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1.1

1.2

2.1

INTRODUCTION

DESCRIPTION

The TMS 9895 microcomputer is a singlechip 16-bit central processing unit {CPU) with 256 hytes of on-chip
random access memory {HAM). A member of the TMS 9900 family of microprocessar and peripheral circuits, the
TMS 9995 is fabricated using N-channe! silicon-gate MOS technology. The rich instruction set of the TMS 9995 s
based upon & umique memory-to-memory architecture that features multiple register files resident in memory,
Menmory-resident register files allow faster rasponse to interrupts and increased programring flexibility. The inclu-
sion of RAM, timer function, clock generator, interrupt:interface, and a flexible flag register on-chip facilitates
support of smatl system implementatinnrs; 1 |

Ali members of the TMS 2900 family of peripheral circuits are compatible with the TMS 9985, Providing a per-
formance upgrade to the TMS 9900 microprocessor, the TMS 89856 instruction set is an apcode-compatible super-
set of the TMS 9900 processor family.

KEY FEATURES
& 16-Bit instrucﬁnn ward
» Memory-to-Memory architecture

* 65,536 byte/32,768 word directly addressable memory address space

. Minicomputer instruction set n¢iuding signed multiply and divide instructions

L Multiple 16-word register files (Workspaces) residing in memary

® 256 bytes of an-chip RAM

. Separate memory and interrupt bus structures

. B-Bit memory data pus

L 7 prioritized hardware interruets
® 16 software interrypts (XOPS)

. Programmed and DMA /O capability
®  Seriai 1/O via communication register unit {CRU)

®  Do-chip time/event counter

o On-chip programmable flags {16)

L Macro instruction detection (MID} feature
L Automatic first wait state generation feature

. Single 5-volt supply

. 40-p package
. N-Channel silicon gate MOS technology

® On-chip clock generator

ARCHITECTURE

MEMORY ALLOCATION

The basic word of the TMS 9395 architecture is 16 bits in length. These 16 bits are divided into 8 bit bytes for
exiernal memaory in the manner shown in Figure 1. A word is, therefore, defined as two consecutive 8-hit by tes in
memory. All words {instruction opcodes, operand addresses, word-length data, etc.) aa restricted 1o even adidress
boundaries, 1.e., the most significant half, or 8 bits, resides at an even address and the least significant half resides at
the subisequent odd address. Any memaory access involving a full word that is directed by software to utilize an odd
address will result in the word starting with this odd address minus one to be accessed .
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FIGURE 1 — WORD AND BYTE FORMATS

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

The TMS 9995 memory map is shown in Figure 2. Shown are the locations in the memory address space for the
Reset, NML, other interrupt and XOP trap vectors, and the dedicated address segments for the on-chip RAM and
the on-chip memory-mapped /0.
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2.2 TMS 9895 ORGANLIZATION

The block diagram of the TMS 9995 is shown in Figure 3. A flow chart, representative of the TMS 9995 functional
aperation, 15 shown tn Figure 4,
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FIGURE 3 - TMS9996 BLOCK DIAGRAM



2.2.1 Arithmetic Logic Unit

1
r‘; . . ; E . E Eﬂﬁ? The arithmetic logic unit {ALU} is the computational component of the TMS 9995_ 11 parforms all arithmetic and
z H 'i EE Eet Ei; b 28.¥ logic functions required to execute mstfull:'lmn:. The functions include addition, subtraction, AND, OR_exclusive_
3 25 2zl It g7k 3 sE" OR,_and complement. A separate comparison circuit performs the logic snd arithmetic comparisons to controf bits
L T " Y 0 through 2 of the status register. The ALU js arranged in two 8-bit halves 1o accommodate by te operations, Each

half of the ALU operates on one byte of the operand. During word operand operations, both halves of the ALL

g 1 Y I T ¥ function in conjunction with each other. However, during byte operand processing, results from the least significant
- x -z -z P half of the ALL! are ignared. The most-significant half of the ALU performs al! operations on byte operands so that
= - L4 = - o o E‘ .
£ 313 EEEE 5553 EE;‘!EE the status circuitry used in word nperatmns is also used in byte operations.
- ~E e - SE gt Vi o W e S . .
: sirs exfi| |52t 233325 ) e 00 e £iyn , byde S 3 4
3. e |12 EPEA T 222 Internal Registers -
-9
= . . a -
I [ T T The following three (3) internal registers are accessible 1o the user (programmer}:
- . o, s o - L=
L |1 3% 5 2L 5. 5s 2 Program Counter (PC)
20 (|Bca fro) [ERE) jEzmp | EgE||ag8
£ §E§ %EE T : £ E’EE £ iy I  Status Register (ST)
5% || & Th 353 CE3 13 | | &3 .
i% EE! Lz L% I l_: 7 4% \’/ Workspace Pointer {(WP)
oy :] 2221 Program Counter
J»
ax
M The program counter (PC) is a 15-bit counter that contains the word address of the next instruction following the
QE instruction currently executing, The microprocessor veferences this address to fetch the next instruction from
E% memary and increments the address in the PC when the new instruction is executing. |f the current instruction in
2 LB = the microprocessor alters the contents of PC, then a program branch occurs to the location specified by the altered
> k3 g contents of PC, Al context switching {sae Section 2.2.2.3.2) operations plus simptle branch and jump instructions
“3T g affect the contents of PC.
ud .
: 2222 Sratus Register
E The status register {ST] is a fully implemented 16-bit register that reports the resuits of program comparisons, indi-
E cates program status conditions, and supplies the arithretic overflow enable and interrupt mask level to the inter-
I rupt priority circuits, Each bit position in the register signifies a parth':uiar function or conditian that exists in the
: mrcmpmces:sur. Figure 5 illustrates the bit position assignments. Some instructions use the status register to check
g for a prerequssite condition; others affect the values of the bits in the register: and others load the entire status
E register with a new set aof parameters. Interrupts also modify the status register. The description of the instruction
set later in this document details the effect of each instruction on the status register {see Section 3},
z - = F
-:" ME»
3 g gie :
¥ A AN ' 2\, |8
ul - wﬂ ? : ;: iy -
23 ig2 : o M B FE T 2% bl INTERAUPT MASK
30 Y s 4 Il B >V A o
xiL g 2 E’Er“- & z .’_
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- L flag Birs, buy softwars trensporiabliity should be kepl in mind when dolng %0 v thew bits ars defined in Dthar 9900 microprocessor
- famity ana 990 minicomputer family products.
vt L—q ——
: L> :  Logical Greater Than C : Carvy Out’ x : MOP In Progress
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JEEE - EQ ' Equalf T8 Indicetor OP : Parity {Ood Mo, of Bt}
<gax A5
p—— P ﬂzg J— EE;‘“
o E_;:_- FIGURE & — STATUS REGISTER BIT ASSIGNMENTS
E = :' Ell: .
(= 15 e
¥ " ’ £
x = Lol
HEE - = 2223 Workspace
D—:E B 1LY 73
‘E% ¥ e 18 The TMS 9995 uses (Blocks of memo ds called workspaces for instruction operand manipulation. A work-
g o space m:cupies c 5 wordsyin any part of memory that is not reserved for other use. The lndwldual'
¥ workspace registerg nay cuntaln,ﬂjilﬂr addressy « nwmmm reglste_rj
e I_.E . _Or index_registeéys. Some workspace registers take on special significance duning execution of certain mstruﬁifnns-
Table 1 lists each of these dedicated workspace registers and the instructions that use them. Figure B8 defines the

workspace registers that are allowed to be used as index registers,
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TABLE 1 — DEDICATED WORKSPACE REGISTERS

REGISTER NO.

COMNTENTS

USED QURING

0 Shift coant {optionat} Shift inttructians {(SLA, SRA,
SAC, and 5LC)
Multiplicand and MSW Signed Multiply
of result
MSW of dividend and Signed Divide
quatient
1 LSW of result Signed Multipty
LSW of divigend and Signgd Divige
rernainder
11 RAwturn Aodress Branch and Link knstruction (BLI
Effactive Address Extended Oneratian | XOP|
| ¥4 CRLU Base Address CHU instrugctinns {SAQ, S8Z, TH,
LDOCR, and STCR}
13 Saved WP register Cantext switching [BLWP, ATWP,
X0Of interrupts)
14 Saved PC register Context switching (BLWP, RTWP,
XOP, intarrupts)
15 Raved ST register Context switching (BLWP RTWP,
XOP, interrupts}
WORKSPACE REGISTERS
*- P l
D
‘ . |
t
2
3
4
5
Foo &
7
DATA -
DR 8
ADDRESSES
g
1
INDE X 0
CAPABILITY 13
12
13
14
-
165
+ -—.-.L-

HGTE: The WP ragiiiar containg tha saoress of workaproe regitier Fwo.

FIGURE & — WORKSPACE REGISTERS USABLE AS INDEX REGISTERS

2.2.2.3.1 Workspace Pointer

2.2,2.3.2

To lotate the workspace in memory, a8 hardware register called the workspace pointer {WP) is used. The workspace

pointer is a 16-bit_register that contains the memory address of the first word in the workspace, The address is
teft-justified with the 16th bit {LSB) hardwired to logic zero, The TMS 8995 accesses each register in the work-
space by adding twice the register number to the contents of the workspace pointer and initiating a memory re-
quest for that woard. Figure ¥ illustrates the relationship between the workspace paointer and its corresponding

workspace in memory

WORKSPACE POINTER WORKSPACE WORKSPACE
(WP} : 1 ADDRESS AEGISTERS

' WP+ 004 -
-

“'F'i'ﬂl.'lﬁ ap— J

MICROPROCESSOR ADDS
WORAKSPACE POINTER
WP TO TWICE THE
REGISTER NUMBER T
OFERIVE ACTUAL
REGISTEA ADDRESS

WP+ Oy -

IM*+DE15 e

WP 4 0E 45 -

=k

WF + 1215 - Y
WP+ 1415 il
WP 4+ lﬁ1ﬁ — i 14
—
NOTE: AN mamary word eddresis ary sven, WP+ 18,4 - -
WP+ 18,45 - 13
WP 4+ 1C ¢ .

h
=

FIGURE 7 - WORKSPACE FOINTER 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 warkspace register involved to be used as the operand for the operation,

Since the workspace is also addressable as 3 memory address, the least sigmficant byte may be directly addressed
using any ane of the general memory addressing modes.

Context Switching

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

7



2.3

2.3.1

23.1.1

2.3.1.1.9

fite be stored and reloaded using 3 memory cycle 1o store or fetch each word, The TMS 9995 accomplishes this
operation by changing the warkspace pointer. A context switch requires only three store cycles and two fetch
cycles, exchanging the program counter, status reqgister and workspace pointer. After the switch, the workspace
pointer contains the starting address of a new 16-word workspace in memory for use in the new routine. A corre-
sponding time saving accurs when the original context is restored. Instructions in the TMS 9995 that resuit wn a
context switch include: Call subroutine {BLWP), Return from Subroutine {RTWP] and the Extended Operation
[XOP] instruction. All interrupts also cause a context switch by forcing the TMS 9995 1o trap to a service sub-
routing,

| TMS 9995 INTERFACES

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

TMS 9995 Memory Interface

The signals used in the TMS 9995 interface to system memory are shown in Figure B,

AQ-A314, AMIS/CRUDUT

MEMORY SYSTEM
AND/OR DM A,
CONTROLLER

80-07

MEMEN

D8IN

WE/CRUCLK

READY

IAQ/HOLDA AND
HOLD ARE NOT
REQUIRED FOH
SIMPLE MEMORY
SYSTEMS BUT WILL
AE USED BY DMA
CONTROLLERS

AQ/HOLDA

.’

FIGURE 8 — TM59995 MEMORAY INTERFACE

External Memory Address Space

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

Memoary Read Operations

To perform a memory read operation, the TMS 9995 first outputs the appropriate address on AQ-A14 and A15/
CRUOUT, and asserts MEMEN. The TMS 9995 then places its data bus drivers in the high impedandce 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 Sectien 2.3.1.3. Timing relationships of the memary read sequende
are shown in Figure 9. Note that MEMERN remains active (low} between consecutive memaory operations.

FAOYHOLDA,

NOTES:

/ ©
mEMORYIEEAD]

NQ WAIJT STATE

MEMORY READ
OME WAIT STATE

(1) Valld address
(2} In input mode {deivers @ High Z)

9 Mamory Raad Datse muit ba valid ot CLEOUT wdpge indicated

o 1AQ/HOLDA will only be assarted during memary (asd cycles If sn INAruction opc oo Js being read (timing shown is for an insiruc-

23112

tlan fetch from sxternal memary —, L8, two consecutive byte reads).

FIGURE 9 — TMS9986 MEMORY READ CYCLE
——

i

Although not explicitly shown in Figure 9, reading 8 word {two 8-bit bytes) from external memory requires two
memory read cycles that occur back-to-back {a Hold state request will not be granted between cyclest. If an
instruction directs that a byte read from external memary is 1o be performed, only the byte specifically addressed

will be read {one memory read cycle). External words are accessed most-significant {even) byte first, followsd by
the least-significant {odd) byte.

During memory read cycles in which an instruction opcode is being read, JAQ/HOLDA is asserted as shown in
Figure 8. Nate that since an instructian opcode 15 a word in length, LAQ/HOLDA remains asserted between the two
byte read operations involved when an instruction opcode is read from the external memory address space.,

Memory Write Operations

To perform a memory write operation, the TMS 9995 first outputs the appropriate address on AQ-A14 and A15/
CRUQUT, and asserts MEMEN, The TMS 9995 then outputs the data byte being written 10 memory on pins DO
through D7, and then asserts WE/CRUCLK. Completion of the memory write cycle and/or generation of Wait
states is determined by the Ready input as detailed in Section 2.3.1.3. Timing refationships of the memory write
sequence are shown in Figure 10. Note that MEMEN remains active {low) between consecutive memory operations.
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FIGURE 10 — TMS9995 HEMDH\VEEEiI:YCLE

Writing a3 word [two B-bit bytes) 10 external memory requires two memaory write cycles that occur back-to-back.
{A Hold state request will not be granted between cycles.) If an instruction directs that a byte write to external
memory is to be performed, only the byte specificaily addressed wilt be written (one memory write cycle). External
words are accessed most-significant {even) byte first foltowed by the least-significant {odd) byte,

Direct Memory Access

The TMS 9995 Hald state allows both external devices and the TMS 9995 to share a common external memory.
To gain direct memory access (DMA) 1o the common memory, the external device first requests the TMS 9995 1o
enter a Hold state by asserting {taking low) the HOQLD input, The TMS 8995 will then enter a Hold state following
completion of the cycle (either memory, CRU, external Instruction, or internal ALL cycles) that it is currently
performing. Note, however, that a Hold state is not entered between the first and second byte accesses of a full
word in the external memory address space, and a Hold state is not entered between the first and second clock

cycles of a CRU cycle,

Upon entry of a Hold state, the TMS 9995 puts its address, data, m and WE/CRUCLK drivers in the high
impedance mode, and asserts |AQ/HOLDA. The external device can then utilize these signat lines to communicate
with the common memary. After the external device has completed its memory transactions, it releases HOLD,
and the TMS 9995 continues instruction execution at the point where it had been suspended, Timing relationships

for this sequence are shown in Figure 11,
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FIGURE 11 — TMS9995 MOLD STATE

To allow DMA loading of external memory on power-up, the TMS 9985 does not begin instruction execution

after a Resat state until HOLD has been removed if HOLLD was active (kow} at the time RESET was taken from
low to high RESET released).

External devices cannot access the internal {on-chip) memory address space of the TMS 999% when it is in the
Hold stata,

Since |AQ (Instruction Opcode Acquisition) and HOLDA {Hold Acknowledge) are multiptexed on a single signal,
IAQ/HOLDA, this signal must be gated with MEMEN using external logic to separate |AQ and HOLDA. When

MEMEN = 0, JAQ/HOLDA can indicate 1AQ, and when MEMEN = 1, IAQ/HOLDA can indicate HOLDA.

lrternal Mermory Address Space

Access of the internal {on-chipl memory address space is transparent 10 the TMS 9995 instruction set. That is,
operands can be read from end written into locations in the internal memory space simply by using the appro-
priate addresses via any of the addressing modes in the TMS 8885 instruction sel, anif instructions can even be

execuled from the internai memory space by losding the appropriate address into the program counter of the
TMS 8905,

1



The TMS 9995 indicates 1o the external worid when these internal memory address SPack ACCESsEs arg occuiving
by asserting the same signals used for accessing extecnal memory {see Figure B) in 2 manner very similar to an ex-
ternal memory address space access. There are a few diffarances in thete cycles, however, and thesa diffgrances

are detailed in the foltowing paragraphs.

When performing an internal memory address space access, 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:

(1) A single cycle (read ar weited is output as both internal bytes are accessed simultaneousiy. [Externally, it
appears as though a single byte memary aceess cycle to an internal address is ocourring.

\,l(( The cycle always has no Wait states, and the READY input is ignared hy the TMS 9995 {see Section 2.3.2.3).

\_j,’)]"' During read cyctes, the data bus (DQ-D7) output diivers are put in the high-impedance mode. During write

23121

2.3.1.2.2

cycles, the data bus outputs non-specific data,

During read cycles to the internal memory address space, the TMS 9995 does not make the read data available to
the external world. |f an instruction is executed from the internal memory address space, |AQ/HOLDA i5 stild
asserted, but only during the one read cycle shown externally while the full word s read internally.

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

Internal RAM

The 266 pytes of internal random-access read/write memory {RAM}, the memory addresses of which are shown

n Figure‘.?, are organized internally as 128 16-bit words, Since the TMS 9995 has 16-bit internal data paths, two
8-hit bytes are accessed each time a memory access is made to the internal RAM.

Byte accesses are fransparent to the internal RAM, That is, when an instruction addresses a byte 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 10 the specifically addressed hyle and not alter the contents of the other byte in the word

—_— —

_during a write operatian.

Decrementer [Timer/Event Counter}

Accessible viag one of the word addresses {see Figure 21 of the internal memory-mapped 1/0 address space is the de-
crementer. The on-chip decrementer logic can function as a programmabte real-time ctock, an event timer, or 35 an

_axternal event counter. A block diagram of the decrementer that is representative of its functional operation (but

not necessarily representative of its specific logic implementation) is shown in Figure 12,
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The decrementer is configured as either-a timer or an event counter using bit FLAGO of the internal Flag register.

" — e ———— L e

— e —

Tl‘ru decrementer is enabled/disabled using bit FLAG1 of the internal Flag register. (See Section 2.3.3.2.1 for de-
tIII:l of the Fiag register and accessing the bits in it.) When FLAGO is set 1o zerc, the decrementer will function as
8 vmer, When FLAGO is set to_one, the decrementer will function as an event counter, When FLAG] is set to

Zero, thﬂt decrementer is disabled and will not be aliowed to decrement and request level 3 interrupt traps. When

F 15 se ntgr i3 enabled and will decrement and request levet 3 interrupt traps. It shouid
be noted that when the decrementer is configured as a tiner, INT4/EC will be usable as an external nterrapy

level 4 trap request. When the decrementer is configured as an event counter, INTA/EC is the input for the “event

EE . S Y

counter” pulses, and an interrupt level 4 trap request input is"no longer available externatly or internally.

The general operation of the decrementer s as follows. FLAGO of the Flag register is first set to select the desired
maode of operation. The desired start count is then loaded into the Starting Count Stnrhge FrégistEr by performing
a memory write of the count word to the dedicated internal memory mapped |/0 address of the decrementer.
(This also loads the Decrementing Register with the same count.) The decrementer is then enabled and allowed to
start decrementing by setting FLAG of the Flag Register tc one. {Both FLAGD and FLAG1 are set to zero when
the TMS 9995 is reset. {See Section 2.3.2.1.1.} When the count in the Decrementing Register reaches zero, the
tevel 3 internal interrupt request latch is set {see Section 2.3.2.2.3), the De::rameﬁt'ipali’jg;giﬁté( is reloaded fmn‘i the

Starting Count Storage Register, and decrementing continues. Note that writing a start count of 000035 to the
decrementer will disable it, T ' - :

rw'hen configured as a timer, the decrementer functions as a programmable real-time clock by decreasing the count
m.the Decrementing Register by one for each fourth CLKOUT cycle. Loading the decrementer with the appro-
priate start count causes an interrupt to be requested every time the count in the Decrementing Register reaches

EEE 1 T T S — .

:em.. TI'!e decrementer can also be used as an event timer when caonfigured as a timer by reading the decrementer
(which is accomplished by performing a memory read from the dedicated internal memory mapped 1/Q address

of the deFrementeﬂ at the start and stop points of the event of interest and comparing the two values. The dif-
terence will be a measurement of the elapsed time.

When cunfi_gured as an event counter, operation is as previously discussed except that each high-to-low transition
on INT4/EC will cause the Decrementing Ragister to decrement, These INT4/EC high-to-low transitions can be

asynchironous with respect to CLKQUT. Note that INT4/EC can function as a negative edge-triggered interrupt by
loeding a start count of one.

The decrementer should always be accessed as a full word (two B-bit bytes). Reading a byte from the decrementar
toss not present a problem since only the byte spacifically addressed will be read. Writing a singie byte to either of
the bytes of the decrementer will result in the data byte being written into the byte specificatly addressed and
random hits being written into the ather byte of the decrementer,

Wait State Generation

Wait states can be generated for external memory cycles, external CRU cycles and external instruction cycles for
the TMS 9995 using the READY input. A Wait state is defined as extension of the present cycle by ane CLKOUT
cycle. The timing relationships of the READY input to the memory interface and the CRU interface signals are
shown in Figure 13. Note that Wait states cannat be generated for memary cycles that access the internal memary
address space or for CRU cycles that access the internal CRU address space, as the READY input will be ignored
during these cycles.

The Automatic First Wait State Generation feature of the TMS 9995 allows a Wait state to be inserted in gach ex-
ternal memary cycle, regardiess of the READY input, as shown in Figure 13, The Automatic First Wait State
Generation feature can be invoked when RESET is asserted. If HEADY is active (high) when RESET goes through
a low-ta-high transition, the first Wait state in each external memory ¢ycle will be automatically generated. If
READY is inactive {low) when RESET goes through a low-to-high transition, no Wait state will be inserted auto-
maticatly 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-10-high transition. The recommended external circuitry for invoking
or inhibiting the Automatic First Wait State Generation feature is shown in Figure 14. Nate that this feature does
net apply to internal memory address space accesses, external instruction cyches, or any CHU cycles, Wait states
canndt be generated during internal ALU/other operation cycles. The READY input is wgnored during these cycles,

13
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TMS 9995 Interrupts

wmEaORY CYCLES 13.2
The TMS 9995 implements seven prioritized, vectored interrupts, some of which are dedicated 10 predefined func-

CkOuT r I _’___..__'_\_r tions and the remaining are user-definable. Table 2 defines the source {snternal or external), assignment, prionity
: level, trap vector location in memory, and enabling/resulting status register interrupt mask values for each interrupt.
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WAIT STATE, TYL 5PEEDG
RESET REQUEST

(el INHIBITING AUTOMATIC FIRST
WAITSTATE R.C FOWER.UP AESET

The TMS 9895 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

vee the TMS 9995 performs to service all interrupt requests i ]
C
e {1) Prioritize all pending requests and grant the request for the highest priority interrupt that is not masked hy
FROM : , - e e , _ , ,
MEMORY READY the current value of the wnterrupt mask in the status register or the instruction that has just been executed.
SYSTEM

(See Section 4.5 for these instructions_}
TMS9905 . . g : .
{2} Make a context switch using the trap vector specified for the interrupt being granted,

{2} Reset ST7 through ST11 in the status register to zero, and change the interrupt mask (ST12 through ST15)

a5 _a_pprﬂpri_aité for the |level of the interrypt being granted.

e A eer cone Bt | (4) _Resumeexeculjonwith the instryction iocated at the new address contained in the PC, and using the new WP,
R.C POWER UP OR OTHER. Al interrupts will be disabled until after this first instruction is executed, unless: |a) RESET is requested, in

WISE) which case it wiil be granted, or (b} the interrupt being granted is the MID request and the NMI interrupt is

FIGURE 14 — EXTERNAL CIRCUITRY FOR INVOKING/INHIBITING requested simultaneously {in which case the NMI request will be granted before the first instrﬁc‘iidﬁ_ iuﬁtﬁéz;ted i
AUTOMATIC FIRST WAIT STATE GENERATION FEATURE

by the MID trap vector is executed.)

14 1%
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23.2.1.1

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 ger changed to a value that will permit anly interrupts of higher
priority to interrupt their service routines, Secondly, status bit ST10 {overfiow interrupt enable) is reset 1o zero by
the servicing of any interrupt 3o that overflow intarrupt requests cannot be generated by an unrelated program
segment. Thirdly, the disabling of other interrupts until after the first instruction of the service routineg is executed
permits the routine to disable other interrupts by changing the interrupt mask with the first instruction. {The ex-
ception with MID and NMI is explained in Section 2.3.2.2.1.) Lastly, the vectoring and prioritizing scheme of the
TMS 999% permits interrupts to be automatically nested in most cases. |f a higher priority interrupt occurs while
in an interrupt service routine, a second context switch ocours to service the higher prigrity interrupt, When that
rcutine is complete, a return instruction {RTWP) restores the saved context to complete processing of the lower
priority interrupt. interrupt routines should, therefors, terminate with the return instruction to restore orginal
program parameterss.

Additional details of the TMS 9895 interrupts are suppiied tn the following paragraphs.

External interriipt Requests
Each of these interrupts is requested when the designated signal is supplied to the TMS 9895,

Interrupt Leve! G {RESET)

Interrupt Level & is dedicated 1o the RESET input of the TMS 9995 When active (Jowl, BESET causes_the
TMS 9985 1o stop instruction execution and to inhibit_{take to logic level high) MEMEN, DBIN, and WE/CRUCLK.
The TMS 9995 will remain in this Resel state as Jong as RESET is active.

When RESET is released i{low-to-high transition), the TMS 8995 performs a context switch with the Levet () inter-
rupt trap vector (WP and PC of trap vector are in memory word addresses 000015 and 000246, respectively.)
Note that the ald WP, PC and ST are stored in registers 13, 14, and 15 of the new workspace. The TMS 9985 then
resets all status register bits, the internal interrupt request latches (see Sections 2.3.2.1.3 and 2.3.2.2.3 for details
of these latchest, Flag Register bits FLAGS and FLAG! {see Section 2.3.3.2.1 for details of the Flag Register),
and the MID Flag {see Section 2.3.3.2.2), After this, the TMS 9995 starts execution with the new PC,

1 HOLDA is active (highl due to HOLD being active {low) when RESET becomes active, RESET will cause
HOLDA to be released {taken low! at the same time as MEMEN, DBIN, and WE/CRUCLK are taken inactive
thight, HOLD can remain active as long as RESET is active and HOLDA will not be asserted, |f HOLD is active
when RESET it released {low-to-high transition), HOLDA wilt be asserted before the RESET context switch occurs
and the TMS 9995 will remain in this hold state until HOLD is released, This RESET and HOLD priority scheme

facilitates DM A loading of extarnal RAM upan power-up.

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

Release of the RESET signal is also the time at which the Automatic First Wait State function of the TMS 9985
can be invoked {see Section 2.3.1.3).
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FIGURE 15 — TMS9995 RESET SIGNAL TIMING RELATIONSHIPS

2.3.2.1.2 Non-Maskable Interrupt {NMI}

The NMI signat is the reguest input for the NMI level interrupt and allows ROM loaders, single-step/breakpoint/
Mmaintenance panel_functions, or gther user-defined functions to be impilemented for the TMS 9995, This signat
and its associated interrupt level are named "LOAD" in previous 9900 family products,

NM! being active {low) according to the timing iHustrated in Figure 16 constitutes a request for the NM| leyet
interrupt. The TMS 9995 services this request exactly according to the basic sequence previously described, with
the priority level, trap vector location, and enabling/resulting status register interrupt mask values as defined in
Table 2. Note that the TMS 9995 will always grant a request Tor the NMI level interrupt immediately after execu-
tion of the currently executing instruction is completed since NM| is axempt from the interrupt-disabling-after-
execution characteristic of certain instructions and also the current value of the intesru pt mask,

It should also be noted that the T S impl r its internat RAM at the memory address of

the NM1 vector. This aliows usage of the NMI level in minimum-chip TMS 9995 systems. It also requires, however,
that this vector must be initialized, upon power-up before the NMI level interrupt can be requested,
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FIGURE 16 — TMS9995 NMI SIGNAL THMING RELATIONSHIPS

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

The INTt and INT4J’EE signals are the request inputs for the Level 1 and Level 4 interrupts, respectively. [Note
that if the decrementer 15 configured as an event counter, IHTG.I" EC is no longer a _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 asynchronous pluses or asynchronous levels as input
signals, An internal interrupt reguest latch stores the occurrence of a pulse. A block diagram of the TMS 99?5
internal logic for these request latches that is representative of their functional operation l'bl:It not nu::ussaful'-,r
representative of their specific logic implamentationt is shown in Figure 17. Note that with this implementaticn
anly a single interrupt source is allowed if the input signal is a pulse, hut multlple interrupt sources can be

wired-ORed together provided that each source supplies a level as the mput Hgnal {The levels are then removed
one at a ime by a hardware/software mechanism activated by the interrupt subroutine as each interrupting source

ig sarviced by the subroutine.)

PULSE GENERATED WHEN
COMTEXT SWITCH FOR
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PULSE GENMERATEQ
iWIRING RESET
INTERAUPT SEQHIENCE

15 TAREN
LEVEL Y oo
LEVEL 4 INTERRLWT
AECHUIEST
— '

CiLEAR

SYNCHROMIXER
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e

CHAL INPUT ATA
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REGISTER
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FIGURE 17 — FUNCTIONAL BLOCK DIAGRAM OF INTERNAL
INTERRUPT REQUEST LATCH
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2.3.2.2.1

2.3.2.2.2

The TMS 9995 services each of these requests exactly according to the basic sequence previously deseribed with
the priority levels, trap vector locations, and enabling/rasulting status register interrupt mask values as defined

in Table 2 Each internal interrupt request latch will get reset whan the context switch for its associated interrupt
level ocours.

Intemally Generated interrupts

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

Macro Instruction Detection (MID) Interrupt )

The acquisition and attempted execution of an MID interrupt gpcode will cause the MID leve! interrupt 10 be re.
quested before execution of the next instruction begins (MID interrupt opcodes are defined in Section 4.5.15). In
addition 10 requesting the MED level interrupt, the MID flag is st to one "1 {see Section 2.33.2.2}, The
TMS 9995 services this request exactly according to the basic sequence previously described, with the priority
level, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2. Note
that the TMS 3995 will always grant a request for the MID tevel interrupt since MID is not affected by the interrupt
mask and is higher in priority than any other interrupt except for Level 0, Reset. If the NMI interrupt is requested
during an MID interrupt context switch, the MID interrupt context switch will be tmmediately followed by the
NMI interrupt service sequence before the first instruction indicated by the MiD interrupt is executed. This is done
s 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 999% 1o be halted immediately
after encountering an MID opcode.

It should also be noted that the MID interrupt shares its trap vector with Level 2, the Arithmetic Overflow inter-
rupt. {See Section 2.3,2,2.2.) The interrupt subroutine beginning with the PC of this vector should examine the
MiD Flag to determine the cause of the interrupt. 1f the MID Flag is set to 1", an MID interrupt has occurred, and
if the MID Flag i5 set to "0", an Arithmetic Overflow interrupt has occurred. The partion of this interrupt sub-

routine that handles MID interrupts should always, before returning from the subvoutine, reset the MID Flag
1o "7

The MID interrupt has basically two applications. The MiD opcodes can be considered to be iltegal opcodes, The
MID interrupt iz then used to detect errors of this nature. The second, and primary application of the MID inter-
rupt, is to allow the definition of additionat instructions for the TMS 8895, MID opcodes are used as the opcodes
for these macro instructions. Softwere 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 implemeanted in micro-
code in future processors and software will then be directly transportable to these future processors,

Note that the TMS 89995 interrupt request processing sequence does creats some difficulties for re-entrant usage of
MID interrupt macro instructions. in general, to avoid possible errors, MID mterrupt macro instructions shouwid
not be used in the NMI and Level 1 interrupt subroutines, and should only be used in the Reset subroutine if
Reset is a complete initialization of the system,

Arithmetic Qverflow Interrupt

The occurrence of an arithmetic overflow condition, defined as status register bit 4 (ST4) getting set to one (see
Table 7. for those conditions that set ST4 to one), can cause the Leve| 2 interrupt to be requested. Note that this
request will be granted immediately after the instruction that caused the overflow condition. The TMS 9996 sar-
vices this request exactly according to the basic sequence previously described with the prionty level, trap vector
location, and enabling/resulting status register interrupt mask values as defined in Tabile 2.

In addition to being maskable with the interrupt mask, the Level 2 overflow interrupt request is enabled/disabled
by status register bit 10 (ST10), the Arithmetic Overflow Enable Bit (i.e., ST10 = 1 enables averflow interrupt re-
quest; 3T10 = O disables overfiow interrupt request}. If servicing the overflow Interrupt request is temporarily
overridden by servicing of a higher priority interrupt, the occurrence of the overflow candition will be retained in
the contents of the status register, i.e., 5T4 = 1, which is saved by the higher priority context switch, Returning
from the higher priority interrupt subroutine via an RTWP instruction causes the overflow condition to be re-
loaded into status register bit ST4 and the overflow interrupt to be requested again {upon completion of RTWP
instruction). The arithmetic overflow interrupt subroutine must reset $T4 or 5T10 to zero in the status word

saved in register 15 before the routine is complete to prevent generating another averflow interrupt immediately
after the return.
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It should also be noted that the Level 2 arithinetic overflow interrupt shares its trap vector with the MID inter-
rupt, Sectian 2.3.2.2.1 describes how the interrupt subroutine beginning with the PC of this vector can determine

the cause of the interrupt.

Decrementey Interrupt

The occurrence of an interrupt request by the decrementer {see Sectibn 2.3.1.2.2) will cause the Level 3 internal
terrupt request tatch to get set. This tatch is similar to those tor Levels 1 and 4 in that it is resat by servicing a
Heset interrupt or when the context switeh for s associated interrupt level occurs (Figura 17).

The Level 3 internal interrupt request latch being set constitutes a request for a Level 3 interrupt, and the
TMS 99895 services this request exactly accarding to the basic sequence previously described with the priority
level, trap vector location, and enabling/resulting status register interrupt mask values as defined in Table 2.

Communication Register Unit interface

The TMS 9995 accomplishes bit /O of varying field width through the use of the Communications Register Unit
(CRU). In applications demanding a bit-oriented HO interface, the CRU performs its most valuable act: transferring
a specified number of bits to or from memory and & designated device. Thus the CRU is stmply 8 linking

mechanism betwean memory and peripherals.

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

rmultipde-bit 9995 instructions.

Single-bit instructians facilitate the testing or modification of a particular bit in a device. The device in which 3
bit is to be tested (TB), set to zero (SB2Z}, or set to one {SBO) is designated by the sum of the value in Register 12
end an 8-bit signed displacement value included as an operand of that instruction. Details of these instructions are
giwen in Section 4.5.7,

Multiple-bit instructions control the serial transfer of up to 16 bits_between memory and peripherals, The device
with which communication is to take place is addressed by Register. 12, The memory address to or from which
data is to be transferred, as well as the number of bits 1o be transferred are included as operands of the mulitiple-

bit instruction, Details of these instructions are given in Section 4 5.6,

The signals used in the TMS 9995 interface to the CRL} are shown in Figure 18. The CRU address map is shown
in Figure 19
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FIGURE 18 — TMS59995 CRU INTERFACE
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GENERAL USE EXTERNAL IOFF
CAY ADDRELS CHF I CRU
SPACE ADDRAESS SPaACE
1EDE
1EE 2 FLAGT
\EE4 ] FLAG2
1€E8 _ FLAGI
FEg FLAGA ¢
1EEA ELAGS °
1EEC FLAGS .
IEEE FLAGT FLAG - INTERMNAL (3N
REGISTER CHIFI CR
TEFD FLAGH ADDRESS SPACE
YEF? FLAGS
1EF& FLAGA
EFE FLAGH
EFR FLAGE
1EFA FLAGD
(EFC FLAGE
IEFE F:““
1FD0
| GENERAL USE EXTERNAL {OFF
CRU ADDAESS CHIPY CRU
SEACE ADDAESE BPACE
1FDOA
B ———— — — —— INTEANAL (ON.
1F
vk *u_m FLAG } CHIF CRU
e - - ADDRAESS $PACE
GENERAL USE EXTEANAL I3FF
¢ > cRu ADDRESS CHIPI CRU
SPa
e CE ADDRESS SPACE
_——r--——p----——-——----

NOTE. These hen addresses are tha softwars base addressey snd sre obtainad by placing the 15-bit Address Bus CAU bit scoress

" a Y6.-hit Lisdd, lefr-justifying the 75 bits in the Hleld, and setting the LSE of the fislo 10 Ievo,

FIGURE 19 — CRU ADDRESS MAP

The concept of "CRU space” is the key to CRU operations. An ideological arez exjsts in which peripheral devices

reside in the form of an address. The CRU space is this ideological area; it has monotonically increasing bit
addresses. Each bit represents a histabte I/0 _pont_ which can be read from or written to. CRU address space and

Jnemory address space are independent of each other, Memaory space is b;tgggl_ﬂ;g;;gglg, and CRL! space i5 hit-
JAddressable. Theretore, a desired device is accessed by placing its software base address in Register 12 and exercis-
ing the CRU cammands.

CRU nomenclature is built around the four address types invoived in its operation_. The software base address
hardware base arliress, address displacement, and CRLU bit address interact to link memity to peripherals in
kit-serial communication via the CRU.

The software base address congtsts of the entire 16 bits of R12, Ih R12, the programmer loads twice the valye of
the CRU hardware address of the device with which he wishes to comimunicate. Because only bits 0 through 14

of Register 12 are placed on the address bus, the programmer needs to shift the hardware base addresy left Dne
position {equivatent to multiplying by two),

Bits D through 14 of Register_12 form the hardware base address. Far the single-bit instructions, the hardware

base address is added to the address displacement to abtain the CRU bit address. Far muftiple-bit instructions the
hardware base address is the CRL bit adclress.
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To input a data bit from an external (off-chip) CRU device, the TMS 9995 first outputs the appropriate address on ’ i ] ' ] ' )
AQ-A14, The TMS 0805 leaves MEMEN high, outputs logic zeroes on D0-D2, strobes DBIN, and reads in the dats \ ' ' ' ' ' '
bit on CAUIN. Completion of each CRU input cycle and/or generation of Wait states is determined by the READY AO-AT4 m X{E} x
input as detailed in Section 2.3,1.3, Timing relationships of the CRU input cycle are shown in Figure 20, .E . E : : : :
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W W E_f d @ Don't care
LA INFUT AT aBDA 8T ADDR st
—p TRGLE /T g OATA BIT OATA BT ot [t e FIGURE 21 — TME909S CRL OUTPUT CYCLE
NOTES: """== \-——-——.—V—n—-——-—/ ONE WAIT STATE
() vt Addres > o, | 2.3.2.1.1 Single-Bit CAU Operations
00 D2 asch autput logi NO WaITS
% Non-saecitic .: ) ' ::t - —_— Ihe IMS 2935 pertorms three single-bit GRU funcrions: Test Bit {TB), Set Bit to One (SBO), and Set Bit to Zero.
- 1 LT
(3) CRU input bi :u b vali A _ SBZ}. The SBO instruction performs a CRU output cycle with logic one for the data bit, and the SB2Z instruction
PUTRIT Mult be valid on CAUIN at CLKOUT scge indiceted i - performs a CRL output cycle with logic zaro for the data bit. A TB instruction transfers the addressed CRU bit

from the CRUIN input line to bit 2 of the status ragister {bit T2, the EQUAL bit).
FIGURE 20 — TWMS9HOE CRU INPUT CYLCLE
The TMS 99956 develops a CRLU bit address for the single-bit operations from the CRU base address contained in

To output a data bit to an external {off-chip) CRU device, the TM$ 9895 first outputs the appropriate address gn workspace register 12 and the signed displacement count contained in bits B through 15 af the instruction. The dis-

AD-A14. The TMS 9995 _Ieaves MEMEN high, outputs logic zeroes on DD-D2. outputs the data bit on A15/ placement allows two’s complement addressing from base minus 128 bits through base ptus 127 bits. The base
CRUOUT, and strobes WE/CRUCLK. Compietion of each CRU output cycle andfor generation of Wait states is address from WHR12 is added to the signed displacement specified in the instruction and the result js placed onto
determined by the READY input as detailed in Section 2.3,1.3, Timing relationships of the IElF’t'l.l output cycle are the address bus. Figure 22 illustrates the development of 2 single-bit CRU address.

shown in Figure 21,

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

BIT B 5IGN
EXTENDED
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"Bit 15 of WR12 not usad v

EFFECTIVE CRU BIT ADDRESS

FIGURE 22 — SINGLE BIT CRU ADDRESS DEVELOPMENT

2.3.3.1.2 Multiple Bit CRU Operations

The TMS 9995 performs two multiple-bit CRU operations: store communications register {STCR) and load com-
munications register {LDCR]. Both operations perform a data transfer from the CRU-ta-memoty 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 CAU OUTPUT BITS

N L

| 1 } N

MN+1 ' l
| N+1

| INPUT (STCR) !

]

| |

I l

V| Lo ] weworvwomo  Jubi] L

| |

| |

I QUTPUT (LDCRA} I
N+14 | | N+14
N+15 i l

- N+15

N = BIT SPECIFIED 8Y CAU BASE REGISTER IWRY2)

FIGURE 23 - LDCR/STCR DATA TRANSFERS
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The LDCR instruction fetches a8 ward from memory and right shifts it to serially transfer it to CAU output bits. If
the LDCRA involves eight or fewer bits, those bits come from the right-justified field within the addressed byte of
the memory word. If the LDCR involves nine or more bits, those bits come from the reght-justified field within
the whole memory word. Register 12, bits 0 through 14, defines the starting bit address. When transferred to the
CAU interface, each successive bit receives an address that is saguentially greater than the address for the previous
bit. This addressing mechanism results in an order reversal of the bits; that is, bit 15 of the memory word {or bit 7l
becomes the lowest addressed bit in the CRU and bit O becomes the highest bit in the CRE) fiald.

A STCR jpstruction transfer fro & CRUJ to mem If the operation involves a byte or less transfer, the
transferred data will be stored right-justified in the memory byle with leading bits set ta zero. If the operation in-
volves from nine to 16 bits, the transferred deta is stored right-justified in the memory word with leading bits sat

to zero, When the input from the CRU device is complete, the lowest addressed bit from the CRU is in the least-
significant bit position in the memory word or byte.

Inrernal CRU Devicos

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

and output 1o the bits of the internal CRU devices simply by using the appropriate CRU addresses 1o access these
bits,

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

The functional characteristics of the internal CRY devices are described in the fallowing paragraphs.

Flag Register

Accessible via CRU) input and output instructions that are executed to dedicated internal CRU bit addresses (see
Figure 19) is the internal Flag Register. The 16-bit Flag Register contains both predefined TMS 9095 systems
flage and wser-definable flags as detaited in Table 3. The predefined systern flags are the configuration bit for the
Decrementer, the Dacrementer enable bit, and the internal interrupt request tatch CRU inputs. Note that CRU out-
put operations to the internal interrupt request latch Flag addresses will not cause these latches to be either set ar
reset. These Flag bits are input only and altow the presence of these interrupt requests to be detected when the
occurrence of the interrupts themselves is inhibited by the value of the interrupt mask in the statys register.

MID Flag

Accessible via CRU input and output instructions that are executed to » dedicated internal CRU bit address (see
Figure 18} is the MID Flag. The MID Flag is set to one by a MID interrupt, and reset to zero by the software of
the MID interrupt routine (see Section 2.3.2.2.1}. Note that setting the MID Flag to one with 8 CRU instruction
will not esuse the MID interrupt to be requested,

External Instructions

The TMS 9995 has five external instructions {see Table 4} that allow user-defined external functions to be initiated
under program control, These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemaonics, except
for IDLE, relate to functions implemented in the D90 minicomputer and do not restrict use of the instructions to
initisate various user-defined functions. Execution of an IDLE instruction causes the TMS 8995 to enter the Idie
state and remain in this state until a request occurs for an interrupt level that is not masked by the current value of
the interrupt mask in the status register, (Note that the Raset and NMI interrupt levels are not masked by any
interrupt mask value,) When any of these five instructions are executed by the TMS 94995, the TMS 9995 will use
the CRU interface (see Figure 18) to perform a cycle that is identical to a single-hit CRU output cycle {(see
Figure 21} except for the following: {1} the address being output will be non-specific. {2} the data bit being ocutput
will be non-specific, [3) a code, specified in Table 4. will be output on DO-D2 to indicate the external instruction
being executer. Note that completion of each external instruction andjor generation of Wait states is determined
by the READY input as detailed in Section 2.3.1.1,
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TABLE 3 — FLAG REGISTER BIT DEFINSTIONS When the TMS 9995 is in the Idls state, cycles with the Idle code will occur repeatedly until a raqﬁe:t for an inter-
i rupt level that is not masked by tha interrupt mask in the status FegHstar ocours,

CAU BIT . o
ar ADDRESET DESCRIPTION : A Hold stare can occur during an ldde state, with entry to and return from tha 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.)
FLAGO 1EED Sette0:  Decrementer configured as _
Interval Timar. 2.3.5 TMS 9995 Internal ALU/Other Operation Cycles
Setta 1. Oecrementer configured as ) : ]
Event Counter. ""f'hﬂ"'l the TMS 9995 is performing an operation internally and is not using the memory, CRL, or external instruc-
tion interfacesT or is not in the Hold state, the TM3 9998 will, for as many CLKQUT cycles as needed, do the
FLAGI 1EE2 SettoQ0:  Decrementer no! gnabled ) following with its interface signais: |
Setto 1: Decrementer anabled (wil! i
decrament and can se1 in- ‘J'ﬂ Qutput a non-specific address on AQ-A14 and ANB/CRUOUT
ternal latch that regueses a .
leval 3 interrupt). ~2  Output non-specific data on DO-D7
FLAG?Z2 1EE4 Leval 1 tntermal interrupt Reguest w GUtput ‘ﬂgi‘: levet high Gn MEMEN, [JB”'"I, and WE/CRUCLK
Latch CAU Input {nput-only). M Dutpqt iogic level low on EAWHDLDA., and
Q. Level 1 request not present
1:  Lavel 1 request ﬂr&&&.nt w ignore the READY and CRUIN irnputs,
FLAG3 1EEB Level 3 internal Interrupt Hequest The HOLD input is stifl active, however, as the TMS 8995 can enter a Hold state while performing an internal
Latch CRAU Ingut (Input-anlyl. ALU/ather operation. Also,_ail nterrupt inputs are still active,
0. Level 3 request not present
1:  Level 3 request present t internal mamory spacs and internal CAU davice sccesses ars daflned s using the memary and CRL interfaces.
FLAGA 1EE8 Level 4 Intarngl Interrupt Request : 3. TMS 9995 PIN DESCRIPTION
Latch CRU Input [Ingut-anly), ; . .
0: Level 4 request nof present | | Table 5 duf[nai t.he TMS 9985 pin assignments and describes the function of each pin. Figure 24 illustrates the
11 Level 4 request prasent | TMS 8995 pin assignment information,
FLAGE 1EEA !
FLAGE 1EEC ;
FLAG? 1EEE I
FLAGS 1EFO i XTALY 1 D 4¢ AI1S/CRUOUT
FLAGS 1EF2 ‘ ' XTAL2/CLKIN ¥4 38 A14
FLAGA 1EF4 Usar Definad : CLKOUT 3 k- Al13
FLAGH 1EFG D7 4 37  A12
FLAGC TEFS D6 B M AN
FLAGD 1EFA D5 6 3B A10
FLAGE 1EFC D4 7 34 A9
FLAGF 1EFE D3 8 33 AB
T Thess hex numbaers are thoss abtained by placing tha 15-&{1 Addrass Bus CRU sddrest 10 a 16-biy Tield, left justifying the 15 bics I tha fimid, D2 ﬂ 32 AT
ana satting the LS8 of the Tield 1o zerp, | VCC 10 31 vﬂ.ﬂ
D1 1t 30 A6
TABLE 4 — TMS 9995 EXTERNAL INSTRAUCTION CODES CHUDH 12 29 A5
iN 13 28 A4
INSTAUCTION CODE DURING CYCLE INTA/EC 14 27 A3
’ INT1 15 28 A2
Do D1 D2 -
1AG/HOLDA 18 25 A1
CAU. DBIN 17 24 A0
SBEO,. S8Z, TB, 0 Q 0 : L HOLD 18 23 READY
LOCR or STCR WE/CRUCLK 19 22 RESET
JOLE 0 1 0 MEMEN 20 21 NMI
ASET D ? t
CKON j ) : 1 ' FIGURE 24 — PIN ASSIGNME NTS
: CKOF 1 1 ¢ ' }
LREX 1 1 1 {
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TABLE 5 — TWMiS 9995 FIN DESCRIPTION

SIGNAL PFIN o DESCRIPTION
POWER SUPPLIES
Yoo 10 Supply voliags {(+5 V Nom}
Vgg 3t Graund raference
) CLOCKS
XTALZ/CLKIN 2 IN Cryatat input pin for internsl oscillatos, Also
| input pin for external oscilatar.
XTALY 1 N Crystad input pin tor internal oscillator,
CLEDUT 3 ouT Clock output signel. The frequency of
CLKOUT is one fourth the oscillator input
{laxternal oscillatorh ar erystal {internal oc4cil-
tator} fraqueancy
ADDRESS BUS
Al 24 oUT Address Bus. AD is the most significant bit of
Al a5 DuyY the 16 bit mamaory address bus and the 15 bit
A2 2% ouT CHU addrats hus. A4 is the 2nd least signifi-
A 27 QuUT cant bit of the 16 bir memory address bus and
Ad 78 QuUT the LSE of tha 15 bit CRLU address bus. The
AS 29 ouT ackiress bug assumaes the high impedance state
AB 30 DUT when the TMS 9995 is in the Hold state,
Y 32 ouT
A8 33 QuT
F 1) 34 ouT
A10 35 ouT
A1t d6 DuT
Al12 37 ouT
A13 38 ouT
Ald 39 OuT
A1S/CRUOUT 40 ouT Arkdress bit 15/CRU output data. A16/
CRUQUT is the LSB ol the 16 bit memory
sikdress bus and the output daca line for CAU
outlput instructions. AIS/CRUQUT sssumes
the high impedance state whan the TMS 9986
is in the Hoid ttate,
DATA BUS
Do 12 1FO Data Bus. Durlag mamory cycles {MEMEN
D1 1 /0 active} DO (the MSH] through D7 {the LSB]
D2 3 1o are usad to transfer data to/from the axternal
D3 B /O memory 1ystem, During non-memory cycles
D4 7 1/0 {MEMEN inactive] K}, (31 and D2 are used
(] ] /O 10 indicate whether tha TMS 9996 u perform-
D4 L 1O ing a CALU cycle or an externed instruction.
D7 4 10 Tha data bus stsumas tha high impedance
state when the TMS 8995 is in the Hold state,
CARU
CRUIN 13 IN CRU input data. During CRU cycles, CAUIN is
the ingut ¢ata line for CRU input dets.
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TABLE G5 — TMS 9985 PIN DESCRIPTION IContinued}

SIGNAL

FIN

1o

DESCRIPTION

MEMEN

WE/CRUCLK

READY

17

19

ouT

OuT

OuUT

IN

CONTROL
Memory enable. When active (low! MEMEN
indicates that WE/CRLICLK DBIN, and the
address and dsta buses are being uted for a
memory cycle. When inactive (highlt m
indicates thes WE/CRUCLK, DEIN and tha
addrets and dats busgs are being used for a
CRU cycle, or are indicating that the
TMS 9995 i1 performing an external insiruc.

tion. MEMEN does not assume the high -

pedance state when the TMS 9995 s in the
Huoid state,

Data bus in, During memoary read cycles,
DEIN is active {low] to indicate that the
TMS 9985 has disabled its data bus aut pui
bulfers to sllow external memory 1o enable
J-state drivars that tutput data enio the
data bus. During CAY input cyclas, DBIN is
also active to indicate that the CRU cycle ix
on input cycle, DBIN s3sumes the high im-
pedance ctate when the TMS 9995 is in the
Hold staia.

Write anable/inverted CRU clock, When active
llow}, WECRUCLK indicates that memory
write data it svailable on the data bus (when
MEMEN = 0}; o¢ that CRU data out is available
on A15/CRUDUT {when MEMEN = 1 and

OO0 = D1 = D2 = 0I; or thar an external jnter-
iace should decode External instructiens {when
MEMEN = 1 and DO, D1, and 02 are not afl
equal 1o 0). WE/CRUCLK assumet the high
irnpadanca state when the TMS 9995 is in

the Hold state.

Arady. When active (highl, READY indicatas
that the prim:ml mamoary, TRLU or ex-
rarnal insiruction cycle is ready to be compléted,
When not ready is indicoted, 3 Wait state {delined
a3 extengion of the present cycle by one CLEOUT
cyclel is entered. At she end ol each Wait state
READY ix axamined to determine if ancther

Wait 1tate is 10 be generated or if the cycle is

ID be completed,
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TABLE 5 - TMS 9995 PIN DESCRIPTION {Continued)

SIGNAL

PIN

o

DESCRIPTION

HOLD

IAG/HOLDA

ESE

INT!

18

16

22

21

15

IN

ouT

iN

tN

IN

CONTROL {Cont'd)
Haold state request. When active {low), m
indicates to the TMS 99495 that an external
cantrodter desires vo use the address and data
buses. Lpon sensing 3 Held request, the
TME 3995 will anter a Hold state {dafined ax
suspension of instruction execution) after it
has completed s presen cycte {see Saction
2.3.1.1.3 for details of entry intg a Hold
state]. Af the beginning of the Hold stete, the
TMS 9906 places DBIN, WE/CRLUICLK, and
the adcress and data buses in the high impead-
ance state, and then rasponds by sazerning
1AQHOLDA. When HOLD is remaved, the
TMS 9995 returns & normal operation,

Inptruction agguisition/hoid acknowledge.
1AQ/HOLDA is active (high} when MEMEN =
0, the TME 9995 j5 indicating thar the memory
read cycle in progress is that of reading an
instruction opcode. If TAQ/HOLDA s active
when MEMEN = 1, the TMS 9995 is indicating
that it is in the Hold state and thatm, WE/
m. and the aodbress and data busas are
in the high impedance state,

INTERRUPTS
Reset. When active (low} AESET causes the
TMS 9995 ta enter a HESET state (38 Section
2.3.2.1.1) and inhibit MEMEN, D8IN, snd WE/
CRUCLK. When RESET is released, the
TMS 9995 initiates a level Zero intercrupt se-

guence that acquires WP and PL from memory
wara addresses 00D and 0002, and bagins
exacution using this vector, AESET will ter-

minate an ldie state, RESET is a Schmitt-

trigger \nput,

Morn-maskable) nterrupr. Whan gclive [low),
MM causes the TMS 9005 1o exacute a non-
maskable interrupt sequence with the frap

vector IWP and PC) in memory word ad-
dresses FFFC and FFFE, NMI will terminate
an \die s1ate. W i recognized only ance for
gach high-to-low transition. (NN must be
takan inactive bafare it will be recognized
apain )

Interrupt one. When active {Inwl,m wwill
cause the TMS 9995 10 execurte a jevel ane
interrppt trap o level orne 15 not masked by
the status register,

4.3

4.2

TABLE § — TMS 8905 PIN DESCRIPFTION IConcluded)

DESCRIPTION

interrupt four/event counter. When sither the
decrementer is not ansbled or the decrementer
is enabled snd configured as an intarvel timer,

; tHTl!EEhning active {low) will causa the

TME 9995 1o axecuie a laevel four interrupt
trap if level four is not masked by the statug
regiater, When the decrementer is anabled and
configured st an avant counter, & high-to-low
transition on mfﬁ will cause the count in
the decrementar 10 be decremented by one,
(Ses Section 2.3.1.2.2 for details of enabling

and configuring the decrementar.)

SIGNAL PIN o
INT4/EC 14 IN
TMS 9995 INSTRUCTION SET
DEFINITION

Each TM3 9895 instruction performs one of the following operations:

- Arithmetic, logical, comparison, or manipulation aperations on data

- Loading or storage of internal registers {program counter, workspace pointer, or status)

* Data transfer between memory and externg! devices via the CRU

L Control functions

ADDRESSING MODES

The TMS 99898 instructions contain a variety of available modes for addressing random memory data, e.g., pro-
gram parameters and flags, or formatted memory data (character strings, data lists, etc.). These addressing modes

are:

. Workspace Register Addressing
® Workspace Register ndirect Addressing

L Workspace Register Indirect Auto Incremant Addressing

. Symbolic (Direct} Addressing

. Indexed Addressing

. Immediate Addressing

- Program Counter Relative Addressing

- CRU Relative Addressing
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The following figures graphicatly describe the derivation of effective address for each addressing mode, Tl_m- applica-

bility of addressing modes to particular instructions is described in Section 4.5 along with the duscnptrT nt the

operations performed by each instruction. The symbols following the names of the addressing mudes'{H, R, "R+,

@LABEL or @TABLE (R) are the general forms used by TMS 9805 assemiders to select the addressing modes for
: register R,

421 Workspace Hegister Addressing, R

Workspace Registes R contains the operand

! - REGISTER R

{(PC INSTRUCTHON {WP)+2R OPERAND
hY

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

422 Workspace Register Indirect Addressing, *R

Workspace Ruagister R contains the address of the operand,

REGISTER R

{PCl INSTRUCTION (Wrl+2R ADDRESS OPERAND

The Workspace Register Indirect addressing mode is specified by setting the two-bit T-field {Tg or Tp} in the
instruction word equal 1o Q1.

4.2.3 Workspace Register Indiract Aute Increment Addressing, "R+

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

{PC} INSTRUCTION WP+ 2R

REGISTER R

(omes ]

OPERAND

1{BYTE)
or 2 (IWORD)

The Workspace Register Indirect Auto Increment addressing mode is specified by setting the two-bit T-field {Tg
or Tp) in the instruction word equal to 11.

- o mmm— . -

4.2.4 Symbolic {Diirect} Addressing, S@LABEL

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

{PCI

{PC)+2

The Symbolic addressing mode is specified by setting the two-hit T-field {T5 or Tp) in the instruction word equal
to 10 and setting the corresponding S or D field equal 1o 0,

425 Indexed Addressing, @TABLE (R}

{PC)+2

4.2.8

4.2.7

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

ADDRESS

TABLE -

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

10 and setting the correspanding 5 or D field not equal to 0. The value in the 5 or

D field is the register which con-
tains the index valye.

Immediate Addressing

The word following the instruction contains the operand.

IPC) + 2 OPERAND

Program Counter Relative Addressing

The eight-bit signed dispiacement in the right byte (bits 8 through 18) of the nstruction s multiplied by 2 and
added to the updated contents of the program counter. The result is placed in the PC.

JUMP INSTRUCTION

T
NEXT MEMORY WORD

PROGRAM COUNTER 2~ DISP
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4.3

4.4

4.5

4.6.1

CRU Reiative Addressing

The sight-bit signed displacemant in the right byte of the instruction is added to the CRL base address {bits 0

through 14 of workspace register 12}. The result is the CRLU address of the selected CRU bit,

INSTRUCTION
(PC) OF CODE m
_—, e CRU BIT

REGISTER 12

WP+ 2-1 ?——{ CRLU BASE ADD

0 14 15

DEFINITICN OF TERMINOLOGY
The terminotogy used in describing the instructions of the TMS 8985 is defined in Table 6.

/’ﬂ;us REGISTERMANIPULATION

ADDHESS

Varigus TMS 5995 machine instructions affect the status register. Figure 5 shows the status register bit assignments.

Tabla 7 lists the instructions and their effect on the status register,

STRUCTIONS 8?1'_ S WoeD

Dual Oparand Instructions with Multiphé Addressing for Source and Destination Operand

General 0 1 2 3 4 & & 7

& de&-l—fnn-l'lm ﬂd") et ]&.-1

11 V2 14

SevEce ac}c-/ welf

OP CODE B o ¥ T

s |

IT B = 1, the operands are bytes and the operand addresses are byte addresses. If B = 0, the operands are words and

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

Tgor Tp SorD ADDRESSING MDDE NOTES
00 0D.1...15 Woarkspace register 1
01 01...15 Woaorkspaca ragister indiract
10 0 Symbuolic 4
10 1.2...15 Indexad 2,4
1 0,1...156 Workipace register indirect 3
Juto increment

MOTES:

oparand end the right by (bits B through 15} is unchanged,
Warkscece reglater O mey Aot be used for {ndaxing,

M

When a workipace régister s the operand of 8 byte instruction {blt 3 = 1), tha laft byts (bl O through 7) Iz the

3. The workspace register It incremanted by 1 for bye instructions {bft 3 = 1} wnd Iy incramanwed by 2 for word instruc-

tione (bft 3 = Q).

4. When Tg = T = 10, two words ara raguirsd in sdditlon to the instruction warc, The first ward I3 tha »ource operand

bass sddress and the second ward s the destination operend bass sdoress,

TABLE & — DEFINITION OF TERMINOLOGY

TERM OEFINITIONS

B Byte Indicator (1 = byte: O = word)
C Bit Count

Ll Destination address registar

DA Dastination sddress |

HOP Immadiate operand

LSB in} Lssat-significant {right mott} bit of (n)
MSB inl Most-significant tieft most] bit of (n)
N Don’t care

PC Program Countar

Reguit Result of oparation performed by instruciion
S Source sddrass register

SA Source address

ST Status registar

5Tn Bit n of status register

TD Destination addrees modifier

TS Source addres modifier

W Warkspace register

WA Warkspace regater n

in} Contents of n

& —+b a s tranferead to b

Inl Abgolute vetue of n

+ Arithmetic sddition

- Arithmatic subtraction

AND Logical AND

ORA Logical QR

Logicat axciutive OR
Logicel complamant of n

Asithmatic multiptication




TABLE 7 - STATUS REGISTER BIT DEFINITIONS?

CONDITION TO SET BIT T 1, OTHERWISE

MOV, MOVE, NEG,
OR|, S, 58, V35,
MPYS, INC, INCT,
INV, 5LA, S0C,
50CB, SAA, SAC,
SAL, 5TCH, 520,
SZCB, XOR

INETRUCTION
— NAME AND/OR SETTO 0 FOR INSTRUCTION LIETED.
INTERRUPT ALS0, THE EFFECT OF OTHER
INETRUCTIONS AND INTERRUPTS
STO Logical C.CB I MSE (5A) =1 and MSB (DA] =~ 0, or
Grester If MSB (5A} = M5B {DA} and MSH of
Than [(DA} — {5A)]) =1,
ci 1 MSB (W) = 1 snd MSB of 10P = 0, or
if MSB (W) = MSB of IOP and M5B of
[1OPF — {W}H =1..
ABS LDCR I1f (SA) * 0
, ATWP If bit (0] of WR1S is 1
' LSY it bit 0] of selacted WA is 1
A, AB, Al,L ANDI, I resuls + 0O
DEC, DECT. LI,
MOV, MOVEB, NEG,
ORI, 5. 58,
OIVS, MPYS, INC,
INCT, INY, SLA,
SOC, 50CH, 5RA,
SRC, SRL,STCR,
SZC, 57CR, XOR
Resel Intarrupt Unconditionally teis status bit 1o 0
Ajl other instructions Do not atfect the status bit (ses Mote 1)
nd interruprs
T Arithmaetic C,CB It M5B {SA) =0 and MSB (DA) = 1, or
Greater If M58 {3A) = M58 (DA) and MSB of
Than {{DA) — ISA]] = 1.
Ct If MSB (W] = 0 and MSB of 1OP =1, or
if MSB (W) = MSH of IOP and MSB of
[1OP — (Wi} = 1,
ABS, LOCR if MSB (SA) « O and [SAI = 0
RTWF If bit {1) of WR15 s 1
LST if bit {1] of sedecta WA is 1
A, AB, Al, ANDI, If MS8 of result = O and resuit = O
DEC. DECT, LI,

Aeset Interrup

Unconditionally sers status bit to 0

Al} other instructions

and mterruprs

Dy not affect the status it (ses Note 1}

T See Table B tor deflnitiond of tarrminology used in this tahia,

ki

« vl p——— -

TABLE 7 .. STATUS REGISTER BIT DEFINITIONS (Continued)

CONDITION TO SET BIT TO 1, OTHERWISE

INETRUCTION
1T NAME AND/OR $ET TO O FOR INSTRUCTION LISTED.
INTERRUPT ALSD. THE EEFECT OF OTHER
INSTRUCTIONS AND INTERRUPTS
5T2 Equal C,CB If (BA) = (DA}
Cl I (W) = 108
Coc If (SA} end (DA} = 0
C20 E I {5A) and {DA) = 0
T8 it CAUIN = 1 for addvessed CRU bit
ABS, LDCR If {SA}=0
ATWP I bit {2) of WR15 ix 1
LST If bit (2) of selected WH is 1
A, AB, A1, ANDI, If rasult = Q
DEC, DECT, LI,
MOV, MOVB, NEG,
ORI, 5, 58, DIVS,
MFPYS, INC, INCT,
INV, SLA, SOC,
SOCH, SRA, 5RC,
SAL, 3TCR, §2C,
5ZCH, XOR
Reint Interrupt Unconditionally sets status bit ta O
All othar instructiong Do not affect the status bit (ges Nove 1)
and interrupts
ST3 Carry A, AR ABS, Al It CARRY OUT =
DEC, DECT, INC,
INCT, NEG, &, 5B
SLA_SRA SAL, If szt bit shifeed out = 4
SRC
ATwe I bit {3) of WRI1BE is 1
LST If kit (3} of selected WH i1 1
Reset Interrupt Unconditionally sats status bit to 0
All other ingtruction Do not affect the status bit (sea Now 1)
ardd intarrupmn
ST4 Overflow A AB if MSB (SA} = MSB (DA and MSE
of rasult = MSE (DA)
A If M58 (W] = MSB of IOF and MSBE
of rimuly £ MSB (W)
5. 58 If MSB {SA] 2 MSB (DA} and MSB
af resuit = M5B 1IDA)
DEC, DECT 1 MSB {SA) = 1 and MSB of resuli = 0
INC, INCT IFMSB {SA) = 0 and MSEB of resuli = O
SLA If M58 changes during shift
D 1T M5B (SA)} = 0 snd MSB {DA) = 1, o if
MSR8 (SA) = M58 (DA} and MSB of
HDA}J -- (SA)] = 0
DIVS It tha quotient cannot be axpressed a5 a
signed 16 bit quantity (BDODyg is » valid
négativa numberl|
ABS, NEG If [SA} = BOOO g
RTWP I bit (4] of WR15 it 1
LST if bit (4} of selocted WH is ©

Reset Interrupt

Unconditionally sets status bit 1o O

All other instructions

and inarrupits '
T

Do not affect the status bit {see Note 1)

-}
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MOTE 1: Tha X instrucrion lrsalt
that instruciion,

o,

TABLE 7 — STATUS REGISTER BIT DEFINITIONS {Concluded)

INSTRUCTION CONDITION TO SET BIT TO 1, CTHERAWISE
SET TO O FOR INSTRAUCTION LISTED.
aIr NAmE AND/OR ALSO, THE EFFECT OF OTHER
INTERRUPT INSTRUCTIONS AND INTEARUPTS
5715 Odd CH, MOVE If I5A]) bas 0dd number af 1's
Farity LDCR If t < C < 8and {5A} has odd number of 1,

IFC=Deor8 < C <15 does not affect the
status bit.

STCH 11 < C < 8 and the stored bits have an odd
tumberof 1's HC =00ar 9 < €< 15, does
nat affect the status bit.

AR, 5B, SOCB, If result has odd numbear ol 175,

$ZCB

ARTWP H bit (5) of WR15 s 1t

LST It bit 15} of salected WH is 1

RAeset Interrupt Unconditianally sets status hit to O

All other instructions Do not aftect the siatus bit see Note 1)

L and Interrupts
STH X OF XOP tf XOP instruction is executed

RTWP I bit (6} ot WR15 js 1

LST If bit |6} of selected WH is 1

Reset Interrup Unconditionally sets status bit 10 0

Al ather instructions Do not afiect the siatus bit {see Note 1)

and interrupts

ST7? Linused RTWP H corrmspanding tit of WR15 i 1
STS Bits LET I corresponding bit of selected WR s 1.
ST9 XOP, fny Unconditionally sets aach of thess status
and Interrupt bits 10 0
STt1 Ail gther inatructicons Do not atfect thase status bits (see Notw 1)
$T10 Arithmetic RTWP 1 bit (10} of WR is 1
Overflow LST It bit {10} of selected WH is 1
Enable XOP, Any Unconditionally sats suatus bit to O
Interrupt
Al other inetructions Do not affect the status bit {see Note 1)
sT12 Interrupt L IntI If corresponding bit of 109 is 1
5T13 Mask RTWP ¥ corresponding bit of WR1S is 1
5T4 LST 1 correspanding bit of selected WH is 1,
and HST, Reset and Unconditicnally sets each of these status
ST15 NMI Interrupis bits tx Q

All other interruprs It 3T12 - 5T15 = 0, no changa

tHHS8T12=58T15 + O, 521 10 ane
lLess than level of the interrupt trap taken
All piher instrucrians Do not affect these status bits {(see Note 1}

tows not sifect any sratus bl the instruction #axacuted by the X ipstruction sats status bits as defined for

i
E
!

4.5.2

OPCODE | B REEULY STATUS
MNEMODNIC |- MEAMING COMPARED BITS DESCRIPTION
e 1 2 (3 TOO AFFECTED
A 1 0 1 (0| Aadd Yo 04 ISA) + (DA} -~ {Da)
AR 1 0 1 1 | Add bytes Yo 0-5 (SA) + DAY — IDA)
C 1 9 0 |0] Compare No Q.2 Compare (54) 10 (DA] and set
. ' o 0|1 | commne e . ' appropriate starus bits
0-25 Compare (S5A) to {DA) and sat
ARPropriate status hirg
5 ¢ 1 t /0| Subtract Yeg 04 (DA) — I5A) - (DA}
£B Q@ t 1 || Subtracy bytes Yo 0-5 (DA} — (SA) — {DA)
SQC 1T 3V 1 | 0] Sat oneg corresponding Yes 0-2 (DA} OR (SA) = {DA)
SOC8 T 1 1 [ 1] Satones corresponding by res Yes 0-2,5 IDA) OR (S5A) — (DA
5ZC 0 1 0 0] Setzeroes corresponding Yot 0-2 (DA) AND (SAY — (DAl
5ZCR O 1 0 |1] Setzeroes COrresponding by tes Yas 0-2.5 {DA} AND (SA] ~ (DA}
MOV 1T 1 O |0/ Move ¥eg 0.2 I5A) - (DA}
MOVRE 1T 1 01| Move bytes Yes 025 (SA) — (DA

Dusl Operand Instructions with M

Addressing for the Destination

ultiple Addrassing Modes for the

Source Operand and Workspace Register

General 0 ] 2 3 4 =] & T 8 3 10D 1 12 13 14 15
Format: OP CODE Tg 5
. The addressing mode for the saurce operand is determined by the Tg fietd.
Tg S ADDRESSING MODE NOTES
00 G, 1...18 Workspace reqister
0 0, t. . .15 Workspace register indiract
10 O Symbolic
10 1,2...15 Indexad 1
L) D1, ..15 Workspece register iNdire¢t auto ingrecnent 2

NOTES;

1. Workspecs

m

Fegistar @ may not be used for indexing,
2. Tha workspecs ragintar is Incramen ted by 2,
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OF CODE RESULT STATUS OP CODE RESULT STATLS
MNEMODNIC MEANING COMPARED BITS DESCRIFTION MNEMONIC MEANING | COMPARED BITS DESCRIPTION
0 T 2 3 4 TOO AFFECTED 0 1 2 3 &4 6 6 7 8 o TOO AFFECTED
CoC Q0100 Compare anes MNo 2 Test (D) 1o determine it 15 ara in each bit MPYS 0 00 00 O0 O 1 1 3 Signed Yes 0-2 Multiply sigred two's com-
carresponding position where 1‘s are in [SA]_ If 5o, se1 ST2. Multiply ptement integar in WRD by
CZC 001 00 Compare zaroes No Z Test (D) to datermine i 0% are in each hit 2ignad two's complement
corsesponding position where 7' are in {5A). if so, set 5T2, integer [SA] and place signed
XOR 0 ¢ 101 Exclusive OR Yes 0-2 {DA} @ 5A) ~iDN I 3 2-bit product in WROQ (most-
MPY 301 11 Multiply Mo — Multiply unsigned (D) by unsigned {SA) and - significant) and WR 1 leasy-
place unsigned 32-hit product in D (most- significant.
Tmmfmant]' and DH_ llzast-significant}. H WH.tﬁ oIVS D000 O0COC GO 1 1 g Signed Yes 0.2.4 If the Quotient camnot bs ex.
is D, the next word in memory after WRES will Divide Drossedt 85 » signad 18 bic
be used for tha least significant half of the
product. dquantity (BOOD Ibex) i3 a valid
r - DIy o001 11 Divige MNo & If unsigned {SA) is less than or egual to unsigned negative numberl, set ST4,
{D), prriorm no operation and set $T4. Otherwise, Dtherwise, divige sigqned, rwo's
divide unsigned (D] and {D+1} by unsigned {SA), complement integer in WRO
Quotient — (D}, ramainder — (D+1). 11 D = 15, and WR1 by the signed twa's
the mext word in memory after WA 15 will be complement integer (4} and
used for the remainder. place the signad quaotiant in
WRO and tha sighed remaindar
453 Signed Multiply and Divide Instructions i WR T, Tha sign of the quo-
. Hent is determined by sigebraic
i rules. The sign of tha remainder
Generg! 0 1 3 4 5 & 7 B 9 10 LR 12 13 14 15 is the sama ax the sign of the
Farmat. OP CODE Tg ' 5 : dividend and IREMAINDER |
< | DIVISOR |
]
The addressing mode for the source operand is determined by the Tg field. '1 454 Extanded Opaeration (XOP} Instruction
i
Ts c ADDRESSING MODE NOTES General 0 1 2 3 4 5 6 7 a 2 10 11 12 13 14 15
00 9,1...18 Warkipace ragister ! rermat [0 0 1 0 1 ° Ts S i
4y .1... 15 Workspace registes inghrect 1
10 0 Symbolic 1 . . ) . - )
o . Indexed ' 2 TheTg anc'l S fields provide multiple mode #ddressing capability for the source operand, When the XOP is executed,
’ , _ the following transfers oceur:
11 0,1... 15 Workipace register indirect 1.3
auto Increment

NOTES: 1, Workspacs rogiaters G and ) contein operands used in tha signed multiply and divigde operations.

(4045 + 4D) = {WP)
4. Weotkspacs register O may not be utad for indexing.
3. The workspace Fagiveer is incremenisd by 2. {42‘15 + 4[” - IPC}
‘ SA—{new WR11)
i
' lold WP) * (new WR13)
{old PC) -= {new WR14)
‘ {old &T) —= (new WR15)

-

After these transfers have been mede, 5TG is set to one, and 8T?7, 5T8, 579, ST10 (Overflaw Interrupt Enable},
and S5T11 are all set to zero,

[ LN |

—_—t

The TMS 9995 does not service intsrrupt itrap reguests (except for the Reset and NMI Requests} at the end of
the XOP instruction.

.I
. T = iyl e L E e s O e - T -
1




465 Singla Operand Instructions | 4586 CRU Multiple-Bit Instruction

Genaral ] 1 2 3 4 5 6 7 H 2] 10 LR 12 13 14 15 : General 0

P2 3 4 5 6 7 B 8 10 11 12 13 14 15
OP CODE C Tg

' Format: QP CODE L 3 Farmat:

S

SoviCee add l&lﬁ .

_ It C =0, 16 bits will be transferred. The CRU base

register {WHI?L+bits 0 through 14) defines the ptarting CAU bit address. The bits are transferred secially and the
CRLU address is incremented with aach bit transfer, although the contents of W

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

ESU TUS . . ; R12 are not affected. T )
MNEMONIC i MEANING c:nnu;:n E1;::&1'5 DESCRIPTION | - in ility_for_the source operand. I eight or fewer bits are transﬁr:;d{g p:c;
5 1 2 3 4 58 6 78 o 10 ZERO | AFFECTED through 8}, the source address is a byte address. If nine or more bits are transferred (C = 0. 9 through 15}, the
' source address is a.m}rd address. If the source is addressed in the workspace register indirect auto inerement m-ﬂ-dg
B 0 0 0 ¢ O 1 O O 0 1 {Branch No —~ SA - (PC) the W“fk::r“ register s incremented by one it C = 1 through 8, and is incremented by two otherwise. If the
SOUrCe is ressed in the register mode, and if the transfer is ei i lacs b ] '
aL 0 0 0 6 6 1 1 0 1 ol Braneh No ~ IPC] = (WR11Y- SA — {PC) r s eight bits or 'less, bits 8 - 15 are unchanged.
and Iink
BLWP @ 0 0 0 0 t 0O O 0 0| Branch No - {SAY -+ (WP); ISA + 2) ~ [PC); " OP CODE RESULT STATUS
and load (odd WP - [new WR13); NEMONIC MEANING COMPARED BITS DESCRIPTION
wWOor kspace iold PC) — {new WH14}; ' 0 1 2 3 4 5 TQO AFFECTED
pointer (old §T) — inawe WH15): ! LOCR 0 a "
; 1 0 0 Load Yot 25 ; .
The TME% dogs not ger- . .ﬁ Bﬂﬂlnﬂlﬂg with
o e R communication LSH of
ViCB intarrupt trap requests : aginte a ‘EMP
I r
{except for the Reset and NM\ E transfer the
Hecquests) at the end of tha seecified number
BLWP instruction. ol bits from [SA}
; .h s CRL.
CLRA O 0 0 0 0 1 © © 1 1/} Clear Ng - 0 — (SA} : STCR 0 0 1 1 0 1 Store Yos 0-2.8 | a
Oparand [ -, 5" @ginning with
mm'unk.tiﬂﬂ' LEB uf ISAL N
SETO ¢ @ 0 0 0 1 1 1 0 D| Setto No - FFFFyg —+ (SA) _ register trenster the
Oy , specified number
INV 0 0 0 0O 0 1 0 1 0 t] inven Yus 02 (SA) — (SA) ; of bitsfron) the
| v : CAU to ISA)LY
NEG 0 0 O 0 0 1 0 1 0 0O} Negate o 04 —{5A} = [SAI Load unfilled bit
ABS 0 6 ¢ 0 0 1 1 1 0 1| Absalute No 04 | [SA) !~ {SA) ! | positions with O,
value® [ *STS Is sifectad anly if 1 € C < &, t
}
SWPB - [ 0 0 O O O 1 1 0 t 1| Swap Na - {SA]. bita O thru 7 = {SAl | 4.6.7 CRU Single-Bit Instructions
by tes bits 8 thru 15; (SA}, ; $A4 z sovréce
bits 8 thru 15 -+ (SA], Odelree 2x
P g 7 1 Ganers ¢ 17 2 3 4 § & 7 B 9 10 11 12 13 14 1
INC 0 0 a D O 1 0 1 t 0] increment Yo 0-4 {SA) + 1 = (SA) Format:
‘ OPF CODE SIGNED DISPLACEME
NT
INCT 0 0 ¢ 0 0 1 0 1 v +/| incremem Yes 0-& ISA) + 2 — (SA)
by twa |
The signed disptacement is added to the con i
DEC 0 0 0 ¢ @ 1 1 Q@ 0 O] Decrement Yes 0-4 ISAl - 1 = (SAl ! selected. ontents of WR12 {bits 0-14) to form the address of the CRU bit to be
DECT 0 0 O O 0 1 v 0 0 1] Decremant Yo 0-4 (SAl — 2 = [BA}
by two
ol o 0 0 9 O 1 g 0 1 0| Execute MNa - Execute the instruction
at SA, .

. QOparand la compersd to tero for status bit,

= i sddithone memary words for the axecute instruction are requirsd to gafine tha operends of the instruction located at SA, Thews words
will ba sccessad from PC and tha PC will be updatad sccordingty. The inyruction acouisition signat (1AG) will not be trus whan the
TMS 9995 sccesses the instruction at 5A, Status bits are affected in the normal manner for the ingtruction axecuted,




459 Shift Instructions

oF CODE T STATLUS
MNEMONIC MEAMNING BITS DESCRIPTION
0 1 2 3 4 5 & 7 AFFECTED General °© v 2 3 4 B & 7 8 8 10 M 12 13 14 1s
' $80 0 0 0 1 1 1 0 ) Set bit to — Set the selected Format: OP CODE | C W
one output bitto 1,
SRZ Q 0 aJ b ] 1 1 0 Set bit to — Sat the selected .
Hf C = 0, bits 12 through i i - .
zer0 output bit to 0. : gh 15 of WRO contain the shift count. If C = 0 and bits 12 through 15 of WRD - {, the shift
‘ court is 16, .
T8 0 0 0 1 ) 1 1 1 Test bit 2 If the selected - "
CRLU input bit =
1,280t 5T2: if the OF CODE RESULT STATLUS
sedectad CAY in- MNEMONIC MEANING | COMPARED BITS DESCRIPTION
put = O, yat ST2 ¢ 1 2 3 4 B & 7 TO O AFFECTED
=0,
SLA 0 0 0 0 1 (4] 1 4 Shift lgfy Yes g-a Shife (W} e
458 - Jump Imtructions arithmaetic Fill vacated
kit positions
b with [,
General 0 1 2 3 4 E 6 7 8 9 1M 11 12 13 14 15 | SRA 0 0 & 0 1 9 o 0 | Shiftright Yes 0.3 Shif1 (W) right
Format: OP CODE SIGNED HSPLACEMENT _ withmetic Fill vacated byt
: positions with
original MSB
Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are ' of {W|,
st specified values. Otherwise, no operation occurs and the next instruction is executed since the PC points to the ; SAC D 0 0 0 1 Q 1 1 Shify right Yy 0-1 Shitt (W) right
- . . + . . . . r ] - L] .
next instruction. The signed displacement field is a word count 1o be added to PC. Thus, the jump instruction has i cireular Shift u';
[l ] - - ' I r'
a range of —128 to 127 words from memory-ward address fallowing the jump instruction. LSB .pt I:ﬂs;
mnto .
Mo ST bits are affected by jump instructions. ' SRL 0 0 o o 1 0 0 1 Shitt right Yos 0-3 Shift (W) right
. right,
| logical Fill vacated bit
OF CODE ! ;:::sitinn: with
5.
MNEMONIC MEANING ST CONDITION TO LOAD PC
o t 2 3 4 5 6 7 4.5.10 Immediate Register instructions
(]
JEQ 0 D 0 ¥ a 0 1 1 Jumnp aqual STZ2=1
JGT 0 0 { ! 0 ] c 1 Jump graater than i8T1 =1 i 0 1 2 3 4 5 B 7 8 o 10 11 13 13 14 5
j
JH a o0 0 ' 10 1 1 | Jump hign STO=1and §T2=0 [ General OP CODE 0 W
JHE 6 ©0 @ t 0 1 @ 0| Jumpnighorequal STO =10r8T2 =1 | Formar: 1OP
JL 0 ) 0 1 1 O 1 0 Jump low STG=0and §T2 =0 |
JLE 0 D O 1 0 0 1 0 Jump low or squal STE=0orST2 =1 I OPF CODE RESULY STATUS
! MNEMONIC MEANING COMP
JLT a 0 O 1 (1 0 0 1 Jump less than ST1=0and 5T2=0( I o 9 2 3 ARED BITS DESCRIPTION
! 4 &§ 6 7 B 9 1w TDO AFFECTED
JMP 0 0 0 1 3 0 0 0 Jump unconditional Unconditional ! Al 0 0 0 O 0
e \ ; \ \ : 0 1 0o 0o o 1 Add immediste Yo -4 W) 4 10P — {W}
D 1 1 1 1 Jump no carry 5Ta=10
: ANDI 2 0 0 0 9 0o 1T 0 40 1 0 AND immedigie Yog 0.2 (Wl AND 10P -+ (W}
JME aQ D D 1 0O 1 1 L Jump not equal sT2=0 cl 0 o
! ¢ 0 0 0 1 0 1 0 0 |Comparsimma Yer 0-2 Compere (W) 10
JND 0 0 0 1 1 | D } Jum eril 5Td =0 :
ump no overflow ‘ diate tOP and set appro-
JOC ] 0 0 1 1 v} 0 ] Jump an carry 5T3 = priate sTatus bits.
L} ¢ ¢ 0 0 O 0 1 i i
JOP 0 0 0 1 t 1 0 0 lump odd parity 575 = 3 : 0 0 0 0 [iLosdimmediste Yos 0-2 HOP -+ { W)
ORt 0 0 9 0 0 0 1 9% 0 1 1 |ORimmediste Yo 0-2 IW) OF 10P ~ (W}
L
]
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4.5.11 Internal Register Load Immediate |nstructions 4514  External Instructions

0 1 y. x| 4 5 6 7 g 9 10 11 12 13 14 15 Genegral o t 2 3 4 5 '+ 7 8 g 10 11 12 13 14 15
General aQPF CODE 0 0 O 0 D Format: OP CODE 0 ) 0 4] 0 O
' Format: ]
External instructions cause three data lines (D0 through D2} to be set to the levels described betow, and the WE/
CRUCLK line to be pulsed, aliowi f i ingti
P pulse owing external pgﬂtrnl unctions to be initiated,
' MNEMONIC MEANING DESCRIPTION -
1 z 5 [ 7 B q 10
0 3 4 OF CODE STATLIS
LWPI 0 0 1 0 1 3 Load workspace 10P — (WP}, no ST bits MMNEMONIC MEAMING BITS DESCRIPTION DATA HUS
pinter immediate affegted, 0 1 2 3 & 8 10 AFFECTED DO [ D1 | D2
LIMI { 0 1 1 0 0 Load in&errum IOP, bits 12 thru 15 -+ IDLE ¢ 0 0 O O 1 0 Idle ~ Suspend TMS 9005 L i L
mask ST12 thru ST1E. inslfuction execulion
until an unmasked
4.5.12 Internal Register Load and Store instructions interrupt leve
FE(JUPSE QCCcurs.
RASET 0O 0O 0 g 0 1 1 . .
Ceneral . . . o 1 1 2 14 s Resey 1215 Se1 5T12-ST15 L H | H
1O rero.
: P
Format OF CODE W CKOF 0 0 0 O o 1 0 | User defined _ - H| H L
CKON 0O O 0O 0O o0 a 1 Liser defined - - H L H
oP CODE STATUS
LREX 0 O 0 0 O 1 1 i -
MNEMONIC MEANING BITS DESCRIFTION User defined Hln|H
5 6 7T 8 0 N AFFECTED 4515  MID Interrupt Opoodes
TST 0 1 0 1 0 0 5 — W ; . ,
S H*Z‘_E:“‘“’ (3T~ tw) The instruction opcodes that will cause an MID interrupt request (see Section 2.3.2.2) are (hex numbers):
agister
LST o a9 9 1 4] D Laad status 015 {W) -+ I5T) 0000-007F 0301-033F
Regisier 00A0-Q17F (34 1-035F
' 0210021F 0361-D37F
SPace parnter 0250-025F D3A1-03BF
LyyP a o o 1 0 1 Laad work. 1w — {WP) 0270-027F Q3C1-03DF
space pointer 0290-029F 03E1-03FF
- 02BG-02BF 0780-07FF
4513  Return Workspace Pointer (RTWP) Instruction 0200-020F OCO0-0FFF
02E1-02FF
General 0 1 2 3 4 5 6 7 8 9 10 1t 12 13 14 15 4.6 INSTRUCTION EXECUTION
Format: o ¢ 0o © 0 0 1 1 L 0 @ ¢ ©o © 0 o0 4.8 Microinstruction Cycle

Each TMS 9995 instruction is executed by a sequence of machine states {microinstructions) with the length of
each sequence depending upon the specific instruction being executed. Each microinstruction is cempleted in one
CLKOQUT cycle unless Wait states are added to a memory of CRL cycle, (Also, each external MemOory 5pace access

The RTWP instruction causes the following transfers to oceur:

(WR15) = (ST) of & word and each externat CRU cycle requires at least two CLKOUT cycles but will he accomplished with a
single microinstructiont.

(WR14) -=(PC)

(WR13) = (WP}
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4.6.2

4.6.3

Exscution Sequance

The TM3 9985 incorporates an instruction prefetch scheme which minimizes, and in some cases eliminates, the
time required 1a fetch the instruction from memory, Without the prefetch, a typical instruction execution
sequence 15 as follows:

{11 Fetch instruction

(2} Decode instruction

{3} Fetch source operand, if needed

(4}  Fetch destination operand, i f needed

{5)  Proress the pperands

{6) Store the results, if required

The TMS 9995 makes use of the fact that during Step 5 the memaory interface is not required: therefore, the fetch
of the next instruction can be accomplished in this tima, This instruction 1s then decoded during the state{s} that
islare} required 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 RAMI. Note that it effectively takes only four machine states to perform all six steps,

TABLE 8 — EXECUTION SEQUENCE EXAMPLE

STATE

STEP COUNT MEMORY CYCLE INTEANAL FUNCTION
1 - Fl‘l:‘l-;;_trl;.t.{;l;tiﬂ; F'n}ce;; ;’:'i.-\rl_c_:us Qparands
2 ) 1 o Write Fasults Decode Instruction
3 2 Ferch Source |
4 K| Feich Destination

T8 4 Fetch MNext instruction Add

6 Write Hesults Decode (nstruction

It should be noted that the instruction prefetch scheme employed by the TMS 9995 can cause self-modifying
software to execute incorrectly. Incorrect execution will resutt when an instruction is supposed 10 generate the
opcode of the very next instruction to be executed. (The TMS 9995 wil! begin the feteh of the opcode of the
next instruction before the currently executing instruction stores the results of its execution.)

TMS 9995 Instruction Execution Times

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

{1} Machine state time, t.2.

{2}  The tocation of the instruction opcode {internal ar external memaory].

{3} The location of the workspace and the operandis} {internal or external memaory).
(4) Addressing mode used where operands can be fetched via multiple addressing modes.

(8) MNumber of Wait states introduced, as appropriate,

49

Table § lists the number of clock cycles required to execute each TMS 9995 instruction for various combinations
of on-chipfoff-chip location of instruction opcodes, operands, and workspace. {Other combinations can be ex-
tropolated from the ones listed.) For instructions with multiple addressing modes for either or hoth operands
Table 9 lists CLKOUT cycles and associated off-chip memory accesses with all operands addressed inv the wmkf
space register mode, To determine the total number of CLKOUT cycles and associated off-chip memory acresses

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 = 12 {C1 +C2+ W(XME + XM2}]

where

T = total instruction execution time

tc2 = CLKOUT cycle time
C1 = base CLKOUT cycles
C2 = additienal CLKQUT cycies for operand address
detivation {values in Table A’ are for.one
operand only)
W = number of Wait states per off-chip (byte length) memory cycle
XMt = base off-chip {byte length) meamory cycles
XM2 = additional off-chip (byte lernigth} memory cycles
tor operand address derivation {values in Table "A"
are for one operand only)

H

Several examples are Fisted in Table 11,
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TABLE 9 — INSTRUCTION EXECUTION TIMES YABLE 9 — INSTRUCTION EXECUTION TIMES (Concluded)

Opcodes & Ovcodes & [
Imuimadiate Immediate
Dpcodes K Operandsy O Opeodes & Operands OFf
Immadiate Chip; Source Immediate Chip: Source
INSTRALUCTION Operands O Operand Off INSTRAUCTION Operands Off Qparsnd Off
Opcodes & Chip; AH Other | Chip; Destination | Opcodes & Operand Dpcodes & Chip; All Other | Chip; Destination |  Opcodes & Operand
Al Operandsx Dplrlrl_-ﬂu On Operend On All Dp-urllnd: Addrlu AN Opersnds Ciperands On 0 ' On AN Operpnds Address
On Chip Chip Chap O Chlp Darivation ) On Chip Chip 3 Chip OF Chip Derivation
® @' - K ? 0]
C1 XM1 C1 X1 c1 XM1 C1 XMT | Source | Dast c1 xm ¢1 XM1 C1 XM 1 C1 XM1 | Souree | Dest
A P 0 5 2 8 4 8 8 A A 87 8 o 9 2 g 2 19 a ]
AB 4 0 5 2 5 3 5 5 A A SETO a 0 4 2 5 4 5 2 _
ABS 3 0 4 2 & 6 8 6 A - SHIFT [C+#0} 5+C 0 6+C 2 6+C 2 9+C 6 _
Al 2 5 & 4 5 2 - 8 — - SHIFT {C=0, Bits 12-15 af WRO-() 23 0 24 2 24 2 27 8 _ _
ANDI 2 > 5 a 5 p 3 8 — — SHIFT (C=0, Bity 12:15 of WRO=N=0D] | 7+N 0 8+N 2 8+N 2 114N a = i
B 3 0 3 2 4 2 4 2 A - SOC 4 0 5 2 8 N B 5 A A
8L 5 0 6 ) 7 4 7 4 A — S0C8 41 0 5 2 5 3 5 5 A P
aLWP 1 0 12 2 149 ' | &® 17 12 A _ SYCR IC=0} 43 0 44 2 46 6 a7 8 A ~
C 4 5 g . G a 7 B 2 A STCR {1<Cx8) 19+C 0 20+C s 22+C 6 234C B A _
cs 4 0 5 2 5 a 5 4 A A STCA (9=<Cx15) 27+C 0 28+C 2 30+C & 31+C g A ”
Ci 4 0 & 4 6 4 7 & _ _ STST 3 0 4 2 4 2 5 4 _ N
CKOF 7 0 8 2 8 2 8 2 — - STWP 3 0 4 2 4 2 5 a ”
CKON 7 0 8 2 8 2 B 2 - - SWweB 13 0 14 2 6 Y 16 G A .
CLR 3 0 4 ? 5 4 5 4 A _ $ZC 4 0 5 2 6 4 A 8 A A
coC 4 0 5 ) 5 4 7 5 A - 5ZCB A 0 5 2 & 3 5 5 A A
czeC 4 0 5 2 6 4 7 8 A _ s B 0 9 2 9 2 10 3 -
DEC 3 0 a4 2 6 6 6 & A, — x@ 2 0 3 2 4 4 4 4
DECT 3 o 4 2 6 6 5 6 A _ XOP 15 g 16 2 150 ;| &® 22 14 A
DIV (ST4 is g0t} 5 0 7 2 B a 10 8 A - XOR 4 0 5 2 6 4 8 8 A
DIV (ST4 ix resst)(D 28 0 29 2 30 4 34 12 A — Interrupt Context Switch {For any
DIVS (5T4 is set} 10 0 1t 2 12 4 a6 e A _ Interrupt, including Reset, NMI, MID, | 14® ol 7@ | 8@ | 17® 8B | 200 1D - -
DIVS (5T4 is reser1(D a3 0 34 2 35 4 39 12 A — and overfiow]
IOLEQD 7+2 Q 8+3 2 B+2I . g+21 2 — —
ING 3 0 4 2 8 6 6 6 A — NOTES:
INCT 3 p p 5 8 . - 5 A €} :ddltlfn:l cycies 10 be sdoed, if appropriate, sre tisesd in @  Trap vactor off chip: New workansca nn chip.
sble A" | Tanle 1 1. @ Regittery for ragitier-only instructions are on chip {Shify
INV 3 ¢ 4 2 & 6 5 5 A - @ Exscution time is depandant upan tha oartisl quotient aftar instructions, STST, LET, STWP. LWFP} and registary 1oy
JUMP | All Jump Instructions) 3 0 4 z 4 2 4 2 - — :::::::‘:::::::::;'“fuﬁﬂﬂ- Clock cycies shown are Instructions whare sn additional register is raquired are on.
LDCR (C-0) 41 0 12 ? 43 4 44 6 A - E Will rarnain in ld1a Itlll‘until ant unmacked Interrupsy re- ;'.IEIFE':I::; :::q.:;:::n:l:' Foch. Lo, =80. 562 5TCR,
LOCR 1<C<15}) 9+ 2C 0 10+2C 2 H1+2C 4 12+42C g A, - Auest occurs {) = number of CLKOWT cycien unti! regquest Q Wq;rtm'g- on chip -
= > ° - = : > 2 ° ° — @ ::t:::;un time shown doss not inchud . - @ Trep vector on chip; Mew workspace on chip [NMI anly)
LiMI 5 O 7 4 i 4 7 4 - natraction at source .ﬂdr“:ﬂ nctuna axecution time of @ Trap vector and New wirirkapsce an chip
LRE X 7 0 B 2 g 2 f . _
LST 5 0 6 2 6 2 7 4 _
LWP 4 0 5 2 6 2 & 4 —
LWhi _ 3 0 6 4 6 5 6 4 -
MOV o 3 | ol & | 2 5 4 6 6 A | A
MOVE x| i) 4 2 4 3 4 4 A A
MPY 23 0 24 2 25 4 28 10 A -
MPYS 25 0 26 2 27 4 a0 10 A, -
NEG 3 D 4 2 6 & 6 6 A ~
OR| 4 D 6 4 6 4 8 8 — —
RSET 7 a 8 p, 8 2 g 2 — —
RTWP 6 Q 7 2 riF) 20 10 8 — -
s 4 0 5 2 6 4 8 8 A A
58 4 0 5 2 5 3 5 & A A
SB[ 8 0 9 2 9 2 10 4 — —




TABLE 10 — OPERAND ADDRESS DERIVATION (TABLE “A™)
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5.1

TMS 9995 PRELIMINARY ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE {UNLESS
OTHERWISE NOTED)T '

Supply voltage, Vot L —D3ta7V
Al nput valtages | L e -03to 20V
Qutput voltage . . . . L —031w0dV
Continuous power disSIPation . . . L e TW
Operating free-air temperatur@ 3G . .. . .. oL, 0"C o 70°C
Storage temperature FanGgeE . . L L e e e e e . —B5°C 1o +150°C

TStrestas bayond those listed under “Ausolute Maxirum Ratings”” may cause permanent damage to the device, Thiy is a stress raring only and
Tunctianal oparanon af the device ar these or any ather conditinng heyond those indicated in the “Recommended Cperating Coanditiong'’
sectian of this specitication is notr impliegd. Exposure 10 absoiuie maximum rated conditions tor extonded pariods may atfect device relianility.

ta voliage values are with respact 1o Voo

5.4 CLOCK CHARACTERISTICS
The TMS 9995 can use either its internal oscillator or an external frequency source for a clock
54.1 internal Clock Option

The internal oscillator is enabled by connecting a crystal across X TAL? and XTAL2/CLKIN, (See Figure 25). The
frequency of CLKOUT is ane-fourth the crystat fundamental frequency.

TMS 9945

XTALZ/CLKIN

T €1 T Cz
v
NOTE: Cq and Co repréyent tha total capecitance an theye 2in% including Sirays and parasitice

FIGURE 25 - INTERNAL OSCILLATOR

PARAMETER TEST CONDITHINS MIN | NOM | MAX | LINIT
Crysta) frequency, f, oc o 4 12 '_.T_IE 1 _LMHJ
€y.Co 0°C - 10¢C 10 15 75 | pf

h.4.2  Extsrnal Clock Option

5.2 RECOMMENDED QPERATING CONDITIONS
PARAMETER ) MIN NOM MAX UNITS
Supply voltage, Vo 45 5 hS v
Supply voitage, Voo O v
High-level inpui valtage V| lail inputsl 2 W
Lt ow-level input voltage V| {alt inputs} 08 LY
High+4evel output current, Igy lall curpurs 100 A
Low-lavel putput current, 1oy {alt qutputs) 2 mA
Operating Yrea-air tu'l"r‘lperﬂtuTE, Ta 0 70 °c
5.3 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE (UMNLESS
OTHERWISE NOTEDI
PARAMETER TEST CONDITIONS MIN Tyet mMaAX [ UNITS

Vo Hi#t-lu;r;.t:l;;]-ui 1.rnl1a-;h UE_C - MIN ipH MAX 2.4 3 v
VoL Low-level nutputl valtige Voo MIN lpL - MAX 03 0.4 v
1oz O 31318 ovrpuT current Yoo MAKX Vo~ 24V 20 A

Vo =04V —20] uA
I lnpul current V)= Ves o Ve +50 Tr.
T Supply current Ve = MAX 1543 1801 mA

Data Bus 75
“ Input Capaciance 1 ol oihers (- 1 MHz, All 15 oF
Co Ouipul Capacitance Data Bus othar pins 0 V oF
All gthers 10

YAN typical valuss are at Ve BV, T4 * 26°C

ADVANCE INFORAMATION
This docurnen? contains information on
a new product, Specifications are subject 54
ta change without notice,

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

PARAMETER MIN NOM MAX |UNMITS
faxe External source Irequency 4 12 121 MH:
tey Inpur oscillator cycle Hime LW, 835 250 ns
Ty Inpat oscillaroy rise rime .5 15 ns
TWH1 Input asciltalor putse width high “heq -tR4 ns
i} input oscillator fall time 5 15 ns
WL Foput gscillator pulse width tow ‘an] I|l| ns

ADVANCE INFORMATION
55 This document containg infarmarion on
a8 new proaiset. Specifications are subjecy
10 change withourt notice,



TMS 99495

XTAL2/CLKIN

EXTEAMNAL
OSCILLATOR

ND
CONNECTION

FIGURE 26 — EXTERNAL OSCILLATOR

2.5 TIMING REQUIREMENTS OVER RECOMMENDED OPERATING CONDITIONS
FARAMETER MIN NOM MAX JUNITS
tsud Setup ime, READY prior to | CLKQUT (memary cycles) 100 ny
th1 Hold fime, READY after | CLEKDUT [mamaory and CRU cycles) 0 ng
g2 Setup tinw, Cataprior to | CLKOUT Gh s
Thz Hold time, Data after | CLKOUT 0 ns
| LI Sotup time, CRUIN grior to 3 CLEKQUT 100 Ny
th Hold timae, CRUIN prior to | CLEDUT 0 ns
Tand Setup time, READY prior to | CLKOUY [CRU cycles) 200 g
b5 Seiup time, m prior to f CLEQUT 125 ns
sub Setup time, RESET and NMI prior to | CLEKOUT 140 ne
TwiLa Fulse winth, Interrupt inputs N i) P ns
Ik Fail time, INT1, iNTA/EC NPty 15 ns
WWHI Pulse width, ET snput high 160 ns
WiLs Pulse wig1h, EE inpul fowe 160 ns
] Cycle time, EG inpu I3 s
5.6 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS (Sae Figure 34}
PARAMETER TEST CONDITIONS MIN TYP  MAX  |UNTS]
141 Delay time, CLEIN | to CLKOUT ) 5 150 ns
CLEOUT [External clock source 4t ng
fe2 Cycle time | Interral oscillstor XTAL freq = fy, 4/t s
L7 " Rise time, CLEOUT ourput 20 30 ni
to Fall time, CLKOQUT output 10 20 ns
TWH2 Pulse width high, CLKOUT putput Blp2—1,9 ns
WL 2 Pulse width tow, CLKOUT gutpist tea—t17 ns
ta2 Dalay time, | CLKOUT to address valid Ytpo Hteo+db ng
143 Dwlay vime_ | CLEKOUT mm_luw SEE %ieo Hatap+d0 ns
g4 Dalay time, | CLKOUT to MEMEN high FIGURE 35 Yatoo %teat50 | ns
ta5 Dalay time, t CLEOUT tamw N 40 ns
6 Delay time { CLXQUT ta OBIN high Ay =24k 0 54 ns
t47 Delay time, t CLEKOUT ta tAQ/HOLDA high Ra = 24 k(2 0 40 ns
148 Delay time, ' CLEOUT 10 IAQ/HOLDA inw Cy = 100 pF 0 50 ns
ta9 Delay time, ! CLKOUT 10 data cutput valid 0 40 ns
taio Detay time 1 CLKOUT to WE/CHUGLK lovw o 40 ns
911 Delay time, 1 CLKOUT 10 WE/CRUGLK high 0 50 ns
13 Rise time WE /CHUCL R DuipU e B 20 S0 s
TACC Access time, I'HEI'II"I-[I-I'III' read cyches 5’-1;2 - 135 g
Tha Hold time, address ard CRUDUT outputs 'Ytep -40 ns
Ths Hold time, data output Alpg - 40 ns
twL3 Pulse witth low. WE/CRUCLK output %tes 40 s
Loz COutput disahie 1ime T Yt o +B0 ns
ADVANCE INFORMATION EE }

Fhis document contains information on
& new product, Specilications are subyee
to change withaut natice.

h 42 ) U —
-L ;WHEJ - 1[—

tor. rn: trr. Yt Ty, 8nd tyy become undafined Parametass when a crystal +3 connecied betwaen XTA LY ang X T ALZ/CLEIN
and tha internal ascillator is cansaquently enabled,

NDTE:

FIGURE 27 - TMS 0995 CLOCK TIMING

COMMON SIGMNALS:

CLQuUT

AQ-ATE ATS/CRUOUT

MEMEN

READY
{Sea NoTe)

MEMORY READ CYCLE

DO-07

CATA IN
VALID

DAy

1AQ/HOLDA
(1f Asyerted)

NEXT CYCLE |S

MEMORY WRITE CYCLE:
P MEMORY READ

DO.07 I -
|

—— e . . L . ]
WE/CRAUCLK ; N Iﬂ
L tfa

LAST CLKOUT HIGH.TD. |
LOW TRANSITION OF

PREVIQUS CYOLE

MOTE: Cyche shown s 1or no wait 1avey (with wait states, CLKOUT cycles ara sdded, but the switching paramaters oo ngt chengs)

FIGURE 28 — TMS 9995 MEMORY INTERFACE TIMING
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COMMON SIGNALS.
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0.9,
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XX

X2

X XXX

A

XXX,

$

XXX
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X

XX

X2

Xz

XAX,

¢

(XXX

d10

TwLe

XXX

BN

REALDCY {See Note)

CRUINPUT CYCLE:
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INSTRUCTION CYCLE:

CRU QUTPUT EXTERMNAL

S Eegele——

WE/CRUCLK

"_ﬁ !"'r]

BAT OUT valLID

A15/CRUCUT

Thd

LAST CLKOUT HIGH-TO-

LOW TRANSITION OF

PREVIOUS CYCLE

Cycle shown is for no wait states (with wait states, TLKOUT cycles pat addad, but the switching pararnatars do not changsl,

NOTE:

FIGURE 20 — TMS 9995 CRU, EXTERNAL INSTRUCTION TIMING

l
_.I l‘“suﬁ I ANY NUMBER I ~tsle—
q OF CLKOUT CYCLES i
M

FIGURE 30 — TM5 #3895 RESET AND NMI TIMING -

e

AESET, NMI

ANY NUMBER
OF CLKOUT CYCLES

CLKOUT WUW
P-.rtsuﬁ [ h'ﬂiﬁ.l ' '
: )‘ I
——u-—ui .
. —
LAQIHOL DA i ?‘ i $t '\|:
AQ-A14, A1S/CRUDUT, {
|
|
N, erwrat’

00-D7, DEIN,
NEXT CYCLE CONTROLLED

HOLD

- Jf
!

3

VALID

WE/CRUCLK

|

LAST CYCLE CONTROLLED
8Y TMS 9995

BY TMS 99495

FIGURE 31 — TMS 9995 HOLD TIMING

— "-tfa

INT1, INTS/EC

|‘_“WL4——-|

NDTE: Far INTAFEC, dacremanter it configurec as u timer or s disabladg,
FIGURE 32 — TMS 9995 INTERRUPT INPUT TIMING
INTA/EC
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6. MECHANICAL SPECIFICATIONS

THS 9995 OUTPUTS:
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e 2.020 {813 Max —-i
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: YO 4
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Sem Mo AL 0 D6E ' 0Oy o

1127+ 026}

NAOY ="~

NWOTEE. A Each pin cantertira is iocaied withy 0000 (2,54) of it true bongiudinel pagititn .
Al Uirvpi vt c Svd i ivchwe prd paranthatveathy i mittimewns, Inch dimennon gavern

FIGURE 34 — MEASUREMENT POINTS FOR SWITCHING CHARACTERISTICS

40-PIN PLASTIC PACKAGE
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FROM OUTPUT EITHER
UNDER INDEX
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& 0e0} - 0.070 €

115,24 - O 2]
0.020 {0,51)
— MIN —3-
._.L i "I 1T T o200 15,001 MAX
— SEATING FLME-—f—' _L
% 0126 12 17 MIN
001 00 DDYE ' 0.003 |
0278 - u,n?m‘\r 0457 - 9076} * -~ L0033 (0841 MIN
PiN SPACING 0,900 (2.54) T P. o 0095 (2.42)
0.055 {1.79)

NOFTE See Swatchung Characterigting 1or valums of CpL. A1 _R7 5 b 0080 11521 NOM _-ﬂ rq...-
all dinoes are IN916 o IN2064
NOTES. u. AN linemr limasrrsions are in nches and parenthetically in milimasen, Inch dimensicors GUYEn

h. Each pirs ettty bmd 13 loceted within 0070 (0 28] of it trus fongiiudingl position.

FIGURE 35 — SWITCHING CHARACTERISTICSE TEST LOAD CIRCUIT
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