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INTRODUCTION

DESCRIPTION

The TMS 9995 microcomputer is & singlechip 16-bit cantral processing unit {CPU) with 258 bytes of on-chip
random aceess memory (RAM), A member of the TMS 9900 family of microprocessor and peripheral circuits, the
TMS 9995 is fabricated using N-channal silicon-gate MOS technology. The rich instruction set of the TMS 9995 is
bazed upon a unigue memory-to-memary architecturs that features multiple register files resident in memory,
Memory-resicdent 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 2900 family of peripheral circuits are compatible with the TMS 8995, Providing a per-
formance upgrade to the TMS 8200 microprocessor, the TMS 9995 instruction set is an opcode-compatible super
set of the TMS 9900 processar family,

KEY FEATURES

- 16-Bit instruction word

. Memory-ta-Memaory architecture

- EE,EEE‘ byte/32,768 word directly addressable memory address space

L Minicomputer instruction set including signed multiply and divide instructions
s Multiple 16-word ragister files (Workspaces) residing in memory

L 256 bytes of on-chip RAM

. Separate memory dnd interrupt bus structures

. 8-Bit memary data bus

- 7 prioritized hardware interrupts

- 16 software interrupts | XOPS)

L Programmed and DMA 1/O capability

®  Serial /O viz communication register unit (CRLY

. On-chip time/event counter

. On-chip programmable flags {16}

. Macro instruction detection (MID) feature

. Automatic first wait staie generation featura

L] Single Svalt supply

L Adpin package

» N-Channel silicon gate MOS technology

L] On-chip clock generator

ARCHITECTURE

MEMORY ALLOCATION

The basic word of the TMS 9895 architecture is 18 bits in length, These 16 bits are divided into 8-bit bytes for
external memoery in the manner shown in Figure 1, A word is, therefore, defined as two consecutive 8-bit bytes in
memory. All words {instruction opeodes, operand addresses, word-length data, etc.) are restricted 10 even address
boundaries, i.e,, the most significent 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 add
address will result in the word starting with this odd address minus une to be accessed,
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The instruction set of the TMS 9985 allows both word and byte operations. Byte instructions may address sither
byte as necessary, A byte access of this type will not affect the other byte of the ward invalved since tha other
byte will not be accessed during the execution of the byte instruction,

The TMS 9885 memory map is shown in Figure 2. Shown are the locations in the memory address space for the
Reset, MM, other interrupt and XOP trap vectors, and the dedicated address segments far the on-chip RAM and
the en-chip memory-mapped 1/0.
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2.2 TMS 9995 ORGANIZATION

The block diagram of the TMS 9995 is shown in Figure 3. A flow chart, representative of the TMS 2995 functional
aperation, is shown in Figure 4,
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Arithmetic Logic Unit

The arithmetic logic unit (ALU) iz the computational component of the TMS 9995, |t performs all arithmetic and
logic functions required 1o execute instructions. Tha furctions mcluge addition, subtraction, AND, OR, exclusive
OR, and complement. A separate comparisan circuit performs the logic and arithmetic comparisons to control bits
(b through 2 of the status register. The ALU is arranged in two 3-bit halves to accommaodate byte operations, Each
half of the ALU operates on one byte of the operand. During word operand aperations, both halves of the ALU
function in conjunction with each other. However, during biyte operand processing, results from the lagst significant
half af the ALU are ignored. The mast-signiticant hall of the ALU performs a!l operations on Liyte operands sa that
the status circuitry used in word operatinns is also used in byte operations,

222 Internal Registers
The following three {3} internal reqisters are accessible 1o the wser {programmer):
[ ] Program Counter (PC)
] Status Register (ST)
L Warkspace Pointer (WP)

2221  Program Counter
The program counter (PC) is a 15-bit counter that contains the word address of the next instruction following the
instruction currently exeguting, The microprocessar references this address to fetch the next instruction from
memaory and increments the address in the PC when the new instruction is executing. If the current instruction in
the microprocessor alters the contents of PC, then & program branch accurs 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,

2222 Status Register
The status register (ST1 s a fully implemented 16-bit register that reports the results of program comparisans, indi-
Cates program status conditions, and supplies the arithmatic 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
microprogessor, Figurs B illustrates the bit position assignments. Some instructions use the status regisier to check
for & prereguisite 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
sct later in this document details the elfect of each instruction on the status reqgister (see Section 3,
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FIGURE 5= STATUS REGISTER BIT ASSIGNMENTS

Workspace

The TMS 9395 uses blocks of memory words called workspaces for instruction operand manipulation. A work-
space occupies 16 contiguous words in any part of memeory that is not reserved for other use. The individual
workspace registers may contain data or address, or function as operand registers, accumulators, address registers,
ar index registers. Some workspace registers take on special significence during execution of certain instructions,
Table 1 lists each of these decicated workspace rogisters and the instructions that use them, Figure 6 defines the
workspace registers that are allowed to be used as index registers.



TABLE 1 — DEDICATED WORKSPACE REGISTERS

MOTE: The WP regictor containg the addrees o work space regisior 2eio.

REGISTER NO. CONTENTS USED DURING
1] Shift count loptionall Shift instructions (BLA, SRA,
| SR, and SLCI
Multiplicand and MSW Signed Multiply
of rasult
MSW of divicens and S:gned Oivide
quatient
¥ LSW ol resuis Signid Multiply
LEW of dividend and Signed Divige
remainder
" FAleturn Acdress Branch snd Link Instruction (BL}
Effective Address Extended Operation (X0P)
12 CRU Basa Address CRU instructions [SBO, SBZ, TH,
LOCR, and STCR)
13 Saved WP register Cuntext switching {[BLWP, ATWP,
XOP, interrupts)
14 Saved PC register Conrext gwitching [BLWP, RTWP,
HOP, interrupis)
11 Sevard 8T regicter Context switching (BLWP, RTWP,
i | XOP, Interrupisl
WORKSPACE REGISTERE
0
—_
2
3
4
13
L
7
AT A
OR g
ADDRESSES
9
INDE X b
CAPABILITY 1
12
13
14
15

FIGURE 6 — WORKSPACE REGISTERS USABLE AS INDEX REGISTERS
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Workspace Pointer

To locate the workspace in mamaory, a hardware register callad 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 s
left-justitied with the 16th bit (LSB} hardwired to logic zero. The TMS 9995 sccesses each register in the work-
space by sdding twice the register number to the contents of the workspace pointer and initiating 8 memaory re-
quest for that word. Figure 7 illustrates the relationship between the workspace pointer and its corresponding
workspace in memory

WORKSPACE POINTER WORKSPACE WORKSPACE
WPl ADDRESS REGISTERS
WP = D04 ———— o
WiE -
WP+ 0215 S — 1
WP+ g ————— 2
WP - Oy —_— 3
MICROPROCESSOR ADDS
WORKSPACE POINTER
WP TO TWICE THE WE 3 Dve — *
REGISTER MUMBER TD
DERIVE ACTUAL g
WP - [ ————
BEGISTER ADDRESS 0R1s
W+ 0Cyg _—— L]
WP+ 05 D ——— 7
< WP + 1045 e &
WP+ 1218 —eeet g
WPk 1445 —_— "
WP+ 1645 ———— 1
MOTE: Al memary word sooresees are svin, WP 4 1815 ——— 12
WP+ 14,5 R —— 11
WP b 1Cag J—— 14
Wh e 1By e 15
~

FIGURE 7 — WORKSPACE POINTER AND REGISTERS

Faor instructions perfarming byte operations, use of the workspace register addressing maode (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 @ memory address, the Jeast significant byte may be directly addressed
using any one of the general memory dddressing modes.,

Context Switching

The workspace concept is particularly valuable during operations that require a context switch, which is a changs
from one program environment 1o another, as in the case of 2 subroutine or an interrupt service routine, Sueh an
operation using & conventional multi-register arrangement requires that at least part of the contents of the register
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23.1.1

file be stored and reloaded using @ mamory eyele to store or feteh each word, The TMS 9995 accamplishes this
operation by changing the workspace pointer, A context switch requires anly three store cycles and two fetch
eyeles, exchanging the program counter, status reqister and workspace pointer. After the switch, the workspace
pointer cuntains the starting address of a new 18-word workspace in memory for use in the new routine. A corre
spanding time saving occurs when the original context Is restored, Instructions in the TMS 8895 that result in a
context switch inelude! Call subroutine {BLWP), Return from Subroutine {RTWP) and the Extended Operation
{XOF) instruction. All interrupts also cause a context switch by forcing the TMS 9985 to trap to a service sub-
routine,

TMS 9995 INTERFACES

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

TMS 5995 Memory Interface

The signals used in the TMS 9985 interface to system memory are shown in Figure 8,

AQA14, ATSICRUOUT
1 MEMORY SYSTEM
Tl oo-07 L ANDIOR DMA
) CONTROLLER
N Y
MEREN
-
TM59595 il —
WE/CRUCLK
oY
REA 1AG/HOLDA AND
B * HOLD ARE NOT
IAQ/HOLDA REQUIRED FOR
» SIMPLE MEMDRY
< HOLD SYSTEMS BUT WILL
BE USED BY OmMaA
COMTROLLERS

FIGURE & — TM509225 MEMORY INTERFACE

Exrerpal Memory Address Space

The details of memory accesses that are external to the TMS 9886 [off-chip accesses) are given in the following
paragraphs, (See Figure 2 for the addresses that are in the external memory-address space. )

Memaory Read Operations

To perform a memory read operation, the TMS 9985 first outputs the appropriate address on A0-A14 and A15/
CRUQUT, and asserts MEMEN., The TMS 9905 then places its data bus drivers in the high impedance state, asserts
DBIN, 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 3. Note that MEMEN remains active {low) between consecutive memory operations.
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rion fereh from external memory —, Lo, two consesutive byte reade).

FIGURE 9 — TM593936 MEMORY READ CYCLE

Although not explicitly shown in Figure 9, reading a word [two 8:-bit bytes) from external memory requires two
memory read cyeles that occur back-to-back (a Haold state request will not be granted batween cyeles). If an
instruction directs that a byte read from axternal memory is 10 he performed, only the byte specifically addrassed
will be read (one memaory read cycle). External words are accessed most-significant {even} byte first, followed by
the least-significant (odd) byte,

During memary read cycles in which an instruction opcode is being read, | AQ/HOLDA is asserted as shown in
Figure 9, Mote that since an instruction opeode is a word in length, |AQ/HOLDA remains asserted hatwean the two
byte read operations involved when an instruction opoode is read from the external memaory address space.

Memory Write Operations

To perform a memory write operation, the TMS 9995 first outputs the appropriate address an AQ-A14 and A15/
CRUOUT, and asserts MEMEN. The TMS 9995 then outputs the data byte being written 1o memory on pins DO
through D7, and then asserts WE/CRUCLEK. Completion of the memary write eyele 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 mamory operations.
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FIGURE 10 — TM582385 MEMORY WRITE CYCLE

Writing a word (tweo B-bit bytes) to external memaory requires two memory write cycles that occur back-to-back,
{A Hold state request will nat be granted between cycles.) If an instruction directs that a byte write to external
memary 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 9985 Hold state allows both external devices and the TMS 9995 to share s common external memary.
To gain direct memory access (DMA) to the common memaory, the external device first requests the TMS D995 1o
enter a Hold state by asserting {taking low) the HOLD input. The TMS 9995 wili then enter a Hold state following
completion of the cycle {either memaory, CRU, external Instruction, or internal ALU cycles) that it is currently
performing. Mote, 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 enterad betwean the first and sacond clock
cyecles of a CRU eyele.

Upon entry of a Hold state, the TMS 9995 puts its address, dats, DBIN, and WE/CRUGLK drivers in the high
impedance mode, and asserts IAQ/HOLDA, The external device can then utilize these signal lines to communicate
with the comman memary. After the external device has completed its memory transactions, it releases HOLD,
and the TMS 9985 continues instruction execution at the point whare it had been suspended. Timing relationships
for this sequence are shown in Figure 11,
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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 remaoved if HOLD was active (low) at the time RESET was taken from
low to high RESET released).

External devices cannot access the internal (on-chip) memory address space of the TMS 9985 when it is in the
Hold state.

Since 1AQ {Instruetion Opeode 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 1AQ and HOLDA. When
MEMEN = 0, |IAQ/HOLDA can indicate |AQ, and when MEMEN = 1, 1AQ/HOLDA can indicate HOLDA.

23.1,2  Ioternel Memory Address Space

Access of the internal (onchipl memory address space is transparent to the TMS 93495 instruction set. That s,
operands can be read from and written into logations in the internal memory space simply by using the appro
priate addresses via any of the addressing modes in the TMS 9385 instruction set, and instructions can even be
executed from the internal memory space by loading the appropriate address into the program countor of the
TMS 9885,
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The TMS 9985 indicates 10 the external world when these internal memory address space accesses are occurring
by asserting the same signals used for accessing external memory [see Figure B) in a manrer very similar 1o an ex-
ternal memory address space access, There are & tew differences in these cyeles, howeaver, and these differences
are detailed in the fallowing paragraphs.

When perfarming an internal memary address space access, the TMS 9995 cutputs the same signals that it would
for an external memaory space access, with the same timing (see Figures 9 and 10) except for the fallowing:

(11 A single cycle {read or write] is output as both internal bytes are accessed simultanecusly. (Externally, it
appesrs a5 though a single Dyte memary access eycle to an internal addiess is oecurring,)

{21 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 eyeles, the data bus (DO-D7) output drivers are put in the high-impedance mode. During write
eycles, the data bus outputs nonspeeific data,

During read cycles to the internal memory address spaca, the TMS 8995 does not make the read data available 1o
the extarnal world, | an instruction is executed from the internal memoery address space, |AQ/HOLDA is still
asserted, but only during the one read cycle shawn externally while the full wored 5 read internally.,

When in a Hold state, external devices are not able 1o access the internal memary 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 D995 has 16-bit internal data paths, two
B-bit bytes are accessed each time 8 memory access is made to the internal RAM,

Byte accesses are transparent to the internal RAM, That s, when an instruction addresses a byle 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 w0 the specifically addressed byte and not alter the contents of the ather byte in the word
during a write operation.

Decrementer (Timar/Event Counter)

Accessible via one of the word addresses (see Figure 2) of the imternal memaory-mapped /0 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 s specific logic implementation) is shown in Figure 12,
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FIGURE 12 — DECREMENTER FUNCTIONAL BLOCK DIAGRAM
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The decrementer is configured as cither a timer ar an évent 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-
talls 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 10 one, the decrementer will function as an event counter. When FLAGT is set 1o
zero, the decrementer i5 disabled and will not be allowed 1o decrement and request level 3 interrupt traps. When
FLAG1 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 tmer, INT4IEC will be usable as an external interrupl
level 4 trap request. When the decrementer is configured as an event counter, INT4/EC is the input far the “evant
counter” puises, 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 1o select the dusited
maodle of operation, The desired start count s then loaded into the Starting Count Storage Register by performing
a memory write of the count word to the dedicated internal memory mapped /0 address of the decrementer,
[This alsa loads the Decrementing Register with the same count.) The decrementer is then enabled and allowed to
start decrermenting by setting FLAGT of the Flag Regisier 1o one, [Both FLAGO and FLAG1 are set to zera when
the TMS 9995 is reset. (See Section 2.2.2.1.1.) 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 000015 1o the
decrementer will disable it

When configured as a timer, the decrementer functions as a programmable real-time clock by decreating 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 1o be requested every time the count in the Decrementing Register reachas
zero. The decrementer can also be used as an svent Timer when configured as a timer by reading the decrementer
lwhich is accomplished by perfarming a memory read from the dedicatad internal momory mapped 110 sddress
of the decrementer) at the start and stop points of the avent 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 t that sach high-te-low transition
on NT4/EC will cause the Decrementing Register _to decrement. These INT4/EC high-to-low transitions can b
asynchronous with respect 1o CLKOUT. Nowe that INT&IEC can function as a negative edge-triggered interrupt by
loading & start count of ore,

The cecrementer should always be accessed as a full word {two B-bit bytes), Reading a byte from the decrementar
does not present 3 problem since only the byte speeifically addressed will be read. Writing & single byte 1o 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 decrementar.

Wait State Generation

Wait states can be generated for external memeary cycles, external CRU cyeles and external instruction cycles for
the TMS 99958 using the READY input. & Wait state is defined as extension of the present cycle by one CLEOUT
cycie. The timing refationships of the READY input 1o the memory interface and the CRU imerface signals are
shawn in Figure 13. Note that Walt states cannot be generated for memary cycles that access the internal memaory
address space or tor CRU cycles that sccess the internal CRU address space, as the READY input will be ignored
during these cycles,

The Automatic First Wait State Generation teature of the TMS 9985 allows a Wait stute to be inserted in each ex-
ternal memory cycle, regardless of the READY input, as shown in Figure 13. The Automatiz 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 cygle 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 extarnal memory eyele, There is a one and one-halt CLKOUT cyele time minimum setup time
requirement on READY before the RESET low-to-high transition. The recommended external circuitry for invoking
or inhibiting the Autematic First Wait State Generation feature is shown in Figure 14, Mote that this feature does
not apply to internal memory address space accesses, external instruction cycles, or any CRU cycles. Walt states
cannot be generated during internal ALU/other operation eycles, The READY input is ignored during these cycles,
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232 TMS 9995 Interrupts
The TMS 9995 implements seven prioritized, vectored interrupts, some of which are dedicated 10 predefined fure-
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 — INTERAUPT LEVEL DATA
VECTOR MASK VALUES PR
FRIORITY LOCATION TO ENAELE PR NALUE
AFTER TAKING SOURACE AND
LEVELS {Memory ACCEPTING THE INTERRUPT ASSIGNMENT
[In Order of Priority] Addrass, THE INTERRUPT {ET12 THRU ST15)
In Hex) |ST12 THRU ST15}
o o 0000 O1gthra Fig External: Raset
(Highest Priarity) {sme Mate 1) [RESET Stgnall
0008 015 thru Fyg 00
MID 1PN T 16 Internal: MID
[see Nate 7) {zee Nate 1) [see Mot 2)
015 thru Fig Rl
[ 1] FFFC (L] dafined (NMI
fiee Note 1)
Sagnall
External: User-
1 0004 Ty thru Fqg Q000 elefined (TNTT
Sigmal)
- 00oa g thru Fyg 0001 Imternal
{s¢¢ Nots 5] [see Note 2} (yow Mote 3) {zee Note 2] Arithmetic Cverflow
3 000G 3k thid Fig 0002 Irneit
Decramenter
Exvernal: Lar-
4 [ ad 1] dqg thru Fyg 0003 defined (INTA/EC
| Signal; see Nowe 4),
NOTES 1. Lewel O, MID, ang AMI cannat ba disablod with the Interrupr Mass,
2, MID and Level 2 use the spne trep vector and change tha Interrupl Mok 1o the same vabis,
3. Generation of a Level 2 request by an Arithmaric Overllow condition [ST4 sat to 1} is plso enabled/diwabled by pit STI10 af the
Sratue Register,
4. THTA/EC i not an input for Level 4 interrupt (rap roqueers (Level 4 is not usablel whan the Decremanier is configured as an
Event Countar,
5, FPrigrity Level 2 internal Arithmete Cvartlow anould net be used sy the srithmetle ovarflow s ol functional an current devices,

This will be cormected at 8 later data,

The TMS 8995 will grant interrupt requests anly between instructions |except for Level O Reset), which will be
granted whenever it is requested, e, in the middle of an instruction). The TMS 9995 performs additional func-
tions for certain interrupts, and these functions will be detsiled in subseguent sections. The basic sequence that
the TMS 9095 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 far 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 (ST 12 through ST15)
as appropriate for the level af 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 NM| reguest will be granted before the first instruction indicated
by the MID trap vector is executed.)

15
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This seguence 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 1o a value that will permit only interrupts of higher
priofity to interrupt their service routines, Secondly, status bit ST10 {overflow interrupt enablel is reset to zero by
the servicing of any interrupt so that overflow interrupt reguests cannotl be generated by an unrelated program
segment, Thirdly, the disabling of ather interrupts until after the first instruction of the sevice routing is executad
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 Seetion 2.3.2.2.1.) Lastly, the vectaring and prioritizing scheme of the
TMS 9998 permits interrupts Lo be sutomatically nested in most cases, If a higher priarity interrupt aceurs while
in an interrupt service routing, a second context switch oceurs to service the higher priority interrupt. When that
routing |5 complete, a return instruction (RTWP) restores the saved context to complete processing of the lower
priority interrupt. Interrupt routines should, therefare, terminate with the return instruction ta restore original
Program paramaters,

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

External Interrupr Requests

Each of these Interrupts is requested when the designated signal is supplied to the TMS 2895,

Interrupt Level O (RESET)

Interrupt Level O is dedicated to the RESET input of the TMS 9995, When sctive |low), RESET causes the
TS 9905 1o stop Instruction execution and to inhibit {take to logic level high) MEMEN, 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 9395 performs a context switch with the Level 0 inter-
rupt trap vectar (WP and PC of trap vector are in memory word addresses 000045 and 000245, respectively.)
Mote that the old WP, PC and 5T are stored in registers 13, 14, and 15 of the new workspace, The TMS 9895 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 FLAGT (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,

It HOLDA is active {high) due to HOLD being active [low) when FIESET becomes active, RESET will cause
HOLDA 1o be released (taken low) at the same time as MEMEN, DEIN and WE. /CRUCLEK are taken inactive
[high), HOLD can remain active as long s RESET is active and Hﬂ'LDP- witl net be asserted. |f HOLD is setive
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 reloased. 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 9035
can be invoked (see Section 2.3,1.3).
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FIGURE 15 — TME2995 RESET SIGNAL TIMING RELATIONSHIPS

2,3.2.1.2 Non-Mazkable Interrupt {NMI}

The MM signal is the request input for the NMI level interrupt and allows ROM loaders, single-step/breakpoint/
maintenanee panel functions, or othar user-defined functions to be implemented for the TMS 2995, This signal
and it associated interrupt lewvel are named “LOAD™ in previous 9900 family products,

NMi being active (low) sccording to the timing illustrated in Figure 18 constitutes & request for the BMMI fevel
imterrupt. The TMS 2995 services this reguest exactly according to the basic sequence previously described, with
the priority fevel, trap vectar location, and anabling/resulting status register interrupt mask values as defined in
Table 2. Note that the TMS 9995 will always grant a reguest for the NMI level interrupt immediately after execu-
tion of the currently executing instruction is completed since NMI s exempt fram the interrupt-disabling-after-
execution characteristic of certain instructions and alsa the current value of the imterrapt mask.

it should also be noted thar the TMS 9985 implements four bytes of its internal RAM at the memury address of
the NMI vectar, This allows usage of the MM level in minimum-chip TMS 9995 systems. It also requires, however,
that this vector must be initialized, upon power-up, befors the NMI leve! interrupt can be requested,
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23.2.1.3 Interrupt Levels 1 and 4 {INT1 and INT4/EC)

The INT1 and INT4/EC 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 .Iﬁ‘l' and i?h'"l'_-ﬂlfﬁ interrupt inputs can sccept either asynchranous pluses or asynchronous levels as input
signals. An internal interrupt request latch stores the occurrence of a pulse, A block diagram of the TMS D885
internal logic for these request latches that is representative of their functional operation (but not necessarily
representative of their specific logic implementation) is shown in Figure 17, Note that with this implementation
onty a single interrupt source is allowed if the input signal is & pulse, but multiple interrupt 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,)

FULSE GERFRATED PULSE GENERATED WHEN
DURING RESET COMTEX | SWITCH FOR
INTEMHUPT SEQUENCE AESOCIATED INTCRARLET
15 TAKEN
LEVEL 1 o
LEVEL 4 INTERAURT
RECJELY
CtEAR
ENMCHADNIZFFR
INTY, i - RISING-EDCE ’
INTaEL paic THIGEERED DUTPUT ] INPUT CUTPUT
':D' LATCH
CRUINFUT DATA
FORCAU ADDRESS
OF FLAG2 ar
FLAGE IN FLAG
NOTES: RECISTER

& separate lanch and synchronifer b impolemanten for Level 1 (0NT) and Level 4 leuE;_ For Lewal 1, tha Ingut shown hiees i
diractly fram the THT1 pin, For Level 4 the input shown here §s from tha gating showen in Figure 12,

FIGURE 17 - FUNCTIONAL BLOCK DIAGRAM OF INTERNAL
INTERAUPT REQUEST LATCH
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The TMS 9995 services each of these requests exactly according 10 the basic sequence previously described with
the priority levels, trap vector locations, and enabling/resulting status register interrupt mask values as defined
in Tabie 2 Each internal interrupt request latch will get reset when the context switch for its associated interrupt
level oocurs,

Internaliy Generated fntarrupts

Each of these interrupts is requested when the designated condition has occurred in the TMS 9595,
Macro Instruction Detection [MID) Interrupt

The acquisition and attempted execution of an MID interrupt opcode will cause the MID level interrupt 10 be re
quested before execution of the next instruction begins (MID imerrupt opcodes are defined in Saction 4.5.15). In
addition to requesting the MID level interrupt, the MID flag is set 1o one “1" (see Section 2.3.3.2.21. The
TMS 9995 services this request exactly according to the basic sequence oreviously deseribed, 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 leyel interrupt since MID is not affected by the interrupt
mask and is higher in priority than any other intgrrupt except for Lavel O, Reser, 1T the NMI irterrupt 15 requested
during an MID interrupt context switch, the MID interrupt context switch will be immediately followed by the
MMI interrupt service sequence before the first instruction indicated by the MID interrupt s executed, This is done
so that the NMI interrupt can be used for a singlestep function with MID opcodes. Servieing the MID interrupt re-
uuest is viewed as “execution of an MID interrupt opcode. NMI allows the TS 9995 to be haltad immediately
after encountering an MID opcode,

It should alza 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 examineg the
MID Flag to determine the cause of the interrupt. 11 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-
routing that handles MID imterrupts should always, belore returning from the subrouting, reset the MID Flay
o "0,

The MID interrupt has basically twa applications. The MID opcades can lie considered to be illegal opcodes, The
MID interrupt is then used 1o detect errars of this nature. The second, and primary application of the MID inter-
rupt, is ta allow the definition of additional instructions for the TMS D995, MID opcodes are used as the apeodes
for these macro instructions. Software in the MID intermupt service routine emulates the execution of these instruc-
tions. The benefit of this implementation of macros is that the macro instructions ean be implemented in micro-
cade in future processors and software will then be directly transportable to these futurs rocessors.

Note that the TMS 9995 interrupt roquest processing scouence does create some difficulties Tor re-entrant usage of
MID interrupt macro instructions, In general, to avoid possible errors, MID interrupt macro instruetions should
not be used in tha NMI and Level 1 interrupt subroutines, and should only be used in the Reset subrouting if
Reset is a complete initialization of the system,

Arithmetic Overflow Interrup;

As the arithmetic overflow as described in this sub-section is not functional on current devices, the arithmetic over-
flow interrupt ST10 should not be enablad, This will be carrected at a later date,

The occurrence of an arithmetic overflow condition, defined as status register bit 4 (STA) aetting set to one (see
Table 7. for thuse conditions that set ST4 to one), can cause the Level 2 intarrupt to be requested. Mote that this
reguest will be granted immediately after the instruction that caused the overflow condition. The TMS 9885 ser.
vices this request exactly according to the basic sequence previously described with the priorivy 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 s enabled/disabled
by status register bit 10 (ST10), the Arithmetic Overflow Enable Bit {i.e., ST10 = 1 enables overflow interrupt re-
quest; ST10 = Q disables overflow interrupt request), |f 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., 5T4 = 1, which is saved oy the higher priority cantext switch. Retuming
from the higher priority interrupt subroutine via an RTWP instruction causes the averflow condition to be re.
loaded into status register bit ST4 and the overflow interrupt to be requested again {upon completion of RTWP
mstruction). The arithmetic overflow interrupt subroutine must reset $T4 or ST1D to zero in the status word
saved in register 15 before the routine is complete to prevent generating another overflow interrupt immediately
after the retum,
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It should also be noted that the Level 2 arithmetic overflow interrupt shares its trap vector with the MID inter-
rugt, Section 2,3.2.2.1 describes how the interrupt subrouting beginning with the PC of this vector can determinc
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 reguest lutch to get set. This latch is similar to those for Levels 1 and 4 in that itis reset by servicing a
Reset interrupt or when the context switch for its sssociated interrupt level ocours [Figure 17),

The Level 3 internal interrupt reguest latch being set constitutes a request for a Level 3 interrupt, and the
TMS 9995 services this request exactly according to the basic sequenee previously deseribad 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/O of varying field width through the use of the Communicatians Register Unit
{CRU). In applications demanding a bit-oriented 1/0 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 3 separate hardware structure of the TMS 9995 microprocessor. This structure
can serially transfer up to 16 hits 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 davice, the CRU can test or modify any bit in that unit.
Several consecutive addresses can be occupied by a device. These CRU applications are contralled by single and
multiple-bit 9995 instructions,

Single-bit instructions facilitate the testing or modification of 2 particular bit in 2 deview. The device in which a
bit is 1o be tested (TB), set to zero {SB2), or set 1o one (SBO) is designated by the sum of the value in Register 12
and an 8-bit signed displacement value included 85 an operand of thut instruction. Details of these instructions ars
given in Section 4.5.7.

Multiple-bit instructions control the serial transfer of up 1o 16 bits between memory and peripherals. The device
with which communication is to take place is addreszed by Register 12. The memory address to or from which
data is 1o be transferred, as well as the number of bits to be transferred are included as operands of the multiple-
bit instruction. Details of these instruetions are given in Section 4.5.5.

The signals used in the TMS 9995 interface to the CRU are shown in Figure 18. The CRU address map is shown
in Figure 18,
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The concept of “CRU space” is the key to CRU operations. An ideaiogical area exists in which peripheral devices
reside in the form of an address. The CRU space is this idecloyicsl area: it has monotanically increasing bit
addresses. Each bLil represents a histable 1/0 point which ean be raad from or written to. CRU sddress space and
memaory address space are independent of each other. Memory space is byro-addressable. and CRU space is hit
addressable. Therelore, a desired device is accessed by placing i software base address in Register 12 and exercis-
ing the CAU 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 bLit address interact to link memory to peripherals in
bit-serial communication via the CRU.

The software base address cansists of the entire 16 bits of R12. In R12, the programmer loads twica the value of
the CRU hardware address of the dovica with which he wishes to communicate. Because only bits 0 thraugh 14
of Register 12 are placed on the address bus, the programmer needs Lo shift the hardware base address left one
position {equivalent o multiplying by two).

Bits O through 14 of Register 12 form the hardware basc address, For the single-nit instruetions, the hardware

base address is added to the address displacement to obtain the CRU bit address. For mu ltiple-bit instructions the
hardware base address is the CRU bit address,

21



2337  External CRU Devices

To input a data bit from an extemnal {off.chip) CRU device, the TMS 9995 first autputs the appropriate address on
AD-A14. The TMS 9995 leaves MEMEN high, outputs logic zerees on D0-D2, strobes DBIN, and reads in the data
bit on CRUIN, Completion of sach CRU input cycle and/or generation of Wait states is determined by the READY
input as detailed in Section 2.3.1.3. Timing relationthips of the CRU input cycle are shown in Figune 20,
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FIGURE 20 — TME9285 CAU INPUT CYCLE

To output a data bit to an external {off-chip) CRU device, the TMS D908 first autputs the apprapriate address on
AQ-A14, The TMS 9995 leaves MEMEN high, outputs logic zeroes on DO-D2, gutputs the data bit on A15/
CRUOUT, ard 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 CAU output cycie are
shown in Figure 21,

For multiple-bit wansfers, these input and output cycles are repeated untll transfer of the entire fizld of data bits
specified by the CRU instruction being executed has been accomplished,
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2.3.3.1.1 Single-Bit CRU Operations

The TMS 9995 peeforms three single-bit CRU funetions: Test Bit [TB), Set Bit 1o One (SBO), and Set Bit to Zera
{SBZ). The SBO instruction performs & CRU output cycle with logic one far the data bit, and the SBZ instruction
performs a CRU sutput eycle with logic zero for the data bit. A TB instruction transfers the addressed CRU hit
from the CRUIN input line to bit 2 of the status register (bit 5T2, the EQUAL bit),

The TMS 9995 develops a CRU bit address for the single-bit operations from the CRU base address contained in
warkspace register 12 and the signed displacement count contained in hits B 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
addrass from WR12 is added to the signed displacement spegified in the instruction and the résult is placed onlo
the address bus. Figure 22 ilustrates the development af a single-bit CRU address.
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2.3.3.1.2 Mulhiple Bit CRU Operations

The TMS 9995 perfarms twe multiple-hit CRU operations: store communications register (STCR) and load com-
munications register (LDCA). Bath operations perform a data transfer from the CRU-tomemory ar fram memary-
to-CRU as illustrated in Figure 23, Although the figure fllustrates a full 18-bit sransfer operation, any number of
bits from 1 through 16 may be involved.

CRLUINPUT BITS CRL CUTPUT BITS

M
| I N
MY I I
l M+
| INPUT {STCR]
| |
I |
| |
I [ 1 MEMORY WORD 14 I 15 [
| |
I I
| OUTPUT [LDCA} |
' RS E
I I Nit4
MNi1g I I
g | MNE1S

N = BIT SPECIFIED BY CRL! BASE REGISTER (WR12

FIGURE 23 - LDCR/STCR DATA TRANSFERS
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The LDCR instruction fetches a word from memory and right shitfts it to serially transfer it 10 CRU output bits, |f
the LDCR involves eight or fewer bits, those bits come from the right-justified fisld within the addressed byte of
the memaory word. 1f the LDCR involves nine or more bits, those bits come fram the right-justified tield within
the wheole memary word. Register 12, bits O through 14, defines the starting bit address, When transferred 1o the
CRU interface, sach 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 memery word {or hit 7}
becomes tha lowest addressed bit in the CRU and hit 0 becomes the highest bit in the CRU field,

A STCR instruction transfers data from the CRU to memory. |f the operation involves a byte or less transfer, the
transferred data will be stored right-justified in the memory byte with leading bits set 1o zero. H the operation in-
velves 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 lcast
significant bit position in the memory word or byte,

Intemal CRU Devices

Access of internal (on-chip] CRU devices is transparent to the TMS 9945 CRAU instructions. Data can be input from
and output to the bits of the internal CRU devices simply by using the appropriate CRU addresses 1o access thosa
hiis.

The TMS 9995 will indicate to the external world when these internal CRU hit aceesses 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 1o the timing for external CRU input and output cycles (see
Figure 20 and 21) except that during internal CRU cycles, the READY input is ignared, i, 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 1o the external world on CRUIN,

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

Flag Register

Aceessible via CRU input and output instructions that are executed to dedicated internal CRU hit addresses [see
Figure 18) is the internal Flag Register. The 16-hit Flag Register contains both predefined TMS 9995 systems
fiags 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 intarnal interrupt request latch CRU inputs, Note that CRU out-
put aperations 1o the internal interrupt reguest latch Flag addresses will not cause these latches to be either set ar
reset, These Flag bits are input only and allow the presence of these interrupt requests to be detected when tha
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 onc by & MID interrupt, and reset to zera by the software of
the MID interrupt routine (see Section 2.3.2.2.1). MNote that setting the MID Flag to ane with a CRU instruction
will not cause the MID interrupt to be requested,

External Instructions

The TMS 9985 has five external instructions (see Table 4] that allow user-defined external funclions 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 ta
inftiate various user-defined functions. Execution of 2n IDLE instruction causes the TMS 9995 ta enter the Idie
state and remain in this state until a request occurs for an interrupt level that is not masked by the current value of
the intarrupt mask in the status register, {Note that the Reset and NMI interrupt lovels 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 1o a single-bit CRU output cycle (see
Figure 21) except for the following: (1} the address being output will be nan-specific, (2) the data bit being output
will be nan-specific, {3) a code, specified in Table 4, will be ocutput on DO-D2 to indicate the external instruction
being executed, (4) during CRU and external instruction cycles, D3-07 are all zeroes. Note that completion of each
external instruction andfor generation of Wait states is determined by the READY input 2z detailed in Section
2.3.1.3.
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TABLE J - FLAG REGISTER BIT DEFINITIONS

aIT SRUeIT DESCRIPTION
ADDREsS!
FLAGH 1EED Set e 0 Decrementer configured as
Inparval Timer,
et o1 Decrememter configured as
Event Counter,
FLAG 1EEZ2 Setto 0. Decremanter not enatiled
Setto 1 Decremanter enabled (will
decrement and can st in:
ternal 1gtch that reguests a
Tevel 3 interrupt),
FLAGS? 1EE4 Leval 1 Internal | nterrupt Beguest
Lawch CRU Imput {Input-only).
0 Lewel 1 renusest not pressnt
1. Lewil T raguest present
FLAGE 1EEG Lavel 3 Internal |sterrupt Beguest
Lawxch CRU Input {Input-only),
0:  Lewel 3 request not presant
11 Lewel 3 requcst present
FLAGY 1EER Level 4 {atermal Interrunt Request
Latch CRU Imput {input-oniy).
0 Level 4 rogues) nol gresant
T Level 4 réguest present
FLAGS 1EEA
FLAGH 1EEC
FLAGT 1EEE
FLAGH 1EFOD
FLAGS 1EF2
FLAGH 1EF4 Uszi Defined
FLAGE 1EFE
FLAGC 1EF8
FLAGD 1EFA
FLAGE 1EFC
FLAGF 1EFE

T Thuse hes numbess are thow abtained hy placing the 15-bit Address Bus SAU address in g 18-bit fisld, left justifying tha 15 Bi1s In 1he fimbis,
and setting the LS8 af rhe flald o tero,

TABLE 4 — TMS 9995 EXTERNAL INSTRUCTION CODES

INSTRUCTION CODE DURING CYCLE
oo (2] bz

CRL:

5BO, 3BZ, TH. 0 0 o

LDCR or STCR
IOLE a 1 Q
RSET Q 1 1
CHON 1 o 1
CKOF 1 1 0
LREX 1 1 1
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When the TMS 9995 is in the Idie state, cycles with the Idle code will occur repeatedly until & request for an inter-
rupt level that is not masked by the interrupt mask in the status register occurs.,

A Hold state can ocour during an ldle state, with entry 10 and return from the Hold state occurring at the Idie coda
cycle boundaries, {See Section 2.3.1,1.3 for details of entry 1o and return fraom the Hold state.)

TMS 9985 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 interfacesT 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:

i1} Output a nan-specific address on AQ-A14 and A15/CRUOUT

{2 Output all ones on DO-D7?

{31 Output logic level high on MEMEN, DBIN, and WE/CRUCLEK

(4] Output logic level low on TAQ/HOLDA, and

{5} lgnore the READY and CRUIN inputs,

The HOLD input i5 still active, however, as the TMS 9885 can enter a Hold state while performing an internal
ALUWfother operation, Also, all interrupt inputs are still active

T internal memory space and internsl CELU osyios accecces ara datined s using the mernory and CAU intartscas,

3.

TMS 9995 PIN DESCRIPTION

Table 5 defines the TMS 8885 pin assignments and describes the function of each pin. Figure 24 illustrates the
TMS 8995 pin assignment ‘nformation.

XTAL1T 1 40 A15/CRUOUT
XTALZ/CLKIN 2 39 A4
CLKOUT 3 38 A13
D7 4 37 A2
D6 & B AN
D5 6 5 A10
Da 7 34 a9
D3 8 33 A8
Dz 9 3z A7
Voo 10 31 Vsg
D1 1 0 AG
Do 12 29 A5
CRUIN 13 28 A4
INT4/EC 14 27 A3
iNT1 15 26 A2
IAQ/HOLDA 16 75 Al
DBIN 17 24 A0
HOLD 18 23 READY
WE/CRUCLK 19 22 HAESET
MEMEN 20 21 NMI

FIGURE 24 - PIN ASSIGNMENTS
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TABLE 6 — TMS 9995 PIN DESCRIPTION

SlGNAL PIN o DESCRIPTION
POWER SUPPLIES
Voo 10 Supply voltage (+5 W Mom)
Ve bk Ground reference
CLOCKS
XTALZ/CLKIN 2 N Crystal inout pin T interngl aselltator, Also
input pin for external oscillator.
KTALY 1 N Crystal input pin for internal aszilistor,
CLKOUT 3 ouT Clock sutput signal. The Mrenuaney of
CLKOUT Is ane Fourth the oscilfater ingu
bexternal oscillsor) or erystal finternal oscil-
later) lraguency.
ADDRESS BUS
Al 29 ouT Address Bus, AD iz the most significans bit of
Al @5 auT tha 18 bit mamory address Bus and the 15 bit
a2 2% ouT CHU sddress bus. A14 !s the 2nd (easr signifi.
AZ 27 our eant bit of tha 16 hit memary address bus and
¥ 28 ouT the LS8 of the 16 bit CRLU address bus. The
AS n auT address bus assumes the high impedance state
Al 30 ouT when the THS 9995 is in the Hold stane,
AT az ouT
AR 33 ouT
AQ 34 ouT
A0 35 ouT
Aall 38 auT
Atz ar ouT
A13 38 ouT
Ald ig ouT
A1BICRUOUT a0 auT Address bl 15/CRL output data. A15/
CRUOUT is tne LSE of the 16 bit memary
address bus and the outpot data line for CRU
Sutpul instructions. ATS/CAUOUT asaurmes
the high impedance state when the TRS 53095
s inothe Hold state.
DATA BUS
Do 12 10 Datu Bus, Durlag mimory cycles (MEMEN
m 11 1o activel DO (the MSB] through D7 (the LSB)
o2 9 1o are wsed 1o tranifer data to/from the external
o3 & fia] mamary system. During rea-memany cycles
D4 7 s} (MEMEN inactive) DO, D1 and D2 are used
(L] i 1o 1o indicate whethar the TRMS 9995 i perfarm-
05 5 fis] ing a CRU eyels or 3n external instiuetion,
D7 4 1o The data bus assumes the high impecanes
state whan the TME 9385 i in the Hold siate,
CRuU
CRUIN 13 M CRLU inpur das. During CRU eyeles, CHLIM is
the input dsta ine for CAU input data,




TABLE 5§ — TMS 9995 PIN DESCRIPTION (Continued)

SIGNAL

PIN

4]

DESCRIPTION

MEMEN

WE/CRUCLE

AEADY

20

1/

19

3

ouT

auT

ouT

CONTROL
Memary enabla, When active [low] MEMEN
indicates that WE/CRUCLE. DBIN, and the
address and oliara hieses arw baing uewd lor a
memory evele, When inaclive [high] MEMEN
indicares that WE/CRUC LK, DEIN and the
scddreis and data buses are being used for
CRU cycle, or are indicating that the
TS 9995 s performing an external ingtruc.
lion.rMEH closs not assume the high im-
pediri state wehen tha TMS 9995 iz in the
Hold state.

Dete bus in. During memery read cyeles,
DEIM is active low] to endieer thar the
TME 9295 has disabled i1s dite bus outpur
Buflect 1o allow sxternal memory 10 enable
3s101¢ drivers that vuiput dats onie the
data bus. During CAU inpul cycles, DBIN s
ulsw active 1o Indicate that the CRL cycle 5
an Input cycle. DBIN assumes the hioh im-
pedAnce §TATH whan the TMS 8295 15 in the
Hold giate.

Wit enadlefinwariod CRU cluck. When active
LI W'E'memcms that memary
wirite data is available on the data bus [when
MEMERN = 04, on thal CRU date out is availaiia
an A15CRUDUT [when MEMEN = 1 and

DO - D1 - D2 = 0); or that an external intar-
face showd decode Ex mernal instructions [wihes
EVER = 1 and D0, D1, and D2 e not all
voua 1o 0F. WE/CRUGLEK assumes the high
impodance state when the TMS 9995 s in

the Hold staie

Ready. When active [highl, HEADY indicotes
ithat the presant external memory, CRU, or ax-
temal instruction cyele s reacly 1o be comaleted,

When not ready is indicated, 8 Wait state (defined
a3 extension of the present cycle by one CLKOQUT

eyelel is enteed, Ar the end of 2sch Wait state
READY is cxamined 1o determine il arnnther
Wit st e 1o be gencrated of if the evele is
Lo bve corriplister,




TABLE 5 = TMS 0295 PIN DESCRIPTION [Continued)

SIGNAL

PIN

Wo

DESCRIPTION

HGLD

1AC/HOLDA

=

=
'
=i

18

16

22

g

15

ouT

CONTROL (Cont'd)
Hold state request. When octive {lewd, HOLD
imdicates 1o the TMS 9995 thal an external
contreller desices 10 use the address and dawa
buses, Upon sensing 2 Hold reguest, the
TS 9995 will enter a Hold state {defimed as
sugpantion of instruction axecution) almr i1
has completed its present cycle (see Section
2.3.1.1.3 for details of entry inta a Hold
stétel. At the beginning of the Hold state, the
THiS 9995 places DBIN, WE/CRUGCLK, and
the eddress and data buses in the high imaed-
ance state, and than responds by asserting
IAQ/HOLDA. When HOLD s remaved, the
TMS 8995 refurns to normal operation,

Instrection scguisition/hold acknowledge, If
IAQ/HOLDA is setive (high) when MEMEN -
[, the ThAS #2995 is indicaring thar the memory
readd cvole in progress is that of reading an
instruction opeode. IF LAQ/HOLDA is active
when MEMEN - 1, the TMS 8895 it indicatl ng
that it is in the Hold state and thay DBIN, WE/
ERUCLE, and the address and dati busss are
in the high impedance stata,

INTEARUPTS
Raset. When sctive (low! RESET CHusHE The
TMS 9995 10 enter a RESET siate (see Section
2.3.2.1.1) andl inhibit MEMEN, DBIN, and WE/
CAUCLK. When RESET is releused, the
TMS 9995 inftiares a leval ero imterru pr Se-
quence that scguires WP and PC from momary
weord addr ssses D000 and 0002, and beging
execution using this vector, RESET will ter-
minate sn Idie s1ate. BESET is o Schmitt-
trigger input.

MNonarasksble Interrupt. When active llow),
TIMI couses tha TMS 8995 1o execute 8 none
miaskabie interrupt sequence with the trap
weotor (WP and PCl in mamary word sd-
drasses FFFC and FFFE. NMI will terminate
an die state. NI is recognized enly ence for
gazh high-to-lows transiticn, (MM must be
taked inactive batore it will be recognized
again )}

Interrupt one. When active fiow), TNT1 will
cause the TME 9906 1o execute a ieyel ane
internapt trap i leval ane s not masked by
the status register,
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4.2

TABLE 5 — TMS 2295 FIN DESCRIPTION IConeludad)

SIGNAL Pird o DESCRIFTION

o

INTA(EC 14 i Interrunt lourfevant counter, When gither the
decrementer i o1 enabied or the decramenter
is enpbled and configured as an interval timer,
INTAfEC being detive (law) will causa the
TS 9985 10 executa a lovel Tour interrupr
trag if leval four is mot masked by 1he status
register, Wnen the decremanter is enabled and
configured 35 an event counter, a high-to-low
transition on 1NT4|’E will cause the count in
the decrermenter (o be decremented by one,
ISce Sectian 2,.2,1.2.2 for details of enabling

| and egnfiguring the decremanter,)

TMS 9995 INSTRUCTION SET

DEFINITION

Each TMS 9995 instruction pertorms one of the following operations:

L Arnthmetic, logical, comparison, or manipulation operauons on data
L Loading or storage of internal reqisters {program counter, workspace pointer, or status|
. Data transter between memory and exiernal devices via the CRU

. Contral functions

ADDRESSING MODES

The TMS 9395 instructions contain a variety of available modes for addressing random memory data, e.q., pro-
gram parameters and flags, or formatted memory data (character strings, data lists, etc.). These addressing modes

are:
L] Waorkspace Register Addressing
L Waorkspace Register Indirect Addressing

L] Workspace Register Indirect Auto Increment Addressing

. Symialie (Direct) Addressing

] Indexed Addressing

L] Immediate Addressing

L Program Counter Relative Addressing
. CRU Relative Addressing

)



4.21

422

4.23

The following figures graphically deseribe the derivation of cffective addrass for gach addressing mode. Tha applica-
bility of addressing modes to particular instructions is deseribed in Saction 4.5 along with the description of the
operations performed by each instruction, The symbols fallowing the names of the addressing modes (R, *R, *R+,
BLABEL or @TABLE (R} ame the general forms used by TMS 9985 ascamblers 1o sefect the addressing modes for
registar K,

Workspace Regiiter Addressing, R

Workspace Register A contains the operand

REGISTER R

(Pt INSTRUCTION —t= [WP]+3H —-l OFERAND

The Workspace Register addressing mode is specitied 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,

HEE}ETEHH.
(pe) INSTRUCTION  |—e (WPi+2R——e] ADDRESS I_. OPERAND

The Workspace Remister Indirect addressing mode is specified by setting the two-bit T-ficld (Tg or Tpl in the
instruction word equal to 01,

YWorkspace Register Indirect Auto Increment Addressing, *R+

Workspace Register R contains the address of the operand, After acguiring the address of the operand, the cone
tents of Workspace Register R are incremented,

REGISTER R

tm:r—-l INSTRUCTION b (WPl4 2 ——e] ADDRESS OPERAND

1 (BYTE)
ar 7 (WORD)

The Workspace Register Indirect Auto Increment addressing mode is specified by setting the two-bit T-field (Tg
or Tl in the instruetion word equal to 11,
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4.24 Symbelie (Direct) Addressing, BLABEL

The ward fallowing the instruetion containg the address of the operand,

R INETRUCTION

[ 04 o s LABEL

_4 OFERAND

The Symbalic addressing mode is specified by setting the two-hit T-field ITS or Tl in the instruction word equal
to 10 and setting the earesponding S or D field equal to 0,

4,25 Indexed Addressing, ETABLE (R)

The ward following the instruction contains the base address. Workspace Registar R contains the index value. The
sum of the base address and the index valur results in the eftective address of the operand,

|PC] =

RECISTER R

INSTRUCTION I I T —

{PC)+2 =

TABLE

INDEX WALUE

FFECTIVE

ADDRESS

OFERAND

The indexed addressing mode is specified by setting the two-bit T-field (T or Tp) of the instruction word equal to
10 ancl setting the corresponding S or D field not equal to 0. The value in the 5 or D field is the register which con-
tains the index value,

4.2.6 Immediate Addressing

The ward following the Instruction contains the operand,

[FCI——ad INSTRUCTION

IPCN + 2 e DFERAMND

427 Program Counter Relative Addressing

The eight-bit signed displacement in the right byte (bits 8 through 15) of the instruction is multipiied by 2 and
added 1o the updated contents of the program counter, The result is placed in the PC,

JUMP INSTRUCTION

FROGARAM COUNTER

OF CODE

Dse

NEXT MEMDRY WORD

ADDRESS ,__T_.

2= DIsP




4248

4.3

4.9

4.5

4.51

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
ﬂ'm—.{ OF CODE DisP
] 7 8 15 CRUBIT
AEGISTER 12 ADDRESS
[V TRS X b N— CRU BASE ADD
] 14 15

DEFINITION OF TERMINOLOGY

The terminalogy used in describing the instructions of the TMS 9995 is defined in Table B.

STATUS REGISTER MANIFULATION

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 en the status register,

INSTRUCTIONS

Dual Operand Instructions with Multiple Addressing for Source and Destination Operand

Genural a 1 5 B 7 | 9 10 11 12 13 14 16

2 3 4
Forman; OF COCE i B ] To I_ o I Tg 1 5

I8 = 1, the operands are bytes and the operand addresses are byte addresses, If B = 0, the operands are words and
the LSB of the operand address is ignored,

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

TgorTp SarD ADDRESSING MODE NOTES
00 L+ PR | - Workspace reglaier 1
o™ 0,1,..15 Workipace register indirect
10 L] Symbolic 4
1] L2...15 Indexed 2.4
11 0,1...18 Workspace register indirect k]
o FUTO increment

MOTES: 1, When a workspoce reglster it the opemand of a byie Instruction [pit 3 = 11, tha taft byte [bits O thrgugh 7] is tha
operand and the right byre (blts & chrough 15} is unchanged.
2. Workwpaca reglster O may not be used far inoexing,
4. The workspace register js Incramented by 1 for byie instructions [oir 3 = 1) and is incremented by 2 Tof ward Insirue
tions (pit 3 = O,
4. When Tg = T = 10, two words ars requirad 1n sddition to the Instruetion wore, The flrst word I3 the source opersnd
Rave address and the second word is the destinetion operand base address,



TABLE & — DEFINITION OF TERMINOLDGY

TERM DEFINITIONS
B Byte Indicator (1 = byte, 0 = word)
C Bit Count
D Dastinalion address register
oA Cesrination address
IaP Immuediate operand
LS8 (n} Lesst-significant [right most) b of {nl
MSB inl Most-significant {laft most bit of in}
M Don't care
PC Program Counter
Result Regult of operation performed by inatruction
5 Source address register
g4 Source gddress
5T Starus reglster
ETn Bit n of status reglster
TD Destination address modifiar
78 Source sddress mod|fler
w Workspace rogister
WRn Workipace régister n
in} Cortents of n
& +h a is transferred ta b
Inl Absolute value of o
i Arithmetic agddibon
- Arlthemeic subtractian
AND Logical &ND
oR Logical CR
@ L.;'.\ni:ﬂ exclusiva OR
n Logical complement of n
. Arithmetic multiplication




TABLE 7 - STATUS REGISTER BIT DEFINITIONS?

CONDITION TOSET BIT TO 1, OTHERWISE

INSTRUCTION
S NAME AND/OR SETTO 0 FOR INSTRUCTION LISTED.
INTERRUPT ALSO, THE EFFECT OF OTHER
INSTRUCTIONS AND INTERRUPTS
5TQ Lo ual C.co If MESE [SA) = 1 and MSB (DAL =0, or
Cirpstar If MSE [EA) = MSE (DA] and M5B aof
Than (DA — I5A)] =1,
cl IFMSE (W = 7 and MSE of |OP = 0, or
if MEE (W= MEE of I1OP and M5B of
[1OP — IW}] =1,
ABS, LOCR R
RTWP 1t bt (10} of WR1E 31
LST 1¥ bit (0} of selecred WH is 1
&, AB, Al, ANDI, I risuin » O
DEC, DECT, LI,
MOV, MOVE, NEG,
ORJ, 5,58,
BIVS, MPYS, INC,
INCT, INV, SLA,
50C, 50C8, sAA,
SRC, SAL, STCR,
32C, 52ZCB, XOR
Hecet |ntérrupt Uncondithomally sete status bit w0
All orher instructions Do not affect the status bit [see Note 1)
and interrupis
3T Arithmetic C.C8 It M5B [SA) =0 and MSE (DA} = 1, ar
Greator 11 MSB [SA = M5B (DA) and MSB of
Than DAL= [5A) =1
| I MSE (W) = 0 and MSB of I0F © 1, o
f M5B (W) = MSB of 10P and M5B of
[1OP — (W1] =1,
ABS, LDCR 1§ MSB [(SA) =0 ond 154} £ 0
HTWP 10 it (1) of WR1S 15 1
LT It i1 (1] ot selected WH is | ==

A, AB, Al ANDI,
CEC, DECT, LI,
MOV, MOVE, NEG,
ORI, §, S8, DIVS,
MPYE, INC, INCT,
INV, SLA, 50T,
SQCH, ERA, SRC,
SRL, 5TCR, 32,
S2CE, XOR

I MSE of rasult - O and regult + 0

Resat Intgrupt

Uncenditionally sets status bit 1o O

All ather instructions
arll IRTEFTupts

Da not affect the status bit tcee Mote 1)

T 2ee Takie & for rafinitinne ol tarminalegy used in this 1able,
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TABLE 7 - STATUS REGISTER BIT DEFINITIONS {Cantinuad)

CONDITION TOSET BIT TO 1. OTHERWISE

aIr NAME TNE::EGH SET TO O FOR INSTRUCTION LISTED.
INTERRUPT ALSO, THE EFFECT OF OTHER
INETRUCTIONS AND INTERRUPTS
572 Equal C.CB 1 (5A] = (DA)
cI 1 (W) = 10P
coc ~ 11 {SA) and (DA} - 0
CZC I (SA1and (DA =0
TB I CRUIN = 1 lor addrecsed CHU hit
ABS, LOCR 1isai=0
ATWP W oin 2) o WR1E s 1
LST 11 bit {2) of selected WR is 1
A, A, AL ANDIE, Hresult = 0
DEC, DECT, LI,
MOV, MOVE, NEG,
ORI, 5, 88, DIVS,
MPYS, INC, INCT,
INV, 5LA, 50C,
SOCE, SRA, SARC,
SAL, STCR, 5ZC,
$2C3, XOR
et lh!nrmr;: Unconditionasly u{; status bit o 0
All ather instructions D ot atfact the staius bit [see Momw 1)
and interrapls
5T3 Ceiry A, AB, ABE, A, If CARAY OUT =3
DEC, DECT, ING,
INCT, MEG, §, 58
SLA,SARA, SAL, I# last bt shilted owt = 1
SRC
RTWP it (3) ef WR1S s 1 =
LST M it i3) of selecied WR s 1
Hesel Interups Unconditionally $e1s status bit to O
All gther instiuclions Do not affect the $701us bit {ses Note 1}
and intarrupis
ET4 Crvarflow A, AB If MSE (1S4} = MSE IDA) and MEB
of result - M3B (DA}
Al If M5B (W) = MS8 of |OF and MSB
of result & MSE (W)
S, 58 1 M5B (SA) / MSE (DAl and MSB
z of resull £ M5B (DA}
DEC, DECT If MSE [54) = 1 and M5B of resuit = 0
ING, INCT I1f MSE {SA) = 0 and MSB of rasult = ©
SLA If M5B enanges durning shift
Div I MSB {SA) = 0 and MSB (DAl - 1, ar il
MSB (5A) = MSB (DA} and MSE of
flDA) — 1SAll =0
Divs I thie guotiens cannot be axpressed a5 3
signed 16 bir quantity 1800045 is a valid
negative number)
ABS, NEG It (SA) = BDODyg
RTwWF IF it (4) of WR15 15 1
LST IF hit (4} of selected WH is 1

Feses | nterrupt

Unconditionally sets status bit 1o 0

All other instructions
and INTerrupts

Do nor alfect the status bir (see Mot 1)
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TABLE 7 — STATUS REGISTER BIT DEFINITIONS {Concluded)

CONDITION TO SET BIT TO 1, OTHERWISE

P NAME INS:::IE;:ON SET TOC FOR INSTRUCTION LISTED.
ALSD, THE EFFECT OF OTHER
INTERRUPT
INSTRUCTIONS AND INTERRUPTS
&TE Qebed CB, MOVE I (540 has odd aumbes of 1%
Parity LOCA I3 <€ <8and (SA) has odd number of 115,
HC=0or9« C< 15, does not affect the
s1eius bit.
5TCRH 111 = C <8 and the stored bits have an odd
numbar of 1%5. 11 C =0 or 8 < C < 15, doms
not affect the status bit,
AB_ 5B, SOCB, It result has odd number of 1's.
SZCHE
ATWP 11 kit (5} of WR1S i1
LST 11 kit (5] of selected WR is 1
Raset Interrupt Unconditianally 515 status it o 0
Al other instructions Do not aftect the status bit [see Nete 1)
and |nterrupts
576 XOP xoP I XOP instruction is executed
RTWP 11 Bsin 46) of WRI1E 51
LST If Bt 161 of selecied WR s 1
Fegut Intarrupt Wnconditionally sets status kit ta O
All other instrectionsg Do not atfect the stamus bit (see Note 1)
and interrupts
517 Unused RTWP If carresponding it of WH1G 51
318 Bits LaT It carresponding bit of selected WA is 1,
sT9 XOP, Ay Unconditionally ae1s sach of these status
and Imrarrupt bits 10 0
TN All arher Instructions Do not alfect these status bits (see Mo 1]
5T10 Arithmetic RTWP IF fin (100 of WA is 1
Overllow LST 1Fbir (10} of slected WR i3 1
Enabale XOP, Any Unconditionally sets status it 1o 0
Internapt
All other ingtructiony Do not affect the status bit (see Note 1)
5T12 Interrupt Linae If corresponding bit of 107 g 1
5T13 Mask RTWP If carresponding bit of WR15 is 1
5T14 LST It corresponding bit of selected WR is 1.
and AST, Reset and Unconditionally sets each of these status
5T15 NI Interrupts ks 1o O

L

All other interrupts

IFSTIZ =5T15 = 0, no changs
IFSTI2=5T15 =+ 0, cet 10 one
Lest than lavel of the interrupt trap taken

All ather Instructions

Da not affect these status bits (soe Mot 1)

NOTE 1:

The ¥ instructian itself doss not affect sny status bit: the instruction executed by the X Instruction sets status bits as defined far
that Instruction,




4.5.2

OP CODE | B RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
a1 2|3 TO O AFFECTED
A 1 0 1 |0 Add ey 0-4 (SAl + DA~ {DA)
AB 1 6 1 |7 ]| Addbyres s 05 (SA) + (DA} - (DA)
C 1 0 0 | 0| Compars e 0-2 Compare (SA41 1o (DA) and st
| appropriate $tatus bits
- 1 0 0 1| Compare byoes Mo 0.2,5 Compara [SA} ta (DA] and set
APPTODTiae $1atus bits
s 0 1 1|0 Subtrazt Yes 04 (DAl — i5A) — (DA)
58 0 1 1 |1} Subtract bytes Yei 05 DA} = (SA) — (DA)
50C 1 1 1 [ 0] Set onss corresponding s 0-2 {DA) OR ISA) -+ [DA)
s0c8e 1T 1 1 [ 1] Set ones correspanding byies et 0-2,5 (DA) OR ISA) - DA}
S52C 0 1 0 |0] Sel zeroe: corresnonding Ye 0.2 (DA] AND {S5A) - (DA}
sZca 0 1 0 [ 1] Sel zevoes corresponding bytes Yas 0-2,5 iDa) AND {SA) = (DA}
rdw T 1 0 |0] Move Yes 0.2 (SA) - (DA)
MOVE T 1 0|1 Movebytes Yoy 0-25 (SAt—+iDA)

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

General D 1 z 3 4 ) 5] 7 8 9 il 11 12 13 1d 15
Foemat OP CODE Ts 3
The addressing mode for the source operand is determined by the Tg field.
Tg 5 ADDRESSING MODE NOTES
L] o.1...18 Workspace register
01 4] .18 Workspace register Indimet
11} (4] Symbalic
10 1.2...158 Inetexed 1
11 0,%,...16 Workspace register indirect auro increment 2 |
L e —

NOTES: 1.

Workspocu reglarer O may not be used Tor ingexing,

2. The workspaca register is incrémented by 2.

KL



453

OF CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
012346 T QO AFFECTED

coC 0 0100 0Q|Compars anes Na 2 Test (D] 1o deermineg if 1'% are in wach bit

corresponding position whore 1sare in (SA) 17T 8o, set 5T2.

CZC 0 0100 1| Compare zaroes Mo ? Test AD] v determine if 0% dre in esch bit

carrgsponding position whare |'s gro in ISAL If 3o, set 5TZ,

KOR 01 01 0|Exclusive OR Yes 0-2 ioa) @ sAa1= (01

MPY 001 10 O Muktiply Mo - Multgly unsigned (D) by ursigned (SA) and
place ungigned 32-bit product in D imost-
signilcant} snd D41 {leasstsignibicant), 11 WR1E
£ D, the mext ward in memary after WH1S will
b wsed for the least significant half of the |
product.

Diwv 0 01 11 1] Divide Mew 4 1* unsigned (SAD is [ess then or squal 10 unsignad
(D). parform no aperation ond sl §TE, Othareise, |
divieds unsigned (OF and [D+1) by unsigned 1SA),
Quatient — {1, remainder — iD+10, ITD 15, J
tha next waord o mamaory aftar WR1S will be
used lor the ramainder.

Signed Multiply and Divide Instruetions

General [ ] z 3 4 5 [ 7 a a 10 11 12 13 14 18
Farmat 0OF CODE Tg 5 J
The addressing mode for the source operand is determined by the Tg fiald,

Tg 8 ADDRESSING MODE NOTES

00 0.1...15 Workspace register 1

o1 Q.1...15 Warkspace register indirect 1

10 o Symbalie 1

19 1.2...16 Indexed 1.2

11 0,1...18 Warkspace register ingirect 1.3

auta incrEmen

HOTES: 1,

Warkspace registers O end 1 contein operends used in the slgned multiply and divide operations,
2. Workspace reglster O may not be used for Indexing,
3. The workspace reglster is incremented by 2,



OF CODE RESULT STATUS
MNEMONIC MEANING | COMPARED 8ITS DESCRIPTION
D1 2 3 45 6 7 B 9 TQO AFFECTED
MPYS 0D 00 0 0 0 1T 1 1] Signed Yeiu 0-2 Multiply signed twio's com-
Mulriply plement integer in WRE by

sHpned two's complamant
irleger (SA] and place signed
32-bit product 0 WRO {most-
significant) and WR 1 least-

signiticant
Divs 000 0 00 0 1 1 0Of Sigred Yes 024 1F the quotient cannar be ex.
Divide prassed az o signed 16 bit

aquantity (BCO00 (hex] is & valid
negative numbar] | ser ST4,

Orherwize, divide signed, two's
complemegnt integer in WRO
and WAR1 by the signed two's
complemant integer 154 ) and
prace the signed guotient in
WARO and the signed remaingder
i WRT, The sign of the nun
tieny is determined by slgebraic
rulet, The sign af the remainder
is the same as Lhe sige of the
dividerd and REMAINDER

< 1 DIVISOR
4.5.4 Extended Operation {XOP} Instruction
Gereral i 1 2 3 & B [ 7 g 0 10 1 12 13 14 15
Format:: Q o 1 i 1 1 o r Tg 5

The Tgand 5 fields provide multiple mode addressing capability for the source cperand, When the XOP is executed,
the following transfers oecur:

{401 + 4D) (WP)
(4215 + 4D) ————=PC})
SA—{new WR11)

{old WP) ———————— (naw WH 13}
lold PC)=———————(new WH14)

{old ST) =————————{new WR 15}

Aftar these transfers have been made, 5T is set to one, and 8T7, ST8, 5T, ST10 (Overfiow Interrupt Enable),
and ST11 are all set to zero.

The TMS 9995 does not service interrupt trap requests (except for the Reset and MMI Reqguests) ai the end of
the XOP instruction.

a1




455 Single Oparand Instructions

General a ¥ 2 3 4 3 1 7 B 9 0 11 12 13 14 18

Format: QF CODE Tg 8

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

OF CODE | mesuet | status
MMNEMONIC MEAMNING | COMPARED BITS DESCRIPTION
0 1 2 3 4 5 € 7 8 @89 TO ZERD |AFFECTED
2] ¢ 0 0 g 0O 1 0 O O 1|Branch ' o - SA — [PC}
BL 0 o 0 O 90 1 1T O 1 O] Branch i Mo - [(PCH— (WR11), 54 — [PC}
and link
BLWP g 0 ¢ 0 0 1 0D O 0O ©|Brarch No - [SA] = (WPk; {SA = 2] — [PCI;
and load {old WP} —= {new WR13);
workspace el PCh -+ (new WHR14);
pointer inld ST} — {rbw WA1S):
The TME 9995 does not e
ViGE iNterrul Trap requests
{emeepr for the Reset and NV
Ruguests) at the end of the
BLWP instruction, 1
CLR QO 0 0 0 0 1 0 © 1 1| Clear Mo - Q- {5A])
Operand
SETO D0 0 0 0 11 1 0 03t Mo - FFFFq15 - (A}
ones
INV 0 0 0 0 0 1 0 1 0 1] ovent Yes 02 ISA) — (SAl
MEG 0 ¢ 0 9 0 1 0 1 9 0| Negae s 0. —{5A]) = [53A)
ABS a2 o 0 1 1 1 0 1| Absolute Mo 0= 1HSA} —= i5Al
value®
SWPE a0 0 o0 0 1 1T 0 1 1| Swap Mo - iSAl, bits O thru 7 - [5A)
Bytes bits 8 thru 15; [54),
bits B thru 15 = (A,
Bits O thea 7.
ING C 0 00 0 1 0 v 1 O increment R {14 1S540« 1 = (5A)
fMCT 00D o0 o0 1 0 1 11 | Incrament ey o4 (SA) + 2 — I5A)
by two
DEC 0 09 0 0 1 1 0 0 0| Decrement Wi -4 [SA) =1 ~i5a)
DECT @ 0 0 O 0 1 1 0 0 1| Decrement Yes 04 [SA) — 2 = (54]
by twio
e G0 0 0 O 1 0 0 1 0] Execute Mo - Execute the instruction
l 58,

Doerand i compared 1o tero for status bit,

I additional memory words for the evecute instruction ars required 1o define the opersnds of the instruction located at 54, these wards
will be accessed from PC and the PC will be updated accordingly. The instruction acquisitian signal {1AQ) will net be trae when the
TMS 9995 accesses the instruction et 84, Status bits are affected in the normal manner For the instruction exacy Ted,



45.6 CRU Multiple-Bit Instructicn

General 1] 1 2 3 4 8 G 7 ] 9 10 11 12 13 i4 16

Formar: | OF CODE C s | s

The C fietd spacifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU hase
register (WR12, hits 0 through 14) defines the starting CRU bit adeiress. The bits are transferred serially and the
CRU address is incremented with each bit transfer, although the contents of WR 12 are not affected, T and 5 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 @ 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 incremant 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 f the transfer is elght bits or less, bits B - 15 are unchanged.,

OF CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
] 1 4 3 4 5 TOO AFFECTED
LOCR 4] 0 1 1 ] 1] Lioad ey 0-2.58* Baginning with
COMmmunication LSH of [5A],
ragister tramsfer the
spegified number
of bits from (SA])
1o ithe CRU.
STCRH Q 2 1 1 0 1 Swore Yis 026" Beginning with
communication LEE of (54),
reqistar transior the
specified number
of hits from the
CRU to [SA)
Load unfilled bic
positions with 0.

*S5TS vaffecten only if 14 C < R,

457 CRU Single-Bit Instructions

Ganeral ¢ 1 2 4 4 -] G 7 8 9 10 1 12 13 14 15

Format: QP CODE SIGNED DISPLACEMENT l

The signed displacement is added to the contents of WR12 (bits 0-14) 1o form the address of the CRU bit to be
selected,



OP CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION
1] 1 2 3 4 5 & 7 AFFECTED

SBO ] [+ 1] 1 1 1 i 1 Ser bit 1o - ot the elected
one cutput bit to 1.

s5BZ a 0 o 1 1 1 1 Q Set bit 1o - Set the selected
FITE] output bit 1o 0.

T8 o 1] o 1 1 i 1 1 Test bit 2 It the satected

CRU input bit =
1,891 5T2; if the
salectod CRU in-

put= 0, st 5T2

|

458 Jump Instructions

General 0 1 2 3 4 g G 7 B 8 10 11 12 13 14 iG

Format: l OF 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 1o the
next instructian. The signed displacerment field is a word count to be added 1o PC. Thus, the jump instruction has
& range of =128 10 127 words from memory-word address following the jump instruction,

Mo ST bits are affected by jump instructions.

OFf CODE
MMNEMONIC MEANING ST CONDITION TO LOAD PC
a 1 2 3 [ 5 6 7
JEQ o o 0 1 ] Q 1 i Jump edquisl T2 =1
4GT [t} 1] o 1 0 1 o 1 Jumip greater than §T1=1
JH 4] 0 o 1 1 o] 1 1 Jump migh ETD=1and 5T2=0
JHE o o 1] 1 o 1 1] 4] Jump high or squal 5TO=1 or BTZ -1
JL o o ] 1 1 0 1 8] Jump low STO=0and 5T2-0
JLE o o C 1 1] a 1 0 Jumiz low or aqual ETO=0pr5T2=1
LT (4] ] 0 1 L] a a i Jump ress than ET1=0ond5T2-0
JhP 1] o 1] 1 0 Q0 a 4] Jumo uneonditional Iincanditional
JNC o H o 1 1] 1 1 1 Jump no carry ETi=0
JNE a o] o 1 0 1 1 Q Jump ot sguai 8§T2=0
JNO L 0 4] i 1 o 0 1 Jumip no overflow 5Ta=0
400 o (1] 0 i 1 0 0 0 Jump on carry ET3 =
JOF 0 o ¥ 1 1 1 0 0 Jurmips el parity ETE=




459 Shift Instructions

Gengral 0 1 Z 3 4 5 ] [ 2 9 10 11 12 13 4 il

Format. | 0P CODE | c w |

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

count is 16,
T
OF CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
o 1 2 3 q 5 G 7 TOO AFFECTED
LA (i) a o o 1 ) 1 i Shitr 1wt ey -4 Shifr [W) tatr,
arithumenic Fill vacated
hit positions
with 0.
SRA o 4] o 0 i ] 0 i Shift reght Yog 0-3 Shife (W) righs,
arithmetic Fill wacated bit
positions with
ocriginal M58
el W),
SRE b 0 O [¥] 1 a 1 1 Shitt right Yes 0-3 Shitr (W) righe,
cirtular Ehift previous
LER inlo MS3.
SHL [+] o o o 1 a o 1 Shift right ¥ 0-3 Shift (W) right,
logical Fill vacared Bit
positiong with
0's.

4510  Immediate Register Instructions

1] 1 2 3 L] G & ¥ 8 9 10 i 12 13 14 16
General OF CODE o ! W
Formar: op
OF CODE RESULT STATUS
MMNEMOMNIC MEANING COMPARED BITS DESCRIPTION
0 1 2 3 4 8 6B 7 8 9 10 TOD AFFECTED
Al o ¢ a o 0 0 1 0 O O % Add immedisie ¥on 0-4 W = (OF - (Wi
AMNDI 0 o 0 0 0 O 1V O O 1 O AND immiediate ey 02 (W) AND 10P = it
ci ¢ 0 0 0 0O O 1V O ¥ 4O B Compare imme- e 0-2 Compare (W) 1o
diate IQF and set sppro-
Pridig status bits,
Ll @ o0 0 0 0 0O VYV O O & O Load immed:ata Va5 (18] QP = (W)
OH) ¢ 0 6 0 0O 0 1 0 0 1 1 OR immediate Yes 02 W OR 10P = (W)




4517  Internal Register Load Immediate Instruetions

Genersl OF CODE 1 L] o ] ] o
Format: 0P
OF CODE
MNEMONIC MEANING DESCRIPTION
1] 1 2 3 4 5 & 7 8 ] 10
LWPI 0 4} 4] 1} ] i 1 a 1 1 1 Load workspane 1OP = [WP), ao 5T bits
pointer immediate affecied,
LiMI o ] 4] 1] qQ (1] 1 1 1] 1] 0 Load interrupt 1OP, Bits 12 thri 15—
mask S5T12 theu STIG.
4,512  Internal Register Load and Store Instructions
General a 1 2 3 4 5 B 10 11 12 13 14 18
Format: [ OP CODE W
OF CODE STATUS
MMNEMONIC - MEANING BITS DESCRIPTION
0 1 2 3 4 =5 7] 7 8 1M N AFFECTED
STET 4] 4] 2 a bi] a 1 a 1 1] 1] Storm statug - ISTh = (Wi
Registor
LET ] i] a a o 1] 0 Q 1 1] 1] Load staitus o0-15 (W) =+ IST)
Register
STWP a a ] o] a ] 1 v} 1 li] 1 a Store work- IWP] - (W
ipace pointar
LWP a 0 90 o 0 o o0 0 1 o o i Losidd woeark- W — (WP)
spm.'c poifter
4513 Return Workspace Pointer [RTWP) | nstruction
Ganaral a 1 2 3 4 B & 7 B 9 0 11 12 13 14 15
Format: 1] 1] 4] a 4] 1] 1 1 1 ] ] O L] o 4] o

The RTWP instruction causes the Tollowing transfars to occur:
(WR15)=({5T)

(WR14)-={PC)
(WR13}={WP)




45.14 External Instructions

General a 1 2 3 4 5 [ 7 a g 110 1" 12 13 14 i5

Eoiwie: 0P CODE ¢ 0 © o n]

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 ta be initiated,

OoP CODE STATUS
MMEMOMNIC MEANING BITE DESCRIPTION DATA BUS
a 1 Z2 3 4 5 B8 7T 8 9 10 AFFECTED Do (DY | D2
IDLE O 0 0 0 O 0 1 1 0 1 0O Idle - Suspend TMS 8595 L H L
instruction execution
until an unmaskad
intarrupt evel
TEQUEET OCOUTS,
RSET ¢ 0 0 o 0 Q0 1T Y @& 1 1 Reaet 12415 S5e1 ST12:5T15 L H H
Lo zero,
CEOF 9 9 ¢ ¢ ¢ ¢ 1 1 1+ 1 Q4 User defined - - H ] L
CKON g ¢ ¢ 0 0o 1 1 1 0 1 Usar definen - - H L H
LREX g o 0 o @a o 1 v 1 11 Usar delined e - i H H H

4515 MID Interrupt Opcodes

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

0000-007F 0301-033F
00AQ-017F 0341-035F
0210.021F 0361-037F
0230-023F 0381-039F
0250-025F 03A7-03BF
0270-027F 03C1-03DF
0290-028F D3E1-03FF
02B0-DZBF 0780-07FF
0200-02DF 0CO0-OF FF
02E1-02FF
4.6 INSTRUCTION EXECUTION

4.6.1 Microinstruction Cycle

Each TMS 9985 instruction is executed by 3 sequence of machine states {microinstructions) with the length of
each sequence depending upon the specific instruction being executed, Each micrainstruction is completed in one
CLEQUT cycle unless Wait states are added to a memory or CRU cycle. (Also, each external MEmaory space dccess

of a2 word and each external CRU cycle reguires at least two CLKOUT cyeles but will be accomplished with a
simgle microinstruction],
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4.6.2

4.6.3

Execution Saquence

The TMS 2295 incorporates an instruction prefetch scheme which minimizes, and in some cases eliminates, the
time required to fetch the instruction from memary. Without the prefatch, a typical instruction execution

seguence is as follows:

{n
{2)
(3}
4
(5}
(6)

Fetch instruction

Decode instruction

Fetch source operand, if needed

Fetch destination operand, if needed

Process the operands

Store the results, if required

The TMS 9995 makes use of the tact that during Step 5 the memory interface is not required: therefore, the fetch
of the next instruction can be accomplishad 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 B
illustrates the case of maximum efficiency for an Add instruction {instruction cpcodes and operands are located
in the internal RAM), Note that it effectively takes only four machine states to perform all six steps,

TABLE B — EXECUTION SEQUENCE EXAMPLE

STEP ;’;::-; MEMORY CYCLE ‘ INTERNAL FUNCTION
1 Frieh Instruction Process Fravious Operands
2 1 Write Results Decode instruction
3 2 Fetch Source
4 3 Fereh Destination
& 4 Fateh NMext | astruction Add
6 . Write Results Drecode Instrugtion

It should be noted that the instruction prefetch scheme employed by the TMS 9995 can cause self-modifying
software to execute incorrectly. Incorreet execution will result whan an instruction 15 supposed to generate the
opcode of the very next instruction to be executed. (The TMS 8895 will begin the fetch of the opcode af the
next instruction befora the currently executing instruction stares the results of its execution.)

TMS 9995 Instruction Execution Times

Instruction execution times for the TM5 9986 are a function of:

i
{2)
(3)
(4)
(s

Machine state time, tep.

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

The location of the workspace and the operand(s) (internal or external memory).

Addressing mode used where operands can be fetched via multiple addressing rmocdes

MNumber of Wait states introduced, as appropriate,

a8



Table 9 lists the number of clock cycles required to execute each TMS 9995 instruction for various combinations
of enchip/off-chip location of instruction opcodes, operands, and workspace. {Other combinations can be ex-
ropolated from the ones listed.) For instructions with multiple addressing modes far either or both operands,
Table 9 lists CLKOUT cycles and associated off-chip memary accesses with all operands addressed in the work.
space register mode. To determine the total number of CLKQUT cycies 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 execurion time for an instruction is:
T = t.2[C1+C2+W (XM +XM2)]
where

T = total instruction execution time

;2 = CLKOUT cycle time

Cl1 = bese CLEOUT 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 oft-chip (byte length) memary oyeles

XM2 = additional aff-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,



TABLE @ - INSTRUCTION EXECUTION TIMES

Opeodes &
Immpdinte
Opcodes & Orparands OH
Iimimed late Chip: Sourca
INSTRUCTION Opsrands OH Operand O
Opcades & Chig: All Other | Chip; Destination Dpeodes & Oparand
Al Operands Oparands On Operand On All Oparands Addrea
On Chip Chip Chip Off Chip Darivation
| ® @
c1 M C1 XM c1 =M1 [ ] XM Souroe | Dwst

A 4 ] 5 2 8 4 - B A A
AB ) 4 o 5 2 E | 3 5 5 A A
ARS 3 a 4 2 ] [ & & A -
Al . 4 (1] & 4 E 4 B 2 - -
ANDI 4 4] [:] L] 3] 4 B 8 -
B k| ] 4 2 4 2 a | 2 A
BL 5 o [ 7 7 q 7 4 A =
BLWP 1M ] 12 2 145 8E 17 12 A,
€ 1 0 5 2 £ s 7 6 A | A
c8 & ) 5 2 B 3 5 4 A A
ci — 4 6 [ 4 B 4 7 [ -
CKOF 7 ] g | 2 ] 2 g 2 - =
CKOM 7 [1] 8 3 ] 2 g b -
CLA 3 0 4 2 5 4 5 4 A =
cOC B 4 1] 5 ) B 4 7 5 A
CZC 4 1] L] 2 B a 7 & A -
DEC 3 ] 4 2 5 [} B & a -
DECT 3 Q 4 2 6 6 & & A
DIV (ST4 iz s8t] 6 o 7 2 8 q 10 8 A =
DIV {ST4 i resen)@ 28 e 29 2 30 4 34 12 &
DIV {5T4 is se1) | 10 ) 1" 2 12 4 36 8 A =
DIVS [5T4 is reset] 3 33 D 34 2 35 4 EE] 12 A -
IDLEGD 7420 0 B+ 2 B+ 2 8+21 2 -
INC 3 ] 4 2 & [ ] [ A
INET a ] 4 ) ] 6 & [:] & -
T 3 a 4 2 8 [ 6 & A -
JUMP LAl Jump Instruetions) 3 Q 4 2 4 2 4 z -
LDCR (G=0) 41 o 42 2 a3 4 a4 & A =
LOCA (1<Cx 15} 4320 [} 10+32C ] 11420 4 1242C & A
LI 3 a 5 4 5 a & 1 - -
LINI 3 0 3 a 7 a 7 4 o
LREX 7 0 8 ] ] ] ] z - -
LST g a ] ] & 2 7 4
LivP 4 0 = F B F] & 4 = -
LWPI 4 9 & 4 B 2 6 3 =
MO 3 ] 4 3 5 4 ] 3 A A,
MOVE = 3 0 4 2 4 3 4 4 & A
MPYT 23 a 24 2 25 4 28 10 A
MPYT 23 0 25 4 26 [ 29 12 A -
MPYS 5 ] % 2 27 4 30 10 A &
NEG 3 ] 4 2 [ [} é [ A -
QORI 4 0 2] 4 8 4 ] B - -
RSET 7 o B 2 ] 2 £ 2 — -
RTWFP 8 o] 7 z D . 6] 14 8 - -
3 4 o] 5 2 4] 4 & 8 A A

T Thess valuss will apply t6 future ports following Revision B. (Revision B pefts eré identiflabie by 2 “B" in the date code of the symnelizatian
on the part. Fubture varsions will use O, €, erc, instesd of B.)
¥ Thess values peely up to and Including Revision B,



TABLE 8 — INSTRUCTION EXECUTION TIMES |Concludad)

Opcodes &
Immadiate
Qpeodes & Operands O
I mimed inte Chip; Sourcs
INSTRUCTION Operands OH Oparend OfF
Dpcodes B Chip; All Other | Chip; Destination Opecodes B Oparand
AH Dparands Dperends On Oparand On All Dparands Addrem
On Chip Chip Chip OH Chip Derivation
® @
c1 b T c1 XM €1 MM c1 XM1 | Source | Dest
5B a 0 ] 2 5 k] 5 5 i, A
SBO ] L] 8 2 ) 2 10 4 — -
5BZ2 8 0 a 2 9 2 10 4 - -
SETO e 0 4 2 6 4 5 4 - -
SHIFT (C+0) 5+C 0 G+C 2 B+C 7 BiC [ -
SHIFT =0, Bits 12-15 of WRO=0) 23 L] | 2 24 2 27 -] - -
SHIFT [C=0, Bits 12-15 of WRO=N=0} | 7+N a 8+N Z B+N 7 T1eh [:] = e
s0cC a 0 5 2 6 a B 8 A A
E_I::B ] o 5 2 5 a 5 5 A A
ETCA IC-0) 43 0 a4 2 46 -] 47 B A -
STCR [1<C<B) 19+C 0 2040 2 22+C [} 234C a A -
STCR (9<C<l5) 27+C o 28+C 2 nC 6 AM+0 8 A —
STST 3 0 4 2 4 2 5 4 -
STWP 3 Q 3 2 4 . 5 4 - =
SWPE 13 0 14 2 16 & 16 6 A =
szc a 0 5 2 & a ] 8 A a
SZCB a 0 5 2 5 3 5 5 A A |
s 8 0 9 2 8 2 10 4 | -
x@ z 0 3 2 4 4 4 4 A =
X 0P 15 0 16 2 80 | 6® | 22 14 A -
XOR 4 0 5 2 & 4 8 8 A
Interrupt Comtext Switch (Fgr any
interrupt, including Fewer, NMI, MID, 148 M 17@ B 11D 6B 205 135 - -
and cverfiow) N

NOTES:

@ Additione) aycles 1o be saded, it sporapriste, are Lered in

Teble "A" [Tabis 11),

@ Trap vaztar att chipn, New work speca on chio,
Aegiaters 1or register only instructond are an chip 1Shilft

G Execution tims s dependent upan the partial quorient after
sach clock cvele during execution. Clock cycles shown are

for wWortl-case operancy.,

G Wil cermain in idie state unt) an unmasced interrupne ra-
Aumt oesurs [ = oumber of CLEOUT cycles until reguest

Beeursh,

Exacution time thawn cost nor include sxecution time af

Ifvglruc |iﬂﬂ at source sdEress,

eaa
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imgtructiong, STST, LET, STWPE, LWP) and ragisters lor
Instructians where an soditional register is required are on-
chip (Al ANDI. BL. CI, LDCA, LI, ORI, SBD, SBZ, STCR,
T8, Shif inatructions).

Workspate on chip

Trap vector on chip; New worksbace on chip (NM1 aalyl

Trap veetar and Maw workspace on chip




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

Waorkspecs Ragisters, Workspace Registars Workspace Registars Workipace Registors,
Base Addross For On Chip; Base Off Chip: Base Base Addros For
Irochent-A ddressed Addres: For Index- Address For Indax- Index-Addressed
i e Operands, And Addressed Operands Bddregsed Oparands Dperands, And
Symbelic (Direct) And Symbolic (Direct) | And Symbaolic [Direct] Symbolic (Dimct)
Addresses On Chip Addresses OFf Chip Addrasses On Chip Addresses QFf Chip
c2 KME c2 XM2 c2 xXM2 c2 XM2
oy 1] i+ ) Q "] g 0 o
(Tgor T = 00}
WH Indirect
1 8] 1 0
{Tgor Ty =01 : % 2 X
WR Indirect
Auto Ingrement 3 Q 3 0 B 4 . 4
[TgorTp =11
Symbalic
(Tger T =10, 1 a 2 2 1 0 2 Z
SorD=0)
Indexad
[Tgar Ty =10, 3 1] 4 Zz 4 2 & 4
SorD=0)
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TMS 9985 PRELIMINARY ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE [UNLESS
OTHERWISE NOTED) 1

SUPOI ISR VERT | e e e e e e e e i — D BTV
AINPUE VBITAGES . . L e e e e e e e e -03t020V
Output valtage . .. ... . e R e R A D37V
Continuous power dissiPaLiON . ... 0 i i e e e e W
Operating free-air temperature faNGE . . .. .. . ... v e e ie it rennnanee ... OCWTOC
S1OrA08 TEMPETAIURE TAMGE . . ..o v v et o et e m e e e e . —55°C o +150°C

tsrresses bayono thote lsted under "Absolute Masimum RAatings™ may causs parmansnt damags to the device, Thit is & siress rating onky snd
functional oparation of the device at thess or any other conditions beyand thoss indicated in the “Aescommendes Operating Congitions™
section of this specification is not implisd, Exposure 1o sbsolute maximum cated conditions for sxtended pariods may sttecy deavice retiability,
Eaii voltage values are with respact 1o '1'35.

52 RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN  NOM  MAX |UNIT
Supply velitage, Veg 4.5 5 5.B v
Supply voltege, Veg 0 b
High-level input voltage Vi {all inpurs except XTALT, XTAL2/CLEIN) 2 Vee+ 1 v
High-leval clock input voltage. ViHe 2.7 Veo#l| W
Low-level input voltage, Yy (all inputs except XTALT, XTALZ/CLKINI -0.3 oa W
Low-lavel clock input voltage. Vi o -0.3 0.5 W
High-laval autpul current, lgw lall cutpuats) 100 el
Low-level output current, gy (all outputs) 2 mi
Operating free-air tTemparature, Ta 1} 7O ag
53 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE {UMNLESS
OTHERWISE NOTED)
PARAMETER TEST CONDITIONS MmN TYeT  max | uNITS
Vol High-luvel output voltage Ve = MIN oK = MAX 2.4 3 v
VoL Low-level autput voltage Voo = MIN IpL = MAX 0.3 0.4 v
laz Off-state output current Voo = Max vo=24 ¥ 2 i
Vo =04y 20| uh
Iy Input current ¥y = Vgg to Voo 150 WA
e Supply current Voo = MAX 150 180 | mA
Diata Bus 5
o .
! Irghit Gapiscitiloog All athers f= 1 MHz, All 15 oF
) Diata Bus athar ping 0 W pF
c Ca
o Quteur Capacitance All athers 14

Yl typical values are st Voo =BV, Ta =25°C



5.4 CLOCK CHARACTERISTICS

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

2.4.1 Internal Clock Option

The internal oscillator is enabled by connecting a crystal across XTAL1 and XTALZ/CLKIM, [See Figure 25}, The
frequency of CLKOUT is ane-fourth the crystal fundamental frequency.

s -
TS 9995
XTaLt XTALZCLEIN
| DI.
Ll
CAYSTAL

T T

NOTE. C4 and Cg represent the Lotal capacitance on thesa pins including stravs and parasitics.

FIGURE 25 - INTERNAL DSCILLATOR

PARAMETER TEST CONDITIONS MIN | NOM | MAX | uNIT
Crystal Frequency, [y a'c - 70°¢ 8 12| 121 | MHz
€y, Ca oC-0cC {14 15 s | n

54.2 External Clock Option

An external frequency source can be used by injecting the frequency directly into XTAL2/CLEIN with XTAL1
left unconnected. (See Figure 26). The external frequency must conform to the following specifications. The

frequency of CLEOUT is ane fourth that of the frequency injected,

PARAMETER MIN NOM  MAX |UNITS
faxe External source freguency ] 12 121 | MHz
a1 Impun oecillztor eycle times B2 Bis 125 s
! Input oeclllator rige time 5 15 fig
LaH T Input oscillator pulse width high Wtay =181 g
1§13 Inpun osciflator Tall time 5 156 ns
WLt Input cazillater pulse witdih low Wioq =151 ns
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THE 52256

ATALZ/CLKIN XTALY
L
CLEIN CONNECTION
EXTERMNAL
QECILLATOR

FIGURE 26 — EXTERNAL OSCILLATOR

55 TIMING REQUIREMENTS OVER RECOMMENDED CPERATING CONDITIONS
PARAMETER MIN NOM MAX |UNITS
T Setup time, FEADY prior to | CLEKOUT {mamory eyelos) 100 ns
Th1 Hold time, READY atrer . CLEOUT Imemaory and CRU cycicsi 0 e
| layZ Setup time, Cwra prior 1o | CLKOUT 65 ns
h7 Hold time, Uats after ¢ CLEOUT la] ns
Teud Setup time, CAUIN prior 1o | CLKOUT 100 s
Thi Held e, CRUIN price 1o | CLEQUT 4] ns
Teud Setup time, READY prior to | CLEOUT {CRU cycies 100 1
Teuk Setup time, H’E‘L‘h prior 107 CLEOUT 125 ns
Loyl Setup time, RESET and MM prior to | CLKOUT 140 ne
TWiLd Pulse widih, Interupl inputs Hien sk
Ll Fali tims, INT1, IMT8/EC inputs 15 ny
| TH3 Pulise width, EC input high 160 s
WLE Pulse width, EC input low 160 na
fed Gycla time, EC inout drps ns
5.6 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS (See Figure 34)
PARAMETER TEST CONDITIONS MIN TYP MAX Uﬂiﬁ
1 Delay time, CLKIN § 10 CLKOUT | - 150 os |
CLEQUT |External clock source 4109 ng
te2 Cycle time | Intérnal oscillator XTAL freg = fy. 4y s
107 Risa time, CLEQUT output 20 30 ns
113 Fail tima, CLEOUT output 10 20 ny
T2 Pulss widih high, CLKOUT oulput Wtgg—1r2 ns
WLe Pulse width low, CLEKOUT putput Bleg=147 ns
[ taz  Dmiay time, § CLEOUT 1o address valid teg Alog 45 ns
la3 Delay time, & CLEOUT 1o MEMEN iow SEE Wteg Htaa+40 ns
Tdd Oslav rime, 1 CLXOUT 10 MEMEN high FIGURE 35 Hitga %i.2*50 | s
15 Deley time, | CLKOUT 1o OBIN law 0 40 ns
146 Delay time, ¢ CLEOUT 1o DBIN Righ Fiq=24 kit 0 50 na
147 Detay time, 1 CLEOUT 1o 1AQ/HOLDA high Rg - 24 k0 0 40 ns
14B Delay time, | CLEOUT 1o |AQMHOLDA low CL = 100 pF 0 50 ns
149 Delay time, f CLEOUT to data output valid a <0 ns
1410 Datay time, | CLEOUT ta WES lee 0 a0 ns
Tg11 Delay time, | GLKOUT 1o WE/GHUGLR high Q 50 ns
3 Rise time, WE/CHLC LR outpurs 20 50 ns
tACC Access time, memory read cycles Htag- 135 ns
Tha Hiatd time, adoress and CRUDUT ounpurs B ap—ai ns
Th Hald time, data output Yatpp=—=40 ns
tLa Pulsa widih low, WE/CRJCLR output Yot a4l ns |
Tl Dutpun disable time Utegt60 | ma |




[\ ./ /L

I

MOTE:  Leq, b1, B, "WHT. tWL 1. 80Y Tgq bacome undefined arameters whan s crystal is connected bamwesn XTALT and XTALZ/CLK K
artd the internal ascillaior is consequen:ly enabied,

| TWLZ

L %

w2 1

FIGURE 27 — TMS 9935 CLOCK TIMING

COMMON SIGNALS:

CLEOUT ﬁ- .INJ- /_
|

ARATS, ATB/CAUGLT i VALID |

I
|
= N =

Pt |

L | ,
sonors KAXKXXXXXXXXXXXXY | XXX XXXXXXX

MEMORY READ CYCLE: S " hes Tsu2 “I._.. b
.:—:l 1‘—4 s

| — r—td_r, ] r-—tqg
DEIN ’JI
— Tay —"l P Ly
IACHOLDA
1 Assareecd) !
- "_‘W_“I NEXT CYCLE IS
fo-to e——"ns——=] _ WEMOAY READ

£o-07 I | VALID | I :’-‘——-*__
J

Bo.o7 ]

MEMORY WRITE CYOLE

“'l !‘—'mu - IL'""‘"T" '
WE/CRUCLK ‘i‘ \*_ “T

LAST CLEQUT HIGH Tk
LOW TRANSITION OF
PREVIDUS CYCLE

T

NOTE Cyele shown is for no wait states (with wait stetes, CLEOUT cycies sre added, bur tha switching paramaters oo not charnga),

FIGURE 28 — TMS 9295 MEMORY INTERFACE TIMING
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CLKOUT _/_-IK_/_\_"_/_\_”_/_'I&_/_

— P e B
H '.DF CLEOUT CYCLEE f
F .y

RESET, NI

FIGURE 30 — TMS 9995 RESET AND NMI TIMING
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FIGURE 31 — TMS 88956 HOLD TIMING
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FIGURE 32 — TMS 9906 INTERRUPT INPUT TIMING
]- Wi li '
INTAJEL
YWH

| N\

lfj—ﬁ P—-—-— l

r e _-l

NOTE

Dacramentor iz configured as an Event Countar and b onabled,

FIGURE 33 — TMS 8885 EVENT COUNTER INPUT TIMING

59



TME 8095 CUTPUTS:

24NV~ VoH (MIN
22
06 V= |
S Vg IMaX)
i
TMS 9995 INPUTS:
TN N LI
1LERV -
092V ~._|
At VL IMAX)
D

FIGURE 34 — MEASUREMENT POINTS FOR SWITCHING CHARACTERISTICS
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FIGURE 35 — SWITCHING CHARACTERISTICS TEST LOAD CIRCUIT



