycles. Wait states
cannot be generated during internal ALU/other operation cycles. The READY input is ignored during these cycles.
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2.3.2 TMS 9995 Interrupts

The TMS 9995 implements seven prioritized, vectored interrupts, some of which are dedicated to predefined func-
tions and the remaining are user-definable. Table 2 defines the source (internal or external), assignment, priority
level, trap vector location in memory, and enabling/resulting status register interrupt mask values for each interrupt.

TABLE 2 — INTERRUPT LEVEL DATA

VECTOR MASK VALUES MASK VALUE
PRIORITY LOCATION TO ENABLE
AFTER TAKING SOURCE AND
LEVELS (Memory ACCEPTING
i THE INTERRUPT ASSIGNMENT
(In Order of Priority) Address, THE INTERRUPT
(ST12 THRU ST15)
In Hex) (ST12 THRU ST15)
0 _ 01g thru Fqg . External: Reset
0000 0000 e
(Highest Priority) (see Note 1) (RESET Signal)
0008 01g thru Fqg 0001
MID Internal: MID
(see Note 2) (see Note 1) (see Note 2)

External: User-
016 thru F1g

NMi FFFC 0000 defined (NMI
(see Note 1) i

Signal)
Externai: User-

1 0004 116 thru F1g 0000 defined (INT1
Signal)

2 0008 24 thru Fqg 0001 Internal:

(see Note 5) (see Note 2) (see Note 3) (see Note 2) Arithmetic Overflow

Internal:

3 0ooC 316 thru Fqg 0002
Decrementer

External: User-
4 0010 416 thru F1g 0003 defined (INT4/EC
Signal; see Note 4).

NOTES: 1. Level 0, MID, and NM| cannot be disabled with the Interrupt Mask.

2. MID and Level 2 use the same trap vector and change the Interrupt Mask to the same value.

3. Generation of a Level 2 request by an Arithmetic Overflow condition (ST4 set to 1) is also enabled/disabled by bit ST10 of the
Status Register.

4. TNT4/EC is not an input for Level 4 interrupt trap requests (Level 4 is not usable) when the Decrementer is configured as an
Event Counter.

5. Priority Level 2 Internal Arithmetic Overflow should not be used as the arithmetic overflow is not functional on current devices,
This will be corrected at a later date.

The TMS 9995 will grant interrupt requests only between instructions (except for Level O Reset), which will be
granted whenever it is requested, i.e., in the middle of an instruction). The TMS 9995 performs additional func-
tions for certain interrupts, and these functions will be detailed in subsequent sections. The basic sequence that
the TMS 9995 performs to service all interrupt requests is as follows:

(1) Prioritize all pending requests and grant the request for the highest priority interrupt that is not masked by
the current value of the interrupt mask in the status register or the instruction that has just been executed.
(See Section 4.5 for these instructions.)

(2) Make a context switch using the trap vector specified for the interrupt being granted.

(3) Reset ST7 through ST11 in the status register to zero, and change the interrupt mask (ST12 through ST15)
as appropriate for the level of the interrupt being granted.

(4) Resume execution with the instruction located at the new address contained in the PC, and using the new WP,
All interrupts will be disabled until after this first instruction is executed, unless: (a) RESET is requested, in
which case it will be granted, or (b) the interrupt being granted is the MID request and the NMI interrupt is
requested simultaneously (in which case the NMI request will be granted before the first instruction indicated
by the MID trap vector is executed.)

15



23.2.1

2.3.2.11

This sequence has several important characteristics. First of all, for those interrupts that are maskable with the
interrupt mask in the status register, the mask will get changed to a value that will permit only interrupts of higher
priority to interrupt their service routines. Secondly, status bit ST10 (overflow interrupt enable) is reset to zero by
the servicing of any interrupt so that overflow interrupt requests cannot be generated by an unrelated program
segment. Thirdly, the disabling of other interrupts until after the first instruction of the service routine is executed
permits the routine to disable other interrupts by changing the interrupt mask with the first instruction. (The ex-
ception with MID and NMI is explained in Section 2.3.2.2.1.) Lastly, the vectoring and prioritizing scheme of the
TMS 9995 permits interrupts to be automatically nested in most cases. If a higher priority interrupt occurs while
in an interrupt service routine, a second context switch occurs to service the higher priority interrupt. When that
routine is complete, a return instruction (RTWP) restores the saved context to complete processing of the lower
priority interrupt. Interrupt routines should, therefore, terminate with the return instruction to restore original
program parameters.

Additional details of the TMS 9995 interrupts are supplied in the following paragraphs.

External Interrupt Requests

Each of these interrupts is requested when the designated signal is supplied to the TMS 9995.

Interrupt Level 0 (RESET)

Interrupt Level O is dedicated to the RESET input of the TMS 9995. When active (low), RESET causes the
TMS 9995 to stop instruction execution and to inhibit (take to logic level high) MEMEN EN, DBIN, and WE/CRUCLK.
The TMS 9995 will remain in this Reset state as long as RESET is active.

When RESET is released (low-to-high transition), the TMS 9995 performs a context switch with the Level O inter-
rupt trap vector (WP and PC of trap vector are in memory word addresses 000016 and 00021g, respectively.)
Note that the old WP, PC and ST are stored in registers 13, 14, and 15 of the new workspace. The TMS 9995 then
resets all status register bits, the internal interrupt request latches (see Sections 2.3.2.1.3 and 2.3.2.2.3 for details
of these latches), Flag Register bits FLAGO and FLAG1 (see Section 2.3.3.2.1 for details of the Flag Register),
and the MID Flag (see Section 2.3.3.2.2). After this, the TMS 9995 starts execution with the new PC.

If HOLDA is active (high) due to HOLD being active (low) when RESET becomes active, RESET will cause
HOLDA to be released (taken low) at the same time as MEMEN DBIN and WE/CRUCLK are taken inactive
(high). HOLD can remain active as long as RESET is active and HOLDA will not be asserted. If HOLD is active
when RESET is released (low-to-high transition), HOLDA will be asserted before the RESET context switch occurs
and the TMS 9995 will remain in this hold state until HOLD is released. This RESET and HOLD priority scheme
facilitates DMA loading of external RAM upon power-up.

Timing relationships of the RESET signal are shown in Figure 15.

Release of the RESET signal is also the time at which the Automatic First Wait State function of the TMS 9995
can be invoked (see Section 2.3.1.3).
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FIGURE 15 — TMS9995 RESET SIGNAL TIMING RELATIONSHIPS

2.3.2.1.2 Non-Maskable Interrupt (NMI)

The NMI signal is the request input for the NMI level interrupt and allows ROM loaders, single-step/breakpoint/
maintenance panel functions, or other user-defined functions to be implemented for the TMS 9995. This signal
and its associated interrupt level are named “LOAD"’ in previous 9900 family products.

NMI being active (low) according to the timing illustrated in Figure 16 constitutes a request for the NMI level
the priority level, trap vector location, and enabling/resulting status register interrupt mask values as defined in
Table 2. Note that the TMS 9995 will always grant a request for the NMI level interrupt immediately after execu-
tion of the currently executing instruction is completed since NM| is exempt from the interrupt-disabling-after-
execution characteristic of certain instructions and also the current value of the interrupt mask.

It should also be noted that the TMS 9995 implements four bytes of its internal RAM at the memory address of
the NMI vector. This allows usage of the NMI level in minimum-chip TMS 9995 systems. It also requires, however,
that this vector must be initialized, upon power-up, before the NM|I level interrupt can be requested.
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FIGURE 16 — TMS9995 NMI SIGNAL TIMING RELATIONSHIPS

2.3.2.1.3 Interrupt Levels 1 and 4 (INT1 and INT4/EC)

The INT1 and INT4/EE signals are the request inputs for the Level 1 and Level 4 interrupts, respectively. (Note
that if the decrementer is configured as an event counter, INT4/EC is no longer a Level 4 interrupt request input,
however. See Section 2.3.1.2.2). Levels 1 and 4 are maskable, user-definable interrupts.

The INT1 and INT4/EC interrupt inputs can accept either asynchronous pluses or asynchronous levels as input
signals. An internal interrupt request latch stores the occurrence of a pulse. A block diagram of the TMS 9995
internal Iogtc for these request latches that is representative of their functional operation (but not necessarlly

cim ntati r\n) i

ogic implementation gure 17. Note that w

i
gure Gte that wi

only a single |nterrupt source is allowed if the input sngnal is a pulse, but multiple mterrupt sources can be
wired-ORed together provided that each source supplies a level as the input signal. (The levels are then removed
one at a time by a hardware/software mechanism activated by the interrupt subroutine as each interrupting source
is serviced by the subroutine.)

o

PULSE GENERATED PULSE GENERATED WHEN
DURING RESET CONTEXT SWITCH FOR
INTERRUPT SEQUENCE ASSOCIATED INTERRUPT
1S TAKEN
LEVEL 1 or
LEVEL 4 INTERRUPT
REQUEST
CLEAR
SYNCHRONIZER
iNT1, ouT RISING-EDGE
NT4/EC INPU TRIGGERED ouTPuT INPUT OuTPUT
@ LATCH
CRU INPUT DATA
FOR CRU ADDRESS
OF FLAG2 or
FLAGA4 IN FLAG
NOTES: REGISTER

A separate latch and synchronizer is implemented for Level 1 (INT1) and Level 4 (INT4/EC). For Level 1, the input shown here is
directly from the INT1 pin. For Level 4 the input shown here is from the gating shown in Figure 12.

FIGURE 17 — FUNCTIONAL BLOCK DIAGRAM OF INTERNAL
INTERRUPT REQUEST LATCH
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2.3.2.2.2

The TMS 9995 services each of these requests exactly according to the basic sequence previously described with
the priority levels, trap vector locations, and enabling/resulting status register interrupt mask values as defined
in Table 2 Each internal interrupt request latch will get reset when the context switch for its associated interrupt
level occurs.

Internally Generated Interrupts
Each of these interrupts is requested when the designated condition has occurred in the TMS 9995,

Macro Instruction Detection (MID) Interrupt

The acquisition and attempted execution of an MID interrupt opcode will cause the MID level interrupt to be re-
quested before execution of the next instruction begins (MID interrupt opcodes are defined in Section 4.5.15). In
addition to requesting the MID level interrupt, the MID flag is set to one 1" (see Section 2.3.3.2.2). The
TMS 9995 services this request exactly according to the basic sequence previously described, with the priority
level, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2. Note
that the TMS 9995 will always grant a request for the MID level interrupt since MID is not affected by the interrupt
mask and is higher in priority than any other interrupt except for Level 0, Reset. If the NMI interrupt is requested
during an MID interrupt context switch, the MID interrupt context switch will be immediately followed by the
NMI interrupt service sequence before the first instruction indicated by the MID interrupt is executed. This is done
so that the NMI interrupt can be used for a single-step function with MID opcodes. Servicing the MID interrupt re-
quest is viewed as “‘execution’’ of an MID interrupt opcode. NMI allows the TMS 9995 to be halted immediately
after encountering an MID opcode.

It should also be noted that the MID interrupt shares its trap vector with Level 2, the Arithmetic Overflow inter-
rupt. (See Section 2.3.2.2.2.) The interrupt subroutine beginning with the PC of this vector should examine the
MID Flag to determine the cause of the interrupt. If the MID Flag is set to ““1**, an MID interrupt has occurred, and
if the MID Flag is set to 0", an Arithmetic Overflow interrupt has occurred. The portion of this interrupt sub-
routine that handles MID interrupts should always, before returning from the subroutine, reset the MID Flag
to ""0".

The MID interrupt has basically two applications. The MID opcodes can be considered to be illegal opcodes. The
MID interrupt is then used to detect errors of this nature. The second, and primary application of the MID inter-
rupt, is to allow the definition of additional instructions for the TMS 9995. MID opcodes are used as the opcodes
for these macro instructions. Software in the MID interrupt service routine emulates the execution of these instruc-
tions. The benefit of this implementation of macros is that the macro instructions can be implemented in micro-
code in future processors and software will then be directly transportable to these future processors.

Note that the TMS 9995 interrupt request processing sequence does create some difficulties for re-entrant usage of

ne ln aanaval 4+ aunid naccihla areare MIND ik
NS, 1 generar, W& avoiG possioie Fois, wniuw i

ons. e ructions should
not be used in the NMI and Level 1 interrupt subroutines, and should only be used in the Reset subroutine if
Reset is a complete initialization of the system.

Arithmetic Overflow Interrupt

As the arithmetic overflow as described in this sub-section is not functional on current devices, the arithmetic over-
flow interrupt ST 10 should not be enabled. This will be corrected at a later date.

The occurrence of an arithmetic overflow condition, defined as status register bit 4 (ST4) getting set to one (see
Table 7. for those conditions that set ST4 to one), can cause the Level 2 interrupt to be requested. Note that this
request will be granted immediately after the instruction that caused the overflow condition. The TMS 9995 ser-
vices this request exactly according to the basic sequence previously described with the priority level, trap vector
location, and enabling/resulting status register interrupt mask values as defined in Table 2.

In addition to being maskable with the interrupt mask, the Level 2 overflow interrupt request is enabled/disabled
by status register bit 10 (ST10), the Arithmetic Overflow Enable Bit (i.e., ST10 = 1 enables overflow interrupt re-
quest; ST10 = O disables overflow interrupt request). If servicing the overflow interrupt request is temporarily
overridden by servicing of a higher priority interrupt, the occurrence of the overflow condition will be retained in
the contents of the status register, i.e., ST4 = 1, which is saved by the higher priority context switch. Returning
from the higher priority interrupt subroutine via an RTWP instruction causes the overflow condition to be re-
loaded into status register bit ST4 and the overflow interrupt to be requested again (upon completion of RTWP
instruction). The arithmetic overflow interrupt subroutine must reset ST4 or ST10 to zero in the status word
saved in register 15 before the routine is complete to prevent generating another overflow interrupt immediately
after the return.
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It should also be noted that the Level 2 arithmetic overflow interrupt shares its trap vector with the MID inter-
rupt. Section 2.3.2.2.1 describes how the interrupt subroutine beginning with the PC of this vector can determine
the cause of the interrupt.

Decrementer Interrupt

The occurrence of an interrupt request by the decrementer (see Section 2.3.1.2.2) will cause the Level 3 internal
interrupt request latch to get set. This latch is similar to those for Levels 1 and 4 in that it is reset by servicing a
Reset interrupt or when the context switch for its associated interrupt level occurs (Figure 17).

The Level 3 internal interrupt request latch being set constitutes a request for a Level 3 interrupt, and the
TMS 9995 services this request exactly according to the basic sequence previously described with the priority
level, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2.

Communication Register Unit Interface

The TMS 9995 accomplishes bit 1/0O of varying field width through the use of the Communications Register Unit
(CRU). In applications demanding a bit-oriented 1/O interface, the CRU performs its most valuable act: transferring
a specified number of bits to or from memory and a designated device. Thus, the CRU is simply a linking
mechanism between memory and peripherals.

Acting as a shift register, the CRU is a separate hardware structure of the TMS 9995 microprocessor. This structure
can serially transfer up to 16 bits of data between the CPU and a specified device in a single operation. The
32768-bit CRU address space may be divided into any combination of devices, each containing any number of
input or output bits. When given the bit address of a device, the CRU can test or modify any bit in that unit.
Several consecutive addresses can be occupied by a device. These CRU applications are controlled by single and
multiple-bit 9995 instructions.

Single-bit instructions facilitate the testing or modification of a particular bit in a device. The device in which a
bit is to be tested (TB), set to zero (SBZ), or set to one (SBO) is designated by the sum of the value in Register 12
and an 8-bit signed displacement value included as an operand of that instruction. Details of these instructions are
given in Section 4.5.7.

Multiple-bit instructions control the serial transfer of up to 16 bits between memory and peripherals. The device
with which communication is to take place is addressed by Register 12. The memory address to or from which
data is to be transferred, as well as the number of bits to be transferred are included as operands of the multiple-
bit instruction. Details of these instructions are given in Section 4.5.6.

The signals used in the TMS 9995 interface to the CRU are shown in Figure 18. The CRU address map is shown
in Figure 19,

AO-A14

00.02"

MEMEN

oBIN cRU
DEVICES

TMS9995
WE/CRUCLK

CRUIN

A15/CRUOUT

y

READY

NOTE
DO-D2 are used to distinguish between CRU and external instruction cycles. If external instructions are not used in a system, DO-D2
are not necassary in the CRU interface.

FIGURE 18 — TMS9995 CRU INTERFACE
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weo [y —————————~—
GENERAL USE EXTERNAL (OFF-
> § > CRU ADDRESS CHIP) CRU
SPACE ADDRESS SPACE
1EDE
—_—————————
1EEO FLAGO
1EE2 FLAG1
1EE4 FLAG2
1EE6 FLAG3
1EE8 FLAG4
1EEA FLAGS
1EEC FLAGSE
1EEE FLAG?7 FLAG INTERNAL (ON-
P REGISTER > CHIP) CRU
1EFO FLAGS8 ADDRESS SPACE
1EF2 FLAG9
1EFa FLAGA
1EF6 FLAGB
1EF8 FLAGC
1EFA FLAGD
1EFC FLAGE
FLAGF
1EFE — e L e e e ——— e )
1F00 L ! GENERAL USE EXTERNAL (OFF-
< P. CRU ADDRESS CHIP) CRU
SPACE ADDRESS SPACE
1FD8
———————————— — INTERNAL (ON-
1FDA MID FLAG } CHIP) CRU
—————————————— ADDRESS SPACE
1FDC
GENERAL USE EXTERNAL (OFF-

> ” > CRU ADDRESS CHIP) CRU
SPACE ADDRESS SPACE
FFFE

NOTE: These hex addresses are the software base addresses and are obtained by placing the 15-bit Address Bus CRU bit address
in a 16-bit field, left-justifying the 15 bits in the field, and setting the LSB of the field to zero.

FIGURE 19 — CRU ADDRESS MAP

The concept of “CRU space” is the key to CRU operations. An ideological area exists in which peripheral devices
reside in the form of an address. The CRU space is this ideological area; it has monotonically increasing bit
addresses. Each bit represents a bistable 1/0O point which can be read from or written to. CRU address space and
memory address space are independent of each other. Memory space is byte-addressable, and CRU space is bit-
addressable. Therefore, a desired device is accessed by placing its software base address in Register 12 and exercis-
ing the CRU commands.

CRU nomenclature is built around the four address types involved in its operation. The software base address,
hardware base address, address displacement, and CRU bit address interact to link memory to peripherals in
bit-serial communication via the CRU.

The software base address consists of the entire 16 bits of R12. In R12, the programmer loads twice the value of
the CRU hardware address of the device with which he wishes to communicate. Because only bits 0 through 14
of Register 12 are placed on the address bus, the programmer needs to shift the hardware base address left one
position (equivalent to multiplying by two).

Bits O through 14 of Register 12 form the hardware base address. For the single-bit instructions, the hardware

base address is added to the address displacement to obtain the CRU bit address. For multiple-bit instructions the
hardware base address is the CRU bit address.
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23.3.1

External CRU Devices

To input a data bit from an external (off-chip) CRU device, the TMS 9995 first outputs the appropriate address on
AO0-A14. The TMS 9995 leaves MEMEN high, outputs logic zeroes on DO-D2, strobes DBIN, and reads in the data
bit on CRUIN. Completion of each CRU input cycle and/or generation of Wait states is determined by the READY
input as detailed in Section 2.3.1.3. Timing relationships of the CRU input cycle are shown in Figure 20.
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SINGLE BIT, DATA BIT n DATA BIT n+1 SINGLE BIT,
NO WAITS \ / ONE WAIT STATE
V
NOTES: CRU INPUT,

SUCCESSIVE BITS,

(@ Valid Address NO WAITS

@ DO-D7 each output logic zero
@ Non-specific output bit

@ CRU input bit must be vaiid on CRUIN at CLKOUT edge indicated

FIGURE 20 — TMS9995 CRU INPUT CYCLE

To output a data bit to an external (off-chip) CRU device, the TMS 9995 first outputs the appropriate address on
AO0-A14, The TMS 9995 leaves MEMEN high, outputs logic zeroes on D0-D2, outputs the data bit on A15/
CRUOUT, and strobes WE/CRUCLK. Completion of each CRU output cycle and/or generation of Wait states is
determined by the READY input as detailed in Section 2.3.1.3. Timing relationships of the CRU output cycle are
shown in Figure 21.

For multiple-bit transfers, these input and output cycles are repeated until transfer of the entire field of data bits
specified by the CRU instruction being executed has been accomplished.

22



CLKOUT

|
|

AO0-A14

5

]
>ﬁ-_

A4S
"o
N

DO-D7 ===

Pt

><
®

[

-

'
1
1
1
)
v - )
|
} H i '
MEMEN 1 | A
) 1 ' ' 1
| ) ' ! ' |
1 ] 11 I ! |
BN i : i 1 i ]
1 H \ ' 1 l
1 ] 1 1 1 ]
| ' ] 1 | I
P —
WE/CRUCLK \ ’ ' \ \ ,, \—/T\— ! f
[ [} | | | ]
| ] ] | 1 1
U | ! J ' 1
A15/CRUOUT :x® X X® X x@) x
] 1] H ' .
f - i ! ! : |
' ©) ! @ ®
\ / \ /\ / \ /
g V- \4
CRU OUTPUT, BIT ADDR.n BIT ADDR. n+1 CRU OUTPUT
SINGLE BIT, DATABITn DATA BIT n+1 SINGLE BIT,
NO WAITS \ , ONE WAIT STATE
NOTES: Vv
@ Vvalid Address CRU OUTPUT,
SUCCESSIVE BITS,
@ DO-D7 each output logic zero NO WAITS

@ Valid CRU output bit for address being output
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2.3.3.1.1 Single-Bit CRU Operations

The TMS 9995 performs three single-bit CRU functions: Test Bit (TB), Set Bit to One (SBO), and Set Bit to Zero
(SBZ). The SBO instruction performs a CRU output cycle with logic one for the data bit, and the SBZ instruction
performs a CRU output cycle with logic zero for the data bit. A TB instruction transfers the addressed CRU bit

FIGURE 21 — TMS9995 CRU OUTPUT CYCLE

from the CRUIN input line to bit 2 of the status register (bit ST2, the EQUAL bit).

The TMS 9995 develops a CRU bit address for the single-bit operations from the CRU base address contained in
workspace register 12 and the signed displacement count contained in bits 8 through 15 of the instruction. The dis-
placement allows two’s complement addressing from base minus 128 bits through base plus 127 bits. The base
address from WR12 is added to the signed displacement specified in the instruction and the result is placed onto

the address bus. Figure 22 illustrates the development of a single-bit CRU address.
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x WR12*
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: SIGNED
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BIT 8 SIGN :
EXTENDED
|
0 1 2 3 a 5 6 7 8 9 10 11 12 13 14'
ADDRESS BUS
\ J/
*Bit 15 of WR12 not used v

EFFECTIVE CRU BIT ADDRESS

FIGURE 22 — SINGLE BIT CRU ADDRESS DEVELOPMENT

2.3.3.1.2 Multiple Bit CRU Operations

The TMS 9995 performs two multiple-bit CRU operations: store communications register (STCR) and load com-
munications register (LDCR). Both operations perform a data transfer from the CRU-to-memory or from memory-
to-CRU as illustrated in Figure 23, Although the figure illustrates a full 16-bit transfer operation, any number of

bits from 1 through 16 may be involved.

CRU INPUT BITS

CRU OUTPUT BITS

N
s v
N+1 I |
I N+1
| INPUT (STCR)
I |
| |
| i |
| 0 1 MEMORY WORD 14 | 15 |
| | ||
| |
| OUTPUT (LDCR) |
N+14 | | N+14
N+15 | |
N+15

N = BIT SPECIFIED BY CRU BASE REGISTER (WR12)

FIGURE 23 — LDCR/STCR DATA TRANSFERS
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The LDCR instruction fetches a word from memory and right shifts it to serially transfer it to CRU output bits. If
the LDCR involves eight or fewer bits, those bits come from the right-justified field within the addressed byte of
the memory word. If the LDCR involves nine or more bits, those bits come from the right-justified field within
the whole memory word. Register 12, bits 0 through 14, defines the starting bit address. When transferred to the
CRU interface, each successive bit receives an address that is sequentially greater than the address for the previous
bit. This addressing mechanism results in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7)
becomes the lowest addressed bit in the CRU and bit 0 becomes the highest bit in the CRU field.

A STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the
transferred data will be stored right-justified in the memory byte with leading bits set to zero. If the operation in-
volves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set
to zero. When the input from the CRU device is complete, the lowest addressed bit from the CRU is in the least-
significant bit position in the memory word or byte.

internai CRU Devices

Access of internal (on-chip) CRU devices is transparent to the TMS 9995 CRU instructions. Data can be input from

and output to the bits of the internal CRU devices simply by using the appropriate CRU addresses to access these
bits.

The TMS 9995 will indicate to the external world when these internal CRU bit accesses are occurring by asserting
the same signals used for accessing external CRU devices (see Figure 18). The timing of these signals for internal
CRU input and output cycles will be identical to the timing for external CRU input and output cycles (see
Figure 20 and 21) except that during internal CRU cycles, the READY input is ignored, i.e., Wait states cannot be
generated, and, during internal CRU input cycles, the TMS 9995 will ignore the CRUIN input signal. The internal
bit being input will not be available to the external world on CRUIN.

The functional characteristics of the internal CRU devices are described in the following paragraphs.

Flag Register

Accessible via CRU input and output instructions that are executed to dedicated internal CRU bit addresses (see
Figure 19) is the internal Flag Register. The 16-bit Flag Register contains both predefined TMS 9995 systems
flags and user-definable flags as detailed in Table 3. The predefined system flags are the configuration bit for the
Decrementer, the Decrementer enable bit, and the internal interrupt request latch CRU inputs. Note that CRU out-
put operations to the internal interrupt request latch Flag addresses will not cause these latches to be either set or
reset. These Flag bits are input only and allow the presence of these interrupt requests to be detected when the
occurrence of the interrupts themselves is inhibited by the value of the interrupt mask in the status register.

MID Flag

Accessible via CRU input and output instructions that are executed to a dedicated internal CRU bit address (see
Figure 19) is the MID Flag. The MID Flag is set to one by a MID interrupt, and reset to zero by the software of
the MID interrupt routine (see Section 2.3.2.2.1). Note that setting the MID Flag to one with a CRU instruction
will not cause the MID interrupt to be requested.

External Instructions

The TMS 9995 has five external instructions (see Table 4) that allow user-defined external functions to be initiated
under program control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except
for IDLE, relate to functions implemented in the 990 minicomputer and do not restrict use of the instructions to
initiate various user-defined functions. Execution of an IDLE instruction causes the TMS 9995 to enter the Idle
state and remain in this state until a request occurs for an interrupt level that is not masked by the current value of
the interrupt mask in the status register. (Note that the Reset and NMI interrupt levels are not masked by any
interrupt mask value.) When any of these five instructions are executed by the TMS 9995, the TMS 9995 will use
the CRU interface (see Figure 18) to perform a cycle that is identical to a single-bit CRU output cycle (see
Figure 21) except for the following: (1) the address being output will be non-specific, (2) the data bit being output
will be non-specific, (3) a code, specified in Table 4, will be output on DO-D2 to indicate the external instruction
being executed, (4) during CRU and external instruction cycles, D3-D7 are all zeroes. Note that completion of each
external instruction and/or generation of Wait states is determined by the READY input as detailed in Section
2.3.1.3.
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TABLE 3 — FLAG REGISTER BIT DEFINITIONS

CRUBIT
BIT DESCRIPTION
ADDRESS?
FLAGO 1EEOQ Set to O: Decrementer configured as
Interval Timer.
Setto 1:  Decrementer configured as
Event Counter.
FLAG1 1EE2 Setto 0:  Decrementer not enabled
Setto 1:  Decrementer enabled (will
decrement and can set in-
ternal latch that requests a
level 3 interrupt).
FLAG2 1EE4 Level 1 Internal Interrupt Request
Latch CRU Input (Input-only).
0: Level 1 request not present
1: Level 1 request present
FLAG3 1EE6 Level 3 Internal Interrupt Request
Latch CRU Input (Input-only).
0: Level 3 request not present
1: Level 3 request present
FLAG4 1EES8 Level 4 Internal Interrupt Request
Latch CRU Input (input-only).
0: Level 4 request not present
1:  Level 4 request present
FLAGS5 1EEA
FLAG6 1EEC
FLAG7 1EEE
FLAGS 1EFO
FLAGY 1EF2
FLAGA 1EF4 User Defined
FLAGB 1EF6
FLAGC 1EF8
FLAGD 1EFA
FLAGE 1EFC
FLAGF 1EFE

T These hex numbers are those obtained by placing the 15-bit Address Bus CRU address in a 16-bit field, left justifying the 15 bits in the field,
and setting the LSB of the field to zero.

TABLE 4 — TMS 9995 EXTERNAL INSTRUCTION CODES

E DURING CY
INSTRUCTION CODE DU CYCLE
DO D1 D2
CRU:
SBO, SBZ, TB, 0 o o
LDCR or STCR
IDLE 0 ] 5
RSET o ] ;
CKON 1 o ;
CKOF 1 ) 5
LREX 1 ; ;
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When the TMS 9995 is in the Idle state, cycles with the Idle code will occur repeatedly until a request for an inter-
rupt level that is not masked by the interrupt mask in the status register occurs.

A Hold state can occur during an ldle state, with entry to and return from the Hold state occurring at the ldle code
cycle boundaries. (See Section 2.3.1.1.3 for details of entry to and return from the Hold state.)

TMS 9995 Internal ALU/Other Operation Cycles

When the TMS 9995 is performing an operation internally and is not using the memory, CRU, or external instruc-
tion interfaces? or is not in the Hold state, the TMS 9995 will, for as many CLKOUT cycles as needed, do the
following with its interface signals:

(1) Output a non-specific address on A0-A14 and A15/CRUOUT

(2)  Output all ones on D0O-D7

(3)  Output logic level high on MEMEN, DBIN, and WE/CRUCLK

(4) Output logic level low on IAQ/HOLDA, and

(5) Ignore the READY and CRUIN inputs.

The HOLD input is still active, however, as the TMS 9995 can enter a Hold state while performing an internal
ALU/other operation. Also, all interrupt inputs are still active.

t Internal memory space and internal CRU device accesses are defined as using the memory and CRU interfaces,

3.

TMS 9995 PIN DESCRIPTION

Table 5 defines the TMS 9995 pin assignments and describes the function of each pin. Figure 24 illustrates the
TMS 9995 pin assignment information.

XTAL1
XTAL2/CLKIN
CLKOUT

40 A15/CRUOUT
39 A14
38 A13
D7 37 A12
D6 36 Al

D5 35 A10
D4 34 A9
D3 33 A8
D2 9 32 A7

Vece 10 31 Vss
D1 11 30 A6
DO 12 29 A5
CRUIN 13 28 A4
iINT4/EC 14 27 A3
iNT1 15 26 A2
IAQ/HOLDA 16 25 A1l
DBIN 17 24 A0

HOLD 18 23 READY
WE/CRUCLK 19 22 RESET
MEMEN 20 21 NMI

FIGURE 24 — PIN ASSIGNMENTS
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TABLE 5 — TMS 9995 PIN DESCRIPTION

SIGNAL PIN 1/0 DESCRIPTION
POWER SUPPLIES
Vece 10 Supply voltage (+5 V Nom)
Vss 31 Ground reference
CLOCKS
XTAL2/CLKIN 2 IN Crystal input pin for internal oscillator. Also
input pin for external oscillator.
XTAL1 1 IN Crystal input pin for internal oscillator.
CLKOUT 3 ouT Clock output signal. The frequency of
CLKOUT is one fourth the oscillator input
(external oscillator) or crystal (internal oscil-
lator) frequency.
ADDRESS BUS
A0 24 ouT Address Bus. AOQ is the most significant bit of
A1 25 ouT the 16 bit memory address bus and the 15 bit
A2 26 ouT CRU address bus. A14 is the 2nd least signifi-
A3 27 ouT cant bit of the 16 bit memory address bus and
A4 28 ouT the LSB of the 15 bit CRU address bus. The
A5 29 ouT address bus assumes the high impedance state
A6 30 ouT when the TMS 9995 is in the Hold state.
A7 32 ouT
A8 33 ouT
A9 34 ouT
A10 35 ouT
A1 36 ouT
A12 37 ouT
A13 38 ouT
Al4 39 ouT
A15/CRUOUT 40 ouT Address bit 15/CRU output data. A15/
CRUOUT is the LSB of the 16 bit memory
address bus and the output data line for CRU
output instructions. A15/CRUQUT assumes
the high impedance state when the TMS 9995
is in the Hold state.
DATA BUS
DO 12 1/0 Data Bus. During memory cycles m
D1 11 1/0 active) DO (the MSB) through D7 (the LSB)
D2 9 1/0 are used to transfer data to/from the external
D3 8 1/0 memory system. During non-memory cycles
D4 7 1/0 (MEMEN inactive) DO, D1 and D2 are used
D5 6 1/0 to indicate whether the TMS 9995 is perform-
D6 5 1/0 ing a CRU cycle or an external instruction.
D7 4 1/0 The data bus assumes the high impedance
state when the TMS 9995 is in the Hold state.
CRU
CRUIN 13 IN CRU input data, During CRU cycles, CRUIN is
the input data line for CRU input data.
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TABLE 5 — TMS 9995 PIN DESCRIPTION (Continued)

SIGNAL

PIN

1/0

DESCRIPTION

MEMEN

WE/CRUCLK

READY

20

23

ouT

ouT

ouT

CONTROL
Memory enable. When active (low) MEMEN
indicates that WE/CRUCLK, DBIN, and the
address and data buses are being used for a
memory cycle. When inactive (high) MEMEN
indicates that WE/CRUCLK, DBIN and the
address and data buses are being used for a
CRU cycle, or are indicating that the
TMS 9995 is performing an external instruc-
tion.m does not assume the high im-
pedance state when the TMS 9995 is in the
Hold state.

Data bus in. During memory read cycles,
DBIN is active (low) to indicate that the
TMS 9995 has disabled its data bus output
buffers to allow external memory to enable
3-state drivers that output data onto the
data bus. During CRU input cycles, _D—B—IN is
also active to indicate that the CRU cycle is
an input cycle. DBIN assumes the high im-
pedance state when the TMS 9995 is in the
Hold state.

Write enable/inverted CRU clock. When active
(low), WE/CRUCLK indicates that memory
write data is available on the data bus (when
MEMEN = 0); or that CRU data out is available
on A15/CRUOUT (when MEMEN = 1 and

DO = D1 = D2 = 0); or that an external inter-
face should decode External instructions (when

MEMEN = 1 and DO, D1, and D2 are not all

equal to 0). WE/CRUCLK

Ready. When active (high), READY indicates
that the present external memory, CRU, or ex-
ternal instruction cycle is ready to be completed.
When not ready is indicated, a Wait state (defined
as extension of the present cycle by one CLKOUT
cycle) is entered. At the end of each Wait state
READY is examined to determine if another

Wait state is to be generated or if the cycle is

to be completed.
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TABLE 5 — TMS 9995 PIN DESCRIPTION (Continued)

SIGNAL PIN 1/0 DESCRIPTION

CONTROL (Cont'd)
HOLD 18 IN Hold state request. When active (low), HOLD
indicates to the TMS 9995 that an external

controller desires to use the address and data
buses. Upon sensing a Hold request, the

TMS 9995 will enter a Hold state (defined as
suspension of instruction execution) after it
has completed its present cycle (see Section
2.3.1.1.3 for details of entry into a Hold
state). At the beginning of the Hold state, the
TMS 9995 places DBIN,m/CRUCLK, and
the address and data buses in the high imped-

ance state, and then responds by asserting
IAQ/HOLDA. When HOLD is removed, the
TMS 9995 returns to normal operation.

IAQ/HOLDA 16 ouT Instruction acquisition/hold acknowledge. If
IAQ/HOLDA is active (high) when MEMEN =
0, the TMS 9995 is indicating that the memory
read cycle in progress is that of reading an
instruction opcode. If IAQ/HOLDA is active
when MEMEN = 1, the TMS 9995 is indicating
that it is in the Hold state and that DBIN, WE/
m, and the address and data buses are
in the high impedance state.

INTERRUPTS

RESET 22 IN Reset. When active (low) RESET causes the
TMS 9995 to enter a RESET state (see Section
2.3.2.1.1) and inhibit MEMEN, DBIN, and WE/
CRUCLK. When RESET is released, the

TMS 9995 initiates a level zero interrupt se-

quence that acquires WP and PC from memory
word addresses 0000 and 0002, and begins
execution using this vector, RESET will ter-
minate an Idle state, RESET is a Schmitt-

trigger input.

4

21 IN Non-maskable Interrupt. When active (low),
NMI causes the TMS 9995 to execute a non-

maskable interrupt sequence with the trap
vector (WP and PC) in memory word ad-
dresses FFFC and FFFE. NMI will terminate
an Idle state. NMI is recognized only once for
each high-to-low transition. (NMI must be
taken inactive before it will be recognized
again.)

Interrupt one. When active (low), INT1 will

z
d
o
z

cause the TMS 9995 to execute a level one
interrupt trap if level one is not masked by
the status register.
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4.1

4.2

TABLE 5 — TMS 9995 PIN DESCRIPTION (Concluded)

SIGNAL PIN 1/0 DESCRIPTION
INT4/EC 14 IN Interrupt four/event counter. When either the

decrementer is not enabled or the decrementer
is enabled and configured as an interval timer,
W/EE being active (low) will cause the
TMS 9995 to execute a level four interrupt
trap if level four is not masked by the status
register. When the decrementer is enabled and
configured as an event counter, a high-to-low

transition on INT4/R will cause the count in
the decrementer to be decremented by one.
(See Section 2.3.1.2.2 for details of enabling
and configuring the decrementer.)

TMS 9995 INSTRUCTION SET

DEFINITION

Each TMS 9995 instruction performs one of the following operations:

Arithmetic, logical, comparison, or manipulation operations on data
Loading or storage of internal registers (program counter, workspace pointer, or status)
Data transfer between memory and external devices via the CRU

Control functions

ADDRESSING MODES

The TMS 9995 instructions contain a variety of available modes for addressing random memory data, e.g., pro-
gram parameters and flags, or formatted memory data (character strings, data lists, etc.). These addressing modes

are:

o Workspace Register Addressing

[ ] Workspace Register Indirect Addressing

[ ] Workspace Register Indirect Auto Increment Addressing
o Symbolic (Direct) Addressing

L Indexed Addressing

[ Immediate Addressing

L] Program Counter Relative Addressing

[ CRU Relative Addressing

K1}
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4.2.2

423

The following figures graphically describe the derivation of effective address for each addressing mode. The applica-
bility of addressing modes to particular instructions is described in Section 4.5 along with the description of the
operations performed by each instruction. The symbols following the names of the addressing modes (R, *R, *R+,
@LABEL or @TABLE (R) are the general forms used by TMS 9995 assemblers to select the addressing modes for
register R.

Workspace Register Addressing, R

Workspace Register R contains the operand

REGISTER R

(PC) =t INSTRUCTION — (WP)+2R OPERAND

The Workspace Register addressing mode is specified by setting the two-bit T-field (Tg or Tp) of the instruction
word equal to 00.

Workspace Register Indirect Addressing, *R

Workspace Register R contains the address of the operand.

REGISTER R

(PC)—# INSTRUCTION (WP)+2R ADDRESS OPERAND

The Workspace Register Indirect addressing mode is specified by setting the two-bit T-field (Tg or Tp) in the
instruction word equal to 01.

Workspace Register Indirect Auto Increment Addressing, *R+

Workspace Register R contains the address of the operand. After acquiring the address of the operand, the con-
tents of Workspace Register R are incremented.

REGISTER R

(PC) INSTRUCTION —= (WP)+2R ADDRESS OPERAND

1 (BYTE)
or 2 (WORD)

The Workspace Register Indirect Auto Increment addressing mode is specified by setting the two-bit T-field (Tg
or Tp) in the instruction word equal to 11.
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424 Symbolic (Direct) Addressing, @LABEL

The word following the instruction contains the address of the operand.

(PC) ——o INSTRUCTION

(PC)+2 i LABEL OPERAND

The Symbolic addressing mode is specified by setting the two-bit T-field (Tg or Tp) in the instruction word equal
to 10 and setting the corresponding S or D field equal to 0.

4.25 Indexed Addressing, @TABLE (R)

The word following the instruction contains the base address. Workspace Register R contains the index value. The
sum of the base address and the index value results in the effective address of the operand.

REGISTER R

(PC) INSTRUCTION p——e (WP)+2R INDEX VALUE

FFECTIVE
OPERAND

(PC)+2— TABLE

The indexed addressing mode is specified by setting the two-bit T-field (Tg or Tp) of the instruction word equal to

10 and setting the corresponding S or D field not equal to 0. The value in the S or D field is the register which con-
tains the index value.

4.2.6 Immediate Addressing

The word following the instruction contains the operand.

(PC) INSTRUCTION

(PC) + 2 OPERAND

4.2.7 Program Counter Relative Addressing

The eight-bit signed displacement in the right byte (bits 8 through 15) of the instruction is multiplied by 2 and
added to the updated contents of the program counter. The result is placed in the PC.

JUMP INSTRUCTION

PROGRAM COUNTER OP CODE DISP — 2 - DISP

ADDRESS NEXT MEMORY WORD

KX]



4.2.8

4.3

4.4

4.5

4.5.1

CRU Relative Addressing

The eight-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 0
through 14 of workspace register 12). The result is the CRU address of the selected CRU bit.

INSTRUCTION
(PC) OP CODE DISP
0 7 8 15 CRUBIT
REGISTER 12 ADDRESS
(WP)+2-12——of CRU BASE ADD
0 14 15

DEFINITION OF TERMINOLOGY

The terminology used in describing the instructions of the TMS 9995 is defined in Table 6.

STATUS REGISTER MANIPULATION

Various TMS 9995 machine instructions affect the status register. Figure 5 shows the status register bit assignments.
Table 7 lists the instructions and their effect on the status register.

INSTRUCTIONS

Dual Operand Instructions with Multiple Addressing for Source and Destination Operand

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Format: OP CODE J B I Tp D Ts l S ]

If B = 1, the operands are bytes and the operand addresses are byte addresses. |f B = 0, the operands are words and
the LSB of the operand address is ignored.

The addressing mode for each operand is determined by the T-field of that operand.

TgorTp SorD ADDRESSING MODE NOTES
00 0,1...15 Workspace register 1
01 0,1...15 Workspace register indirect
10 0 Symbolic 4
10 1,2...15 Indexed 2,4
1 0,1...15 Workspace register indirect 3
auto increment

NOTES: 1. When a workspace register is the operand of a byte instruction (bit 3 = 1), the left byte (bits O through 7) is the
operand and the right byte (bits 8 through 15) is unchanged.
2. Workspace register 0 may not be used for indexing.
3. The workspace register is incremented by 1 for byte instructions (bit 3 = 1) and is incremented by 2 for word instruc-
tions (bit 3 = 0).
4. When Tg = Tp = 10, two words are required in addition to the instruction word. The first word is the source operand
base address and the second word is the destination operand base address.
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TABLE 6 — DEFINITION OF TERMINOLOGY

TERM DEFINITIONS

B Byte Indicator (1 = byte; 0 = word)
C Bit Count

D Destination address register

DA Destination address

[[o]4 Immediate operand

LSB (n) Least-significant (right most) bit of (n)
VISB (n} nt lleft most) bit of (n)
N Don’t care

PC Program Counter

Result Result of operation performed by instruction
S Source address register

SA Source address

ST Status register

STn Bit n of status register

TD Destination address modifier

TS Source address modifier

w Workspace register

WRn Workspace register n

(n) Contents of n

a—b ais transferred to b

In! Absolute value of n

+ Arithmetic addition

— Arithmetic subtraction

AND Logical AND
OR Logical OR
@ Logical exclusive OR
n Logical complement of n
. Arithmetic multiplication
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TABLE 7 — STATUS REGISTER BIT DEFINITIONST

CONDITION TO SET BIT TO 1, OTHERWISE

INSTRUCTION
SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME AND/OR
INTERRUPT ALSO, THE EFFECT OF OTHER
INSTRUCTIONS AND INTERRUPTS
STO Logical C,CB I1f MSB (SA) = 1 and MSB (DA) = 0, or
Greater I1f MSB (SA) = MSB (DA) and MSB of
Than [(DA) — (SA)] =1.
Cl 1f MSB (W) = 1 and MSB of IOP =0, or
if MSB (W) = MSB of 10P and MSB of
[10P — (W)] =1.
ABS, LDCR 1f (SA) # 0
RTWP If bit (0) of WR15is 1
LST If bit (0) of selected WR is 1
A, AB, Al, ANDI, If result # 0
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB,
DIVS, MPYS, INC,
INCT, INV, SLA,
SOC, SOCB, SRA,
SRC, SRL, STCR,
SZC, SZCB, XOR
Reset Interrupt Unconditionally sets status bit to 0
All other instructions Do not affect the status bit (see Note 1)
and interrupts
ST1 Arithmetic C,CB If MSB (SA) = 0 and MSB (DA) = 1, or
Greater I1f MSB (SA) = MSB (DA) and MSB of
Than [(DA) — (SA)] =1.
Cl If MSB (W) = 0 and MSB of IOP =1, or
if MSB (W) = MSB of 10P and MSB of
[IOP — (W)] =1.
ABS, LDCR If MSB (SA) = 0 and (SA) # 0
RTWP

1o
Lo

If bit (1) of WR15 is 1

BE L A ko
17 DIt V1) O seie

A, AB, Al, ANDI,
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB, DIVS,
MPYS, INC, INCT,
INV, SLA, SOC,
SOCB, SRA, SRC,
SRL, STCR, SZC,
SZCB, XOR

=
u
O fc

If MSB of resul

Reset Interrupt

Unconditionally sets status bit to 0

All other instructions
and interrupts

Do not affect the status bit (see Note 1)

t See Table 6 for definitions of terminology used in this table.
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TABLE 7 — STATUS REGISTER BIT DEFINITIONS (Continued)

CONDITION TOSET BIT TO 1, OTHERWISE

INSTRUCTION SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME AND/OR ALSO, THE EFFECT OF OTHER
INTERRUPT INSTRUCTIONS AND INTERRUPTS
ST2 Equal C,CB If (SA) = (DA)
[o]] I1f (W) = 10P
coc If (SA) and (DA) = 0
czC 1f (SA) and (DA) =0
B If CRUIN = 1 for addressed CRU bit
ABS, LDCR 1f (SA)=0
RTWP If bit (2) of WR15is 1
LST 1 bit (2) of selected WR is 1
A, AB, Al, ANDI, If result =0
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, S, SB, DIVS,
MPYS, INC, INCT,
INV, SLA, SOC,
SOCB, SRA, SRC,
SRL, STCR, SZC,
SZCB, XOR
Reset Interrupt Unconditionally sets status bit to O
All other instructions Do not affect the status bit (see Note 1)
and interrupts
ST3 Carry A, AB, ABS, Al, If CARRY QUT =1
DEC, DECT, INC,
INCT, NEG, S, SB
SLA, SRA, SRL, If last bit shifted out = 1
SRC
RTWP If bit (3) of WR15is 1
LST If bit (3) of selected WR is 1
Reset Interrupt Unconditionally sets status bit to O
All other instructions Do not affect the status bit (see Note 1)
and interrupts
ST4 Overflow A, AB I1f MSB (SA) = MSB (DA) and MSB
of result # MSB (DA)
Al If MSB (W) = MSB of 10P and MSB
of result # MSB (W)
S,SB If MSB (SA) # MSB (DA) and MSB
of result # MSB (DA)
DEC, DECT If MSB (SA) = 1 and MSB of result = 0
INC, INCT 1f MSB (SA) = 0 and MSB of result = 0
SLA If MSB changes during shift
DIV I1f MSB (SA) = 0 and MSB (DA) = 1, or if
MSB (SA) = MSB (DA) and MSB of
[(DA) — (SA)] =0
DIVS If the quotient cannot be expressed as a
signed 16 bit quantity (80001 is a valid
negative number)
ABS, NEG If (SA) = 80001¢
RTWP If bit (4) of WR15is 1
LST If bit (4) of selected WR is 1

Reset Interrupt

Unconditionally sets status bit to O

All other instructions

and interrupts

Do not affect the status bit (see Note 1)
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TABLE 7 — STATUS REGISTER BIT DEFINITIONS (Concluded)

CONDITION TO SET BIT TO 1, OTHERWISE
INSTRUCTION
SET TO 0 FOR INSTRUCTION LISTED.
BIT NAME AND/OR
INTERRUPT ALSO, THE EFFECT OF OTHER
INSTRUCTIONS AND INTERRUPTS
ST5 Odd CB, MOVB If (SA) has odd number of 1's
Parity LDCR 1f 1 < C < 8and (SA) has odd number of 1.
1f C=0o0r 9 < C < 15, does not affect the
status bit.

STCR 1f 1 < C < 8 and the stored bits have an odd
number of 1’s. If C =0 or 9 < C < 15, does
not affect the status bit.

AB, SB, SOCB, If result has odd number of 1’s.

SZCB

RTWP If bit (5) of WR15is 1

LST If bit (5) of selected WR is 1

Reset Interrupt Unconditionally sets status bit to O

All other instructions Do not affect the status bit (see Note 1)

and Interrupts

ST6 XOopP Xop If XOP instruction is executed

RTWP If bit (6) of WR15is 1

LST If bit (6) of selected WR is 1

Reset Interrupt Unconditionally sets status bit to O

All other instructions Do not affect the status bit (see Note 1)

and interrupts

ST7 Unused RTWP If corresponding bit of WR15 is 1
ST8 Bits LST If corresponding bit of selected WR is 1.
ST9 XOP, Any Unconditionally sets each of these status
and Interrupt bits to O
ST11 All other instructions Do not affect these status bits (see Note 1)
ST10 Arithmetic RTWP If bit (10) of WR is 1

Overflow LST If bit (10) of selected WR is 1

Enable XOP, Any Unconditionally sets status bit to O

interrupt

All other instructions Do not affect the status bit (see Note 1)

ST12 Interrupt LiMI If corresponding bit of IOP is 1

ST13 Mask RTWP If corresponding bit of WR15 is 1

ST14 LST If corresponding bit of selected WR is 1.
and RST, Reset and Unconditionally sets each of these status
ST15 NMI Interrupts bits to O

All other interrupts 1f ST12 — ST15 = 0, no change
1fST12=ST15 # 0, set to one
Less than level of the interrupt trap taken

All other instructions Do not affect these status bits (see Note 1)

NOTE 1:

The X instruction itself does not affect any status bit; the instruction executed by the X instruction sets status bits as defined for

that instruction,

38




4.5.2

OP CODE | B RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0o 1 213 TOO AFFECTED
A 1 0 1 |0} Add Yes 0-4 (SA) + (DA) - (DA)
AB 1 0 1 1 | Add bytes Yes 0-5 (SA) + (DA) - (DA)
C 1 0 0 |0 Compare No 0-2 Compare (SA) to (DA) and set
appropriate status bits
CB 1 0 0 |1 | Compare bytes No 0-2,5 Compare (SA) to (DA) and set
appropriate status bits
S 0 1 1 |0]| Subtract Yes 0-4 (DA) — (SA) — (DA)
SB 0 1 1 | 1| Subtract bytes Yes 0-5 (DA) — (SA) - (DA)
soC 1 1 1 | 0| Setonescorresponding Yes 0-2 (DA) OR (SA) — (DA)
SOCB 1 1 1 | 1| Setonescorresponding bytes Yes 0-2,5 (DA) OR (SA) — (DA)
szc 0 1 0 | 0| Setzeroescorresponding Yes 0-2 (DA) AND (SA) — (DA)
szcB 0O 1 0 | 1| Setzeroes corresponding bytes Yes 0-2,5 (DA) AND (SA) — (DA)
MoV 1 1 0 |0] Move Yes 0-2 (SA) - (DA)
MOVB 1 1 0 |1] Movebytes Yes 0-2,5 (SA) = (DA)

-

Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and Workspace Register
Addressing for the Destination

General ] 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Format: r OP CODE D l Ts l S

The addressing mode for the source operand is determined by the Tg field.

Ts S ADDRESSING MODE NOTES
00 0,1...15 Workspace register
01 0,1...15 Workspace register indirect
0 0 Symbolic
i0 i,2...15 indexed i
1 0,1...15 Workspace register indirect auto increment 2

NOTES: 1. Workspace register 0 may not be used for indexing,
2. The workspace register is incremented by 2.
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4.5.3

OP CODE RESULT STATUS

MNEMONIC MEANING [COMPARED BITS DESCRIPTION
012345 TOO AFFECTED

cocC 0 0 1 0 O O|Compare ones No 2 Test (D) to determine if 1's are in each bit
corresponding position where 1’s are in (SA). If so, set ST2.

czc 0 0 1 0 0 1|Compare zeroes No 2 Test (D) to determine if O’s are in each bit
corresponding position where 1's are in (SA). If so, set ST2.

XOR 0 0 1 0 1 O]Exclusive OR Yes 0-2 (DA) @ (SA)— (D)

MPY 0 01 1 1 O]Multiply No — Multiply unsigned (D) by unsigned (SA) and

place unsigned 32-bit product in D (most-
significant) and D+1 (least-significant). If WR15

is D, the next word in memory after WR15 will

be used for the least significant half of the
product.

DIV 0 01 1 1 1|Divide No 4 If unsigned (SA) is less than or equal to unsigned
(D), perform no operation and set ST4. Otherwise,
divide unsigned (D) and (D+1) by unsigned (SA).
Quotint — (D), remainder = (D+1). If D = 15,
the next word in memory after WR15 will be

used for the remainder.

Signed Multiply and Divide Instructions

General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Format: OP CODE Ts S l

The addressing mode for the source operand is determined by the Tg field.

Ts S ADDRESSING MODE NOTES

00 0,1...15 Workspace register 1

01 0,1...15 Workspace register indirect 1

10 0 Symbolic 1

10 1,2...15 Indexed 1,2

11 0,1...15 Workspace register indirect 1.3
auto increment

NOTES: 1. Workspace registers 0 and 1 contain operands used in the signed multiply and divide operations.
2. Workspace register 0 may not be used for indexing.
3. The workspace register is incremented by 2.




OP CODE RESULT STATUS

MNEMONIC MEANING | COMPARED BITS DESCRIPTION
01 2 3 45 6 7 8 9 TO0O AFFECTED
MPYS 0 0 0 0O OO O 1t 1 1]Signed Yes 0-2 Multiply signed two’s com-
Multiply plement integer in WRO by

signed two’s complement
integer (SA) and place signed
32-bit product in WRO (most-
significant) and WR1 least-

significant.
DIVS 0O 0 0O 0O0OO 0O 1 1 0]} Signed Yes 0-2,4 If the quotient cannot be ex-
Divide pressed as a signed 16 bit

quantity (8000 (hex) is a valid
negative number), set ST4.

Otherwise, divide signed, two's
complement integer in WRO
and WR1 by the signed two's
complement integer (SA) and
place the signed quotient in
WRO and the signed remainder
in WR1. The sign of the quo-
tient is determined by algebraic
rules. The sign of the remainder
is the same as the sign of the
dividend and |REMAINDER|

< |DIVISORI
454 Extended Operation (XOP) Instruction
General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Format:: [ 0 0 1 0 1 1 D I Ts l S

The Tgand S fields provide multiple mode addressing capability for the source operand. When the XOP is executed,
the following transfers occur:

(4016 + 4D) ————— = (WP)
(4216 + 4D) —— > (PC)
SA— (new WR11)

(old WP) ——————(new WR13)
(old PC) ————— (new WR14)

(old ST) =—————(new WR15)

After these transfers have been made, ST6 is set to one, and ST7, ST8, ST9, ST10 (Overflow Interrupt Enable),
and ST11 are all set to zero.

The TMS 9995 does not service interrupt trap requests (except for the Reset and NMI Requests) at the end of
the XOP instruction.
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455 Single Operand Instructions

General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Format: l OP CODE Ts I S l

The Tg and S fields provide multiple mode addressing capability for the source operand.

OP CODE RESULT STATUS
MNEMONIC MEANING | COMPARED BITS DESCRIPTION
0 1 2 3 4 5 6 7 8 9 TO ZERO AFFECTED
B 0 0 0 0 0 1 0 O O 1 |Branch No - SA — (PC)
BL 0O 0 0o 0o o0 1 1 0 1 0 | Branch No - (PC) = (WR11); SA — (PC)
and link
BLWP 0O 0 0 0 O 1 0O O O O {Branch No - (SA) - (WP); (SA + 2) — (PC);
and load (old WP) — (new WR13);
workspace (old PC) — (new WR14);
pointer (old ST) = (new WR15);
The TMS 9995 does not ser-
vice interrupt trap requests
(except for the Reset and NM|
Requests) at the end of the
BLWP instruction.
CLR 0O 0 0 0 0 1 0 O 1 1| Clear No — 0— (SA)
Operand
SETO 0O 0 0 0 0 1 1 1 0 O] Setto No — FFFF1g — (SA)
ones
INV 0 0 0 0 0 1T 0 1 0 1] Invert Yes 0-2 (SA) — (SA)
NEG 0 0 0 0 0 1 0 1 O O] Negate Yes 0-4 —(SA) - (SA)
ABS 0O 0 0 0 O 1t 1 1 0 1| Absolute No 0-4 1{SA)I— (SA)
value*
SWPB 0O 0 0 0 0 1 1 0 1 1| Swap No - (SA), bits O thru 7 — (SA)
bytes bits 8 thru 15; (SA),
bits 8 thru 15 — (SA),
bits O thru 7.
INC 0 0 0 0 01 0 1 1 Of Increment Yes 04 (SA) +1 - (SA)
INCT 0O 0 0 0 O 1 0 1 1 1| Increment Yes 0-4 (SA) + 2 > (SA)
by two
DEC 0 0 0 0 0 1 1 0O O O] Decrement Yes 0-4 (SA) — 1= (SA)
DECT 0 0 0 0 O 1 1 0 O 1| Decrement Yes 04 (SA) — 2 (SA)
by two
X** 0O 0 0 0 0 1 0 0 1 O] Execute No - Execute the instruction
at SA.
* Operand is compared to zero for status bit,

** If additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words
will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (1AQ) will not be true when the
TMS 9995 accesses the instruction at SA. Status bits are affected in the normal manner for the instruction executed.



45.6 CRU Multiple-Bit Instruction

General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Format: [ OP CODE C I Ts l S J

The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base
register (WR12, bits O through 14) defines the starting CRU bit address. The bits are transferred serially and the
CRU address is incremented with each bit transfer, although the contents of WR12 are not affected. Tg and S pro-
vide multiple mode addressing capability for the source operand. If eight or fewer bits are transferred (C = 1
through 8), the source address is a byte address. If nine or more bits are transferred (C = 0, 9 through 15), the
source address is a word address. If the source is addressed in the workspace register indirect auto increment mode,
the workspace register is incremented by one if C = 1 through 8, and is incremented by two otherwise. If the
source is addressed in the register mode, and if the transfer is eight bits or 'less, bits 8 - 15 are unchanged.

OP CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0 1 2 3 4 5 TOO AFFECTED
LDCR 4] 4] 1 1 0 0 Load Yes 0-2,5* Beginning with
communication LSB of (SA),
register transfer the
specified number
of bits from (SA)
to the CRU.
STCR 0 0 1 1 0 1 Store Yes 0-2,5* Beginning with
communication LSB of (SA),
register transfer the
specified number
of bits from the
CRU to (SA).
Load unfilled bit
positions with 0.

*ST5 is affected only if 1 < C < 8.

45.7 CRU Single-Bit Instructions

General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Format: OP CODE SIGNED DISPLACEMENT

The signed displacement is added to the contents of WR12 (bits 0-14) to form the address of the CRU bit to be
selected.
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OP CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION
0 3 4 AFFECTED
SBO 0 1 1 Set bit to - Set the selected
one output bit to 1.
SBZ 0 1 1 Set bit to — Set the selected
zero output bit to 0.
B (4] 1 1 Test bit 2 If the selected
CRU input bit =
1,set ST2; if the
selected CRU in-
put =0, set ST2
=0.
45.8 Jump Instructions
General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Format: OP CODE SIGNED DISPLACEMENT

Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are
at specified values. Otherwise, no operation occurs and the next instruction is executed since the PC points to the
next instruction. The signed displacement field is a word count to be added to PC. Thus, the jump instruction has
arange of —128 to 127 words from memory-word address following the jump instruction.

No ST bits are affected by jump instructions.

OP CODE
MNEMONIC MEANING ST CONDITION TO LOAD PC

0 1 3 4
JEQ o 0 1 0 Jump equal ST2=1
JGT 0 0 1 0 Jump greater than ST1=1
JH 0 ] 1 1 Jump high STO=1andST2=0
JHE [¢] o] 1 0] Jump high or equal STO=10rST2=1
JL 0 0 1 1 Jump low STO=0andST2=0
JLE 0 0 1 0 Jump low or equal STO=0o0rST2=1
JLT 0 0 1 0 Jump less than ST1=0andST2=0
JMP 0 0 1 0 Jump unconditional Unconditional
JNC 0 0 1 0 Jump no carry ST3=0
JNE 0 0 1 0 Jump not equal ST2=0
JNO 0 0 1 1 Jump no overflow ST4=0
JocC 0 0 1 1 Jump on carry ST3=1
JOP 0] 0 1 1 Jump odd parity ST5=1




459 Shift Instructions

General 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Format: [ OP CODE c w |

If C = 0, bits 12 through 15 of WRO contain the shift count. If C = 0 and bits 12 through 15 of WRO = 0, the shift

count is 16.
OP CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0 1 2 3 4 5 6 7 TO O AFFECTED
SLA 0 0 0 0 1 0 1 0 Shift left Yes 0-4 Shift (W) left.
arithmetic Fill vacated
bit positions
with 0.
SRA 0 0 [¢] 0 1 0 0 0 Shift right Yes 0-3 Shift (W) right.
arithmetic Fill vacated bit
positions with
original MSB
of (W).
SRC 0 0 0 0 1 0 1 1 Shift right Yes 0-3 Shift (W) right.
circular Shift previous
LSB into MSB.
SRL 0 0 0 0 1 0 0 1 Shift right Yes 0-3 Shift (W) right.
logical Fill vacated bit
positions with
0’s.

45.10 Immediate Register Instructions

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
General OP CODE l (0] l W
Format: 0P
OP CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0 1 2 3 4 5 6 7 8 9 10 TOO AFFECTED
Al 0O 0 0o o o 01 0 0 0 1 Add immediate Yes 0-4 (W) +10P — (W)
ANDI 0O 0 0o 0 00 1t 0 0 1 O AND immediate Yes 0-2 (W) AND 10P — (W)
Cl 0O 0 0 o 0o 0 1 0 1 0 O Compare imme- Yes 0-2 Compare (W) to
diate IOP and set appro-
priate status bits.
Li 0O 0 0 0 0 0O 1 0 0 0 O Load immediate Yes 0-2 10P — (W)
ORI 0O 0 o o o 0o 1 0 0 1 1 OR immediate Yes 0-2 (W) OR 10P = (W)
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4.5.11 Internal Register Load Immediate Instructions
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
General OP CODE [ 0 0 0 0 0
Format: 10P
OP CODE
MNEMONIC MEANING DESCRIPTION
0 1 2 3 4 5 6 7 8 9 10
LWP{ (o] 0 0 0 0 0 1 0 1 1 1 Load workspace IOP = (WP), no ST bits
pointer immediate affected.
LiMI 0 0 0 0 0 0 1 1 0 0 0 Load interrupt 10P, bits 12 thru 15—
mask ST12 thru ST15.
4512 Internal Register Load and Store Instructions
General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Format: [ OP CODE W
OP CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION
1] 1 2 3 4 5 6 7 8 9 10 11 AFFECTED
STST o] 0 0 0 0 0 1 0 1 1 0 0 Store status (ST) = (W)
Register
LST 0 0 0 0 0 0 0 0 1 0 0 0 Load status 0-15 (W) = (ST)
Register
STWP 0 0 0 0 0 0 1 0 1 ] 1 0] Store work- (WP) — (W)
space pointer
LWP 0 0 0 0 0 0 0 0 1 0o 0 1 Load work- (W) — (WP)
space pointer
45.13 Return Workspace Pointer (RTWP) Instruction

General 0 1 2 3 4

Format: 0 0 0 0 0

The RTWP instruction causes the following transfers to occur:

(WR15) +(ST)
(WR14)+(PC)
(WR13) +(WP)
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45.14 External Instructions

General 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

15
Format: [ OP CODE 0 0 0 0 Oj

External instructions cause three data lines (DO through D2) to be set to the levels described below, and the WE/
CRUCLK line to be pulsed, allowing external control functions to be initiated.

OP CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION DATA BUS
0 1 2 3 4 5 6 7 8 9 10 AFFECTED DO | D1 | D2
IDLE o 0 o o 00 1 1 0 1 O Idle - Suspend TMS 9995 L H L
instruction execution
until an unmasked
interrupt level
request occurs.
RSET 0 0o 0o 0o 01 1t 0 1 1 Reset 12-15 Set ST12-ST15 L H H
to zero.
CKOF 0 0 0o o 00 1 1 1 1 0 User defined - - H H L
CKON o 0 0o 0o 0 01 1 1 0 1 User defined - - H L H
LREX 0o 0 0 o0 0 1 1 1 1 1 User defined - - H H H

45.15 MID Interrupt Opcodes

The instruction opcodes that will cause an MID interrupt request (see Section 2.3.2.2) are (hex numbers):

0000-007F 0301-033F
00A0-017F 0341-035F
0210-021F 0361-037F
0230-023F 0381-039F
0250-025F 03A1-03BF
0270-027F 03C1-03DF
0290-029F 03E1-03FF
02B0-02BF 0780-07FF
02D0-02DF 0CO00-0FFF
02E1-02FF

4.6 INSTRUCTION EXECUTION

4.6.1 Microinstruction Cycle

Each TMS 9995 instruction is executed by a sequence of machine states (microinstructions) with the length of
each sequence depending upon the specific instruction being executed. Each microinstruction is completed in one
CLKOUT cycle unless Wait states are added to a memory or CRU cycle. (Also, each external memory space access

of a word and each external CRU cycle requires at least two CLKOUT cycles but will be accomplished with a
single microinstruction).
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4.6.2 Execution Sequence
The TMS 9995 incorporates an instruction prefetch scheme which minimizes, and in some cases eliminates, the
time required to fetch the instruction from memory. Without the prefetch, a typical instruction execution
sequence is as follows:
(1)  Fetch instruction
(2) Decode instruction
(3) Fetch source operand, if needed
(4) Fetch destination operand, if needed
(5) Process the operands
(6) Store the results, if required
The TMS 9995 makes use of the fact that during Step 5 the memory interface is not required; therefore, the fetch
of the next instruction can be accomplished in this time. This instruction is then decoded during the state(s) that
is(are) required to store the results of the previous instruction, which creates even more execution overlap. Table 8

illustrates the case of maximum efficiency for an Add instruction (instruction opcodes and operands are located
in the internal RAM). Note that it effectively takes only four machine states to perform all six steps.

TABLE 8 — EXECUTION SEQUENCE EXAMPLE

STEP zgczi MEMORY CYCLE INTERNAL FUNCTION
1 Fetch Instruction Process Previous Operands
2 1 Write Results Decode Instruction
3 2 Fetch Source
4 3 Fetch Destination
5 4 Fetch Next Instruction Add
6 Write Results Decode Instruction

It should be noted that the instruction prefetch scheme employed by the TMS 9995 can cause self-modifying
software to execute incorrectly. Incorrect execution will result when an instruction is supposed to generate the
opcode of the very next instruction to be executed. (The TMS 9995 will begin the fetch of the opcode of the
next instruction before the currently executing instruction stores the results of its execution.)

4.6.3 TMS 9995 Instruction Execution Times

Instruction execution times for the TMS 9995 are a function of:

(1) Machine state time, t¢2.

(2)  The location of the instruction opcode (internal or external memory).

(3) The location of the workspace and the operand(s) (internal or external memory).
(4) Addressing mode used where operands can be fetched via multiple addressing modes.

(5) Number of Wait states introduced, as appropriate.
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Table 9 lists the number of clock cycles required to execute each TMS 9995 instruction for various combinations
of on-chip/off-chip location of instruction opcodes, operands, and workspace. (Other combinations can be ex-
tropolated from the ones listed.) For instructions with multiple addressing modes for either or both operands,
Table 9 lists CLKOUT cycles and associated off-chip memory accesses with all operands addressed in the work-
space register mode. To determine the total number of CLKOUT cycles and associated off-chip memory accesses
required for other addressing modes, the appropriate values from Table “A’” (Table 10) are added to the base
amounts for that instruction.

The total execution time for an instruction is:
T = tc2 [CT+C2+ W (XM1 + XM2)]

where

T = total instruction execution time

tc2 = CLKOUT cycle time

C1 = base CLKOUT cycles

C2 = additional CLKOUT cycles for operand address
derivation (values in Table’ A"’ are for one
operand only)

W = number of Wait states per off-chip (byte length) memory cycle

XM1 = base off-chip (byte length) memory cycles

XM2 = additional off-chip (byte length) memory cycles
for operand address derivation (values in Table A"’
are for one operand only)

Several examples are listed in Table 11.
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TABLE 9 — INSTRUCTION EXECUTION TIMES

Opcodes &
Immediate

Opcodes & Operands Off

Immediate Chip; Source

INSTRUCTION Operands Off Operand Off

Opcodes & Chip; All Other | Chip; Destination Opcodes & Operand
All Operands Operands On Operand On All Operands Address
On Chip Chip Chip Off Chip Derivation
® 0]
c1 XM1 C1 XM1 C1 XM1 C1 XM1 Source | Dest
A 4 0 5 2 6 4 8 8 A A
AB 4 0 5 2 5 3 5 5 A A
ABS 3 0 4 2 6 6 6 6 A —
Al 4 0 6 4 6 4 8 8 — —
ANDI 4 0 6 4 6 4 8 8 — —
B 3 0 4 2 4 2 4 2 A —
BL 5 0 6 2 7 4 7 4 A —
BLWP 1 0 12 2 14® 6® 17 12 A —
C 4 0 5 2 6 4 7 6 A A
CB 4 0 5 2 5 3 5 4 A A
Cl 4 0 6 4 6 4 7 6 — -
CKOF 7 0 8 2 8 2 8 2 — —
CKON 7 0 8 2 8 2 8 2 — —
CLR 3 [¢] 4 2 5 4 5 4 A —
cocC 4 0 5 2 6 4 7 6 A —
czc 4 0 5 2 6 4 7 6 A —
DEC 3 0 4 2 6 6 6 6 A -
DECT 3 [¢] 4 2 6 6 6 6 A —
DIV (ST4 is set) 6 0 7 2 8 4 10 8 A -
DIV (ST4 is reset)@ 28 0 29 2 30 4 34 12 A —
DIVS (ST4 is set) 10 0 11 2 12 4 36 8 A -
DIVS (ST4 is reset) @ 33 0 34 2 35 4 39 12 A -
IDLEQ® 7+21 0 8+2! 2 8+2| 2 8+21 2 — —
INC 3 0 4 2 6 6 6 6 A —
INCT 3 0 4 2 6 6 6 6 A -
INV 3 0 4 2 6 6 6 6 A —
JUMP (All Jump Instructions) 3 0 4 2 4 2 4 2 — —
LDCR (C=0) 41 0 42 2 43 4 44 6 A —
LDCR (1<C<15) 9+2C 0 10+2C 2 11+2C 4 12+2C 6 A —
L 3 0 5 4 5 4 6 6 - —
Limi 5 0 7 4 7 4 7 4 — -
LREX 7 0 8 2 8 2 8 2 - —
LST 5 0 6 2 6 2 7 4 -

LwP 4 0 5 2 6 2 6 4 — —
LWPI 4 0 6 4 6 4 6 4 — —
MOV 3 0 4 2 5 4 6 6 A A
Movs 3 0 4 2 4 3 4 4 A A
MpY T 23 0 24 2 25 4 28 10 A -
MPY # 23 0 25 4 26 6 29 12 A —
MPYS 25 0 26 2 27 4 30 10 A —
NEG 3 0 4 2 6 6 6 6 A -
ORI 4 0 6 4 6 4 8 8 — —
RSET 7 0 8 2 8 2 8 2 — —
RTWP 6 0 7 2 7Q 2Q 10 8 — -
S 4 0 5 2 6 4 8 8 A A

T These values will apply to future parts following Revision B. (Revision B parts are identifiable by a “’B‘’ in the date code of the symbolization
on the part. Future versions will use D, E, etc. instead of B.)

* These values apply up to and including Revision B,
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TABLE 9 — INSTRUCTION EXECUTION TIMES (Concluded)

Opcodes &
Immediate
Opcodes & Operands Off
Immediate Chip; Source
INSTRUCTION Operands Off Operand Off
Opcodes & Chip; All Other | Chip; Destination Opcodes & Operand
All Operands Operands On Operand On All Operands Address
On Chip Chip Chip Off Chip Derivation
® ©)
C1 XM1 C1 XM1 C1 XM1 c1 XM1 Source | Dest
SB 4 0 5 2 5 3 5 5 A A
SBO 8 0 9 2 9 2 10 4 - —
SBZ 8 0 9 2 9 2 10 4 — —
SETO 3 0 4 2 5 4 5 4 — -~
SHIFT (C+#0) 5+C 0 6+C 2 6+C 2 8+C ] —
SHIFT (C=0, Bits 12-15 of WRO=0) 23 0 24 2 24 2 27 8 -
SHIFT (C=0, Bits 12-15 of WRO=N#0) | 7+N 0 8+N 2 8+N 2 114N 8 - -
SOC 4 0 5 2 6 4 8 8 A A
SOCB 4 0 5 2 5 3 5 5 A A
STCR (C=0) 43 0 44 2 46 6 47 8 A —
STCR (1<C<8) 19+C 0 20+C 2 22+C 6 23+C 8 A -
STCR (9<C<15) 27+C 0 28+C 2 30+C 6 31+C 8 A -
STST 3 0 4 2 4 2 5 4 - -
STWP 3 0 4 2 4 2 5 4 — =
SWPB 13 0 14 2 16 6 16 6 A -
SZC 4 0 5 2 6 4 8 8 A A
SZCB 4 0 5 2 5 3 5 5 A A
B 8 0 9 2 9 2 10 4 — —
xX@ 2 0 3 2 4 4 4 4 A -
XOP 15 0 16 2 18® 6® 22 14 A -
XOR 4 0 5 2 6 4 8 8 A —
Interrupt Context Switch (For any
interrupt, including Reset, NMI, MID, 14@ 0® 170 6@ 170 6® 200 120 - -
and overflow)
NOTES:
@ Additional cycles to be added, if appropriate, are listed in @ Trap vector off chip; New workspace on chip.
Table "“A’ (Table 11). @ Registers for register-only instructions are on chip (Shift

E xecution time is dependent upon the partial quotient after
each clock cycle during execution. Clock cycles shown are
for worst-case operands.

@ instructions, STST, LST, STWP, LWP) and registers for
@ Will remain in Idle state until an unmasked interrupt re-

instructions where an additional register is required are on-
chip (Al, ANDI, BL, CI, LDCR, LI, ORI, SBO, SBZ, STCR,
TB, Shift instructions).

Workspace on chip

Trap vector on chip; New workspace on chip (NMI only)
Trap vector and New workspace on chip

quest occurs (1 = number of CLKOUT cycles until request
occurs).

Execution time shown does not include execution time of
instruction at source address.

@e0
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TABLE 10 — OPERAND ADDRESS DERIVATION (TABLE “A")

ADDRESSING MODE

Workspace Registers,
Base Address For
Index-Addressed

Operands, And
Symbolic (Direct)
Addresses On Chip

Workspace Registers
On Chip; Base
Address For Index-
Addressed Operands
And Symbolic (Direct)
Addresses Off Chip

Workspace Registers
Off Chip; Base
Address For Index-
Addressed Operands
And Symbolic (Direct)
Addresses On Chip

Workspace Registers,
Base Address For
Index-Addressed

Operands, And
Symbolic (Direct)
Addresses Off Chip

c2 XM2 C2 XM2 Cc2 XM2 c2 XM2
WR 0 0 0 0 0 0 0 0
(Tg or Tp = 00)
WR Indirect
1 0 1 0 2 2 2 2
(Tgor Tp=01)
WR Indirect
Auto Increment 3 0 3 0 5 4 5 4
(Tgor Tp=11)
Symbolic
(Tsor Tp =10, 1 0 2 2 1 0 2 2
SorD=0)
Indexed
(TgsorTp =10, 3 (o] 4 2 4 2 5 4
SorD #0)
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5.1

TMS 9995 PRELIMINARY ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS
OTHERWISE NOTED)t

Supply voltage, VO CF - o ot e e —03t0o7V
Allinput voltages . ... . ... e -03t0o 20V
OUTPUL VOITAgE . o oot ottt e e e e e e —-03to7V
Continuous power dissiPation . . . .. .ot i e e e 1w
Operating free-air temperature range . . . . . . . vttt it et e 0°C to 70°C

Storage temperature range

TStresses 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.

*Atl voltage values are with respect to VSSA

5.2 RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN  NOM MAX |UNIT
Supply voltage, Vcc 4.5 5 5.5 \%
Supply voltage, Vgg (0] \%
High-level input voltage V| (all inputs except XTAL1, XTAL2/CLKIN) 2 Vee+1 \
High-level clock input voltage, ViHC 2.7 Vee+1| Vv
Low-level input voltage, V) (all inputs except XTAL1, XTAL2/CLKIN) -0.3 0.8 \
Low-level clock input voltage, V| c -0.3 0.6 \
High-level output current, gy (all outputs) 100 A
Low-level output current, IgL (all outputs) 2 mA
Operating free-air temperature, T (0] 70 °C
5.3 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE (UNLESS
OTHERWISE NOTED)
PARAMETER TEST CONDITIONS MIN TYPT mMAX | UNITS
VoH High-level output voltage Vee = MIN IoH = MAX 2.4 3 v
VoL Low-level output voltage Vee = MIN loL = MAX 0.3 0.4 \Y
Vp=24V 20 nA
loz Off-state output current Vee = MAX Vo=-04V 20 oA
1y Input current V) =Vgsto Vce +50 LA
lcc Supply current Vce = MAX 150 180 mA
C Input Capacitance Data Bus 2 pF
All others f=1MHz, All 15
o Output Capacitance Data Bus other pins 0 V pF
All others 10

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



5.4 CLOCK CHARACTERISTICS

The TMS 9995 can use either its internal oscillator or an external frequency source for a clock

5.4.1 Internal Clock Option

The internal oscillator is enabled by connecting a crystal across XTAL1 and XTAL2/CLKIN. (See Figure 25). The
frequency of CLKOUT is one-fourth the crystal fundamental frequency.

e e ——————
TMS 9995
XTAL1 XTAL2/CLKIN
JDI
Tl
CRYSTAL

T C1 T C2
NOTE: Cq and C2 represent the total capacitance on these pins including strays and parasitics.

FIGURE 25 — INTERNAL OSCILLATOR

PARAMETER TEST CONDITIONS MIN | NOM | MAX UNIT
Crystal frequency, fx 0°Cc — 70°C 8 12 12.1 MHz
C1,Cp 0°C—70°C 10 15 25 pF

5.4.2 External Clock Option

An external frequency source can be used by injecting the frequency directly into XTAL2/CLKIN with XTAL1
left unconnected. (See Figure 26). The external frequency must conform to the following specifications. The
frequency of CLKOUT is one-fourth that of the frequency injected.

PARAMETER MIN NOM  MAX |UNITS
fext External source frequency 8 12 12.1 | MHz
te1 Input oscillator cycle time 82 83.5 125 ns
tr1 Input oscillator rise time 5 15 ns
tWH1 Input oscillator pulse width high %tc1—tR1 ns
tf1q Input oscillator fall time 5 15 ns
w1 Input oscillator pulse width low Yatg1—t§1q ns
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TMS 9995

XTAL2/CLKIN XTAL1
NO
CLKIN CONNECTION
EXTERNAL
OSCILLATOR

FIGURE 26 — EXTERNAL OSCILLATOR

5.5 TIMING REQUIREMENTS OVER RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN NOM MAX |UNITS
tsu1 Setup time, READY prior to { CLKOUT (memory cycles) 100 ns
th1 Hold time, READY after | CLKOUT (memory and CRU cycles) 0 ns
tsu2 Setup time, Data prior to | CLKOUT 65 ns
th2 Hold time, Data after | CLKOUT 0 ns
tsu3 Setup time, CRUIN prior to | CLKOUT 100 ns
th3 Hold time, CRUIN prior to | CLKOUT 0 ns
tsud Setup time, READY prior to | CLKOUT (CRU cycles) 100 ns
tsub Setup time, HOLD prior tot CLKOUT 125 ns
tsub Setup time, RESET and NMIT prior to § CLKOUT 140 ns
twL4 Pulse width, Interrupt inputs Ytc2 ns
3 Fall time, iNT1, INT4/EC inputs 15 ns
twH3 Pulse width, EC input high 160 ns
twLs Pulse width, E—C. input low 160 ns
te3 Cycle time, EC input 3te2 ns
5.6 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS (See Figure 34)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

td1 Delay time, CLKIN | to CLKOUT | 5 150 ns

CLKOUT [External clock source 4tcq ns
tc2 Cycle time | Internal oscillator XTAL freq = fy« 4/fy ns
2 Rise time, CLKOUT output 20 30 ns
tfQ Fall time, CLKOUT output 10 20 ns
tWH2 Pulse width high, CLKOUT output Yete2—tr2 ns
twL2 Pulse width low, CLKOUT output Yateo—tf2 ns
t42 Delay time, | CLKOUT to address valid Yatgo Yatgo+45 ns
143 Delay time, | CLKOUT to MEMEN low SEE Yaten Yt +40 ns
t44 Delay time, | CLKOUT to MEMEN high FIGURE 35 Yatcn Yatc2+50 ns
45 Delay time, 1 CLKOUT to DBIN low 0 40 ns
t46 Delay time, | CLKOUT to DBIN high R1=24kQ 0 50 ns
t47 Delay time, t CLKOUT to IAQ/HOLDA high Ro =24 k2 (0] 40 ns
ty8 Delay time, § CLKOUT to IAQ/HOLDA low Cp =100 pF 0 50 ns
td9 Delay time, * CLKOUT to data output valid 0 40 ns
t410 Delay time, t CLKOUT to WE/CRUCLK low 0 40 ns
411 Delay time, t CLKOUT to WE/CRUCLK high 0 50 ns
t3 Rise time, WE/CRUCLK outputs 20 50 ns
tACC Access time, memory read cycles %tcp—135 ns
tha Hold time, address and CRUOUT outputs Yatep—40 ns
ths Hold time, data output Yatep—40 ns
w3 Pulse width low, WE/CRUCLK output Yatcp—40 ns
tdz Output disable time Yato+60 ns
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—]

tc2 i

—qrn po— 'r2 1 w2 ——
CLKOUT { !

L, 1

TWH2 1

NOTE:  tcq, t1, tr1, twH1. twi1. 3nd tyq become undefined parameters when a crystal is connected between XTAL1 and XTAL2/CLKIN
and the internal oscillator is consequently enabled.

FIGURE 27 — TMS 9995 CLOCK TIMING

COMMON SIGNALS:

|

——  —
A0-A14, AT5/CRUOUT | vauio | | l
—— T
| el |
o KXXXXXXXXXXXAXAXY | ZQAZOI0.0.0.0&IOIOI
MEMORY READ CYCLE: tuz e nee fsu2"] m._. b= tho
Do-D7 | i {:DT_L@ j/_
| = [ —
l — ey —] I.-tds
oo \
J e

oo ] I (1 ——X=—
|

_4 i‘“cno "l ll"‘d” :
WE/CRUCLK + \r f

1
LAST CLKOUT HIGH-TO- | j L—t,a
LOW TRANSITION OF wL3

PREVIOUS CYCLE

NOTE: Cycle shown is for no wait states (with wait states, CLKOUT cycles are added, but the switching parameters do not change).

FIGURE 28 — TMS 9995 MEMORY INTERFACE TIMING
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I‘—tsuﬁ l.___—4 —J‘SUGL—
ANY NUMBER
RESET, NMI .OF CLKOUT CYCLEJS‘

L2 7

FIGURE 30 — TMS 9995 RESET AND NMI TIMING

ANY NUMBER
OF CLKOUT CYCLES

—t

"_’rtsus | : | !“su5’| ' I
HOLD w I | -, f ' |
4§ I‘l .
| | —-.' "-tdj . _.' l"l_tdS
IAQ/HOLDA 1 : - "
’
)

N
A0-A14, A15/CRUOUT, fo—ot-ta; !
Do-D7, DBIN, VALID !} <t 4% HIGH-Z VALID
WE )

|

WE/CRUCLK |
| S
LAST CYCLE CONTROLLED NEXT CYCLE CONTROLLED
BY TMS 9995 BY TMS 9995

FIGURE 31 — TMS 9995 HOLD TIMING

—| !'—tfs

INT1, INT4/EC \ z

i"—- twre —'_.i

NOTE: For INT4/EC, decrementer is configured as a timer or is disabled.

FIGURE 32 — TMS 9995 INTERRUPT INPUT TIMING

TNT47EC \P—_ tWLs_—.lj f— rWHs—-| \

13 —'| "—
r tc3 j

NOTE: Decrementer is configured as an Event Counter and is enabled.

FIGURE 33 — TMS 9995 EVENT COUNTER INPUT TIMING
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OUTPUTS:

TMS 9995

24V~_ ] VOH (MIN)

22V -7
06V~ _
] VoL (MAX)

04V --]
0

TMS 9995 INPUTS:

20V~o_ VH (MIN)
1.88v—"

092V ~_|
VL (MAX)

080V~
0

FIGURE 34 — MEASUREMENT POINTS FOR SWITCHING CHARACTERISTICS

TEST
POINT Vce
o U
R1
FROM OUTPUT
UNDER .
TEST
R2
A~ CL
= =

NOTE: See Switching Characteristics for values of C| , R1, R2
All diodes are IN916 or IN3064

FIGURE 35 — SWITCHING CHARACTERISTICS TEST LOAD CIRCUIT
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6. MECHANICAL SPECIF

0.600 £ 0.010
(15.24 + 0.26)

_SEA
PLAI

N 0.01
(0.46 £ 0.08)
0.010 (0.25) NOM

ICATIONS

40-PIN CERAMIC PACKAGE

2.020 (51.3) MAX

©
L
®f

0.020 (0.50) MIN

TING

NE _‘T"

L—J—— PIN SPACING 0.100 (2.54) T.P.

(See Note A)

0.150  0.0:
L ¥

8+0.003

0.050 £ 0.010
(1.27 £ 0.26)

NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position.

. Inch

All linear dimensions are in inches and p: yin govern.

40-PIN PLASTIC PACKAGE

je—————————— 2,090 (63,1) MAX ————————————#|
21
o ¥ o ¥ o O o s o O o O s e e e v ¥ s v v o v v §

|

EITHER
INDEX

~J

S [ N N N N N N NS D N - |

@

®

¥
0.185 (4.70) MAX

30 (3.81£0.77)

— 0.032 (0.81) NOM
j¢—— 0.050 * 0.020
(1.27 £ 0.51)

0.200 (5,08) MAX

0.125 (3,17) MIN
2,

.033 (0,84) MIN
0.095 (2,42)

0.055 (1,39)

€ ge00-0010 &
(15,24 + 0,26)
0.020 (051)
MIN

- ¥
105° — SEATING PLANE—— +
90 0,011+ 0.003 0.018 + 0.003 oy

(0279 « 0,076)"\T 0457 0076 1 o
PIN SPACING 0.100 (2,54) T.P.
(See Note b) 0.060 (1,52) NOM

NOTES: a.

b. Ea

All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.

ch pin centerline is located within 0.010 (0,26) of its true longitudinal position.
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TI Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Huntsville,
AL 35805, (205) 837- 7530

ARIZONA: Phoenix, P.0. Box 35160, 8102 N. 23rd Ave.. Suite
A. Phoenix, AZ 85069. (602) 995-1007

CALIFORNIA: El Segundo, 831 S. Douglas St., El Segundo, CA
90245, (213% 973-2571; Irvine, 17620 Fitch, Irvine, CA 92714,
714) 545-5210; Sacramento, 1900 Point West Way, Suite 171,
acramento, CA 95815, (916) 929-1521; San Diego, 4333 View
Rldge Ave., Sune B San Diego, CA 92123, (714) 278-9600:
Santa Cla y Ross Dr.. Santa Cfara, CA 95051,
(408) 748-. 2300 Waudland Htlls, 21220 Erwin St.. Woodland
Hills, CA 91367, (213) 704-7759

COLORADO: Denver, 9725 E. Hampden St., Suite 301, Denver.
€0 80231, (303) 695-2800

CONNECTICUT: Wallingford, 9 Barnes Industrial Park Rd..
'ngnoeos Industrial Park, Wallingford, CT 06492, (203)

FLORIDA: Clearwater, 2280 U.S. Hwy.
water, FL 33515, (813) 796-1926; F! ‘Lauderdale, 2765 N.W.
62nd St Ft. Lauderdale. FL 33309, (305) 973-8502. Mait-
%:?9%881 Maitland Center Parkway. Maitiand, FL 32751, (305)

GEORGIA: Atlanta, 3300 Northeast Expy.. Building 9, Atianta.
GA 30341, (404) 452-4600

ILLINOIS: Arlington Heights, 515 W. Algonquin. Arlington
Heights, IL 60005, (312) 640-2934

INDIANA: Ft. Wayne, 2020 Inwood Dr.. Ft. Wayne, IN 46805,
(219) 424-5174; Indianapolis, 2346 S. Lynhurst, Suite J-400.
Indianapolis, IN 46241, 317) 248-8555

.19 N., Suite 232, Clear-

IOWA: Cedar Rapids, 373 Collins Rd. NE. Suite 200. Cedar
Rapids. 1A 52402, (319) 395-3550

MARYLAND: Baltimore, 1 Rutherford PI..
Rd., Baltimore, MD 21207, (301) 944-8600

MASSACHUSETTS: Waltham, 504 Totten Pond Rd.. Waltham,
MA 02154, (617) 890-7400

MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd..
ington Hills, MI 48018. (313) 553-1500

MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435, (612)
830-1600.

7133 Rutherford
Farm-

MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City, MO
64114, (816) 523-2500; St. Louis, 11861 Westline Industrial
Drive. St. Louis, MO 63141, (314) 569-7600

NEW JERSEY: Clark, 292 Terminal Ave. West. Clark, NJ
07066, (201) 574-9800

NEW MEXICO: Aibuquerque, 5907 Alice NSE
querque. NM 87110. (505) 265-8491

NEW YORK: East Syvac(;sgeasmo 0Old Collamer Rd.. East Syr-
(31

Suite E. Aibu-

acuse. NY 1305 9291: Endicott, 112 Nanncoke
Ave., P.0. Box 618, Endicott. NY 13760, (607) 754-3900:
Melville, 1 Huntington Quadrangle, Suite 3C10, P.0. Box 2936
Melville, NY 11747, (516) 454-6600, Poughkeepsie, 201 South
Ave.. Pougnkeepsw NY 12601, (914) 473-2900: Rochester,
1210 Jefferson Rd.. Rochester, NY 14623, (716) 424-5400

NORTH CAROLINA: Charlotte, 8 Woodlawn Green. Woodlawn
Rd.. Charlotte. NC 28210, (704) 527-0930

OHIO0: Beachwood, 23408 Commerce Park Rd.. Beachwood,
OH 44122, (216) 464-6100. Dayton, Kingsiey Bidg.. 4124
Linden Ave . Dayton, OH 45432 {513) 258-3877.

OKLAHOMA: Tuisa, 3105 E. Skelly Dr., Suite 110, Tulsa, 0K
74105, (918) 749-9547

OREGON: Beaverton, 6700 SW 105th St .
ton. OR 97005, (503) 643-6758

PENNSYLVANIA: Ft. Washington, 575 Virginia Dr.. Ft. Wash-
ington, PA 19034, (215) 643-6450

TENNESSEE: Johnson City, P.O. Drawer 1255, Erwin Hwy.,
Johnson City, TN 37601, (615) 461-2191

TEXAS: Austin, 12501 Research Bivd., P.O. Box 2909, Austin,
TX 78723, (512) 250-7655; Dallas, P.0. Box 225012, Dallas,
. (214) 995-6531; Houston, 9100 Southwest Frwy.,
Suite 237, Houston, TX 77036. (713) 778-6592; San Antonio,
1%%0 7Cegnlra¢ Park South, San Antonio, TX 78217, (512)

UTAH: Salt Lake City, 3672 West 2100 South, Salt Lake City UT
84120, (801) 973-631

VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, (703)
849-1400: Midlothian, 13711 Sutter's Mill Circle, Midlothian
VA 23113, (804) 744-1007

WISCONSIN: Brookfield, 205 Bishops Way, Suite 214, Brook-
field, W1 53005, (414) 784-3040

WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg 6. Red-
mond, WA 98052, (206) 881-3080

CANADA: Ottawa, 436 McClaren St Onawa Canada
K2POM8. (613) 233-1177: Richmond Hill, 280 C

Richmond Hill L4C1B1, Ontario. Canada, (416) 884 9181 SI
Laurent, Ville St. Laurent Quebec. 9460 Trans Canada Hwy
St Laurent, Quebec. Canada H4S1R7, (514) 334-3635

Suite 110, Beaver-

TI Distributors

ALABAMA: Hall-Mark (205) 837-8700

ARIZONA: Phoenlx Kierulff (602) 243- 4101 MarshaN (502;
968-6181; V. Weatherford S 602) 272-7144; Wyle (602
249-2232; Tucsnn Kierulff (602) 624-9986

CALIFORNIA: Los Angeles/Orange Cnunt Arrow 5213{
701-7500, (714) 851-8961; JACO (714) 5 0-5600, (213
998-2200; K\erulﬂ £213& 725-0325, (714) 731-5711; Marshall
5213) 999-5001, 88 0141 714 556 6400; RPS (213)
0355. (71 ) eatherford 714) 634-9600.
;849 3451 (714) 623 1261 Time (213) 80 Wyle
273 322-81 (714 641 1611; San Die w (714)
65-4800; K:erum 714) 278-2112; Marshall (714) 578 9600:
R.V. Weatherford (714) 695-1700; Wyle gM& 565-9171: San
Francisco Bay Area, Arrow (408) 745-6600; Kierulff (415)
968-6292; Marshall éAOB) 732-1100; Time (408; 734-9888;
United Components (408) 496-6300; Wyle (408) 727-2500:
§ggkg Bﬁmava, RPS (805) 964-6823; R.V. Weatherford (805)

COLORADO: Arrow E(J303) 758-2100; Diplomat &303) 740-8300:
Kierulff (303% R.V. Weatherford ( 03) 428-6900:
Wyle (303) 457-9953

CONNECTICUT: Arrow §203) 265-7741; Kierum§203) 265-1115;
Marshall (203) 265-3822; Milgray (203) 795-0

FLORIDA: Ft. Lauderdale, Arrow (305) 973-8502; Diplomat
3052i 971-7160: Hall-Mark (305) 971-9280: Kierulff (305;
52-6950; Orlando, ANOW (: 053 725-1480; Diplomat é305
725-4520° Hall-Mark 3 0: Milgray (305) 647-5747;
Tampa, Diplomat (813) 4 3 4514 Kierulff (813) 576-1966.

GEORGIA: Arrow 5404) 449-8252; Hall-Mark (404) 447-8000;
Marshall (404) 923-5750

ILLINOIS: Arrow (3123 893-9420; Diplomat 8312) 595-1000;
Hall-Mark (312) 860-3800; Kierulff (312) 640-0200; Newark
(312) 638-4411

INDIANA: Indianapolis, Arrow }317) 243-9353: Graham (317)
634-8202; Ft. Wayne, Graham (219) 423-3422

10WA: Arrow (319) 395-7230: Deeco (319) 365-7551

KANSAS: Kansas City, Component SEecrames (913) 492-3555:
Hall-Mark (913) 888-4747: Wichita, LCOMP (316) 265 9507

MARYLAND: Arrow (301) 247-5200; Diplomat (301) 995-1226
Hall-Mark (301) 796-9300: Milgray (301) 468-6400

MASSACHUSETTS: Arrow (617) 933-8130: Diplomat (617)
429-4120; Kierulff (617) 667-8331; Marshall (617) 272-8200;
Time (617) 935-8080

MICHIGAN: Detroit, Arrow (313) 971-8200: Diplomat (313)
477-3200; Newark (313) 967-0600: Grand Rapids, Newark
(616) 241-6681

MINNESOTA: Arrow (612) 830-1800; Diplomat gS‘Z) 788-8601:
Hall-Mark (612) 854-3223; Kierulff (612) 941-7500

MISSOURL: Kansas City, LCOMP (816% 221-2400; St. Louis,
%rgov[;s(ggat)ﬁw -6888; Hall-Mark (314) 291-5350: Kleru!fHSM)

NEW HAMPSHIRE: Arrow (603) 668-6968

NEW JERSEY: North, Arrow 1201’2 797-5800; Dlglomat 1201
785-1830; JACO (201) 778-4722; Kierulff ( 20\% 6750: M.

shall (201 ) 340-1900; South, Arrow ésoe) 5-1900; Genera!
Radio (609) 964 8560: Hall-Mark (609) 424-0880: Milgray
(609) 424-1300

NEW MEXICO: Arrow (505) 243-4566; International Electronics
(505) 345-8127

NEW YORK: Long Island, Armw §7516g 231-1000: Diplomat
g516% 454-6400; JACO (516 500: Milgray (516)
46-5600, (800% 645-3986; QPL (516% 467-1200; anhesler
Arrow (716) 275-0300; Marshalb (716) 235-7620; Rochester
Radio SuB 716& 4-7800; Syracuse, Arrow (315
652-1000; lpﬂ)mat 15) 652-5000: Marshall (607) 754-1570

NORTH CAROLINA: Arrow (919) 876-3132. (919) 725-8711:

Hall-Mark (919) 872-0712: Kierulff (919) 852-6261

OHIO: Cim:innali, Graham (513) 772-1661; Cleveland, Arrow
g 16) 248-399 II-Mark (216) 473-2907: Kierulff (216)
87-6558; Columhus Hall-Mark (614) 846-1882: Dayton,

Arrow %513) 435-5563; ESCO (513) 226-1133; Marshall (513)

OKLAHOMA Component Specialties 5918‘); 664-2820: Hall-
Mark (918) 665-3200: Kierultf (318) 252-7537

OREGON: Aimac Stroum 6503) 641-9070: Kierulff (503)
641-9150: Wyle (503) 640-600

PENNSYLVANIA: Arrow (412) 856-7000

TEXAS: Austin, Arrow (512) 835-4180; Comfonent Speclallres
512) 837-8922: Hall- ark [512 258 88 8 Kierulff (512)
35-2090; Dallas, Arrow (214) 386-7500: Component Spe-
cialties (214) 357-6511; Hall-Mark (214) 341 1147 international
Electronics (214) 233 9323 Kierulff (214) 343-2400: El Paso,
International Electronics (915) 778-9761; Houston, Arrow (713)
491-4100; Component Specialties (713) 771- 7237 Hall-Mark
713; 781-6100: Harrison Equipment (713) 879-2600: Kierulff
713) 530-7030

lgl('}AH Dl)loma( (801) 486-4134: Kierulff (801) 973-6913: Wyle
1

WASHINGTON: Aimac Stmum (206{’643 9992: Arrow (206%
575-0907; Kierulff 3206 4420 nited Components (206,
643-7444; Wyle (206
WISCONSIN: Arrow (414) 764-6600: Hall-Mark (414)
761-3000; Kierulff (414) 784-8160
CANADA: Calgary, Future 403) 259-6408; Varah (403)
230-1235; Downsview, CESCO 16 661-0220: Hamilton,
Varahgﬂé%ssi -9311; Montreal, CES gﬂ 735-5511; Future
gSM) 94-7710; Ottawa, CESCO (61 905; Future (613)
20-8313; Quebec ny. CESCO" ( 687-4231; Toronto,
Future (416) 663-5563 ancnuver Future (604) 438-5545;
Varah (604) 873-3211; Wmnlpeg, Varah (204) 633-6190. Al
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TI Worldwide Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514. Huntsville,
AL 35805, (205) 837-7530

ARIZONA: Phoenix, P.0. Box 35160, 8102 N. 23rd Ave., Suite
A. Phoenix, AZ 85069, (602) 995-1007

CALIFORNIA: El Segundo, 831 S. Douglas St., EI Sequndo. CA
90245, (213) 973-2571; Irvine, 17620 Fitch, Irvine, CA 92714,
g714) 545-5210; Sacramento, 1900 Point West Way Suite 171,
acramento, CA 95815, (916) 929-1521; San Diego, 4333 View
Ridge Ave., Suite B., San Diego, CA 92123, (714) 278-9600:
Santa Clara, 5353 Bef tsy Ross Dr, Santa Clara, CA 95051,
(408) 748- 2300 Wnodland Hills, 21220 Erwin St.. Woodland
Hills, CA 91367, (213) 704-7759

COLORADO: Denver, 9725 E. Hampden St., Suite 301, Denver,
C0 80231, (303) 695-2800

CONNECTICUT: Wallingford, 9 Barnes Industrial Park Rd.,
ggénoeos7lndustr|at Park, Wallingford, CT 06492, (203)

FLORIDA: Clearwater, 2280 U.S. Hwy. 19 N., Suite 232, Clear-
water, FL 33515, (813) 796-1926; Ft. Lauderdale, 2765 N W
62nd St., Ft. Lauderdale, FL 33309, (305) 973-8502: Mait-
I&rg,gggg! Maitland Center Parkway, Maitland. FL 32751, (305)

GEORGIA: Atlanta, 3300 Northeast Expy.. Building 9, Atlanta,
GA 30341, (404) 452-4600

ILLINOIS: Arlington Helgms 515 W. Algonquin. Arlington
Heights, IL 60005, (312) 640-2934

INDIANA: Ft. Wayne, 2020 Inwood Dr.. Ft. Wayne, IN 46805
(219) 424-5174; Indianapolis, 2346 S Lynhurst Suite J-400
Indianapolis, IN 46241, (317) 248-855!

I0WA: Cedar Rapids, 373 Collins Rd. NE, Suite 200, Cedar
Rapids, A 52402, (319) 395-9550

MARYLAND: Baitimore, 1 Rutherford PI.,
Rd., Baltimore, MD 21207, (301) 944-8600

MASSACHUSETTS: Waltham, 504 Totten Pond Rd.. Waltham,
MA 02154, (617) 890-7400

MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd., Farm-
ington Hills, M1 48018, (313) 553-1500

Msl(l)lNESUTA: Edina, 7625 Parklawn, Edina, MN 55435, (612)

7133 Rutherford

MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City, MO
64114, (816) 523-2500; St. Louis, 11861 Westline Industrial
Drive, St. Louis, MO 63141, (314) 569-7600

NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ
07066, (201) 574-9800.

NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E, Albu-
querque, NM 87110, (505) 265-8491

NEW YORK: East Syracuse, 6700 Old Collamer Rd., East Syr-
acuse, NY 13057, (315) 463-9291; Endicott, 112 Nanticoke
Ave., P.0. Box 618, Endicott, NY 13760, (607) 754-3900;
Melville, 1 Huntington Quadrangle, Suite 3C10, P.0. Box 2936,
Melville, NY 11747, (516) 454-6600, Puughkeensm 201 South
Ave., Poughkeepsw NY 12601, (914) 473-2900; Rochester,
1210 Jefferson Rd., Rochester, NY 14623 (716) 424-5400

NORTH CAROLINA: Charlotte, 8 Woodlawn Green, Woodlawn
Rd.. Charlotte, NC 28210, (704) 527-0930

OHI0: Beachwood, 23408 Commerce Park Rd.. Beachwood,
OH 44122, (216) 464-6100, Dayton, Kingsley Bidg.. 4124
Linden Ave., Dayton, OH 45432, Y513) 258-3877

OKLAHOMA: Tulsa, 3105 E. Skelly Dr.,
74105, (918) 749-9547

OHEGON: Beaverton, 6700 SW 105th St .
ton, OR 97005, (503) 643-6758

PENNSYLVANIA: Ft. Washington, 575 Virginia Dr.. Ft Wash-
ington, PA 19034, (215) 643-6450

TENNESSEE: Johnson City, P.0. Drawer 1255, Erwin Hwy..
Johnson City, TN 37601, (615) 461-2191

TEXAS: Austin, 12501 Research Blvd.. P.O. Box 2909, Austin
TX 78723, (512) 250-7655; Dallas, P.O_ Box 225012, Dallas,
TX 75265, (214) 995-6531; Houston, 9100 Southwest Frwy.,
Suite 237, Houston, TX 77036, (713) 778-6592; San Antonio,
14%%01707%mra| Park South, San Antonio, TX 78217, (512)

UTAH: Salt Lake City, 3672 West 2100 South, Salt Lake City UT
84120, (801) 973-6310

VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031, (703)
849-1400; Midlothian, 13711 Sutter's Mill Circie, Midiothian
VA 23113, (804) 744-1007

WISCONSIN: Brookfield, 205 Bishops Way, Suite 214, Brook-
field, Wi 53005, (414) 784-3040

WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg 6, Red-
mond, WA 98052, (206) 881-3080

CANADA: Ottawa, 436 McClaren St.. Ottawa, Canada.
K2POM8, (613) 233-1177; Richmond Hill, 280 Centre St. E..
Richmond Hill L4C1B1, Ontario, Canada, (416) 884-9181; St.
Laurent, Ville St. Laurent Quebec, 9460 Trans Canada Hwy.,
St. Laurent, Quebec, Canada H4S1R7, (514) 334-3635. P

Suite 110, Tulsa, OK

Suite 110, Beaver-

ARGENTINA, Texas Instruments Argentina S.A.1.C.F: Km. 25,
5 Ruta Panamericana Don Torcuato, C.C. 2296, 1000-Correo
Central, Buenos Aires, Argentina, 748-1141

AUSTRALIA, Texas Instruments Australia Ltd: Unit 1A, 9 Byfield
St., P.O. Box 106, North Ryde, N.S.W. 2113, Sydney, Australia,
02-887-1122; 5th floor, 418 St K\Ida Road, Melbourne, 3004,
Victoria, Australia, 03-267-4677

AUSTRIA, Texas Insnumems Ges. m.b.H: Rennweg 17, 1030
Vienna, Austria, 0222-724186

BELGIUM, Texas Instruments S/A: Mercure Centre
Raketstraat, Rue De La Fusee 100, 1130 Brussels. Belgium,
02-7208000

BRAZIL, Texas Instrumentos Electronicos do Brasil Ltda: Rua
Padre Pereira De Andrade, 591 Cep-05469 Sao Paulo, Brazil,
011-260-6347

DENMARK, Texas Instruments A/D: Marielundvej 46E. 2730
Herlev, Denmark, 02-917400

FINLAND, Texas Instruments Finland OY: Fressenkatu 6, PL
917, 00101 Helsinki 10, Finland, 80-408300

FRANCE, Texas Instruments France: La Boursidiere, Bat. A,
R.N. 186, 92350 Le Plessis Robinson, France, 01-6302343;
31 Quai Rambaud, 69002 Lyon, France, 078-373585; 1, Av. de
la Chartreuse, 38240 Meylan, France, 076-904574; 9, Place de
Bretange, 35000 Rennes, France, 099-795481; 100-102 Alle de
Barcelone, Residence L'Autay, 31000 Toulouse, France.
061-213032

GERMANY, Texas Instruments Deutschiand GmbH: Kurfuer-
stendamm 146, 1000 Berlin 31, Germany. 030-8927013; Iil
Ha$en 43, Franklurter Allee 6-8. 6236 Eschborn, Germany.
06196-43074: 4300 Essen, Germany, 0201-233551; Win-
terhuder Weg 8, 2000 Hamb urg 76. efmany 040- 2201154
Haggertystrasse 1, 8050 Freising, German%/ 08161-801
Riethorst 4, 3000 Hanover 51, Germany, 0511-648021; Ara-
bellastrasse 13-15, 8000 Munich 81, Germany, 089-92341;
3-5, 8500 , Germany, 0911-22877;
Krefelderstrasse 11-15, 7000 Stungart 50, Germany,
0711-547001

HONG KONG, Texas Instruments Asia Ltd: 902, Asian House.
1, Hennessy Rd., Hong Kong, 05-279041

ITALY, Texas Instruments Italia Spa: Via Europa 38/44, Cologno
Monzese, Milan, ltaly, 02-253-2451; Via Salaria 1319. 00138
(F)i%mse3 Italy, 06-6917127; Via Montebello 27, 10124 Turin. Italy,

JAPAN, Texas Instruments Asia Ltd: Aoyama Fuji Bldg., 4F
3612 Kna -Aoyama, Minato-ku, Tokyo, Japan 107, (03)

498-2

KOREA, Texas Instruments Supp}y Compang Room 301,
Kwang Poong447 g2744- Hwayang Dong, Sungdong-Ku,

Seoul, Korea,
MEXICO, Texas Instruments de Mexico S.A: Poniente 116
;fo%age;)oIQIrhdusma\Va!le]o Mexico City 02300, D.F., Mexico.

NETHERLANDS, Texas Instruments Holland BV: Laan Van de
Helende Meesters 421 A, P.O. Box 283, 1180 AG Amstelveen,
Holland, 020-473391

NORWAY, Texas Instruments A/S: Ryensvingen 15, Oslo 6.
Norway, 02-689487

PHILIPPINES, Texas Instruments Asia Ltd: 14th Floor. BA-
Eegaggo ?usldmg, Paseo De Roxas, Makati, Metro Manila
18-89-87.

PORTUGAL, Texas Instruments Equipamento Electronico LDA:
Rua Eng. Frederico Ulrich, 2650 Moreira Da Maia. Douro. Por-
tugal, 948-1003.

SINGAPORE, Texas Instruments Asia Ltd: P.O. Box 2093, 990
ggnzzjféneztezr Rd.. Singapore 1233, Republic of Singapore

SPAIN, Texas Instruments Espana S.A: Balmes 89, 12 Bar-
celona'12, Spain.

SWEDEN, Texas Instruments International Trade Corporation
gSvengelillalen): Norra Hannvagen 3. Fack S-100 54 Stockholm
9, Sweden, 08-235480

TAIWAN, Texas Instruments Taiwan Ltd: 10th floor, Fu Shing
B)d%m;%zSung Kiang Rd., Taipei, Taiwan, Republic of China,

UNITED KINGDOM, Texas Instruments Ltd: Manton Lane, Bed—
ford, England MK417PU, 0234-67466
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