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1.2

2.1

INTRODUCTION

DESCRIPTION

The TMS 8995 microcomputer is a singlechip 16-bit central processing unit {CPU) with 266 hytes of on-chip
random access memery {AAM). A member of the TMS 9900 family of microprocessor and peripheral cirguits, the
TMS 9985 is fabricated using N-channed silicon-gate MOS technology. The rich instruction set of the TM5 9995 is
based upon a unique memory-to-memory architecture that features multiple register files resident in memory.
Menmwory-resident register files allow faster rasponse 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.' - '

Ali members of the TMS 2900 family of peripheral circuits are compatible with the TMS 9985, Providing a per-
formance upgrade to the TM5 9900 microprocessor, the TMS 8996 instruction set is an opcode-compatible super-
set of the TMS 8900 processor family.

KEY FEATURES

. 16-Bit instruction word

L] Memory-to-Memory architecture

L 65,536 pyte/32 768 word directly addressable memory address space

. Minicomputer instruction set in¢luding signed multiply and divide ins!ruc.tmns

L] Multiple 16 word regéster files (Workspaces) residing in memory

L4 256 bytes of on-chip RAM

. Separate memory and interrupt bus struciures
*  B-Bit memory data bus

. 7 prioritized hardware interrupts

L] 16 sottware interrypts (XOPS}

- Programmed and DMA 1/ capabitity

®  Seriai 1/O via comwnunication register unit {CRU)
*  Do-chip time/event counter

®  Onchip programmable flags {16}

Macro instruction detection (MID} feature

Agtomatic first wait state generation feature
- Single S-voit supply

- 40-pin package

. N-Channel silicon gate MOS technology

. On-chip clock generator
ARCHITECTURE

MEMORY ALLOCATION

The basic word of the FTMS 9395 architecture is 16 bits in length. These 16 bits are divided into 8 bit bytes for
external memory in the manner shown in Figure 1. A word is, therefore, defined as two consecutive 8-bit bytes in
memory. All words {instruction opeodas, operand addresses, word-length dats, tc.) sie restricted 10 even adidress
boundaries, i_e., the most significant half, or 8 bits, resides at an even address and the least significant half resides at
the subsequent odd address. Any memaory access involving a full word that is directed by software to utilize an odd
address will result in the waord starting with this odd address minus one to be accessed.
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FIGURE 1 — WORD AND BYTE FORMATS

byte witl not be accessed during the execution of the byte instruction.

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

the on-chip memory-mapped 1/0.
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FIGURE 2 — TMSU995 MEMORY MAP
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TMS 9995 aliows both word and Dyte aperations, Byte instructions may address either
access of this type will not affect the other byte of the word involved since the other

22 TMS 9995 ORGANIZATION

The block diagram of the TMS 9995 is shown in Figure 3. A flow chart, representative of the TMS 9985 functional
aperation, is shown in Figure 4.
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221 Arithmetic Logic Unit

% . . ; E_,, £ The arithmetic logic unit {ALU} is the computational component of the TMS 9985, It performs all arithmetic and
i R F A RHA R N logic functions required to execute instructions. The functions include addition, subtraction, AND, OR, exclusive_
g AR EH N R OR, and complement. A separate comparison circuit performs the logic snd arithmetic comparisons to control bits
" * “ 0 through 2 of the status register. The ALU js arranged in two B-bit halves to accommodate by te operations. Each
half of the ALU operates on cne byte of the operand, During word operand operations, both_hatves of the ALU
T 1 _tunction in conjunction with each other. However, during byte eperand processing, results from the least significant
-z -z -z e ger half of the ALU are ignored. The most-significant half of the ALU performs all operations on byte operands so that
v 2483 2385 [255% gesga? the status circuitry used in word operations is also used in byte opevations.
i £ s | | 255 =53_:§: Sy I e £ivg , byde S04 i
: sEug erhi Ha £§32:5 - e 2 LT - < -
N R fexg| |32 tivsgd 222 Internal Registers -
H
I T t The following three (3) internal registers are accessible 10 the user {programmer}:
o ™ 3% Y Qg_ f;=~ 55 / Program Counter {PC)
g8 ([ 8ze) [ ist H R By |8
seo || sl BE [ el M 3] A Status Register (ST)
HER TR B £ AR
iF ‘;’E' g:? 287 ] b af \/ Workspace Pointer {WP)
P y 2221 Program Countsr
iz
gé T The_program_counter (PC} is a_15-bit counter that contains the word address of the next instruction following the
;5‘ i . - - - instruction currently executing, The microprocessor references this address to fetch the next instruction from
Eé memory and increments the sddress in the PC when the new instruction is executing. If the current instruction in
23 N i the microprocessor alters the contents of PC, then a program branch octurs to the location specified by the altered
35 el I3~ )E z 2 contents of PC, Al context switching (ses Section 2.2.2.3.2} operstions plus simple branch and jump instructions
B F affect the contents of PC. .
2222 Status Register

The status register {ST) is 2 fully implemented 18-bit register that reports the resuits of program comparisons, indi-
cates prograr status conditions, and supplies the arithmetic overflow enable and interrupt mask level to the inter-
iority circuits, Each bit position in the register signifies a particular functian or conditian that exists in the
microprocessor. Figure 5 illustrates the bit position assignments. Sorne instructions use the status register to check
for a prerequisite condition; others affect the values of the bits in the register: and others Ioad the entire status
register with a new set of parameters. interrupts also modify the status register. The description of the instruction
set |ater in this document details the effect of each instruction on the status register {see Section 3).
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2223 Workspace

The TMS 9995 uses (Blocks_of memol ds called workspaces for instruction operand manipulation. A work:
space accupies E S wordshin any part of memory that is not reserved for other use. The individual
waorkspace registers_may contain, dafa or addresst of function g5 gt fsters, apourmtators; #OUrESE registers,
. _or index Egislgs. Some workspace registers take on special significance during execution of certain instructions.
Table 1 lists each ot these dedicated workspace registers and the instructions that use them. Figure & defines the

workspace regislers that are altowed 1¢ be used as index registers.

FETCH NERT INETRLCTION.
WEING MEW FC

a §



TABLE 1 — DEDICATED WORKSPACE REGISTERS

REGISTER NO. CONTENTS USED DURING
0 Shittcount {optional} Shift inttructions {SLA, SRA,
SAC, and 5L.C}
Muhiplicand and MSW Signed Multiply
of result
MSW of dividend and Signed Divide
quuotient
1 LSW of result Signad Multipty
LSW of dividend and Signed Divide
remainder
11 Asturn Address Branch and Link instruction (BL]
Effactive Address Extended Operatian | XOP|
12 CRU Base Address CAU instructinns (3RO, 582, TR,
LDCA. and STCA}
13 Saved WP register Context switching IBLWP, ATWP,
XOP, interrupts|
14 Saved PC register Contaxt swizching {BLWP, ATWP,
XOP, intarrupts}
15 Saved ST register Context switching (BLWP, RTWP,
XQP, interrupts)
WORKSPACE REGISTERS
—_—
0
—_
t
2
a
4
' 6
7
DATA
OR 8
ADDRESSES
]
1
INDEX 0
CAFPABILITY 1%
12
12
14
15
——e

NOTE: The WP regiier containg [ha saoress of workspace repister rero.

FIQURE & — WORKSPACE REGISTERS USABLE AS INDEX REGISTERS

2.2.2.3.1

22232

Workspace Pointer

Ta locate the workspace in memaory, a hardware register called the workspace pointer (WP) is used. The workspace
pointer it a 16-bit register that contains the memory address of the first word in the workspace, The address is
ieft-justified with the 16th bit [LSB] hardwired to logic zerg, The TMS 0995 necesses each register in the work-
space by adding twice the register number to the contents of the workspace pointer and initiating a memory re-
quest for that word. Figure 7 iflustrates the relationship between the workspace pointer and its corresponding

workspace in memory

WORKSPACE POINTER WORKSPACE WORKSPACE
WP) - . ADDRESS AEGISTERS
E K WP 4 0045 —_— °
WP+ 0215 —————a 1
WP+ 05 —— 2
WP + 0Big —— 2
MICROPROCESSOR ADDS
WORKSPACE POINTER
WP} TO TWICE THE WP 083 —_— .
REGISTER NUMBER TQ
OERIVE ACTUAL
we —_— 5
AEGISTER ADDRESS * e
WP+ D6 —rrie [}
WP s DEyg —— H]
< WP+ 1048, ——— 8
WP 129 —_— g
WP+ 1dyg —_— o
WP+ 18g — 1"
—
NOTE: AN mamory word sddrswsts arg svan, WP+ 1815 -— 12
WP+ 1Ayg —— "
WP + 115 _— e
§ WP gy —_— 15

FIGURE 7 - WORKSPACE POINTER AND REGISTERS

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

Context Switching

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

7
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232

23.1.1

2310

file be stored and reloaded using a memory cycle to store or fetch each word. The TMS 9995 accomptishes this
operation by changing the workspace pointer. A context switch requires only three store cycles and two fetch
cyches, exchanging the program counter, status register and waorkspace pointer. After the switch, the workspace
pointer contains the starting address of 3 new 16-word workspace in memory for use in the new routine. A corre-
sponding time saving occurs when the original context is restored. Instructions in the TMS 9995 that result in a
context switch include: Cail subroutine {BLWP), Return from Subroutine {RTWP] and the Extended Operation
{X0P) instruction. All interrupts also cause a context switch by forging the TMS 9995 1o trap to a service sub-
routine.

| TS 9995 INTERFAGES

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

TMS 9995 Memory Interface

The signals used in the TMS 9885 interface 10 system memory are shaown in Figure 8,

AQAI4, AIS/CRUOUT
»
¥| MEMORY SYSTEM
i 00-07 A ANDIOR DMA
( Y ConTROLLER
h 4 14
MEMEN "
-
T GBIN N
>
WE/CRUCLK
»-
—DE00Y (AQ/HOLDA AND
AOLD ARE NOT
WAMOL > REQUIRED FOR
SIMPLE MEMODRY
" HOLD SYSTEMS BUT WILL
I BE USED BY DMA
CONTROLLERS

FIGURE & — TM59905 MEMORAY INTERFACE

External Memory Address Space

The details of memory accesses that are external 1o the TMS 9995 (off-chip accesses} are given in the following
paragraphs. (See Figure 2 for the addresses that are in the external memory-address space.}

Memaory Read Operations

To perform a memory vead operation, the TMS 8395 first outputs the appropriate address on AJ-A14 and A15/
CRUQUT, and asserts MEMEN. The TMS 9995 then ptaces its data bus drivers in the high impedance state, asserts
m, and then reads in the data byte. Compietion 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 memary read sequence
are shown in Figure 3. Note that MEMEN remains active (lowl between consecutive memory operations.

osm  J} l
T ! :
WEICRUCLK i
| | o
| \_
| 1 |
f |
IAQ/HOLDA l @ : @ \_’_
. ) \ )
a4
WEMOR YIEEAL] MEMORY READ

NO WAIT STATE ONE WAIT STATE

NOTES:
(1) vsild acares
(2} 15 input mode (deivers & High.2Z)
(3) Memory Rasd Date must e valid #t CLKOUT wdge indicated

(4) 1AQ/HOLDA witt onty be asserted during mamory (asd cycles I en InAruction OPOOGM Is being réad (timing shown is for e instrue

tlan fetch from sxternal ¥ —, {8, two byte reads).

FIGURE 9 — TMS099% MEMORY READ CYCLE
i
—

Although not explicitly shown in Figure O, reading a8 word (two 8-bit bytes) from external memory reguires two
memaory read cycles that occur back-to-back (a Hold state request will not be granted between cyclest. I an
inatruction directs that a byte read from external memaory is to be perfosmed, only the byte specifically addressed
will be read {one memory read cycle). External words are accessed most-significant {even) byte first, followed by
the least.significant (odd) byte.

During memory read cycles in which an instruction opcode is being read, VAQ/HOLDA is asserted as shown in
Figure 8, Note that since an instruction opeode is a word in length, IAQ/HOLDA remains asserted between the two
byte read operations involved when an instruction opcode is read from the external memory address space.

2.3.1.1.2 Memory Write Operations

To perform a memory write aperation, the TMS 2985 first outputs the appropriate address on A0-A14 and A15/
CRUOUT, and asserts MEMEN, The TMS 9995 then outputs the data byte being written 10 memory on pins DO
through D7, and then asserts WEARUCLK. Completion of the memory write cycle and/or generation of Wait
states is determined by the Ready input as detailed in Section 2.3.1.3. Timing relationships of the memory write
sequence are shown in Figure 10. Note that MEMEN remains active {low) between consecutive memory operations.
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Writing a word (two B-bit bytes} 10 external memory requires two memary write cycles that occur back-to-back.
{A Hold state request will not be granted between cycles.) 1f an instruction directs that a byte write to external
memory is to be performed, only the byte specifically addressed will be written (one memory write cycle). External
words are accessed most-significant {even) byte first toliowed by the least-significant (odd) byte.

1.3 Direct Memary Access

The TMS 9995 Hold state allows both external devices and the TMS 9985 to share a common external memory.
To gain direct memory access [DMA) to the comman memaory, the external device {irst requests the TMS 9985 10
entar a Hold state by assarting {taking low) the HOLD input, The TMS 9305 will then enter a Hold state following
completion of the cycle (either memary, CAU, external Instruction, or internal ALU cycles) that it is currently
performing. Note, however, that a Hold state is not entered between the first and second byte accesses of a full
word in the external memory address space, and a Hold state is not entered between the first and second clock
cycles of a CRU cycle,

Upon entry of a Hold state, the TMS 8995 puis its address, data, m, and _\'_J—E_fCRUCLK drivers in the high
impedance mode, and asserts |1AQ/HOL DA, The external device can then utilize these signat lines to communicate
Qvi:h the common memory, After the external device bas completed its memory transactions, it releases HOLD,
and the TMS 9995 continues instruction execution at the point where it had been suspended, Timing ralstionships
for this sequence are shown in Figure 11,
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FIGURE 11 — TM59986 HOLD STATE
Fo allow DMA Iloading of external memory on power-up, the TMS 9995 does not begin instruction execution

after a Resat state until HOLD has been removed it HOLD was active (low) at the time RESET was 1aken from
low to high RESET released).

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

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

2312  lmemal Memory Address Space

Access of the internal (en-chiph memory address space is transparent 1o the TMS 9995 instruction set. That s,
operands can be read from and written into locations in the internal memory space simply by using the appro-
priate addresses via any of the addressing modes in the TMS 8895 instruction se4, anti instructions can even be

exacuted from the internal memory space by losding the appropriate address into the program counter of the
TMS 8986,

1n



The TMS D996 indicates 10 the external worid when these internal memeory address space acCesses are oCourving
by asterting the same signals used for accessing extetnal memory {ses Figure B) in 3 manner very similar to an ex-
ternal memory address space access, There are a few differerces in these ¢ycles, however, and thesa diffgrences
are detailed in the foltowing paragraphs.

When performing an internal memaory address space aceess, the TMS 8995 outputs the same signals that it would
for an external memory space access, with the same timing (see Figures 9 and 10) except for the following:

(1Y A single cycle (read or write} is output as both internal bytes are accessed simultaneousiy. (Externally, it
appears as though a single byte memary access cycle te an internal address is occurring.)

\,({1/ The eycie always has no Wait states, and the READY input is ignored by the TMS 9995 {see Section 2.3.2.3).

\W During read cyctes, the data bus (DQ-D7}) output diivers are put in the high-impedance made. During write

cycles, the data bus outputs non-specific data,

During read cycles to the internal memory address space, the TMS 8985 does not make the read data avaiIaPIa t.o
the external world, |1 an instruction is executed from the internal memory address space, |AQ/HOLDA is stil!
asserted, but enly during the one read cycie shawn externaliy while the full word is read internally.

When in a Hald state, external devices are not able 10 access the internal memory address space.

2.2.1.2.1 internal RAM

Fhe 266 byt ndom-aeeess read/write memory {(RAM}, the memory addresses of which are shown
in Figure 2, are organ nally as 128 16-bit words. Since the TMS 9995 has 16-bit internal data paths, two
8-bit bytes are accessed each time a memory access is made to the internal RAM

Byte accesses are transparent to the internal RAM. That is, when an instruction addresses a byle in the internal

RAM, the TMS 9995 will: {1} read the entire ward but only use the byte specifically addressed for a read opera-

tion and, (2) only write 1o the speci
. during a write aperation.

2.3.1.2.2 Decrementer [Timer/Event Counter}

Accessible via ong of the word addresses {see Figure 2) of the internal memory-mapped 1/0 address space is the de-
crementer. The on-chip decrementer logic can functian as a programmabte real-time clock, an event timer, :t_>r a3 an
external nt cmr;térA A biock diagram af the decrementer that is reprasentative of its functional operation (but
7;;E'§sanlv r;preﬁen(a(we af its specific logic implementation) is shown in Figure 12,
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23.1.3

The decrementer is configured as either-a timer or an even
The decremsnter is bled/disabled using bit FLAGY of th
tails of the Flag registar and accessing the bits in it.)

GO is sat 10 zero, the decrementer will function as
4 timer. When FLAGO is st 1o one, the dacrement Tign g ¥n event counter. When FLAG1 is set to

zero, the decrementer is disabled and will not be allowed 1o decrement and request level 3 interrupt traps. When
[ 1 js se. nter iz enabled and will decrement and request levet 3 interrupt traps. [t should
be noted that when the decrementer is configured as a timer, INT4/EC will be usable as an external interrupt
level 4 trap request. When the decrementer is configured as an event counter, INTA/EC is the input for the “event

counter” pulses, and an interrupt level 4 trap request input is no longer available externally or internalty,

The general operation of the decrementer Ts as follows. FLAGO of the Flag register is first set to select the desired

ing bit FLAGO of the internal Flag register.
nternal Flag register, (See Section 2.3,3,2.1 for de-

maode of operation. The desired start count is then loaded into the Starting Count Storage Register by performing
a memory write of the count word to the dedicated internal memory mapped /G address of the decrementer,
[This also loads the Decrementing Register with the same count.) The decramenter is then enabied and allowed 10
start decrementing by setting FLAG1 of the Flag Register to one. {Both FLAGE and FLAGH are set 1o zero when

the TMS 9805 is reset. {See Section 2.3.2.1.1,} When the count in the Decrementing Register reaches zero, the

levet 3 internal interrupt request latch is et {see Section 2.3.2.2.31, the Decrementing Register is reloaded from the
Starting Count Storage Register, and decrementing continugs. Note that writing a start count of 00005 10 the

decrementer will disable it,

When configured as a timer, the decrementer functions as a programmable real-time clack by decreasing the count
in the Decrementing Register by one for each fourth CLKOUT_::_yc[e. Loading the decrementer with the appro-
priate start count causes an interrupt to be requested every time the count in the menting Register reaches
_zero. The decrementer can also be used as an event timey when configured as a ti v reading the decrementer
{which is accomplished by performing a memory read from the dedicated internat memory mapped 1/Q address
of the decrementer) at the start and stop points of the event of interest and comparing the two values. The dif-
ference will be a measurement of the elapsed time.

When configured as an event counter, operation is as previously discussed except that each high-to-low transition
on INT4/EC will couse the Decrementing Register_to decrement. These tNT4/EC high-to-low transitiens can be
asynchronous with respect to CLKOUT. Note that INT4/EC can function as a negative edge-triggerad interrupt by
loading a start count of ane.

The decrementer should always be accessed a5 a full word (two B-bit bytes). Aeading a byte from the decrementer
does not present a problem since only the byte speacifically addressed will be read. Writing a single byte to either of
the bytes of the decrementer will result in the data byte being written into the byte specifically addressed and
random hits being written in1o the other byte of the decrementer,

Wait State Generation

Wait states can be generated lor external memory cycles, external CRU cycles and external instruction cycles for
the TMS 9995 using the READY input. A Wait state is defined as extension of the present cycle by ane CLKQUT
cycle. The timing relationships of the READY input to the memory interface and the CRU interface signals are
shown in Figure 13. Note that Wait states cannot be ganerated for memary cycles that access the internal memary
address space or for CRU cycles that access the internal CRU address space, a5 the READY input will be ignored
during these cycles.

The Automatic First Wait State Generation feature of the TMS 9995 allows a Wait state to be inserted in each ex.
ternal memary cycle, regardiess of the READY input, as shown in Figure F3. The Automatic First Wait State
Generation feature can be invoked when RESET is asserted. If READY is active (high) when RESET goes through
a low-to-high transition, the first Wait state in each external memory ¢ycle will be automatically generated. If
READY is inactive tlow) when RESET goes through a low-to-high transition, no Wait state witl be inserted auto-
matically in each external memory cycle. There is a one and one-half CLKOUT cycle time minimum setup time
requirement on READY before the RESET low-t0-high transition. The recommended external circuitry for invoking
or inhibiting the Automatic First Wait State Generation feature is shown in Figure 14, Note that this teature does
not apply to internal memory address space accesses, external instruction cycles, or any CRU cycles. Wait states
cannot be generated during internal ALU/other operation cycles. The READY input is ignored during these cycles.
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232 TMS 9995 Interrupts
The TMS 9995 implements seven prioritized, vectored interrupts, some of which are dedicated to predefined func-
tions and the remaining are user-definable, Table 2 defines the source {sternal or external), assignment, priority
tevel, trap vector Jocation in memaory, and enabling/resulting status register interrupt mask values for each interrupt.
TABLE 2 — iINTERRUPT LEVEL DATA
VECTOR MASK VALUES MASK VALUE
PRIORITY LOCATION _ TOSNABLE AFTER TAKING SOURCE AND
LEVELS t ACCEPTING THE INTERRUPFT ASSIGNMENT
In Order of Priority) Address, THE INTERRUPT
' (ST12 THRU ST15]
tn Hext (8T12 THRU 8T15)
Q 045 thiu Fqg Ex(elnd*s RAeset
{Highest Priorityl T, (see Note 1} (RESET $ignal)
<5008 05 thiu F1g 000
Mo = ] I
(see Nate 2) itee Noe 1) Ise¢ Note 21 niercal S0
Oy thru £ External: Lisar-
- 16 thru 16
NMI FF
(FFFCD oo Note 11 0000 aahneunw
Signall
- Extarnal -
1 (2004 Y16 thru Frg 0000 defined (INTT *
Signath
2 008 24 thru F1g 0001 Internal: o
tsee Note 2) lse Note 3} (sue Nate 2) Arithmetic Overflgw
Internal
3 J1g thru F 00Q2 .
@ 16 e e Decremanter
External QEEE
4 (BT 416t Fig 0003 defingd (INT4/EC
Signal: see Nowe 4),
NOTES:

t. Lével O, MID, and NM| cannot be dissled with tha Intarrupt Mesk,

2, MO and Lavad 2 us

Status Aepister.

A,
Event Countar,

e trap vactor snd chengd the Interrupt Mask to the seme value,
3. Genwration of & Lavel 2 requast by an Arithmatic Cuerflow condition (ST4 sat to 1} s slyo enenled/disabled by bit

Y0 ot the

INTA/EC is nor an input lor Level 4 intercuot Lrae requasts (Level 4 ik nor usabiel whan the Dacramenter is conligured as an

The TMS 9996 will grant interrupt requests only between instructions {except for Level O Reset), which witl be
granted whenever it is requested, i.e., in the middle of an instruction). The TMS 9995 performs additional func-
tions for certain interrupts, and these functions will be detailed in subsequent sections. The basic sequence that
the TMS 9995 pertorms to service all inlerrupt réquests i

{1)  Prioritize all pending requests and grant the request for the highest priority interrupt that is not masked by

(2}
(3

(4)

the current value of the interrupt mask in the status register or the instruction that has just been executexd
{See Section 4.5 for these ingtructions_ |

Reset ST?Vthrough 8T11 in the status register to zero, and change the mlerrupl mask tST12 through §T15)

as appropriate for the level of the mtan!pl being granted.

_Resume execution with the instruction iocated at the new address contaired in the PC, and using_ghe newy WP,
All interrupts will be disabled until after this first instruction is executed, unless: (a) R A—gﬁ
which case it wifl be granted, or (b) the interrupt being gr is the MID request and the
requested simultaneously (in which case the NMI request will be granted before tt{e first iﬁ;wu
by the MID trap vector is executed.)




2327

23211

This sequence has several impartant characteristics. First of all, for those interrupts that are maskable with the
interrupt mask in the status register, the mask will get changed to a value that will permit only interrupts of higher
pricrity to interfupt their service routines, Secondly, status bit ST10 {overfiow interrupt enabie) is reset 10 zero by
the servicing of any interrupt so that overflow interrupt requests cannot be generated by an unrelated program
segment. Thirdly, the disabling of other interrupts until after the first instruction of the service routine is executed
permits the routine to disable other interrupts by changing the interrupt mask with the first instruction. {The ex-
ception with MID and NMI is explained in Section 2.3.2.2.1.) Lastly, the vectaring and prioritizing scheme of the
TMS 9995 permits interrupts 10 be automatically nested in most cases. If a higher priority interrupt occurs while
in an interrupt service routine, a second context switch oteurs 1o service the higher prigrity intarrupt, When that
routine is complete, a return instruction {RTWP) restores the saved context to complete processing of the lower
priority interrupt, interrupt soutines should, therefore, terminate with the return instruction to restore original
program parameters.

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

External Interrupt Hequests

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

Interrupt Leve! G {RESET)

Interrupt Level O is dedicated 1o the REBET input of the TMS 9985, When active. UQijBESET causes_the
TMS 9995 10 stop instruction execution and ta inhibit_(take to logic level high) | MEMEN, DBIN and WE/CRUCLK.

The TMS 9995 will remaip in this Reset stat is active.

When RESET is released {low-ta-high transition), the TMS 8995 performs a context switch with the Levet D inter-
rupt trap vector {WP and PC of trap vector are in memory word addresses 000015 and 000216, respectively.)
Note that the ald WP, PC and ST are stored in registers 13, 14, and 15 of the new workspace, The TMS 8986 then
resers all status register bits, the internal intersupt request latches (see Sections 2.3.2.1.3 and 2.3.2.2.3 for detsils
of these latches), Flag Register bits FLAGO and FLAG1 {see Section 2.3.3.2,1 for details of the Flag Register),
and the MID Flag {see Section 2.3.3.2.2), After this, the TMS 5995 starts execution with the new PC,

If HOLDA is active {high) dug 1o ROLD being active (Iow] when RESET becomes active, RESET will cause
HOLDA to be released {taken low} at the same time as MEMEN, DBIN, and WE/CRUCLK are taken inactive
{high}. HOLD can rermain active as long as RESET is active and HOLDA will not be asserted, 1f HOLD is active
when RESET is released {Iow-to-high transitiony, HOLDA wilk be asserted betore the RESET_context switch occurs
and the TM5 9995 will remain in this hold state until HOLD is redeased, This RESET and HOLD priority scheme
{acilitates DMA loading of external RAM upon power-up.

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

Release of the AESET signat is also the time at which the Automatic First Wait State function of the TMS 9985
can be invoked {see Section 2.3.1.3}.

16

MY HUBRER OF

" LLROUT CYCLER

4 pmne

i : H N

e

i N
§ : :

@ el ‘;f\ i@
— 7T N

@ I et

VR TIRL

NOTES:

(1) 00wt cars XXX indicates that any type of TMSDBSE cycle can b taking Blece
{Z) FESET is samaiad o1 wvery high-ta-low CL KOUT transition

{2) FEBET 1 raquires 16 tre active lipw) for a minimurm of two wsmakes 10 inHISTS Ine sequence. The comtest witch wousd begin ana
CLEOUT cyets airer (D) it RESET wave Inactive (hight st ()

The contaxt switeh usng b Aesst (T80 vacIor Gdginn ot CLKOUT cycin atoer HESET is sampled 18 having fHurnsd 10 10 inactive
(Pigh] Jevel

FIGURE 15 — TMS#995 RESET SIGNAL TIMING RELATIONSHIPS.

2.3.2.1.2 Non-Maskable Interrupt [m}

The NMI signat is the request input for the NMI lavel interrupt and aliows ROM loaders, single-step/breakpoint/

maintenance panel_functions, or gther uger-defined functions to be implemented for the TMS 9995 This signat

and its associated interrupt level are named "1LLOAD" in previous 9900 family praducts,

NME being active {low) according to the timing iHustrated in Figure 18 constitutes a request for the NM| level
intervupt. The TMS S995 services this request exactly according to the basic sequence previously described, with
the priority level, trap vector location, and enabling/resulting status register interrupt mask values as defined in
Table 2, Note that the TMS 9995 will always grant a request for the NMI levei interrupt immediately after execu-
tion of the currently executing instruction is completed since NME is exemp1t from the interrupt-disabling-after-
execution characteristic of certain instructions and also the current value of the interru pt mask.

It should also be noted that the T 5 _impl jtg internal RAM at the memory address of

the NMI vector. This aliows usage of the NMI level in minimum-chip TMS 9995 systemns. It also requires, however,

that this vector must be initialized, upon power-up, before the NMI level interrupt can he requested
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2.3.2.1.3 Interrupt Levels 1 and 4 (INT1 and INT4/EC)

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

The INT1 and INT4/EC interrupt inputs can accept either asynchiranous pluses or asynchronous levels as input
signals, An internal interrupt request latch stores the occurrence of a pulse. A block di.agram of the TMS 9995
internal logic for these request latches that is representative of their functional operam?n (bt‘n.no! neeessar.ulv
representative of their specific logic implamentationt is shown in Figure 17. Note that with this implementation

only a single intesrupt source is allowed if the input signal is a pulse, but multiple interrupt sources can be

wired-ORed together provided that each source supplies a level as the input signal. {The Jevels are then remaved

one at_a time by a hardware/software mechanism activated by the interrupt subroutine as each interrupting source
is sarviced by the subroutine.)

PULSE GENERATED WHEN
CONTEXT SWITCH FOR
ASSCCIATED INTERRUPT
15 TAKEN

PULSE GENERATEQ
DURING RESET
INTERAUPT SEQUENCE
LEVEL Y or
LEVEL 4 INTERRLPT
AEQUEST

AR
o SYNCHAONIZER

RISING-£0GE

::':li" INPUT TRIGGERED OUTPUT NPUT ouTRUT

r- CATCH
CAU INPUT DATA
DR CRU ADDRESS
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FLAGH IN FLAG
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HOTES

A seperate ltch snd pynchronizes o smplemanted 1or Lavel T (INT ) snd Level 4 (INT4/EC). For Lawel 1, the [npur shown hers s
anectie tram the TRTT pia, For Lavel 4 the input shows hars 1 from the gating shawn in Figure 12.

FIGURE 17 - FUNCTIONAL BLOCK DIAGRAM OF INTERNAL
INTERRUPT REQUEST LATCH
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The TMS 9996 services each of these requests exactly sccording 1o the basic sequence previously described with
the priority levels, trap vector locations, and ing/resulting status register interrupt mask values as defined
in Table 2 €ach internal interrupt request latch will get reset whan the context switch for its associated interrupt
level occurs.

1 e G m

¥ T4

Each of these interrupts is requasted when the designated condition has oecurred in the TMS 9995,

Macro Instruction Detection (MID) Interrupt

The acquisition and gitempled execution_of an MID jnterrupt opcode will cause the MID [evel interrupt 1o be re
quested before execution of the next instruction begins (MID interrupt opcodes are defined in Section 4.5.15). In
addition to requesting the MID level interrupt, the MID flag is set 10 one 17 (see Section 2 3.3.2.2). The
TMS 8895 services this request exactly according to the basic sequence previously described, with the priority
fevel, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2. Note
that the TMS 3895 will atways grant a request for the MID level interrupt since MID is not affected by the interrupt
mask and is highes in priority than any other interrupt except for Level §, Reset. If the NMI interrupt is requested
during an MID interrupt context switch, the MID interrupt context switch will be immediately followed by the
NMI interrupt service sequence before the first instruction indicated by the MiD interrupt is executed. This is done
0 that the NMI interrupt can be used for a single-step function with MID opcodes. Servicing the MID interrupt re-
quest is viewed as “'execution” of an MID interrupt opcode, NMI altows the TMS 9993 10 be halted immediately
after encountering an MID opcode.

It should also be noted that the MID interrupt shares its trap vector with Level 2, the Arithmetic Overflow inter-
rupt. {See Section 2.3.2,2,2,) The interrupt subroutine beginning with the PC of this vector should examine the
MID Flag to determine the causs of the interrupt. 1f the MID Flag is set to 1", an MID interrupt has occurred, and
if the MID Flag is set 10 "0, an Arithmetic Overflow interrupt has occurred. The partion of this interrupt sub-
routing that handles MID interrupts should always, before returning from the subroutine, reset the MID Fiag
ta 0",

The MID interrupt has basically two applications. The MID opcodes can be considered to be iltegal opcodes, The
MID interrupt is then used to detect errors of this natura. The second, and primary application of the MID inter-
rupt, is to allow the detinitien of additionat instructions for the TMS 8895, MID opcodes are used as the opcodes
tor thesa macro instructions. Software in the MID interrupt service routine emulates the exscution of these instruc-
tions. The benefit of this implementation of macros is that the macro instructions can be implemanted in micra-
code in future processors and software will then be directly transportable to these future processors,

Note that the TMS 8985 interrupt request processing sequence does create some difficulties for re-entrant usage of
MID interrupt macro instructions. in general, to avoid possible errors, MID interrupt macro instructions showd
not be used in the NMI and Level t interrupt subroutines, and should only be used in the Reset subroutine if
Reset is a complete initialization of the system,

Arithmetic Overflow Interrupt

The occurrence of an arithmatic overflow condition, defined as status register bit 4 (ST4) getting set o one (see
Table 2. for those conditions that set 5T4 10 one), can cause the Level 2 interrupt to be requested. Note that thig
request will be granted immediately after the instruction that caused the overflow condition, The TMS 9995 ser-
vices this request exactly according to the basic sequence previously described with the priority level, trap vector
location, and enabling/resulting status register interrupt mask velues as defined in Table 2.

In addition to being maskable with the interrupt mask, the Level 2 overflow interrupt request is enabled/disabled
by $tatus register bit 10 (ST10), the Arithmetic Dverflow Enable Bit (i.e., ST10 = 1 enabies overflow mnterrupt re-
quest; ST10 = O disables overflow interrupt request), If servicing the overflow interrupt réquest is temporarily
overridden by servicing of a higher priority interrupt, the occurrence of the overflow condition will be tetained i
the contents of the status register, i.e., ST4 = 1, which is saved by the higher pricrity context switch, Returning
from the higher priority interrupt subroutine via an RTWP instruction causes the overflow condition to b re-
loaded into stats register bit ST4 and the overflow interrupt to be requested again {upon comptetion of RTWP
instruction). The arithmetic overflow interrupt subroutine must reset ST4 or ST10 to zero in the status word
saved in register 15 before the routine is complete to prevent generating another averflow interrupt immediatety
affter the return.
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1t should also be noted that the Level 2 arithmetic overflow interrupt shares its trap vector with the MID m(.er R cevemns e
rupt, Section 2.3.2.2.1 describes how the interrupt subroutine beginning with the PC of this vector can determine i 4 4§ cau aopaess piobirgiony
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' 2.3.2.2.3 Decrementer Interrupt e
N 1EEZ
The occurrence of an interrupt request by the decrementer (see Sectibn 2.3.1.2.2) will cause the Levet 3 internal veea Lacs
mterrupt request tatch to get set. This latch is similar to those for Levels 1 and 4 in that it is reset by servicing a s roncs
Reset interrupt or when the context switeh for Hs associated interrupt Jevel occurs (Figure 17). e
1FER
N The Level 3 internal interrupt request latch being set constitutes a request for & Level 3 interrupt, and the en pracs <
TMS 89956 services this request exactly according to the basic sequence oreviously desc.rlbeq with the priority e riace
level, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2. e o . oreent o
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233 Communication Register Unit interface 1EFD
N . FLAGS
The TMS 9995 accomplishes bit 1/O of varying field width through the use of the Communications Register Unit 1EF7 o
{CRUI. Ini applications demanding » bit-oriented KO interface, the CRU performs its most valuable act: transferring 1EF8
a specified number of bits to or from memory and 4 designated device. Thus, the CRU is simply a linking 1EFE FLAGH
mechanism beeween memory and peripherals. EFa FLAGE
1€FA FLAGD
Acting as a shift register, the CRL} is a separate hardware structure of the TMS 9995 microprocessor. This structure e fLAGE
can serially transfer up to 16 bits of data between the CPU and a specified device in a single operation_The ere Faer ] J
'32768-bit CRU address space may be divided into any combination of devices, sach containing any number of —— S
input or output bits. When given the bit address of a device, the CRU can test or moify any bit in that unit. Fae , ! g::;:n.;;;;; [E:xrcm;n wer
. . . . L}
Several consecutive addresses can be occupied by a device. These CRU applications are controlled by single and L- < v A:L;Es:y‘ﬁ
rmultiple-bit 9995 instructions. (L] e S R
1F04 M FLAG ) CHIN ERY
ifi i 1 it ) i i i 5y T m————— ADDRESS SPACE
Single-bit instructians facilitate the testing or modification of a particular bit in a device. The device in which a 1EnC cenean use e
bit is to be tested [TB), se1 1o zero (SB2}, or set to one {SBO) is designated by the sum of the value in Register 12 J oty
and an B-bit signed displacement value included as an operand of that instruction. Derails of these instructions are Free 1 i SPACE ADDRESS SPACE

given in Section 4.5.7.

MNOTE.  These hex addresses are tha sofiware base addremss and sre obiasinad by placing the 15-bit Address Bus CAL bit sddress

Multiple-bit instructions contral the serial transfer of up ta 16 bits between memory and peripherals, The device 0 8 ¥6-hit sk, leftjustifying the 75 bits in the Hel, and setting the LSE of the fisd 10 zeva,
with which communication is to take place is addressed by Register. 12, The memory address 10 or from which | N -
data is to be transferred, as weill as the number of bits 1o be transferred are included as operands of the mutiple- FIGURE 19 — CRU ADDRESS M,

it i ion, ils of these instructions are given in Section 4.5.6. . . , . L . .
bit instruction. Details o InStruEtion g The concept of "CRU space™ is the key to CRAU operations. An deological areg exists in which peripheral devices

. . . : ide in_the form of an address. The CRU space is this ideclogical area; it has monotonically increasing bit
i ce to the CRU are shown in Figurg 18. The CRU address map is shown Jeside 1n_ the m_of an addr g
Th:_"gml,ls;sea in the TMS 9995 interface to addresses. Each hit represents a bistable 170 paint which can be read from or writien to. CRU address space and
in Figure 3 —— A .

Jngmory address space are independent of each other. Memory space js o le-agdressable, and CRLY spage is bit-
addressable. Therefore, a desired device is accessed by placing its software base address in Register 12 and axercis-
ing the CRU commands.

saane :)
Ll . ' CRU nomenclature is buiit around the four address types involved in its operation. The software hase adgiress,
> hardware base arldress, acdress displacement, and CRU bit address interact to link memory to peripherals in
= bit-serial communication via the CRU,
=
— o The software base address nonsislg_u_f_;b_e_mtjlgjj_gi_u_pfl_ﬂ]2, In R12, the programmer loads twice the value of

the CRU hardware address of the device with which he wishes 10 communicate. Because onty bits 0 through 14
of Register 12 are placed on the address bus, the programmer needs to shift the hardware base addresy left one
position {equivatent to multiplying by two).

Bits 0 through 14 of Register 12 form the hardwarg base gddress. Far the single-bit instructions, the hardware

base address is added to the address dispfacament to abtain the CRU bit address, For muttiple-bit instructions the
- hardware base address is the CRL hit address.

L e R LR LT A S Rt AR R e D7

12 ar e 10 dimenges
3t e Ay o e CHU -

FIGURE 18 — TMS9995 CRU INTERFACE
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23.3.1 Externst CRU Devices

To input a data bit from an external (off-chip) CRU device, the TMS 9995 first outputs the appropriate address on
AQ-A14, The TMS 9995 leaves MEMEN high, outputs logic zeroes on DO-D2, strobes DBIN, and reads in the data
bit on CRUIN. Completion of each CRU input cycle and/or generation of Wait states is determined by the READY
input as detaited in Section 2.3.1.3. Timing relationships of the CRU input cycle are shown in Figure 20.

X

:
2|

;

r

wmen Yo Y -
v ()
+ L] [ H
- '
1
1
- ) {o}—
5\ / A\ / [ /
L
lcnu FUTY BT ADDA A T ADDR avt m TNFUT]
—Np SINGLE IlT_e—n- OATABIT n DOATA 81T ne .
NO WAITS \ ra ONE WAITSTATE
NOTES: b4
[T ivFR,
() vatid Addren —3p SUTCESSIVE 3175 d—
DO D7 asch output logic tern NO waITS
6] o -—

(@) Non-specitic output bir
(4) CRU input bit must be valid on CAUIN at C1.KGUT eage indicated

FIGURE 20 — TM$9U9E CRU INPUT CYCLE

To output a data bit 10 an external {off-chip) CRU device, the TMS 9895 first outputs the appropriate address on
AD-A14, The TMS 9995 leaves MEMEN high, outputs logic zeroes on DD-DZ, outputs the data bit on A15/
CRUQUT, and strobes WE/CRUCLK. Completion of each CRU output ¢ycle and/or generation of Wait states is
determined by the READY input as detailed in Section 2.3,1,3, Timing relationships of the CJRU output cycle are
shown in Figure 21,

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

T
r

MEMEN
H -
| ] )
N 1 ‘ R ]
1 ' \_ ] ! L
' 1 1 1
] 1 1 1
WE/CRUTLE 1 H 1
' ' \ [l
1 ] i I
1 t 1 [}
A h A A
] ! 1 :
: ) ' &) H n D
N, e, 7 / N— /
W
[CAy DUTFuUT) BIT ADDR. n WIT AGDR. avy CRU OUTPUT
o SINGLE BIT. € DATAITa DATA 8IT 041 SINGLE BIT,
NO WAITS “ , ONE WAIT STATE
NOTES —_ e
Valid paor H
@ va - ——my, SUCCERGIVE BIFS,
D0-D2 asch gutput logic Tee NO WAITS
Valid CRU output bit for address being cutput

(@) Don'y care

FIGURE 21 — TMS009S CRU DUTPUT CYCLE

2.33.1.1 Single-Bit CAU Operations

hege single-bit CRU functions: Test Bit {TB), Set Bit to One [SBO), and Set Bit to Zero

The TMS 9995 performs ¢

SBZ}. The SBO instruction performs a CRU output cyele with togic one for the data bit, and the SBZ instruction
performs a CRU output cycle with logic zero for the data bit. A TB instruction transfers the addressed CRU bit
from the CAUIN input line tc bit 2 of the status register {bit §T2, the EQUAL bit).

The TMS 9995 develops 2 CRU bit address for the single-bit operations from the CRU base address contained in
waorkspace register 12 and the signed displacement count contained in bits B through 15 af the instruction. The dis-
placement atlows 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 specified in the instruction and the result is placed onto
the address bus. Figure 22 iltustrates the development of a single-bit CRU address.
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: SIGNED
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EXTENDED :
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[ ADDRESS BUS

“Bi1 15 of WR12 not used
EFFECTIVE CRU BIT ADDRESS

FIGURE 22 — SINGLE BIT CRU ADDRESS DEVELOPMENT

2.3.3.1.2 Muitiple Bit CRU Operations

The TMS 9995 performs two multiple-bit CRU operations: store communications register {STCR) and load ¢om-
munications register {LDCR). Both operations perform a data transfer from the CRU-ta-memory or from memory-
to-CRU as illustrated in Figure 23. Although the figure illustrates @ full 16-bit transfer operation, any number of
bits from 1 through 16 may be involved.

CRU INPUT BITS CRAUOUTPUT BITS

| .
N
ey | =
N } ' N
1 | INPUT (STCRI :
i 1
i
| 1 |
| l 0 I 1 | MEMOR Y WORD l 14 l 15 l |
| |
| |
o I QUTPUT (LDCR} | —
N+14 [ | NE14
-—
N415 I l
N+15
— ﬁ

N = BIT SPECIFIED 8Y CAY AASE REGISTER IWR12)

FIGURE Z) — LDCR/STCR DATA TRANSFERS
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The LDCR instruction fetches & word from mamory and right shifts it to sevially transfer it to CAU output bits. If
the LDCR involves aight or fewer bits, those bits come from the right-justified field within the addressed byte of
the memory word. If the LDCR involves nine or more bits, those bits come from the right-justified field within
the whole memory word. Register 12, bits 0 through 14, defines the starting bit address, When transferred to the
CRU interface, #ach 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 memaory word {or bit 7)
becomes the lowest addressed bit in the CRU and bit 0 becomes the highest bit in the CRE) field.

A STCR jnstruction transters data from the CRU 1o memory, If the oparation involves a byte or less transfer, the

transferred data will be stored right-justified in the memory byt with leading bits set ta zero. {f the operation in-
volves from nime to 16 bits, the transferred deta is stored right-justified in the memory word with leading bits set
to zero. When the input from the CRU device is complete, the lowest addressed bit from the CRU is in the least-
significant bit position in the mermory word or byte.

internal CRU Devices

Access of internal {on-chip] CRU devices is transparent to the TMS 9995 CRU instructions, Data can be ingut from
and output to the bits of tha internal CAL devices simply by using the appropriate CRU addresses 1o access these
bits,

The TMS 8895 will indicate to the external world when thase internal CRU bit aLCesses are OccurTing by asserting
the same signals used for accessing external CRU devices (see Figure 18), The timing of these signals for internal
CRU input and output cycles will be identical to the timing for external CRU input and output cycles {see
Figure 20 and 21} except that during internal CRU eycles, the READY input is ignared, i.e., Wait states cannot be
generated, and, during internal CRU input cycles, the TMS 9995 will ignore the CRUIN input signal. The internat
bit being input will not be available to the external world on CRUIN.

The functional characteristics of the internat CRLJ devices are described in the following paragraphs.

Flag Register

Accessible via CRU input and output instructions that are executed te dedicated internal CRU bit addresses (see
Figure 19} is the internal Flag Register. The 16-bit Flag Register contains both predefined TMS 9995 systemns
flags and user-definable flags as detaited in Table 3. The predefined system flags are the configuration bit for the
Decremanter, the Decrementer enable bit, and the internal interrupt raquest tatch CRU inputs. Note that CRU out-
Put operations to the internasl internupt request latch Flag addresses will not cause these latches to ba either set or
reset. These Flag bits are input only and allow the prasence of thesa interrupt requests to be detected whean the
occurrence of the interrupts themselves is inhibited by the value of the interrupt mask in the status register.

MID Flag

Accessible via CRU input and output instructions that are executed to a dedicated internal CRU bit address {see
Figure 18} is the MID Flag, The MID Flag is tet to one by 3 MID interrupt, and reset 10 2ero by the software of
the MID interrupt routine (see Section 2.3.2.2.1}. Note that setting the MID Flag to one with & CRU instruction
will not cause the MID interrupt to be requested,

External Instructions

The TMS 9995 has five external instructions {see Tabie 4} that allow user-defined external functions to be initisted
under program control, These instructions are CKON, CKOF, RSET, IDLE, and LREX. Thase mngmanics, except
for IDLE, relate 1o functions implemented in the 990 finicomputer and do not restrict use of the instructions to
initiate various user-defined functions. Execution of an IDLE instruction causes the TMS 6995 10 enter the Idie
state and remain in this state until a request ogcurs for an intermupt leved that is not masked by the current value of
the interrupt mask in the status register. [Note thet the Reset and NMI interrupt levels are not masked by any
interrupt mask value,) When any of these five instructions are executed by the TMS 9995, the TMS 9995 will use
the CRU interface (see Figure 18) to perform a cycle that is identical ta # single-bit GRU oulput cycle {see
Figure 21) except for the following: {1} the address being output will be non-specific, {2} the data bit being output
will be non-specific, [3) a code, specitied in Table 4, will be output on DO-D2 to indicate the external instruction
being executed. Note that comptetion of each external instruction andfor generation of Wait states is derermined
by the READY input as detailed in Section 2.3.1.3,




TABLE 3 — FLAG REGISTER BIT DEFINITIONS

CRUBIT
ar ADDRESS! DESCRIPTION
FLAGO 1EED Setta0:  Decramenter canfigured as
Imvterval Timar,
Setta 1: Decrementer configured as
Event Counter,
FLAGT 1EE2 SettoQ:  Decrementer not anabled
Setto 1:  Decrementer enabled (wil!
decrament and can se1 in-
ternal lafch that requases a
levsl J intarrugr).
FLAG2 1EE4 Level 1 tnternal Intecrupt Request
. Latch CAL Input {input-only).
i) Level 1 request not present
1. Lavel 1 requast present
FLAG3 1EEB Level 3 internal Interrupt Request
Lawch CAL Input {input-anly).
0. Level 3 request not prasent
1:  Level 3 request present
FLAGA 1EE8 Level & Intarnal Interrupt Request
Latech CRU Input (Ingut-anly).
0: Level 4 request not prasant
1:  Level 4 request present
FLAGS 1EEA
FLAGE 1EEC
FLAG? 1EEE
FLAGS 1EFO
FLAGS 1EF2
FLAGA 1EF4 Usar Defined
FLAGA 1EFB
FLAGC YEF8
FLAGD 1EFA
FLAGE 1EFC
FLAGF 1EFE

T Thess hax numbars ars thass abteined by Placing tha 1501 Addrass Bus CAU address I a 16-bit field, laft justitying the 15 bict In tha fisld,

and sarting the L3B of the Tiald 1o rerc,

TABLE 4 — TMS 9905 EXTERNAL INSTRUCTION CODES

CODE DURING CYCLE

INSTRUCTION 57 o2
chu:
Seo, 582, TB, a 0
LDCR or STCR
JOLE 1 0
ASET 1 t
CKON 0 1
. T ekor 1
LREX 1
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3,

When the TMS 9995 is in the Idls state, cycles with the Idle code will ooour repeatedly until a request for an inter-

rupt level that is not masked by the intarrupt mask in the status TeQistar octurs,

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

TMS 9995 Internal ALLU/Other Operation Cycle

When the TMS 8995 is pe}forming an operation internally and is not using the MEemory,
tion interfacesT or is not in the Hold state, the TMS 9996 will

fotlowing with its interface signals:

Output non-specific data on DO-D7

Output logic level low on IAQ/HOLDA, and

“sE8S

ignore the READY and CRUIN inputs,

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

 Internal memory spacs and internal CAU device sccesses are dutined s using the mematy and CRU interiaces.

TMS 9995 PIN DESCRIPTION

Table 5 datfines the TMS 9865 pin assignments snd describes the function of each pin. Figure 24 illustrates the

TMS 9995 pin assignment information.

XTAL1T 1
XTALZ/CLKIN 2
CLKOUT 3

D7 4

D6 5

D5 &

D4 7

D3 8

D2 @9

i Ve 10
D11t

Do 12

CRUIN 13
INTA/EC 14

. iNT1 18
IAQ/HOLDA 18
DEIN 17

HOLD 18
WE/CRUCLK 19
MENMEN 20

FIGURE 24 — PIN ASSIGNMENTS

Output a non-specific address on AD-A14 and A1B/CRUOUT

n

DREENSNERsYRBeRRYBES

Output logic levet high on MEMEN, DBIN, and WE/CRUCLR

AIS/CRUOUT
Ala

A3

Alz

AN

AlQ

AR

CRU, or extarnal instruc-
, for as many CLKOQUT eycles as needed, do the



TABLE 5 — TMS 9995 FIN DESCRIPTION

BIGNAL PIN o DESCRIPTION
POWER SUPPLIES
Vee 0 Supply voliaga {+6 V Nom}
Vgg 3t Graund reference
i CLOCKS
XTALZ/CLXIN 2 iN . Crystat input pin for internal oscillator. Also
input pin for external cacillator.
XTALY 1 N Crystal input pin tor internal oscillator,
CLKCUT 3 ouT Clock output signsl. Tha frequency of
CLKOUT is ane fourth the oscillator input
i ) ar erystal { oscil-
tator} traquancy .
ADDRESS BUS
AD 24 ouT Address Bus. AQ is the most significant bit of
a 25 our the 16 bit mamary address bus and the 15 bit °
A2 26 ouT CRU addrata bus. A14 is the 2nd lesst signifi-
A3 27 ouT cant bit of the 16 bir memory address bus and
Ad 28 ouT the LSE of tha t5 bit CRU address bus. The
AS 29 QuT adkirass bus assumaes the high impedance state
AB 30 our when the TMS 9995 is in the Hold stats,
LY 32 ouTt
A8 33 ouT
A8 34 ouT
A1D 35 ouT
Alt a8 ouT
A12 37 ouT
Al3 k] ouT
Ald 39 ouT
A1S/CAUOUT 40 ouT Aridress bit 15/CRL output data. A16/
CRUOQUT is the LSB of the 16 bit memory
atkiress bus and the output dete line for CRU
ovuitput instructions. AIS/CRUQUT sssumes
the high impadance s1ate whan the TMS 3985
is in the Hoid cate,
DATA BUS
Do 12 Vo Data Bus. During mamory cycles (MEMEN
D1 1 o activel DO (the MSRA) through D7 {the LSB]
D2 ] o are used 10 transfer date to/from the external
=k 8 (] mamory system, During nan-memory cycles
D4 7 110 {MEMEN inactive] D0, 31 and D2 sre used
DS 1] [Fo] 10 indicate whether tha TMS 8996 i parform-
D6 5 [F]s] ing a CAU cycle of an externsd instruction.
D? 4 1/a The cate bus s1sumas tha high impedance
state when the TMS 8995 is in the Hold state,
CRU
CRUIN 13 N CRU input dete. During CAU cycles, CAUIN is
the input data line for CRU input dets.

i
|

TABLE 5 — TMS 8995 PIN DESCRIPTION iContinwed}

SIGNAL

PIN

Vo

DESCRIPTION

MEMEN

WE/CRUCLR

READY

QuT

ouT

out

CONTROL
Memory enable. When active (low! WEMEN
indicates that WE/CRUCLK, DBIN, and the
addrers and dsta buses are being used for a
memory cycle. When inactive (highl MEMEN
indicates thet WE/CRUCLK, DBIN and the
sddrets and date buwes are being used for a
CRU cycle, or are indicating that the
TMS 9995 is performing an external instruc-

tian. MEMEN does not assume the high -
Pedance state when the TMS 9995 is in the
Hold state.

Data bus in, During memory read cycles,
DBIN is active {low] to ingicate that the
TMS 9995 has dissbled its data bus autput
butfers 1o sllow external memory 1o enable
3-state drivars that cutput data onto the
data bus. During CAY input cyclas, DBIN is
also sctive to indicate that the CRU cycle is
on input cycle. DBIN sssumes the high im-
Paciance state when the TMS 9995 is in the
Hold stata,

Write anabls/inverted CRU clock. When active
(Iml,ﬁtmmdicans that memory
wiite data is available on the data bus (when
MEMEN = OF; or that CRU data out s evailable
on At5/CRUOUT twhen MEMERN = 1 and
DO = D1 = D2 = 0); or that an sxvernal inter-
{ack should decode External instructions lwhen
MEMEN = 1 and DO, D1, and D2 are not afl
squal to 0). WE/CRUCLK assumm the high
impadance state when the TMS 8995 is in

the Hold state.

Rrady. When active [high), READY indicates
—_—

that the present external memary, CRU, or ax-

rernal insiruction cycle is 1eady to be completed,

When not ready is indicated, 3 Wait sia1e {delined

a3 extantion of the present cycle by one CLXOUT

cycle} is entered. At the end of esch Waii state

READY it axaminad ta determine it anothar

Wair atate is 10 be generated or if the cycle is

0 be completed,

29




TABLE 5 — TMS 9995 PIN DESCRIPTION {Continued)

BIGNAL

PIN

"a

DESCRIPTION

HOLD

1AQ/HOLDA

ESE

Z|

2

Fil

ouT

CONTROL {Cont'd)
Hold state request., When sctive {low), ROLD
indicates to the TMS 9995 that an axternal
controdter desires 1o use the address and data
buses. Lipon sensing a Hold request, the
TMS 9995 will anier a Hold state {defined ax
suspension of instruction execution) afier it
has completed its presen cycte (see Section
2.3.1.1.3 for details of entry into a Hold
state]. At the beginning of the Hotd sate, the
TMS 9995 places DBIN,WEJCFIUCLK, and
the address and data buses in the high imped-
ance state, and then rasponds by Ssserting
1AGIHOLDA. When HOLL) is removed, the
TMS 3995 returns 1o normal operation,

Inftruction acguisinonihold acknowledge. (1
1AQ/HOLDA is active (high! when MEMEN =
0, the TMS5 9995 is indicaring thar the memory
read cycle in progress is that of reading an
instruciion opcode. | IAQ/HOLDA is active
when MEMEN = 1, the TMS 93385 is indicating
that i1 is in the Hold state and that DBIN,\TVE.'
m, and the sodress and data busas are
in the high impedance state.

INTERRUPTS
Reset. When active {low} AESET causes the
TMS 9995 10 enter a RESET state (sae Section
2.3.2.1.1) and inhibit MEMEN, DBIN, snd WE/
CRUCLK. When RESET is released, the
TMS 3995 initiates a level zero interrupt se.
quence that acquires WP and PC from anemory
word addresses 00D0 snd 0002, and begins
execution using this vector, RESET will ter-
minate sn Idie state, RESET is a Schmitt-

Lrigger input,

Non-maskable) ntesrupt. Whan sctive (low),
‘NI causes the TMS 9995 to exacute a non-
maskable interrupt sequence with the frag
vactor (WP and PC} in memory word ad-
aresset FFFC and FFFE, NML will terminate
an |die state. WA i recognized only once for
each high-to-law transition. {NMJ must be

takan inactive befare it will be recoghized
apain )

Interrupt one. Wheo active {law), TNTT will
cause the TMS B99% 10 execute a level one
intereupt trap i level ome i3 not masked by
the status register.

30
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TABLE 5 — TME 9905 PIN DESCRIPTION (Concludad)

SIGNAL PIN "o DESCRIPTION
iNTaJEC 4 [

Interrupt four/event counter. When either the
decramenter is not ansbled or the decrementer
is engbled snd configured as an intarvM timer,

. TNTA/EC taing active {low) with cousa the
TMS 0995 to axacuts a level four interrupt
trap if lovel four is nat masked by the status
regiater. When tha decrementer is anabled and
configured as an avant counter, & high-to-low
transition unm[E will cause the count in
the decrementar 16 be decremented by one,
(Ses Section 2.3.1.2.2 for details of enabling
and configuring the decremantar,)

TMS 9995 INSTRUCTION SET

DEFINITION

Each TMS 9995 instruction performs one of the following operations:

L] Arithmetic, bogical, comparison, or manipulation operations on data

Loading or storage of internal registers {program counter, workspace gointer, or status)
L Data transfer batween memory and extemal devices via the CRU

- Contral functions

ADDRESSING MODES

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

. Workspace Register Addressing

- Workspace Register indirect Addressing

L] Workspace Register Indirect Auto Increment Addressing
- Symbolic (Direct) Addressing

- Indexed Addressing

L} immediate Addressing

L] Program Counter Relative Addressing

L] CRU Relstive Addressing

3t



The following figures graphicaily describe the derivation of effective address for each addressing mode, The applica-

bility of addressing modes 10 particular instructions is described in Section 4.5 along with the description of the

operatians performed by each instruction. The symbols following the names of the sddressing modes {R, *R, *R+,

@LABEL or @TABLE (R) are the general forms used by TMS 9895 assemblers to select the addressing modes for !
' register R,

421 Workspacs Regi Addrassing, R

Workspace Register R contains the operand

’- REGISTER R

N (PC INSTRUCTION WP+ 2R QOPERAND

The Workspace Register addresting mode is specified by setting the two-bit T-tield {Tg or Tpl of the instruction
word equal to 00,

422 Workspacs Register Indirect Addressing, *R

Workspace Ragister R contains the address of the operand,

REGISTERR

{PCH INSTAUCTION twphzn—{ ADDRESH OPERAND ]

The Workspace Register Indirect addressing mode is specified by setting the two-hit T-field {Tg or Tp} in the
instruction word equal to 0V,
423 Workspace Register Indiract Auto Increment Addressing, "R+

Workspace Register R contains the address of the operand. After acquiring the address of the operand, the ¢on-
tents of Workspace Register A are incremsnted.

REGISTER R

WP1+2R ADDRESS OPERAND

+ i

1{8YTE)
or 2 (WORD)

The Workspace Register Indirect Auto Increment addressing mode is specified by setting the two-bit T-field {Tg
or Tp) in the instruction word equal to 13.

4.24
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I'PC)(WPH—?F!
(FC)+2—+ TABLE F

428

427

Symbolic {Direct) Addressing, @LABEL

The word following the instruction contsing the address of the operand,

APC) = INSTRUCTION

{PC)+2 LABEL “.L OPERAND I

The Symbelic addressing mode i specified by setting the two-hit T-field {T5 or T in the instruction word equal
to 10 and setting the carresponding S or D field equal to 0,
Indexed Addretsing, @TABLE (R}

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

REGISTER A

OPERAND

The indexed addressing made is specified by setting the two.
10 and satting the corresponding S or D field not equal to
tains the index value.

-bit T-field (T5 or Tp) of the instruction word equal 10
0. The value in the S or D field is the register which con-

Immaedists Addressing

The word foltowing the instruction contains the operand,

(PC) e INSTAUCTION

IPCY + 2 OPERAND

Program Counter Relative Addressing

The eight-bit signed disptacement in the right byte (bits § thraugh 1§) of the instruction is multiplied by 2 and
added te the updated contents of the Program counter. The result is placed in the PC.

JUMFP INSTRUGTION

PROGRAM COUNTER OP CODE l ose | 2 - DI5P

I ADDRESS NEXT MEMOR Y WORD




428 CRU Ratative Addressing
The eight-bit signed displacement in the right byte of the instruction is added 1o the CRL} base address {bits 0
through 14 of workspace register 12). The result is the CRU address of the sefected CRU bit.

INSTRUCTION
|PCI—-I_ OF CODE l D!
o 78 CRUBIT
REGISTER 17 ADDRESS
iwP1+2-1 2-—{ CRU BASE ADD ]
[+] 14 1§

43 DEFINITION OF TERMINOLOGY
The terminology used in describing the instructions of the TMS 8995 is defined in Table 6.

4.4
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p \@y'lc. e Wren SavEce ac}.;];m?!
4.5.1 Dual Dperand Instructions with Multiphi Addressing for Source and Destination Qperand '

ClES‘hvm-"‘M add et l&q

b T % 9 w0 on o

Generat o 1 2 34 s s X
. Lopcone ] _; T [ o ] Ts I s ]

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

F

The addressing mode for each operand is determined by the T-fiald of that operand,

Tgor Tp SorD ADDRESSING MODE NOTES
00 01...18 Workspace register 1
01 01...15 Workepaca ragister indirict
10 a Symbolic 4
10 %,2...18 Indexed 2,4
1 0,1..,16 Workspace register indirect 3
auto increment

NOTES: 1. When a workipace régister Ia the operand of & byts insruction {bl1 3 = 1), tha lefc byte [blts 0 thyough 7) Is the
onerend snd the right by s (bits B through 15} (s uncharged,
2. Warkspece reglater 0 mey not be used for ingaxing,
3. Tha workspuce register Is incremanted by 1 for bya instructons (bt 3 = 1} snd Is incramanted by 2 for word inseruc-
rions (bit3 = Q).
When Tg = T = 10, two words are in to the i
bass waiataw and the second ward is the destination oparend bese sddres,

ward. The first ward s tha source operand

TABLE & — DEFINITION OF TERMINOLOGY

TERM DEFINITIONS

: Byte Indicatar (1 = byte: 0 = word}
C Bit Count

o Destination address register

DA Dastination sddress .

oP Immadiste operand

LSB {nk Lesatsignificant iright most} bit of (n)
MSB (nk Most-significant (wit mose) bit of {n)
N Don’t care

PC Program Countar

Reguit Rewult of oparstion performed by instruction
$ Source sddrass register

SA Source address

5T Status rigister

5Tn Bit n of status register

T0 Destination addres modifier

TS Source addres modifier

w Warkspace reghter

WAn Worksgace raginter n

tn} Contants of n

& > b 4 is transferrad to b

Inl Absolute vetue of n

+ Arithmaetic sddition

- Arithmatic subtraction

AND Logical AND

OR Logical QR

Logical sxciusive OR
Logical camplsment of n

Arithmatic multiptication




TABLE 7 - STATUS REGISTER 81T DEFINITIONS'

CONDITION YO SET BIT TQ 1, OTHERWISE

MOV, MOVE, NEG,
ORI, §. 58, VS,
MPYS, INC, INCT,
INV, SLA, S0C,
SOCP, SAA, SRC,
SAL, STCR, S2C,
SZCB, XOR

INETAUGTION S8ET TO 0 FOR INSTRUCTION LIBTED.
s NAME AND/OR ALB0, THE EFFECT OF OTHER
INTERRUPT INETRUCTIONS AND INTERRUPTS
§TO Logical C,.Ca Ef M58 (SA) = 1 and MSB (DA) =~ 0, or
Greater If MSB (SA} = MSP {DA) and MSB of
Than [IDA} — {$A)) = 1.
L] If MS8 (W) = 1 snd MSB of 1OP =0, ar
it MSB (W} = M5B of 10P end MSB of
[OP — {W}] =1..
ABS, LDCR 1 (SA) O
RATW If bit {0) of WR15is 1
! LST if it £0) af selected WA is 1
A, AB, AL ANDI, If resuly + 0
DEC, DECT. LI,
MOV, MOVB, NEG,
ORI, S, 58,
OIVS, MPYS, INC,
INCT, INV, SLA,
SOC, 50CH, SAA,
8RC, SRL, STCR,
8ZC, 5XCB, XOR
Reset Intarsupt Unconditionally se1s status bit 1o 0
A3l other instructions Do noe atfact the stetus bit see Note 1)
and interrupts
M Arithmatic C,CcB IH MSB {SA) = 0 and M5B (DA) = 1, or
Graater It MSB {SA) = MSB (DA} and MSB of
Than 1{DA) — ISA)] = 1.
[+ 11 MSB (W] = 0 snd MSB of 10P = 1, or
if MSB (W) = M5E of IGP and MSB of
[1OP — (Wit = 1,
ABS, LOCR 1f M$8 ($A) = G and (SA) + 0
ATwP 11 bit {1) of WR15 is ]
LST 11 bit {1] of smiscted WR is 1
A, AB, Al, ANDI, If MSB of result = 0 and resuit £ O
DEC, DECT, LI,

Reset Interrupt

Unconditionally sets status bit to 0

Al other instructions.
and interruprs

Do not affect the status git (ses Now 1}

T Sou Tatle 6 1or daflnitiond of terminology used in this tabia,

k1

TABLE 7 .. SYATUS REGISTER BIT DEFINITIONS {Continued]

CONDITION TO SET BIT TO 1, OTHERWISE

BT NAME IM::;;:ON SET TO O FOR INSTRUCTION LISTED.
ALSO. THE EFFECT OF OTHER
INTERARLIFT
INETRUCTIONS AND INTERARUPTS
5T2 Equal C,CB If (5A) = (DA}
hod] It (W) = 108
coc ¥ ISA} end (DA}~ 0
CZC E H {8A) and {DA) = O
Ta 11 CALHN = 1 for addressed CRU bit
ABS, LDCR 1 {SAl=0
ATWP 1# bit {2) of WR1G is +
LST If bit (2) of selected WA is 1
A, AB_Ad, ANDI, Fresult=0
DEC, DECT, LK,
MOV, MOVB, NEG,
ORI, 8, 58, DIVS,
MPYS, INC, INCT,
1INV, SLA, SOC,
S0CB, 3RA, SAC,
SAL, 5TCR, $2C,
S5ZCB, XOR
Resat Intarvupy Unconditionally sets status bit ta 0
All athar instructions Do not affect the status bit (see Note 1)
and interrupt
§T3 Carry A, AR, ABS, Al M CARRY QUT =
DEC, DECT, INC,
INCT, NEG, §, 5B
StA, SRA, SAL, 11 1sst bit shifted out = ¢
SRC
AT If bit (3) of WR1E is |
LST 11 it (3) of selected WH is 1
Reset Interrupt Unconditionally sats status bit 10 0
All ather instructions Do not affact the status bit {sea Notw 1)
and jnterropts
5T4 Overfiow A, AB It MSB (SA} = MSB (DA) and MSB
of result + M5B (DA)
Al 1 M58 (W] = M5B of IOF and MSB
of result # MSB (W)
5.58 ¥ MSH {SA) » MSB (DA} and MSB
l_ of result = MSB (DA)
DEC, DECT 1f M5B {SA] = 1 and M5B of result = Q
INC, INCT 1F MSB (5A) = D and MSB of rasult = O
SLA I1f MS8 changes during shift
o 1 M5B (SA) = 0 and MSB {DA) = 1, or if
MS& (SA} = MSE (DA} and MSB of
DA} - (5A)] =9
oS 11 the quotient cannot be axpressed a5 a
signed 1§ bit quantity (B000yG is s valid
negativa number|
ABS, NEG 11 18A} = BOOD g
RTWP 1% bit ¢4) of WRIE it 1
LST if bit (4) of selected WR is t

Reset Interrupt

Unconditionally sets status bit 10 0

Al other instructions
and ineriuy "

Do not affect the status hit {see Note 1)




TABLE 7 — STATUS REGISTER BIT CEFINITIONS (Concluded)

INSTRUCTION CONOITION YO SET BIT TO 1, OTHEAWISE
SET TO 0 FOR (NSTRAUCTION LISTED.
air NAme AND/OR ALSG, THE EFFECT OF OTHER
INTERAUPY INSTRUCTIONS AND INTEARUPTS
578 Odd CR, MOVE IF ISA] hes odd number af 1's
Parity LDCR 1t t < C < Band (SA) has add number of 1 's.
11 C=Dord < £ < 15, does not affect the
s1a1us bit.
STCR 111 < € < 8 and the stored bits have an odd
Aueber of 1's HC =001 9 < C < 15, does
not affect the status bit.
AR, 5B, SOCB, If result has odd numbar af t7,
$2C8
ATWP If bit (5) of WRtG s 1
LST 11 bi1 15} of salected WH is 1
Reser Interrupt Unconditianally sets status bit to O
All other instructions Da not affect tha status bit (see Note 1)
and Interrupts
ST XoP XOP 1 XOF wnstruction is executed
RTWP U bit (6} ot WR15 s 1
L5T 11 bit |6} of selected WH is 1
Reset Interrupl Uncanditignally sets sratus bit 10 0
. All other instructions Do not afiect the siatus bit {see Note 1}
and interrupts
5T? Unused RTWP Hf correspanding bit of WR1S is 1
5T8 Birs LST 1t corresponding bit of setected WR s 1.
5T9 XOP, Any Uncanditionally sets aach of thess status
ang Intestupr bits 10 0
S§Tt1 Al other inatructicns Do not atfect thase status birs (see Nota 15
$T10 Asithmetic RTWP H bit [10) of WR is 1
Cverflow LST It bit {10} of selected WR is 1
Enable XOP, Any Unconditianally 8ts siatus bit to 0
Interrupt
Al other instructions Do not affect the status bit {see Note 1)
sT12 Interrupt (4111 If carresponding bit of 108 is |
§T13 Masx RTWP f cor ing bi1 of WR15 ix 1
5T LST f correspanding bit of selected WR is 1.
and HST, Reset and Unconditionally sets each ol these status
5Ti5 NMI [nterrupis bits ta O
All orher interruprs 11 8T1Z - §T15 = 0, no changa
H5T12=5T15 # O, 501 10 Ona
Less than level of the interrupt trap taken
All other insituctions Do nat alfect these status bits {see Note 1}

NOTE 1: Tha X inatruction itsalt coes not sffect any siatus blt, the instruction axacuted by the X instruction sets status bits as defined for

that instruciion,

¢

46.2

OPCODE | B HESULT STATUS
MNEMONK: MEANING COMPARED BITS DESCRIPTION
01 2|3 TOO AFFECTED
A
e 1T 01 (0| Add Yes 04 (5A) + (DA} = {DA)
" : 2 VIt Add bytes Yes 05 (SA) + IDAY — iDA)
0 |0 | Compare . Mo 0-2 Compare (3A) 10 (DA} ang set
cn . . , ) appropriste starus bits
¢ 1| Compare bytes No 025 Compare (SA} to {DA) and set
appropriate $tatus birs
5 ¢ 1t 0] Subract Yes o4 1DA) — i5A) —+ (DA}
58 o r o3 Subtract bytes Yeou 0-5 (DAL — [SA) — (DA}
sQC 1T 1 1 |0/ Setones corresponding Yes 02 (DAY OR ISA) - {DA)
sOcs8 1T 1 1 {1/ Setones corresponding by tes Yes 025 {DA) OR (SA) - (DA)
szc € 1 0 10| Setzeroes corresponding Yes 0-2 DA} AND (SA} ~ (DAl
5ZCa 0 1 0 |1] Setzerces COMTEponding bytes Yoy 0-2.% (DA} AND (SA) ~ (DA}
MOV 1.1 0 (0] Move Yes 0.2 1SA) -~ (DA}
MOvVR 110 (1] Move bytes Yoz 0-25 ISA) — (DA)
O " e ma .
?unl A Ll with N ple Addressing Modes for the Soures Operand and Workspace Register
i g for the Destinati
General 0 1 3 4 5 ] 7 8 k] 10 1 12 13 14 15
Format: OP CODE l D Ts 8
_The addressing mode for the source operand is deterrined by the Tg field.
Tg 5 AODRESSING MODE NOTES
00 G 1..,156 Workipaca register
[ 2] 0.1...15 Workspace regivter indirsct
10 0 Symbolic
10 1.2...15 Indexad 1
t? . 15 Workspace register indirect auto increment 2

NOTES. 1. Workeoece Fegister  may not be used for indexing,
2. Tha workspscse reginter is Incramenteg by 2,

3



453

0P CODE RESULT STATUS
MNEMDNIC MEANING COMPARED aITs DESCRIPTION
0rT2345 TOO AFFECTED
coc 9 01 00 0fCompare anes No 2 Test (D) 10 determine it 15 ara in esch bit
carrasponding Po3ition where 1's are in (SA). If so, se1 ST2.
czc 0 0 1 0 0 1|Compare zeroes Na 2 Test () to datarmine if 0’ are in each bit
cormsponding POsition where 175 are in {5A). 1f so, sat 5T2,
XOR 0 ¢ 103 O|Exclsive OR Yes Q-2 (DA} @ SA}F ~ 1D
MPY G 01 11 O|Mulriply No - Multiply unsigned (D) by unsigned {(SA) and
place unsigned 32-bit product in D tmost-
gnifi and D+1 ileast-igs - HWRAS
is [, the next word in memory after WR15 will
be used for the least significant half of the
praduct.

- Div 0 0 1 11 1]Divide No 4 If unsigned {SA] is less than ar egual to unsigned
{D), prriorm no operation and set $T4. Otherwise,
divide unsigned (D} and {D+1} by unsigned {SA),
Quatient — (D), remainder — (D+1). 11 D = 16,
the next word in memory after WR 15 will be
ustd far the remainder.

Signed Muttiply and Divide Instructions
Generat o 1 2 3 4 5 & ? 8 9 10 t 12 13 14 15

Format !

OP CODE l Ts ] s

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

Ts s ADDRESSING MODE NOTES

00 Q.1...1% Warkipace ragisner 1

1] a,1...16 Workspace register ingirect 1

19 0 Symbolic 1

10 1.2...15 Indexad L

1 0.1...15 Workipace register indirect 1,3
auto increment

NOYES: 1. Workepacs rogiarers G and 1 contain operands used in tha signed muliiply and divide aperations.
2. Workspacs ragister O may not ba utad for ndexing.
3. The workenacs regiseer is incremenisd by 2
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OP CODE RESULT STATUS
MEANING | COMPARED avs

912 3 468667809 TOO0 AFFECTED

MNEMONIC DESCRIPTION

MPYS 00000001115igrwd Yeou 02

Multiply

Mulriply signed two's com-
ptement integer in WRO by
signad two's complement
intager ISA| and place signed
32-bit product in WRO (mosr-
significant) and WR1 leasy-
signiticant.

[+13%:] 00000001 10 Signed Yeos 024
Divide

' the quotient cannot be ex-
pressed &4 3 signed 16 bit
«uantity (BODD Ibex) is a valid
negative numbarl, set ST4,

Otherwise, divide signed, two's
complement integer in WRG
#nd WR1 by the sigred twa's
complement integer (SA} end
place the signad quatient in
WRO and tha sipned remainder
in WRt. Tha sign of the qup-
tient is determined by sigebrsic
rules. The sign of the remainder|
i3 the sama ax the sign af the

dividend and | REMAINDER |
L < IDIVISOR

Extended Operation {XOP} Instruction

General 1] 1 2 3 4 5 6 7 a @ w0 n t2 13 14 15

Format:: 0 1 o 1 1 D ] Ty ] L1

The Tgand S fieids provide multiple mode addressing capability for the source operand. When the XOP is exeeuted,
the following transfers oceur:

14016 + 40) —————— (WP
14214 + 4D) —————= [PC}
SA=—t= (new WR11)

lold WP) ——————= [new WR13)
{old PC)——————= {new WR 14}

(ol 8T) ————— {new WR18)

After these transfers have been made, STB is sat to one, and ST7, 578, 5T9, ST10 (Overflaw Interrupt Enable},
and ST11 are all set to zero.

The TMS 9995 does not service interrupt 1rap requests (except for the Resat and NMt Reguests} at the end of
the XOP instruction.




4585

Genarsl L) 1

Singla Operand Instructioms

4 s

Fomar: [

OF CODE

The Tg and § fizlds provide multiple mode addressing capability for the source operand,

OoF CODE RESULT STATUS
MNEMONIC MEANING | COMPARED BITS DESCRIPTION
0 v 2 2 4 8 9 TO ZERO (AFFECTED
B O 0 0 9 0 0 ¥ | Branch No - SA -+ (PC)
8L 0 0 0 0 90 1 0 | Branch No - PC) — (WREY); SA — {PC)
and link
BLWP a 0o 0 0 0 Q 0 | Branch No - (SAY — (WP} {SA + 2} — (PCY;
and load loicd Wit} ~ (new WR13);
WOrkspace lold PC) — {new WA 14);
pointer {old ST) — inaw WR15).
The TMS 9995 does not ser-
ViCE interrupt trap requesis
{except for the Reset and NMI
Fagquests} at the end of the
BLWP instruction.
CLR ¢ ¢ 0 0 O 1 1 { Clear Ne - 0 — ISA}
Operand
SETO ¢ ¢ 0 00 0 D | Sette No - FFFF1g — (SA]
oanes
NV o ¢ 0 0 0 0 1| Invert Yo a2 &R~ (SA)
NEG ¢ ¢ ¢ 0 0 O] Nepate Yes a4 —{8A) — [SA)
ABS a 6 0 0 O a 1| Absaluts Nao 04 1ISA) 1+ {SA)
value®
Swra - o 0 0 o0 1| Swep No - {SA), bita G vhru 7 — {BA]
bytes bits § thru 15; (SA),
bits 8 thru 15 -~ (SA],
bits @t thru 7,
INC 2 0 00 o 1 0| Increment AL 04 18A) + 1 = (SA}
INCT 00 a0 o 1 1| Incremeny Yes o4 18A) + 2 = (8A}
by twa
DEC 9 0 0 0 0 0 0| Decrament Yes 04 ISAl - 1 = (SA}
DECT 4 0 0 0 O 0 1| Decremunt Yes 04 (5Al -2 = (54}
by two
xXes a0 0 0 0 1 0] Execute Na - Execute the instrucrion
at §A,

Operand s compared 1o zero Tor status bit,

i1 sdditionst memary waords 1or The axecute inpruction sre required to define tha opsrands of the instruction located st SA, Thess words
will ba accessad from FC and tha PC will be updamad sccardingly. The instruction acouisition signat (1AQ} will not be trus whan the
TS 9995 acoersta the instruction at SA, Status bits are affacted in the normal manner for the instruction axscuted.

@

4586 CRU Multiple-Bit Instruction
Goneral 0 1 2 3 L] 5 ] 7 B %0 11 12 13 14 15
Forma: L OP CODE ] (v Ts [ s ]
ot &,vS Sovieee add Lo X
ifieg the number of I C = 0, 16 bits wilk be transferred, The CAU The CRU base
ister (WR12, bits § through 14 deﬂnes thr rtl CRU bit address. The bits are transferred eermllv and the
CRU nddrun is incremented with aach bit transter, although the contents of WR12 are not affected. TIgand§ E"
in| itity_for ‘the source rand. H eight or fewer bits are transferred {Cc =
thmugh 8}, the source address is a byte address. I nine or more bits are transferred (C = 0, 9 through 15}, the
source address is & word address. If the source is sddressed in the workspace register indirect auto increment mode,
the workspace register is incremented by one it C = 1 through 8, and is incremented by two otherwise. If the
source is addressed in the register mode, and if the transfer is #ight bits or 'less. bits 8 - 15 are unchanged.
OF CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIFTION
(1] 1 2 3 4 ] TGO AFFECTED

LOCR i) 1] ) 1 0 1] Load Yet 025 Beginning with
communication LS8 of (SA) g™,
ragiater transfer the

specified numbaer
of hits from (SA} g
(e cru,

STCR 9 0 1 1 ] 1 Stows Yos 0-2.8° Beginning with
comenurication LS8 of (SA} §
reghiter transfar the

pecified numiber
of bitffrony the
CRU 10 15A1.%”
Load unfilled bit
pmitions with 0.
*STS s sifecmd only if 1 < C < A, L
4567 CRU Single-Bit Instructions 54z sovrlce
addheezs
Ganerat o 1 2 3 4 s [ 1 8 9 10 11 12 13 s
Format: [ OP CODE i SIGNED DISPLACEMENT ]

The signed displacement is added to the contents of WR12

{bits 0-14} to form the address of the CRU bit to be
selected.



oF CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION
Q 3 4 AFFECTERD
! $80 o 1 1 Set bit to - Sav the selected
' ane output bitto 1.
sAzZ ¢ 1 1 Set bit to - Sat the selected
rero outpus bit 1o 0.
’ T [+] 1 1 Test bit 2 If the selacted
CRU input bit =
1, 58t $72; if the
selectad CAU in-
put = 0, sat 5T2
=Q.
458 - J'ur-np Instructians.
~
General 3 9 5 8 a 10 1 | ¥ 13 14 15
Format: OP CODE SIGNED DHSPLACEMENT
Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST sre
ot specified values. Otherwise, no operation occurs and the next instruction is executed singe the PC points to the
next instruction. The signed disptacement field is a word count 10 be added to PC. Thus, the jump instruction has
arange of —128 10 127 words from memory-word address following the jump instruction.
No ST bits are affected by jump instructions.
OP CODE
MNEMONIC MEANING 5T CONDITION TO LOAD PC
] 2 3 4 -]
JEQ 0 0 1 a [+] Jump squal §T2=1
6T 1] 0 1 0 L] Jump graster than §T1 =1
JH 1] 0 1 1 ] Jump high STO=1pnd8T2=0
JHE [i] Q t 0 1 Jump high or equal STO=10r8T2=1
JL 1] 1] 1 Al [+] Jump low STG=0and 3T2=0-
HE Q 0 1 o [} Jump low or aqual $TG=00r5T2=1
nT [} a 1 o o Jump less than ST1=0andST2=0
' Ly [ o 1 o ¢ Jump unconditonal | Uncanditional
JNC [i] ] 1 o 1 dump no carry STa=0
JNE [ 0 1 [+] 1 Jump not equal §T2=0
JND 1] 0 1 1 Q Jump na overflow 5Td=0
Hc 1] 0 1 L] 13 hamp on carry §Ta=
JOP 0 L) 1 t 1 Jump odd parity 5T5=1

459 Shift instructiom
Ganeral [+] 1 2 3 4 5 ] 7 9 10 1" 12 13 14 15
Formar: | OP CODE | c ] W ]

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

0 and bits 12 through 15 of WRD = Q, the shift

court is 16,
OF CODE RESULT STATUS
MNEMONIC MEAMING COMPARED BITS DESCRIPTION
1] 1 2 K 4 ] e 7 TO O AFFECTED
SLA 0 o ] o 1 [} 1 [+ Shife gt Yes g4 Shife iW} 1ef
arithmetic Fili vacated
hit positions
with 0,
SRA (1] o [+] [/} 1 0 [ Shift right Yes 93 Bhif1 (W] righr
srithmetic Fill vacated bit
positions with
original MSB
of W),
SRAC 0 [1] o Q 1 Q 1 Shift right Yes 03 Shitr (W) right.
cireular Shift previousg
LSB into MSB.
SRL o 0 1] 0 1 Q i} Shitt righy Yoy o3 Swift IW) right,
logical Fill vacated bit
positons with
@s.
4.5.10 | diate Register innir
1] 1 2 3 4 L -1 7 ] 1] w n 12 13 14 15
General oP coDE [o] w
Formar: P
OP CODE REBULY STATUS
MEANING COMPARED BT DESCRIPTION
9 1 2 3 4 6 6 7 8 0 T O AFFECTED
Al 0000 Q00 10 0 1 Add immediste Yo o4 W] 4 [OP — {w}
ANDI ¢ 0 0 0 0 0 1 0 0 o AND immadinie Yox 02 (W) AND 10P -- (W}
cl 00 0 0 0 0 1 0 1 0 Compars imma- Yer 0-2 Compers W) 10
diate tOP end set appro-
priate tiatus birs,
L ¢ ¢ 0D 0D 0 0 t g g 4] Losd immediata Yos 0-2 HOP -+ (W)
DRt 0 D 0 a0 0 1 g g 1 OF immegiste Yes 02 W) OR 0P « W}
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4511 Intemnal Register Load Immediate Instructions

0 1 2 2 4 L 6 ? 8 ] 10 1" 12 13 4 15
General QP CQDE l a 0 [+ o o
Format: tQpP
OF CODE
MNEMONIC MEANING DESCRIPTION
(4] 1 k4 3 4 5 [ 7 B 3 10
LwPI [} o] [+ o [} 0 1 0 1 1 1 Load workspace 10P — (WP}, no ST bits
peinter immediate affected,
LiMI (1] 0 [+ 1} k] 0 1 + 0 a ] Load interrupt |OP, bits 12 thru 15 -+
mask ST12 thyu ST15.
4512  Internal Register Load and Store instructions
General 1] ] 2 3 4 5 ] 7 8 k] 0 " 12 13 14 15
Format; OP CODE W ’
OF COBE STATUS
MNEMODNIC MEANING BITS DESCRIPTION
] 1 2 3 4 5 -3 T ] L] 0 N AFFECTED
STST o 9 ¢ o0 9 0 1 o 1 1 0 a Store status ISTI — (W)
Register
LST o Q 0 0 0 0 a ] 1 a 0 1] Load status G5 W) -+ I5T)
Regisier
STWFP o] Q o Q o] a 1 1] 1 o ¥ 1] Stora work- WP} - (W}
space painter
LwP ] [} [} 4] [} [ 1] 0 1 [} 4] 1 Load work W) — (WP}
space pointer

4513  Return Workspace Pointer {(RTWP! Instruction

General 0 1 2 3 a 5 8 T 8 9 10 it 12

Format {_D ] Q ] 0 ] il 1 § 1} 0 o] 1}

The RTWP instruction causes the foflowing teansfers to oceur:

(WR15) (ST}
(WR 4} »(PC)
(WR13) =(WP}

46

4514  Externsl Instructions
General ] 1 2 3 4 5 L] 7 8 g w0 1 12 13 14 15
Farmat: I_ OP CODE 0 Q 0 0 o }
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, aliowing external control functions 1o be initiated.
;
OF CODE STATUS
MNEMONIC MEANING ars DESCRIPTION DATA BUS
9 1 2 3 4 5 6 7 8 8 10 AFFECTED Do [ D1 | D2
IDLE ¢ 0 0 0 O 0 1 1 0 1 0 Idle ~ Suspend TMS 5095 L el L
instruction execution
uniil ah unmasked
intrrrupt levet
TE(UPSL Gocurs
ASET 0 0 0 0 0 0 1 1t ¢ 1 1 | Reser 1215 Se15TIZ5T15 L|H|H
10 zero.
CKOF 0 0 0 92 0 0 1 1 & 1 0 | e delined - - Hl# | L
CKON 00 0 0 0 0 1+t 1 0 1 User defined - - H L H
LREX 0 0 0 0 €@ 0 1 1 1 1 1 User defined - - H H H
4515 MID Interrupt Opeodes
The instruction opcodes that will cause an MID interrupt request (see Section 2.3.2.2) are (hex numbers):
0006-007F 0301-033F
00A0-017F 0341-035F
0210921F 0361-037F
0230-023F 0381-039F
0250-025F 03A1.03BF
0270-027F 03C1-03DF
G290-029F 03E1-03FF
02B86-02BF 0780-07FF
0200-020F OCO0-0FFF
02€1-02FF
46 INSTRUCTION EXECUTION
481 Microinstruction Cycie

Each TMS 9985 instruction is executed by a sequence of machine states {microinstructions) with the length of
each sequence depending upon the specific instruction being executed. Each microinstruction is completed in one
CLKOUT cycle unless Wait states are added to a memory of CRU cycle. (Alsa, each external Memaory space access

of @ word and each external CRU cycle requires at least two CLKOUT cycles but will be accomplished with a
single microinstruction}.

A7



4.6.2

4863

Exscution Sequenca

The TMS 9995 incorporates an instruction prefetch scheme which minimizes, and in spme cases eliminates, the
time required 1o fetch the instruction from memory, Without the prefeich, a typical instruction execution
sequence is as follows:

(1} Fetch instruetion

(2) Decede instruction

{3} Fetch souree operand, if needed

(4}  Fetch destination operand, if needed

{5)  Process the pperands

{6) Store the results, if required

The TMS 9995 makes use of the fact that during Step 5 the memory interface is not required; therefore, the fetch
of the next instruction can be accomplished in this time. This instruction 1s then decoded during the stateish that
islare} requirec to store the results of the previous instruction, which creates even more execution averlap. Table B

illustrates the case of maximum efficiency for an Add instruction (instruction opcodes and operands are located
in the internal RAM|. Note that it effectively 1akes only four machine states to perform all six steps.

TABLE 8 — EXECUTION SEQUENCE EXAMPLE

STEP :;::Li MEMORY CYCLE INTEANAL FUNCTION
1 Fetcn tnsuuction Process Previcus Qparends
2 1 Write Resutts Decode Instruction
3 - 2 Fetch Source
4 3 Feich Destination
A 4 Fetch Next tnstruction Add
6 Write Results Decode (nstruction

It should be noted that the instruction prefetch scheme employed by the TMS 9995 can cause self-modifying
software to execute incarrectly. Incorrect execution will resuft when an instruction is supposed 10 generate the
opcode of the very next instrugtion to be executed. {The TMS 8995 will begin the feteh of the opeode of the
nextinstruction before the currently executing instruction stores the sesults of its execution.)

TMS 9995 Instruction Execution Times

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

{1} Machine state time, t2.
{2} The tocation of the instruction opcode {internal ar external memory].

{3} The location of the workspace and the operandist {internal or external memory).

(4]  Addressing mode used where operands can be feiched via multipte addressing modes.

(8)  Number of Wait states introduced, as appropriate.

L!]

Table § lists the number of clock cycles required to execute each TMS 8995 instruction for various combinations
of onchipfotf-chip location of instruction opcodes, operands, and workspace. {Qther combinations can be ex-
tropolated from the ones listed.} For instructions with multiple addressing mades for either or both operands,
Table 9 lists CLKOUT cycles and associated off-chip memory accesses with all operands addressed in the wark
space register mode. To determine the total number of CLKOUT cycles and associated off-chip memory accesses
required for other addressing modes, the appropriate values from Table “A” (Table 10} are added to the hase
amounts for that instruction,

The total execution time for an instruction is:
T = tpIC1+C2+ WIXME+ xM2)]
wheve

T = 1otal instruction execution time

g2 = CLKOUT cycle time
C1 base CLKOUT cycles
c2? additional CLKQUT cycies for aperand address
derivation {values in Table” A’ are for.one
operand only}
w = naurnber of Wait states per off-chip (byte length} memory cycle
XM1 = base off-chip {byte length) memeory cycles
XM2 = adcditonal off-chip (byte length} memory cycles
tor operand address derivation {values in Table A"
are for one operand only)

1

Several examples are Fisted in Table 11,



TABLE 9 - INSTRUCTHON EXECUTION TIMES

Opcodes &
Opcotes &
Immadinte
INSTRUCTION Operands OH Oparsnd Off
Opcodes & Chip: AH Other | Chip; Destination Opcodes & Operand
All Operandy Oparands On Oparend On All Operands Addrest
On Chip Chip Chip Of Chip Darivation
® ] ©
c1 X1 1 XM ct XM 1 c1 XMT | Source | Dest
A 4 0 5 2 & [ 8 8 A A
AB 4 1} 5 2 5 3 5 5 A A
ABS 3 o 4 2 L] [ 6 [ A -
Al 4 0 [ a 6 4 8 8 - -
ANDI 4 0 5 4 ] 4 8 8 -
B 3 0 [ 2 4 2 4 2 A =
8L 5 ] 6 2 7 4 7 4 A -
aLwp 1 ] 12 H 148 ' | 8@ 17 12 A -
¢ 4 [ 5 F] 6 4 7 8 A A
cs 4 [ 5 E 5 3 5 4 A A
ci 4 [ & 4 & 4 7 ] - =
CKOFf 7 0 8 Z 8 2 8 7 — -
CKON 7 0 8 2 ] Z B 2 - -
CLA 3 0 4 2 5 ] 5 4 A —
coc 4 D] 5 2 6 4 7 5 A -
cze q L] 5 2 [ 4 7 8 A —
DEC 3 0 4 2 [} 6 [ L] A -
DECT 3 a [) 2 6 [ [] [ A -
DIV (5T4 is sat) 5 0 7 ] B 4 10 3 A -
DIV (ST4 ix reswt}D 28 1] 29 2 30 4 34 12 a —
DIVS I5T4 iz o1} 1% 0 1t F] 12 4 36 [ A -
DIVS (5T4 is resn1) (D i) o 34 2 35 4 29 12 A —
1OLEQ 7+21 [1] 8+21 2 B+21 2 8+21 2 — -
INC 3 0 4 z 6 ] 6 8 A -
INCT 3 a 4 2 5 6 [ [ A
INV 3 [ a F] [] 6 [ 5 A -
JUMP [A) Jump Instructions) 3 1} a 2 4 2 4 2 - —
LOCR (C-0) 41 [} 42 F] 42 4 a9 6 A -
LOCR (1<Cg15} 9+2C [ 1042C 2 1142¢ 4 12+2C 6 A -
L 3 0 5 4 5 4 6 L] -
Lmi 5 [ 7 4 7 4 7 4 -
LREX ? 0 2 2 El 2 ] 2
LST 5 0 3 2 [ 2 7 4 -
LwP 4 0 5 2 6 2 6 4 -
LWPt 4 0 6 4 [ 4 6 4 -
MOV 3 Q 4 | 2 5 4 ] [ a A
MOVE a [ a | 2 4 3 a Py A A
MPY 23 0 24 2 25 4 8 10 A -
MPYS 25 0 26 2 21 4 30 ] A -
NEG 3 [ 4 2 [ & [] 6 A -
ORI 4 0 5 [ & 4 8 8 -
RSET 7 [ 8 2 8 2 8 2 — -
RATWP ] 0 7 2 1i¥] 2 10 8 - -
S 4 0 5 z [ a 8 8 A A
SB 4 0 5 7 5 3 5 [ A A
560 8 0 9 2 9 2 o 4 — -
50

TABLE 9 — INSTRUCTION EXECUTION TIMES {Conchyded)

Opcode &
Immediste
Opoodes & Operands OF
Immediste Chig: Source
INSTRUCTEON Operands O Qpecand Ot
Opeodes & Chip; All Other | Chip; Destination |  Opcodes & Operand
AN Opsrands Operands On Ogperand On AM Opavends Address
On Chip Chip Chip O Chip Derivetion
L Q €]
c1 XM ¢1 XM c1 AW c1 XM1 | Soures | Dest
582 8 © 9 2 g 2 10 4 -
SETO 3 0 4 2 5 4 5 L)
SHIFT (C0¢ 54C D 6+C 2 &+C 2 a+c 6 |
SHIFT (C=0, Bits 1215 of WRO-0) 23 [] 24 L] 24 2 27 8 - B
SHIFT (=0, Bits 12-15 of WRO-N#0) | 7+N [ 8+N 2 8+N 2 114N [ -
$0C 4 0 5 2 [ . 8 5 A A
soce 4 0 5 2 5 El 5 5 A A
STCR (C=0} 43 0 44 2 a6 3 47 8 A -
STCR (1<C<8) 19+C [} 20+C 2 224C 8 23+C 8 A —
STCA (9<C<15) 214C 0 284C 2 30+C 6 31+C 8 A —
STST 3 [ 4 2 4 2 5 4 B
STWP 3 ¢ 4 2 4 2 5 4
Swee 13 [} 14 2 16 [] 16 ] A -
$zC 4 [] 5 2 6 q 8 ] A A
szce L) [} 5 2 5 3 5 5 A A
e 8 0 9 2 9 2 10 4 -
X@ 2 0 3 2 4 4 4 4 A
XOP 15 0 % 2 188 3 22 14 A
X0R 4 [ 5 2 6 4 8 8 A
Interrupt Context Switch { For any
Interrupt, including Reset, NMI, MID, 14@ o 178 4] 1713 [ 20@) 123 - -
and overflow| J

NOTES:

@
4

<]

Additlons! cycles 1o 68 added, It apneopriate. are titad in
Table “A* {Tanla 11).

Exscution fime is depandent upan tha pertist quotient atter
#ach clock cycle during exacution. Clock cycies shawn bre
for worst-cate oparands.

Wil ramain in ld1s state until an ynmasked Interrupy re.
Auest occurs {1 = number of CLKOUT cycles unti! reguest
oLcury),

Exscution time shown does not inctuds axecution time of
Instruction at source ariress.
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@ . Trap vactor ol chip: Naw workapsca on chip

@ Regitters tor register-onty instructions are on chip {Shify
instructions. STST, LET. STWP, LWP} and registars for
Instructions whare sn additional regiter is +aquired are on-
chip [Al, ANDI, BL. C). LOCR, Li. ORI, SB0. 582, 5TCA,
TB, Shift instructions!

@ Workpace on chip
Trap vactor on chip; New workspace on chip (NMI anly)

@ Tean vector and New workepaco an <hip




TAEBLE 10 — OPERAND ADDRESS DERIVATION (TABLE “'A™)

L4 ¥ '] _ ] Ld} ] ¥ L 14 » 5 5 0 2 [ £ [E738VID 1139V Id AUW
[:] i 9 [:] EL B Z 13 Z ¥ [ L 0 ¥ 0 £ 738Y1@ +ZH« AOW
¥ § 8 8 4} a8 [ ¥ Z r 9 i) 3] € 2] £ IZH! 378v.1® LH ADW
[4 4 ] 9 04 9 2 Z 4 * r \d Q L Q € 138Y7@ 15 AOW
L4 S 9 9 6 3 o E [4 ¥ 9 g ] 3 ] [ +ZH+ 'LH AOW
|z 2 |9 L ] 0 L]z 4 4 ] 1 L g It Zd«"1o AOW
0 0 9 ] g i 0 1] Z ¥ £ € 0 Q 0 E Y "LH ACH
HUD LG 3D WO, 94D HO |43 HO
ung | smng nng | mng
TX | zo | tX (1] ymm ) | vemo [zmx | 2o WX RO Mem b oueMD (2 |20 Liax |10
AT ol
mwmum N ¥poi |uo, io_m oy IdiNvXx3
“diyD 4o |1 spusisdo paseippe D UG SRR PeRse. PP Naph ‘diya uo (v spuriedo pessasppr
“ABPUY PUB “IPUCISDS [3041)p) Pue ‘spussado [1e1p) MoquiAs -Xopul pur ‘1putaado (108up)
IOGIIAS “L0381B0s I JOM “TansBas sobdi0m (diya 350 NOTwAs ‘ssnle) sretinom
SETPPE {I381p) 21| OqUIAS HESBIEPE {13841P) DHBqWAS pur SIRRIPPY (1O84R) BHOqUIAS
"SPURISCO PaSSHippe-Xeply ‘IPURISTC PRSSAIRRE-Xepu “IPURIED Pitie.ppE-XapU|
A0} SOTSRIPPE 268 “tepoddy IG5} SMIMEPY ssRq ‘Fepaad() 10} SeNLEIPPE miwq ‘sepasdg
$TTIWYXT IWIL NOILNDIXS MOILONYLSNI — L 3T8VL
m =8
,G.m ,m M m -.m m < ] - L] -
amu.mm
€ ¢ 3
m .m _..m M m o o~ ] ™ ary
$3:°:3
E
PopEls
i it 85|12 o | ~ - = o
= -.M 50 % &
I
H W m nﬂﬂ ﬂ o o w - L]
£ m MA
]
m x¥ m Hao
k m.m -y m o o -] o~ o~
E3Lics
-
Ti50£0
v 333
eEitls - - | . ] -
R i
F AMMA
£ 4 =2 o~
EC§EES g o|o o o o
13 <5 5
M mmmm
2588y
= o - ® - Ll
i R
z
w
a2 F— . .
2 8|.E|- 85| _1 ¢_
z xm__mm:mwﬂw..u
m HD..mD...unD.wD-xD#
E X IS I :
m mﬂmnmm.w..oomm_:u -
F S L N - I
[+]
<

53

52



5. TMS 9995 PRELIMINARY ELECTRICAL SPECIFICATIONS

5.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE {UNLESS

OTHERWISE NOTED)T

Supply voltage, Vot
All input voltages
Cutput voltage

Comtinuous power dissipation

Operating free- air temperature range

Storage temperature range

TStressas hayond those listed under “Ausolute Maximum Ratings” may cause permanent damags to the devica, This is 2 stress rating only and
functiona! oparaien af the device af these or any other conditinns heyond thote indicated in the “"Recommenréed Operating Conditions™
section of thit spacitication is nof implied. Exposure 10 shssiute maximum rated conditions tor extended pariods may atfect davice reliability.

Al voitage values are with respect to Vgg.

0°C w0 70°C
-B5"C 10 +160°C

—03ta?7V
~-03t20V
03tV
W

5.2 RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN KNOM MAX [UNITS]
Supply voliage, Voo 4.5 L] 6.5 v
Supply voltage, Vgg [+] v
High-level input valtage V| lall inputs) 2 v
Low-level input voltage, V| (alt inputs} 08| v
High+avel output current, |gn (all cuiputs) 100 uA
Low-level putput current, Iy {alt autpurs) 2 | mA
Opersating red-gir temperature, T ] 70 °C
53 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE {UNLESS
OTHERWISE NOTED}
PARAMETER TEST CONDITIONS MmN Tyt max | umnits
Vo Figh-level output voliage Voo MIN . igy  MAX 24 2 v
VoL Low-level output valtiae Voo MIN gL = Max 03 Q4 v
1 Off 31ate ouIbuT curient v MAX I Yo 24V 0] A
oz b ce [[vg-0av EET
Iy Inpul current V)=VggstaVee 60 | uA
oo Supply current Vg - MAX 160 180 ma
Data Bus 75

G Input Capacriance All pihars =1 MHz, All 15 eF

.\ Data Bus other pins 0 V oF
Co Ouiput Capacitance All others 10

TAN typicsl valum areat Voo 5V, Ta - 25°C

ADVANCE INFOAMATION
This docurnent contains information on
2 new product. Specifications are subject
ra change without novice,

54 CLOCK CHARACTERISTICS
The TMS 9995 can use either its internal oscillator or an external frequency source for a clock
541 internal Clock Option
The internal oscillator is enabled by connecting a crystal across XTAL1 and XTAL2/CLX!N. (See Figure 25). The
frequency of CLKOUT is ane-fourth the crystal fundamental frequency.
TMS 9995
XTAL? XTALZCLKIN
t—0——
CRYSTAL
e 2 e P
v ¥
NOTE: Cy and C2 represent tha todal capscitance on thawe pins including strays anc parasitic.e
FIGURE 25 — INTERNAL OSCILLATOR
PARAME TER TEST CONDITIONS MIN | NOM URIT
Crysral fraquency, ac W 4 12 MH,
€y.C3 o°C 10°C 10 15 of
4.2~ External Clock Option
An external frequency source can be used by injecting the frequency directly into XTALZ2/CLKIN with XTaL1
left unconnected. {See Figure 26}. The external fraquency must conform to the following specifications. The
frequency of CLKOUT is one-fourth that of the frequency injected.
PARAMETER MIN NOM  MAX |UNITS
Faxt External spurce frequency 4 1z 12| MHz
[ Input oscillator cycle time B2 835 250
ns
("] Inpuit oscillaror rise rime 5 15
ns
TWH1 Input ascitator putse width high Yiteq -1 ns
1] input oscillator fall rime 2 581 15
ng
WLt Fnput oscillator plse widih tow el ns
[

ADVANCE INFORMATION
55 This document contains infarmarion on
@ new product. Specificetions are subject
10 change without notice,



XTAL2/CLKIN

e

TMS Q995

XTALY

CLKIN

nNO
CONNECTION

EXTEANAL
OSCILLATOR

FIGURE 26 — EXTERNAL OSCILLATOR

5.5 TIMING REQUIREMENTS OVER RECOMMENDED OPERATING CONDITIONS
PARAMEYER MIN NOM  MAX JUNITS
Tsu Y Sewp ume. AEADY grior to | CLKOUT tmemary cycles) 100 ny
thy Hold nme, READY after | CLKOUT [marnory and CRU cycles o ny
L] Setup timw, Data prior to § CLKOUT 65 ns
thz Hold time, Data after | CLKOQUT 0 ns
toud Sotup time, CRUIN prior to ; CLKOUT 100 ns
th3 Hold time, CRUIN prior to i CLKOUT 0 s
T Setup time, READY prior to | CLKOUT (CRU cycles) 200 e
tS Sewp time, HOLD prior 101 CLKOUT 125 ns
[ Setup time, RESET and NWI prior 16 | CLKOUT a0 o
Wid Pulse width, Interrupt inputs Yl ns
y3 Fail time, IN_T1, NT4/EC nPuts 15 ns
WH3 Pulse width, ET snput high 160 ns
Wwis Pulse widih, EC input low 160 ns
13 Cycte rima, EC input ez ]
5.6 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS (Sae Figure 34)
PARAMETER TEST CONDITIONS MIN TYF MAX UNITS

g1 Onlay time, CLEIN | to CLKOUT | 5 150 %
CLKOUT [Extarnal clock source digy n

fe2 Cycle time | Interra) oicillstor XTAL freq = Fy s At ™
7 Rise time, CLKOUT oGipur 20 30 ns
t2 Fall time, CLKOUT gutput 10 20 ng
~ TWH2 Fulse width high CLKOUT putput Btpz—1,9 ns
[T S Pulse width low, CLKOUT output Yiteg—142 ng
142 Oslay time. | CLXDUT to address valid k37%) Yty2+45 ng
3 Delay 1ime. | CLXOUT to MEMEN Iow SEE Yitca Utggta0 | s
194 D#lay time, | CLKOUT o MEMEN high FIGURE 35 Yiteg Yt p+50 ns
195 Daluy time, | CLKOUT 1o DBIN jow ] 40 ns
ti6 Delay time, | CLEXOUT 10 OBIN high Aj=24 k2 0 50 ns
ty7 Delay time, | CLKOUT ta tAQ/HOLDA high R = 24 k02 0 490 s
tag Celay time, * CLEOUT 10 IAG/HOLOA fow Cy = 1000F 0 50 ns
tag Delay rime, ! CLKDUT to data cutpur valid Q 40 ns
tg1p Detay time, | CLKOUT 1o WE/CHUCLR low | 3 40 ns
[T Delay time, ' CLKOUT 10 WEJ/CRUGLK high 0 50 ns
13 Riga rime, WEJCHUCLK nutputs .2 50 n
tACC Access time, memory read cycles 56|;2 135 ng
Tha Hold time, address arwd CRUOUT outputs ‘itop -40 ns
ths Hold time, data output f1cy - 40 ns
twia Pulse width low, WE/CRUCLR cutput igg 40 s
tdz Output disahie 1ime %lop+60 ns

ADVANCE INFORMATION
This document contains information on
a new product, SPecifications are subent
to thange withaut natice
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AL 'J

XTAL2/CLKIN

NOTE:

TWHY
[ 1,
141 —ef® kil

2
CLKOUT

ol

ot

[

and tha internal ascillator is cantequently enshisa,

COMMON SIGNALS:
—

CLKQUT

AQ-ATL, A15/CRUDUT

MEMEN

READY
{Sea Note)

MEMORY AEAD CYCLE

j p— Wi ——y

] -

Te1. My Gr WHt, Ty 38d Ly becoms undafined Parsmatacs when a cr

yatal iz connacted betwaen XTALY and X1ALZ/CLXIN

FIGURE 27 — TMS 9996 CLOCK TIMING

T\

| VALID

Po-cre] [

1ace

DO-BT

[=L1L]

1AQ/HOLDA
11 Apyerted)

MEMORY WRITE CYCLE
———

0007

WE/CRUCLK

LAST CLKOUT HIGH - TOD.
LOW TRANSITION OF

tau2=

TREXKXXXXXXXX
Moy L

— etz

DATA IN
VALID

NEXT CYCLE IS

———
- 'h‘.s—-l _ MEMORY READ

| X

—-I i"ldm

PREVIOUS CYCLE

NOTE:

.I-_'ﬂll '

!
—~

Cyche shown bs tor 0o wait s1atey (with wait statet, SLKOUT cycles sre sdded, but the awitching paramaters do not change).

FIGURE 28 — TMS 9995 MEMORY INTERFACE TIMING

§7



COMMON SIGNALS

CLEOUT

2 —o

X;IALID I

AG-A14

!‘ VALID

XXY

XXX

XX

X)

XXX

XX

X)

X)

X)

X)

X

X)

X)

X)

Q

XXXX

XX

X)

XXX

a0

hg

| tat1
lwu—OI

D0.D2

VoH

MEMEN

XX

READY {See Note)

CRU INPUT CYCLE:

DBIN

58

CRUIN

CRU QUTPUT EXTERNAL

INSTRUCTION CYCLE:

WE/CRUCLK

A15/CRUOUT

o—tdz—CI
L

xﬂﬂ DUT vaLID
I

LAST CLKQUT HIGH-TG-

LCW TRANSITION OF

PREVIOUS CYCLE

Cycle shown 13 for no wait 11aTes {with wait states, CLKOUT cycles gar adoad, but the switching pararatars do not changsi,

NOTE

FIGURE 20 — TMS 9995 CRU, EXTERNAL INSTRUCTION TIMING

cLKOUT / *I / \-“_/ \-"_/j!_/—
= ks s B

OF CLKOUT CYCLES
" T

RESET, Al

wls

FIGURE 30 — TMS #3485 RESET AND NMi TIMING -

ANY NUMBE R
OF CLKOUT CYCLES

A
AN |

i I \'h'/
P“ﬂ"suE I : { h'suﬁ'l H E
AOLD m U " I
s L - — r'l—lde
IAG/HOLDA t : g 5 N

i
a )

tar

) * “ iR __VAID
I
|
L

AQ-AY4, AIS/CRUOUT,
00-07. BBIN, VALID
WE/CRUCLK

|

LAST CYCLE CONTROLLED
8Y TMS 9995

NEXT CYCLE CONTROLLED
BY TMS 9995

FIGURE 31 — TMS 8905 HOLD TIMING

— {o-tra

INT1, INTS/EC N

:‘* wLd

NOTE: For INTA/EC, decramanter is configurad a5 u timer or is disablag,

II_.\

FIGURE 312 - TMS 9995 INTERRUPT INPUT TIMING

RovTeS I.— IWLE—i J
l t'M‘\‘H:J_"_1
NJ_'{ P— !
i: 3 ﬁ-l

NOTE: Decramenter is contigurad as an Evant Countar and s wnabiea,

FIGURE 33 — TMS 9995 EVENT COUNTER INPUT TIMING



TMS 9995 OQUTPUTS:
AN Y e e = mm m V(p (MIND
gayerfrom mmm e s ST TS fyey
Ve e o il o VoL IMAX)
oav = F— - ot

0
TMS 9995 INPUTS

FIGURE 34 — MEASUREMENT POINTS FOR SWITCHING CHARACTERISTICS

TEST
POINT vee
Al
FROM OUTPUT
UNDER
- TEST
A2

CL b

:

NOFE  Sen Switchung Characeerinins for vatluesod €, A1 R?
All dipges are HNO16 o INZ064

FIGURE 3% — SWITCHING CHARACTERISTICS TEST LOAD CIRCUIT

6. MECHANICAL SPECIFICATIONS

40-PIN CERAMIC PACKAGE

—
.

02881 3% MAX"

o ooy o B o R R e

0600 0010
e
115.24 ¢ 0.78) © 020 10,501 MHN

¥
[ 0.1 0 200 max

|_SKATING
LANE

150 1 0.0 (IR A7
+

8008 0003
_.I mu'mm*”.- 137 10 A1} MOM
b0 050« 0nm
001040 251 wnw Fily SPACING 0 VR (2541 1 F W osn
(5o Wotm A1

[IEIILE

NOTES. A Each pin cenuerbin is iocaved withis 000 (2,64) of its trus loniudinal potition
All tingme dimenzions v n inches snd ety i milh Inch

rivara

40-PIN PLASTIC PACKAGE

1,090 (63.1) Max .
g e
¥ o Y o i W ¥ W 0 e o | o W o e 0 e e ¥ e i

EITHER. -
NDEX :
S e | | S ) S WL oy w2 L J

® [ ]

& 0600 - 0.010 &

175,24 - 0.26]
0.020 051

NN — -
f

0200 15,001 MAX

0.926 {3,171 MIN
i

- -0.033 {0.041 MIN
o295 242

0.055 11,391

~ SEATING PLANE. —5—!
9 0011 0001 10 0003

10279 - u‘urm"“" a7 s

PiN SPACING 0.100 12,54 T.P.
(508 Nats b)

0060 11,520 NOM —-

NOTES. u. AN inem imarsions a0 ches and C in Inch
h. Each pi eatitec md 13 foustedt within 0,070 ({1,281 of it trus longitudinal pesition

61
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