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1. INTRODUCTION

1.1 DESCRIPTION

The TMS 9900 microprocessor is a single-chip 16-bit central processing unit {CPU)} produced using MN-channel
silicon-gate MOS technology (see Figure 1), The instruction set of the TMS 9900 includes the capabilities offered by
full minicomputers. The unigue memory-to-memory architecture features multiple register files, resident in memaory,
which allow faster response to interrupts and increased programming flexibility. The separate bus structure simplifies
the system design eifort, Texas Instruments provides a compatible set of MOS and TTL memary and logic function
circuits to be used with a TMS 9900 system. The system is fully supported by software and a complete prototyping
system.

1.2 KEY FEATURES
L 16-Bit Instruction Word
. Full Minicomputer Instruction Set Capability Including Multiply and Divide
L] Up to 65,536 Bytes of Memory
L] 3-MHz Speed

. Advanced Memory-to-Memory Architecture
L] Separate Memary, 1/0, and Interrupt-Bus Structures
. 16 General Registers

. 16 Prioritized Interrupts
O Programmed and DMA 1/O Capability

L] M-Channel Silicon-Gate Technology

2. ARCHITECTURE

The memory word of the TMS 9300 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set
of the TMS 9900 allows both word and byte operands. Thus, all memary locations are on even address boundaries and
byte instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word
and byte formats are shown below.

MSE LSB
|0]1l2{3]4‘5]6!?|8|9‘10‘11‘12]?3[14[15[
I
\BIT /
W
MEMORY WORD (EVEN ADDRESS|
MSE LS8 MSB LSB
v] 1‘2‘314‘5]6[?!8 9]10‘11‘12]13114]1541
N
i 2% i
A4 v
EVEN BYTE QDD BYTE

2,1 HEGISTERS AND MEMORY

The TMS 9900 employs an advanced memaory-to-memory architecture, Blocks of memory designated as workspace

replace internal-hardware registers with program-data registers. The TMS 8800 memory map is shown in Figure 2, The
first 32 words are used for interrupt trap vectors. The next contiguous block of 32 memaory words is used by the
extended aoperation (XOP} instruction for trap vectors, The last two memaory waords, FFFC]B and FFFE]G. are used for
the trap vector of the LOAD signal. The remaining memaory is then available for programs, data, and workspace
registers. If desired, any of the special areas may also be used as general memary.
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FIGURE 1 — ARCHITECTURE
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MEMORY
AREA DEFINITION ADDRESS 5 MEMORY CONTENT
o 15
-~
0000 WP LEVEL 0 INTERRUPT
0002 PC  LEVEL O INTERRUPT
0004 WP LEVEL 1 INTERRUPT
0006 PC  LEVEL 1INTERRUPT
INTERRUPT VECTORS <
s 2
oo3c WP LEVEL 15 INTERRUPT
003E PC LEVEL 15 INTERRUPT
~
-~
o040 WP XOF D
0042 PC XOFO
XOP SOFTWARE TRAP VECTORS < b g P
oo7¢ WP XOP 15
DO7E PC XOP 15
.
~
0080
L]
L]
.
GENERAL MEMORY AREA
GENERAL MEMORY FOR
M
PROGRAM, DATA, AND < “:;E ANYN
WORKSPACE REGISTERS o ATION.OF
PROGRAM SPACE
OR WORKSPACE
L]
.
.
LOAD SIGNAL VECTOR FFFC WP LOAD FUNCTION
FFFE PC LOAD FUNCTION

FIGURE 2 — MEMORY MAP

Three internal registers are accessible to the user. The program counter [PC) contains the address of the instruction
following the current instruction being executed. This address is referenced by the processor to fetch the next
instruction from memary and is then automatically incremented. The status register {ST} contains the present state of
the processor and will be further defined in Section 3.4. The workspace pointer {(WP) contains the address of the first
word in the currently active set of workspace registers,

A workspace-register file occupies 16 contiguous memory words in the general memary area (see Figure 2). Each
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or
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index registers. During instruction execution, the processor addresses any register in the workspace by adding the
register number ta the contents of the warkspace pointer and initiating a memory request for the word, The
relationship between the workspace pointer and its corresponding workspace is shown helow.

GENERAL MEMORY

PROGRAM A \ TMS 9900

PC tal
B =

WORKSPACE REGISTER D = WP (Al ‘

o]

WORKSPACE A

5T [F-¥] J

WORKSPACE REGISTER 15

s b

PROGRAM B

WORKSPACE B

The workspace concept is particularly valuable during operations that require a context switch, which is a change from
one program environment to another {as in the case of an interrupt) or to a subroutine. Such an operation, using a
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register,
and workspace pointer, the TMS 9900 accomplishes a complete context switch with anly three store cycles and three
fetch cycles. After the switch the workspace pointer contains the starting address of a new 16-word workspace in
memaory for use in the new routine. A corresponding time saving occurs when the original context is restored.
Instructions in the TMS 9900 that result in a context switch include:

1. Branch and Load Workspace Pointer {(BLWP]
2. Return from Subroutine (RTWP)
3. Extended Operation {XOP).
Device interrupts, ﬁ, and Rﬁ also cause a context switch by forcing the processor to trap to a service

subroutine.

INTERRUPTS

The TMS 9900 employs 16 interrupt levels with the highest priority level O and lowest level 15. Level O is reserved for
the RESET function and all other levels may be used for external devices. The external levels may also be shared by

several device interrupts, depending upon system requirements,

The TMS 9900 continuously compares the interrupt code (1C0 through 1C3) with the interrupt mask contained in
status-register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask
level thigher or equal priority interruptl, the processor recognizes the interrupt and initiates a context switch following
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complation of the currently executing instruction. The processor fetches the new context WP and PC from the
interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, and 15,
respectively, of the new workspace. The TMS 9900 then forces the interrupt mask to a value that is one less than the
level of the interrupt being serviced, except for level-zero interrupt, which loads zero into the mask. This allows only
interrupts of higher priority to interrupt a service routine. The processor also inhibits interrupts until the first
instruction of the service routine has been executed to preserve program linkage should a higher priority interrupt
occur, All interrupt reguests should remain active until recognized by the processar in the device-service routine. The
individual service routines must reset the interrupt requests before the routine is complete.

If a higher priority interrupt occurs, a second context switch oceurs to service the higher priority interrupt. When that
routing is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the return
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling-mask
value, and the interrupt code are shown in Table 1.

TABLE 1
INTERRUPT LEVEL DATA

Vector Location = Interrupt Mask Values To Interrupt
Interrupt Lavel [(Mamory Address Device Assignment Enable Respective Interrupts Codes
— In Hax] ISTT_Z_thru ST15} 1CO thru IC3
\ {Highest priarityl 0 0o Reser O through F* 0000
1 o External device 1 through F I 0001
2| 08 | 1 2 through F 0010
3 | oc | 3 through F 0011
a4 10 4 through F 0100
5 14 5 through F o1 I
[ 18 6 through F o110
7 1C 7 through F p1t
g 20 8 through F 1000
B 24 | 9 through F 1001
10 28 i | A through F 1010
11 26 i B through F 1011
12 30 C through F 1100
13 34 | D thraugh F 1101
14 38 | L i Eand F 1110
{Lowest priority) 15 3c i External device i F only . 1111

*Level © can not be disabled,

2.3

The TMS 9900 interrupt interface utilizes standard TTL components as shown in Figure 3, Note that for eight or less
external interrupts a single SN74148 is required and for one external interrupt INTREQUis used as the interrupt signal
with a hard-wired code |CD through |C3.

INPUT/OUTPUT

The TMS 8800 utilizes a versatile direct command-driven 1/O interface designated as the communications-register unit
[CRU). The CRU provides up to 4096 directly addressable input bits and 4096 directly addressable output bits. Both
input and output bits can be addressed individually or in fields of from 1 to 16 bits. The TMS 9900 employs three
dedicated 1/0 pins [CRUIN, CRUOUT, and CRUCLEK) and 12 bits (A3 through A14) of the address bus to interface
with the CRU system. The processor instructions that drive the CRU interface can set, reset, or test any bit in the CRU
array or move between memory and CRU data fields.
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25

e SN7408
INTERRUPT SIGNAL 1 = e
{highest priority} ; INTRED
1 SM74148 = SN7404
(TIM 9307) I ico
Al B Pl
SNT408
; o a0
I EQ L
s\Ta0e TMS 9900
‘ c2
El SN7408
I G5 p—
Ic3
Az
boeccv s oo
l sn7atas A
M
(TIM 9907) A0
INTERRUPT SIGNAL 15 gl

[lowest priority}

FIGURE 3 — TMS 9900 INTERRUPT INTERF ACE
SINGLE-BIT CRU OPERATIONS

The TMS 9900 performs three single-bit CAU functions: test bit (TB), set bit to one (SBO), and set bit to zera (SBZ),
To identify the bit to be cperated upon, the TMS 9900 develops a CRU-bit address and places it on the address bus, A3
to Ald,

For the two output operations (SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an ocutput
aperation to the CRU deviee, and places bit 7 of the instruction word on the CRUOUT line 1o accomplish the specified
operation (bit 7 is a one for SBO and a zero for SBZ). A test-hit instruction transfers the addressed CRU bit from the
CRUIN input line to bit 2 of the status register (EQUAL).

The TMS 9300 develops a CRU-hit address for the single-bit operations from the CRU-base address containgd in
warkspace register 12 and the signed displacement count contained in bits 8 through 15 of the instruction, The
displacement allows two's complement addressing from base minus 128 bits through base plus 127 bits, The base
address from W12 s added to the signed displacernent specified in the instruction and the result is loaded onto the
address bus, Figure 4 iHlustrates the development of a single-bit CRU address.

MULTIPLE-BIT CRU OPERATIONS

The TMS
cammunications reqister (LOCR). Both opera
memory-to-CRU as n Figure 5. Althaugh the figure illustrates a full 16-bit transfer operation, any number of
hits trom 1 through 16 may be involved, The LDCR instruction fetches a word from memory and right-shifts it to
serially transfer it to CRU output bits. If the LDCR involves eight or fewer bits, those bits come from the right-justified
field within the addressed byte of the memary word. If the LDCR involves nine or mare bits, those bits come from the
right-justified field w
an address that is sequentially greater than

9900 performs two multiple-bit CRU operations: store communications register (STCRI and foad

perform a data transfer from the CRU-to-memory or from

fustrate

in the whale memory ward. When transferred to the CRU interface, each successive bit receives
address for the previous bit. This addressing mechamsm results in an
5 af the memary word {or bit 7} becomes the lowest addressed bit in the CRU

order reversal of the bits; that

and bit G becames the highest addressed bit in the CRU field.

An STCR instruction transfers data from the CRU to memary, If the operation involves a byte or less transfer, the
transferred data will be stared right-justified in the memaory byte with leading hits set to zero. |f the operation invalves

from mine to 16 hits, the transterred data s stored right-justified in the memory word with leading bits set to zero.
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CLLLTTTTTTITITITT I

DON'T CARE

SIGNED
DISPLACEMENT

St d L
lelel TTTTTITTTET] soonssme

SET TO ZERO EFFECTIVE CRU BIT ADDRESS
FOR ALL CRU
OPERATIONS

FIGURE 4 — TMS 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT

CRU CRU
INPUT QUTPUT
BITS BITS
N = T N
L I
N+1 | | N+
INPUT ISTCR!
! |
| N—
| 1 |
| l /] ‘ 1 ]EFFECTIVE MEMORY ADDRESS‘ 14 | 15 ]
[ =} i |
| ‘ |
— | | QUTPUT ILDCR] | —
N+14 P | N+14
N+15 J L_.. ot N5

M = BIT SPECIFIED BY CRU BASE REGISTER
FIGURE 5 — TMS 9900 LDCR/STCR DATA TRANSFERS

When the input from the CRU device is complete, the first bit from the CRLU is the least-significant-bit position in the
memory word or byte.

Figure B illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface, CRU addresses
are decoded a5 needed to implement up to 256 such 16-bit interface registers. In system application, however, only the
exact number of interface bits needed to interface specific peripheral devices are implemented. |t is not necessary 1o
have a 16-bit interface register to interface an B-bit device.

TEXAS INSTRUMENTS



TMS 9900
16-BIT MICROPROCESSOR

4 4 15
AlZ-ANE S e
A1
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| C
|
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*

FIGURE & — TMS 9900 16-BIT INPUT/QUTPUT INTERFACE

2.6 EXTERMNAL INSTRUCTIONS

The TMS 9900 has five external instructions that allow user-defined external functions to be initiated under pragram
control, These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemaonics, except for IDLE, relate 1o
functions implemented in the 990 minicomputer and do not restrict use of the instructions to inilate various
user-defined functions, |DLE also causes the TMS 8800 to enter the idle state and remain until an interrupt, RESET, or
LOAD ocours, When any of these five instructions are executed by the TMS 9900, a unique 3-bit code appears on the
most-significant 3 bits of the address bus (AQ through A2} along with a CRUCLK pulse. When the TMS 9900 is in an
idie state, the 3-bit code and CRUCLK pulses occur repeatedly until the idie state is terminated. The codes are:

EXTERNAL INSTRUCTION -l AD a1 A2 |
EATERNA bl s :
LREX H [ H H |
CKOF H | 4 L |
CKON H | L | H
i RSET ! L £oH i H
B g s T e J

Figure 7 iflustrates typical exterral decode logic to implement these instructions. Note that a signal is generated to
inhibit CRU decodes during external instructions

e e S e e e e e e e O R L e e i
10
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TO MEMORY AND CRU

4 $

P
i CRU CLOCK SIGNAL
Y0 INTERNALLY DEFINED
SNT4LS138 i
i v6 oCKOF i1
15 3 a1 A it TO USER DEFINED EXTERNAL
TMS 9900 bf——e e ¥5 pLEQN . | INSTRUCTION LOGIC
AD-A14 AD e © REGET
vi o RESET
e INTERNALLY DEFINED
v2 fg!DLE
Gl GZa GZB
J | AD A1 A2
CRUCLK
[ - — CKOF H H L
T e CKON H L H

27

FIGURE 7 — EXTERNAL INSTRUCTION DECODE LOGIC

LOAD FUNCTION

The TMS 9900, When active,
immechately following the istruction heing executed

The LOAD signal allows cold start ROM loaders and frant panels 10 be implemented
LOAD causes the TS 9900 1o ininate an interrunt sequer
Memary location FFFC 15 used

o obtain the vecto The old PC, WP and 5T are loaded :nto the new

workspace and the imterrupt mask 15 set to 0000 Then, program ex tion resumes using the new PC and WP,

11
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RESET SIGNAL
CAUSES IMMEDIATE
ENTRY HERE

GET RESET VECTOR
(WP AND PC)

FROM LOCATION 0, 2
STORE PREVIOUS PC,
WP, AND ST IN NEW
WORKSPACE. SET
INTERRUPT MASK
(5T12-5T151 =0

LOAD
ACTIVE?

GET LOAD VECTOR
(WP AND PC| FROM
LOCATION FFFC1g.
FEFE g

STORE PREVIOUS PC,
WP, AND ST IN NEW
WORKSPACE. SET
INTERRUPT MASK
8T12 - 8T151 -0

LOAD
ACTIVE ?

N

XOP OR BLWP
INSTRUCTION?

INTERRUPT?
{INTREQ
ACTIVE]

INTERRUPT
VALID? (IC0-IC31 <
T12-5T15]

— '

GET INTERRUPT LEVEL
VECTOR (WP AND PC)
STORE PREVIOUS PC,
WP, AND ST IN NEW
WORKSPACE. SET
INTERRUPT MASK (5T12]
—S8T15) TO LEVEL — 1

N

FIGURE 8 — TMS 9900 CPU FLOW CHART

TEXAS INSTRUMENTS

IDLE
INSTRUCTION?




TMS 9900
16-BIT MICROPROCESSOR

2.8 TMS 9900 PIN DESCRIPTION

Table 2 defines the TMS 9800 pin assignments and describes the function of each pin.

TABLE 2
TS 9900 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE |[PIN | /0|  DESCRIPTION TMS 9900 PIN ASSIGNMENTS
| | ADDRESS BUS vgg 1 FAOLD
AD IMSB) | 24 | OUT| AO through A14 comprise the addrass bus. Ve 2 %0 REMEN
Al 23 | OUT| This 3-state bus provides the memory- WAIT 3 READY
AZ 22 | OUT | address wector to the external-memory LOAD 4 WE
A3 |2 OUT | system when MEMEN is active and I/O-bit  HOLDA & CRUCLK
Ad | 20 | OUT| addresses and external-instruction addresses RESET 6 Voo
A5 19 | OUT | 1o the /O systern when MEMERN is inactive. s 7 NC
AG 18 | OUT | The address bus assumes the high-impedance a1 B NC
Al 17 OUT | state when HOLDA is active, e2 9 D15
A8 16 | OUT Al4 10 D14
AS 15 ouT i3 n D13
A0 14 | ouT A2 12 D12
All 13 _OUT ATl 13 D11
A2 iz | QuT A10 14 D10
A13 | 11 ouT A9 15 4]
Al4 {LSE) | 10 | ouT AB 16 D8
| AT 17 D7
I | DATA BUS AB 18 D6
Do [MSE) 41 | 1O DO through D15 comprise the bidirectional A5 18 Ds
o1 42 | /O | 3state data bus. This bus transfers memory Ad 20| Da
D2 42 | 1/0 | data to {when writing) and from (when A3 21 D3
D3 44 WO | reading) the external-memory system when A2 22 D2
D4 45 1O | MEMEN is active, The data bus assumes the Al 23 D1
Ds 45 1/0 | high-impedanee  state when HOLDA s AD 24 Do
D6 47 | 1D | sctive. ¢4 25 Vss
o7 48 (He] Vgg 26 l NC
D8 48 | 10 | Vpp 27 NC
5%z} 50 | 1/0 | $3 28 NC
D10 | 81| 1o DBIN 29 ico
D11 | s2 | 1o CRUOUT 30 iIc1
D1z | B3 (Iie] CRUIN 31 icz
013 54 1o INTREQ 32 ic3
014 55 | 1o |
D15 (LSB) 56 | 10
NC — Mo internsl connection
| POWER SUPPLIES
Vag |1 Supply voltage (—5 V NOM|
vee | 2,59 Supply voltage (5 V NOM), Pins 2 and 59 must be connected in parallel,
Voo 27 | Supply voltage (12 W NOM]
Vgg 26,40 | Ground reference, Ping 26 and 40 must be connected in parallel,
i CLOCKS
a1 8 IN | Phase-1 clock
@2 a9 IN | Phase-2 clock
] 28 IN | Phase-3 clock
=) 25 IN | Phase-d clock

B e R e ) 0 Sl s X i e b o o e A O o LT o e S ) A A S R e S ]
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TABLE 2 (CONTINUED]
SIGNATURE | PIN o | DESCRIPTION

BUS CONTROL
DEIM 24 ouT Data bus in. When active Thigh), DBIN indicates that the TMS 9900 has dhsabted its ourput buffers 1o
allow the memary to place memory-read data on the data bus during MEMEMN. DEIN remains low in
all other cases except when HOLDA is active
MEMEN 53 i ouT Mermory enable, When active llowl, MEMEN indi 14 that the address bus contains a memory address
WE 61 | OUuT Write enabie. When active lHowl, \"}C irdicates that memary -write data s available from the TMS 2900
1o be written inte memory
CRUCLK &0 QuT CRU ¢lock, When active |highl, CRUCLK indicates that external interface logic should sample the
autput data on CRUOUT or should decode external instructions an AQ through A2
CHUIN n 1IN CRLU data in, CRUIN, narmally driven by J-stare or open-collector devices, receves input data trom
external inteciace logre. When the processor executes a STCR or TB instruetion, it samples CRUIN far
the level of the CRU input bit specified by the address bus LAZ through A14],
CRUDUT | 30 QT CRL data out, Serial 170 data appears on the CRUOUT lire when an LOCR, SBZ, ar 3BO instructiaon
| is expcuted. The data on CAUOUT should be sampled by external O interlace logic when CRUCLK
goes active [hight.
INTERRUPT CONTROL
INTRED a2 1™ Interrupt request. When active {fow), INTREQ indicates thar an external intesrupt is requested. |f
INTRED is active, the processar foads the data on the interrupt-code-input hines FC0 through 1C3 intg
| the imernal interruptcode storage reqister, The code is compared to the interrupt mask hits of the
| status segister. i1 equal or higher priority than the enabled interrupt fevel (interrupt code equal or less
thar status register bits 12 through 15) the TMS 9900 interrupt sequence is initiated. 1 the
i comparison fails, the pracessor ignores the request. INTREQ should remain active and the processcr
wall continge 1o sample [CO through 103 until the program enables a sutficiently low priorty o sccept
rhe request interrupt.
1C0 IMSE] 36 M Interrupt codes. 1C0 is the MEE of the interrupt cade, which 5 sampted when INTREQ is active. When
1 3 IN | 100 through 1C3 are LLLH, the highest external-priarity interrupt s being requested and when HHHH,
1c2 34 | NG| the fowest-priority interrupt 15 being requesied
1C3 (158! 3 N
|
MEMORY CONTROL
HOL 64 [ Hold, When active low!, HOLD indicates to the processor tha an external controlier leg., DMA
device) desires to utilize the address and data buses to transfer data to or from memory, The
TMS 9900 enters the hold state following a hold signal when it has completed its present memary
2T i then places the address and data buses in the high-impedance state lalong with
WE, MEMEN, and DEINI and sesponds with a hald-acknowledge signal (HOLDAL When HOLD is
ramowed, the processor rerurns 1 normal operatian
|
|
HOLDA I B ouT Hotd acknowledge, When active thigh), HOLDA indicates that the processor is in the hold state and
the address and data buses and memory control outpurs "W? MEMEN, and DBIN) are in the
mghampedance state.
BEADY | B2 1N Ready . W active (hhi, READY rnchcates that memary will be ready to read or winite during the
l next clock cycle. When not-ready 15 indicated during a memony operation, the TMS 2900 enters a wain
! state and suspends internal operation until the memory systems mdicate reatly
WAIT il 3 ouT W Vhea active (highl, WAIT indicates thay the TS 9900 has entered a it state because of a
| | notready condihion fram memary,

e fre V40 g memory evele, it too, is completed sefore the TME3900 enters the hald state. The

of canseeut = three.
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SIGNATURE | PIN | 1O DESCRIFTION

[Fte]

LoaD

TABLE 2 [CONCLUDED!

TIMING AND CONTROL
i 7 ouT | Instruction acguisition. 1AQ is active (high) during any memary cycle when the TMS 9800 is acquiring an
|

instruction. 1AQ can be used to detect illegal op codes,

address FFFCqg containing the trap vector (WP and PC). The load sequence begins after the instruction

being executed is complaeted. LOAD will also tesminate &0 idle state. |F LOAD is active during the time

|
i
| I ‘ Load. When active {low}, LOAD causes the TMS 9900 to execute a nonmaskable interrupt with memory
‘ | HESET is released, then the LOAD trap will occur after the RESET function is completed, LOAD should
|
|

remain active for one instruction period. 1AQ can be used to determine instruction boundaries. This signal
can be used 1o implement coldstart ROM loaderss. Additionally, frant-panel routines can be rmplemen ted

using CRU bits as front-panel-interface signals and sofrware-control routines to control the panel

operations.

RESET |6 11 | Reset. When active llow), RESET causes the processor to be reset and inhinits WE and CRUCLE. When

29

291

292

HESET s releas 1he TMS 9900 then initiates a level-zero interrupt sequence that acguires WP and PC

fram locations 0000 and 0002, sets all status register bits to zera, and starts execution. RESET will also

werminate an idle state. RESET must be helg active for @ minimum of three clock cycles,

TIMING
MEMORY

A basic memory read and write cycle is shown in Figure 9. The read cycle is shown with no wait states and the write
cycle is shown with one wait state,

MEMEM goes active (low) during each memory cycle, At the same time that MEMEN is active, the memory address
appears on the address bus hits AQ through A14, If the cycle is a memary-read cycle, DBIN will go active thighl at the
same time MEMEN and AD through A4 become valid, The memary-write signal WE will remaim inactive (high! during
a read cycle. If the read cyele is also an instruction acquisition cycle, IAQ will go active thigh) during the cycle.

The READY signal, which allows extended memary cycles, is shown high during &1 of the second clock cycle of the
read aperation. This indicates to the TMS 9900 that memory-read data will be valid during 1 of the next clock cycle.
1f READY is low during @1, then the TMS 8900 enters a wait state suspending internal operation until a READY is
sensed during a subsequent @1, The memory read data is then sampled by the TMS 9900 during the next ¢1, which
completes the memory-read cycle.

At the end of the read eycle, MEMEN and DBIN go inactive {high and low, respectivelyl. The address bus may also
change at this time, however, the data bus remains in the input mode for one clock cycle after the read cyele.

A owrite cyele is similar to the read cycle with the exception that WE goes active {low] as shown and valid write data
appears on the data bus at the same time the address appears. The write cycle is shown as an example of a
one-wait-state memaory cycle. READY is low during ¢1 resulting in the WAIT signal shown,

HOLD

QOther interfaces may utilize the TMS 9300 memaory bus by using the hold operation (ilustrated in Figure 10) of the
TMS 9900, When HOLD is active {(low), the TMS 3900 enters the hald state at the next available non-memory cycle.
Considering that there can be a maximum of twe consecutive memaory cycles, the maximum delay between HOLD
gaing active to HOLDA going active (high) could be te(g) (for setup) + {4+W) teig) + teip) (delay for HOLDAL, where
W is the number of wait states per memory cycle and 1g(4) is the clock cycle tme. When the TMS 8300 has entered the
hold state, HOLDA goes active (highl and AD through A15, DO through D15 DBIN, MEMEN, and WE go into a
high-impedance state to allow other devices to use the memory buses. When HOLD goes inactive (high), the TMS 9300
resumes processing as shown, If hold occurs during a CRU operation, the TMS 9300 uses an extra clock cycle (after the
remaval of the HOLD signal} 1o reassert the CRU address providing the normal setup times for the CRU bit transfer
that was interrupted.

15
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31

3.2

3.2.1

CRU

CRU interface timing is shown in Figure 11, The timing.far transferring two bits out and one bit in is shown. These
transfers would accur during the execution of a CRU instruction. The other cycles of the instruction execution are not
iHlustrated, To output a CRU bit, the CRU-bit address is placed on the address bus AD through A14 and the actual bit
data on CRUOUT. During the second clock cycle a CRU pulse is supplied by CRUCLK. This process is repeated until
the number of bits specified by the instruction are completed.

The CRU input operation is similar in that the bit address appears on AD through A14. During the subsequent cycle the
TMS 9900 accepts the bit input data as shown. No CRUCLK pulses oceur during a CRU input operation.

TMS 9900 INSTRUCTION SET
DEFINITION

Each TMS 9900 instruction performs one of the following operations:

L] Arithmetic, logical, comparison, or manipulation eperations on data

. Leading or storage of internal registers program counter, workspace pointer, or status)
L] Data transfer between memary and external devices via the CRU

L] Control functions,

ADDRESSING MODES

TMS 9900 instructions contain a variety of available modes for addressing random-memory data (eq., program
parameters and flags), or farmatted memory data (character strings, data lists, ete.). The following figures graphically
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes 1o
particular instructions is described in Section 3.5 along with the description of the operations performed by the
instruction. The symbals following the names of the addressing modes [R, "R, "R+, @ LABEL, or @ TABLE (R]] are
the general forms used by TMS 9900 assemblers to select the addressing mode for register R,

WORKSPACE REGISTER ADDRESSING R

Warkspace Register R contains the operand.

Register R

— =
IPCJ-F'( Instruction --(w91+2a——| Operand |
L SN

3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R

Workspace Register R contains the address of the operand

Register R

— ]
lPC}—O{ Instruction }—“WPHZH—D-{ Acddress J»b{ Operand

3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING "R+

Workspace Register R contains the address of the operand. Atter acquiring the operand, the contents of workspace
register A are incremented.

Registar R

- o
-fPCh.-{ Instruction }—--IWPJ+2R—,( Address
tr
L+

Oparand

1 byta)
or 2 (word)
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING @ LABEL
The word following the instruction contains the address of the operand.

ki
(PC)—a= Instruction

[PC)+2 = Label -———-—J_l—

3.2.5 INDEXED ADDRESSING @ TABLE (R)

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

Register R

(PCh-#{ _Instruction _|——{WP1+2R—#+{ Indox Valuo _
N o Effoctive e :
. "I Operand

Address

PCr+z-»] Table |-

3.2.6 IMMEDIATE ADDRESSING
The word following the instruction contains the operand.
(PC)—» instruction |

|PCJ+2—h~; Operand

3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING

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

Jump Enstruction

Program Counter OP CODE

T - next memory word

3.2.8 CRU RELATIVE ADDRESSING

The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14
of the workspace register 12). The result is the CRU address of the selected CRU bit.

Instruction
e | e |
0 78 15
CRU Bit
Register 12 Address

(WP)+2:12 ———— = CRU Base Add

0 23 1415

20
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3.3 TERMS AND DEFINITIONS

The following terms are used in describing the instructions of the TMS 9800:

TERM ' DEFINITION ]
B ) Byte indicator {1=byte, 0 = word)
C Bit count
o] Destination address register
DA Destination address s, =]
1op S Immediate operand
LSB(n} Least significant {right most) bit of (n)
MSBin} Maost significant (left most) bit of {n)
) s Don't care )
PC Program counter
Result Result of operation performed by instruction
5 Source address register
SA Source address
B B ? i ;a-tus register
STn Bit n of status register
o Destination address modifier
Tg Source address maodifier
w T D I Waorkspace register S
Whn Warkspace register n
(nl Contents of n
a~*b | ais transferred to b Py
nl Absolute value of n
¥ Arithmetic addition
Arithmetic subtraction
AND Logical AND -
oR Logical OR
) Logical exclusive OR
n Logical complement of n

3.4 STATUS REGISTER

The status register contains the interrupt mask level and information pertaining to the instruction operation.

1] 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15

sT1 | 872 573 | sT4 | STS I sT6 not used [=0) [st12 sT13 sT1a sT15
| | = c % [P I ox | interrupt Mask |
BIT NAME INSTRUCTION CONDITION TOSETBITTO 1
sT0 LOGICAL c.CB | 11 MSBISAY = 1 and MSBIDA) - 0, or if MSBISA) - MSBIDA]
GREATER and MSH of (DA} — {SA} = 1
THAN cl i1t MSEIW] = 1 and MSE of IOP = 0, or if MSBIW] = MSB of
10P and MSE of 10P — (W) = 1
ABS 1£1SA) # 0
All Others If result # 0
BT ARITHMETIC C.CB | 1A MSBISA) - 0 and MSBIDA] - 1, or if MSB(SA] - MSBIDA]
GREATER and MSBIDA] — (SA} = 1
THAMN cl 1f MSBIW] = 0 and MSE of 1OP = 1, ar if MSB{W) = MSB of
1OP and MSB of 10P — (W) = 1
ABS If MSBISA) = 0 and 1SA1 # 0
| AnQOthers If MSE of result = 0 and result # O

— Continued

e T R e e e e R e e S SR
21
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BIT T NAME INSTRUCTION = ~ CONDITION TOSETBITTO 1
TsT2 | Eaual “|cca = 1€ 15A] = (DA}
c1 If (W) =10P
coc 1§ (SA} and (DA) =0
cZe 1 [SA] and [DA] = 0
TR 1 CRUIN = 1
ABS If (SAl =0
1 e All othars IfresilpmO: o n i 2 l
CARRY A, AB, ABS, Al, DEC, - ]
DECT, INC, INCT, 1 CARRY QUT =1
MNEG, 5. 5B
SLA, SRA, SRC, SAL 1f last bit shifted out = 1
5T4 OVERFLOW A, AR 1T MSBISAL - MSBIDA) and MSB of result # MSBIDA) |
Al 1 MSB{W) = MSEB of |OF and MSE of result # MSBIW)
5,58 1f MSB(SA] + MSBIDA and M5B of result # MSBIDA)
DEC, DECT 1 MSBISA) © 1 and MSB of result = 0
NG, INCT 1T MSBISA) = 0 and MSE of result = 1
SLA 1f MSB changes during shift
oiv 1 MSBISA] = 0 and MSBIDAI = 1, 0r it MSBISA] = MSB(DA
and MSB of [DA] — (SA] =0
| ABS, NEG If (SA) = B0O0 g
ST5 | PARITY CB, MOVB 14 {SAJ has add number af 1%
1 LDCA, STCH If 1% C = Band (SA} has odd number of 17
AR, 58, 50CH, SZCB If resuit has odd number of 1's
sT6 | xoP KOP 1f XOP instruction is executed = =
ST12-5T15 | INTERAUPT Linl |1¥ corresponding it of LOP is 1 =
MASK - HTWP I carrespanding bit of WR1EB 5 1
35 INSTRUCTIONS
3.5.1 Dual Operand Instructions with Multipie Addressing Modes for Source and Destination Operand
0 1 2 3 4 5 & 7 B 9 10 1 12 13 14 18
General format: Ij OF CODE B | o I [ . Tg I 5 |

it B = 1 the operands are bytes and the operand addresses are byte addresses, |f B = 0 the operands zre words and the
operand addresses are word addresses.

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

Tg OR Tp __S50RD ! ADDRESSING MODE B ] NOTES
oo | 15 Waorkspace register | 1
01 b i R ] | Waorkspace register indirect |
10 0 Syrmbolic | 4
| 10 Fi2i05 | Indexed | 24
' 11 0, 15 | Workspace register indirec? auto-increment | 3 :

NOTES: 1.When a warkspace register is the operand of a byte instruction {bit 3 - 11, the lefr byre Ibits O through 71 s the operand and the

right biyte (bits 8 through 15! is unchanged,

2. Woerkspace register 0 may not be uwsed for indexing.
3, The workspace register is incremented by 1 far byte instructions (hit 3 = 1} and is incremented by 2 for word instructions (bt 3 = 0,
4, When Tg Ty = 10, two words are required in addition to the instruction word, The first waord is the source operand base

adtiress and the second word is tha destination aperand base address,

e e e P R e e S e e e e L e e e e S Ty
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TEXAS INSTRUMENTS



TMS 9900
16-BIT MICROPROCESSOR

[~ o RESULT | TSTATUS e —w
OF CODE | B |
MNEMONIC FRET 3 MEANING COMPARED BITS NESCRIPTION |
] 2.5 T00 | arFecTED — !
-A 101 4] Add Yes -4 (SA)+IDA] - (DA}
{ = AB 1.0 1 1 Add bytes Yes 05 (3A1+(DA} DA}
| =c 1000 Compare No 02 Compare [SA) to (DA) and set
| appropriate status birs
- CH ¢ B+ 1 Compare bytes Mo 02,5 | Compare [SA) 10 (DA} and set
appropriate status hits
-5 011 0 | Subtract Yes 04 | (DA} - (8A) > (DA)
] 001 1 | 1| Subtract bytes Yes 05 | (DAY~ (sA) -+ (DA)
= 50C 1 fh o | Set ones corresponding Yas 0.2 : (DA] OR [SA)— (DA}
- S0OCH ; TR 1 Set anes corresponding bytes Vs 0-2.5 DA} OR (SAL DA}
- 570 0100 Set zeroes corresponding | Yas 0.2 IDA) AND (SA) (DA}
= 5ZCB g 10 1 Set zeroes corresponding bytes | Yes | 02,5 {DA) AND (SA] —+{DA)
= MOV 1590 4] Mave Yes 02 (5Al DAl
- _I\ﬂOVH AR 1 Mowve bytes ‘ Ye?._ JI 025 1SAl—={DA) Ay
3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and

Workspace Register Addressing for the Destination

1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 18
5 e e S el S o ST
General format: r QP CODE D Ts 5 i
The addressing mode for the source operand is determined by the Tg field.
(=TS — T = 1
| Tg s ] ADDRESSING MODE [ NOTES |
| o0 [l il | Woarkspace register = | I
| m L5 o Brsbed 1 | Waorkspace register indirect ' i
| 10 0 | Symbolic i |
10 i A | | Indexed 1
| 11 0,1 ... 15 i _ Workspace register indirect auto incrament 2 :
NOTES: 1. Workspace register 0 may not be used for indexing.
2. The workspace register is incremented by 2,
[ RESULT STATUS EL7
ONIC Dk s006 MEANING COMPARED BITS DESCRIPTION
DA TOO | AFFECTED
= COC polooo Compare ones | Mo = 2 Test (D) 1o determine if 1'5 are in each bit
corresponding | position where 1'sare in 1SA). If 50, 561 5T2,
= CZC oot1ao01 Compare zeros Mo 2 Test (D) 1o determine if O's are i each bit
correspanding | position where 1'5 are in [SA}. If so, set 5T2.
~XOR | 001010 | Exclusive OR Yes 0z | D@ isa)—> ol
= MPY | 001110 Multiply Ma l Multiply unsigned (D) by unsigned (SA) and
place unsigned 32 bit product in D (most
| significant) and D41 {least significantl, If WR15
| | is D, the next word in memary after WR 1S will
| be used for the least significant half of the
product.
- DIV 001111 Divide No 4 I unsigned [SA) is less than ar equal 1o unsigned
: | {0, pertarm no operation and set ST4. Orherwise,
| divide unsigned (D) and (D41} by unsigned
| | ISAL Quotient — (D), remainder — (D+ 1) 1f
D = 15, the next ward in memory after WR 15
— | o . I wl_ll e used for the remainder, I

23
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3.5.3 Extended Operation (XOP) Instruction

General format:

The Tg and 5 fields provide muitiple mode addressing capability far the source operand. When the XOP is executed,
ST6 is set and the following transfers ocour: (4045 + 4D) = (WP)

{4215 +4D) - (PC)

SA - (new WR11)

{old WP) = [new WR13)

{old PC} = {new WR14)

lold ST} = (new WR15)

The TMS 8800 does not test interrupt requests (INTREQ) upon completion of the XOP instruction.

3.5.4 Single Operand Instructions

o 1 2 3 4 5 [ o 8 9 10 11 12 13 14 15

General farmat: QP CODE | Ts 5

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

[aSRE— T | RESULT ]. STATUS ‘ ‘
i OF CODE |
MNEMONIC — e = T MEAMNING COMPARED BITS DESCRIPTION
01234567839 i i
A TOO | AFFECTED |
B [ 0000010001 |Branch ! No 2 ‘ SA -+ (PCH
BL 000001 1010 |8ranchandlink | Mo ! PCI—iWR11); 5A —+IPC]
BLWP L 0D0DO0D1TO0OOQODQ |Branch and load | Mo | 1Al = (WPLISAH1 = (PCI;
workspace pointer | ' {oid WP —* {new WR13);
| oid PCI — (new WR141,
lold ST {new WR 151
the interrupt input {INTREQ) 15 ot
tested upon completion of the
| i BLWF instruction.
~  CLR [ 00006010017 |Clear operand Mo - { 0-r(SA}
- SETO | 0DO0O0O011100 |Settoones No | - | EFFEg—8A}
Ny 0000010101 |lnvert Yes 02 15AI = ISA)
10 MNEG Q0000101700 |Negate Yes | 0-4 —(5A) * (5A)
a2 ABE 0000011101 | Absolute value® ¥ ng 04 (SA)i=>{SAl
- SWPB 0000011011 |Swapbytes Mo - [SA), bits O thru 7 = [SA), bits
I 8 thru 15;.45A], bits 8 thru 16—
| {5A), bits 0 theu 7
| —INC 0000010110 |Increment Yes 0-4 ISA) + 1-+{5A}
= INCT 0000010111 |Increment by two Yes 0-4 [sa)+ 2+ {54}
— DEC 0000011000 | Decrement Yes 04 [5a) =1 ={5A)
- DECT 00000110071 |Decrement by two | ¥es 0-4 (§A) - 2 =15a)
xt 0000010010 | Execute ' Mo Execute the instruction ar 54,
|
i i 1 TSR A S e v ot e s e )

* Operand is compared 1o zero far status bit

114 additicnal memory words for the execute mstruction are reguired to define the operands af the instru
will b accessed from PC and tha PC will be updated according gnal [1AQY will na
accesses the instruction at SA. Status Dits are atfected in the normal manner for the instruction executed

ocated at SA, these words
v Trse when the TMS 9500

¥. The instruction

quisit

e e S e e R R ) e e e S e s A R
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3.5.5 CRU Multiple-Bit Instructions

o 1 2 3 4 5 6 7 8 a 10 11 12 13 14 15

General format: OF CODE c | Tg 5

The C field specifies the number of bits to be transferred. If C =0, 16 bits will be transferred. The CRU base register
{WR12, bits 3 through 14} defines the starting CRU bit address. The bits are transferred serially and the CRU address is
incremented with each bit transfer, although the contents of WR12 is not affected. Tg and 5 provide multiple mode
addressing capability for the source operand, If 8 or fewer bits are transferred {C = 1 through 8), the source address is a
byte address. If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. If the source
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1 if
C = 1 through 8, and is incremented by 2 otherwise.

o e R RESULT STATUS
MNEMONIC —0'12;-‘—5" MEANING COMPARED | BITS DESCRIPTION
: - TOD AFFECTED
LDCR 001100 |Load communcation Yes 025" Beginning with LSB of (SA), transfer the
register specified number of bits from {SA) to
the CRLU.
STCR 001101 |Store communeation Yes 0-25% Beginning with LSB of {SA), transfer the
reqister specified number of bits frem the CRU 1o
iy 1SA}. Load unfilled bit positians with 0.

TSTS is affectad only if 1 S C < 8,

3.5.6 CRU Single-Bit Instructions

o 1 2 3 4 5 6 7 -] 9 10 i1 12 13 14 15

General format: r OF CODE SIGMNED DISPLACEMENT |

CRU relative addressing is used to address the selected CRU bit,

STATUS
MNEMONIC OF CODE MEANING BITS DESCRIPTION i
01234567 1'
_____ 2 AFFECTED {
58O 00011101 | Sethittoone - Set the selected CRU output bit ta 1.
SBZ 00011110 | Setbittozere - Set the selected CRU output bit to 0.
TB 00011111 | Testhit | 2 If the selected CRU input bit = 1, set 5T2, _

3.5.7 Jump Instructions

0 1 2 3 4 g 6 7 a 9 10 11 12 13 14 15

General farmat: OP CODE DISPLACEMENT

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

M
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MNEMONIC i =l C_OQF‘ = MEANING | STCONDITION TO LOAD PC
01234556 ) TS .
JEQ 00077001 Jump equal | sT2=1
JGT | oooto1o Jump greater than ST1=1
JH | oOo0DoOo1 10 Jump high | 5TO = 1and 5T2 ~ O
JHE 0 00 B0 Jump high or equal | STO=10r5T2=1
Ji B e Jump low STO=0and ST2=0
JLE 00011001 | Jumnp low or egual STO=0or5T2=1
JLT 00010001 Jump less than ST1=0and 5T2=0
Jnar Q 000 Qg0 | Jump enconditions unconrditional
JNC 7 [ 0 O sy G O R Juemp no carry ST3 =0
JNE o s T B T v R Jurrp not equal 5T2-0
JNO 000011001 Jump no averf 5T4 =1(
JOC oo o0 T3 0600 Jurmp on carry 5Ta=1
JOP 0001 100 L dump odd parity ST -'_'I

3.5.8 Shift Instructions
o 2} 2 3 4 5 B8 7 B 9 10 1 12 13 14 15

General farmat OF CODE ' C | w

If C =0, bits 12 through 15 of WRU contain the shift count. If C =0 and bits 12 through 15 of WRO = 0, the shift
count is 16,

S | [ RESULT STATUS
OF CODE |
MMNEMONIC e MEAMNING COMPARED BITS | DESCRIPTION
I 123 45%67
s TOO AFFECTED
~5LA 0000 1 01 0 | Shiftleft arithmetic Yes 0-4 Shift (W lefr. Fill vacated bit
| positions with 0.
= 8RaA 00O0ODTTOOD0 Shift right arithmetic Yes 0-3 Shift IW right. Fill vacated hit
| i | pasitions with original MSE af (W),
| |
= SRC o001 01711 Shile right errcular Yes 0.3 | Shift IW} right, Shift previous LS8
| | into MSE
1 |
| = SHL 90001001 Shitt right tagical Yes 03 | Shife W) right, Fill vacated bit
L_ PR S ¥ | pesitions with 0's.
35.9 Immediate Register Instructions
[¥] 1 2 3 4 5 B 7 8 9 10 mn 12 13 14 15
General format - OPCODE o l N —[ W
SR top ==
e g T =
| | | | RESULT STATUS
1 OF CODE |
| MNEMONIC ——— - == - = MEANING COMPARED BITS DESCRIPTION
| 01234567 8%9%10
e | TO0 AFFECTED
Al 0000001000 1 | Add immediate Yes 0-4 W} + 10P = (W)
- ANDI ooo000D0D1T001 D AND immediate Yes 0.2 W) AND LOP — W}
- Cl ooo00OD01010 0 Compare Yes 02 Compare Wi ta 10P and set
mmediate appropriate status bits
» LIl ooooODOD1IDOO0O O Lead immediate Yes 0-2 10P = (W]
- ORI goooootootr OR immed: Yes 0-2 (W) OR 1OP = W)
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3.5.10 Internal Register Load Immediate Instructions

0 1 2 3 4 5 5 7 8 g 10 11 12 13 14 18
General format: i OF CODE o M _
o |
e e T e yclhin] y
OP CODE | I |
MNEMONIC { MEANING | DESCRIPTION i
0123456782910 i Sae |
LwWPi oDODBOO0O 1O 1 1 Load workspace pointer immediate 1OP = (WP}, na ST bits affected |
Lini DODOOOODTIOC O | Loadinterrupt mask 10F, bits 12 thru 15 *§T12
2 = e i 12 S thru ST15

35.11 Internal Register Store Instructions
4] 1 2 3 4 5 [ 7 8 9 10 11 12

12 14 15
General format: [ OF CODE IN L eLd

Mo 5T bits are affected.

OP CODE i E
MNEMONIC e MEANING DESCRIPTION
01 2 3456 7 889 10 iz et A =
STST 000000 11T011T1T D0 Store status register ISTH—= w1
STWP o0DO0OOQGCOO0OT1TO1TO Store workspace pointer WP} —+ Wi |

3.5.12 Return Workspace Pointer (RTWP) Instruction

V] 1 2 3 4 5 6

7 8 9
General format: | 0 0 L] _0] o I[.-.D.-‘. 1.T1 1 -|—EE l—o l_-_ N

The RTWP instruction causes the following transfers to occur:
WR15} = (5T}
(WR14} = (PC)
(WR13} — (WP}

3.5.13 External Instructions

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

0 1
General format: _ OPCODE M

External instructions cause the three mast-significant address lines {AD through A2) to be set to the below-described
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated.

B I STATUS N
| OF CODE | | |
MMEMONIC " ———————  MEANING | BITS DESCRIFTION BUS
012345678910 L. .
R AR e AFFECTED | AD A1 A2
DLE | 00000011010 | Ide = Suspend TS 8900 LoH oL |
instruction execution until 1
an intefrupe, tC)_ﬁ.or
| RESET cecurs |
RSET T 1 67 T e U A e R Reset 12-15 | ©-* 8T12thru §TIS L H H |
CKOF 0DO0DO0O01 111D User detined . H H L i
1
CKON 0DODODD1T 11O User defined | ——— H L H
LREX 00000011111 User defined | H H H
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36 TMS 9900 INSTRUCTION EXECUTION TIMES
Instruction execution times for the TMS 9900 are a function of:

11 Clock cycle time, tgia)
2} Addressing mode used where operands have multiple addressing mode capability

3} MNumber of wait states required per memory access.

Table 3 lists the number of clock cycles and memory accesses required to execute sach TMS 9800 instruction. For
instructions with multiple addressing modes for either or both operands, the table lists the number of clock cycles and
memaory accesses with all operands addressed in the workspace-register mode, To determine the additional number of
clock cycles and memory accesses required for modified addressing, add the appropriate values from the referenced
tables, The total instruction-execution time for an instruction is:

T=1tg(g 1C+W-M)

where:
T = total instruction execution time;
tefp) = clock cycle time;
C = number of clock cycles for instruction execution plus address modification;
W= number of required wait states per memary access for instruction execution plus address
maodification;
M = number of memory accesses.
TABLE 3
INSTRUCTION EXECUTION TIMES

[ [cLock [ memory ADDRESS | [ Terock | memony ADDRESS
INSTRUCTION | CYCLES | ACCESS _MODIFICATION' INSTRUCTION  [CYCLES | ACCESS |MODIFICATION'
[ =g ] SOURCE | DEST | | c [ SOURCE | DEST
A T r) 4 A | A WPl 10| F -
AR 14 4 8 | & MOV 14 | 4 A A
| ABS  (MSE o_-| 12 2 A Move 19 | 4 B 8
| (MSE - 1) | 14 3 A | MEY 57 5 A =
| 14 4 NEG 12 1 A
i ANDI 14 4 | DRI 4 4 -
B 8 2 A | RSET 12 1 =
oL 1z 3 A | RTWE 18 4
aLwe | 6 & A | | s 1 ’ A A
| ¢ | 14 3 A A | SB i 4 B B
14 3 8 s | | SBO 12 2 -
14 3 o | | svz 12 2
12| i P = | | SETO 10 3 A
12| 1 | | Shift 100 00 12+20 3 =
[T a | | |
1 | 3 A i | 52 4
19| 1 A | | 10, Bis 1215
0| 3 A | | cf WRP=N+O} | 20+2N 4
10 3 A | | soc | 14 4 A A
| DIV (ST4 is sest 16 3 A | | soce | 14 4 a A
| DIV (ST is resents 07 [ & | sTCA cem | &0 a A
IDLE 1 | | e a4z 4 8
N 3 A [ta:3] a4 El B
INCT 3 A | 190 15) 58 a A
iy 0 3 A 8 7
0 1 10 3 F
14 4 A A
14 4 [ 8
& A | 12 2
3 8 | 8 2 A
3 A | 36 ] A
| 19 ] A
6 2 | |
2 |
6 5 | Undefined op cores
22 5 | 0000.01FF 0320

Y 1 B 1
i 033F OCO0.OFFF, " |
L il [ e b | | B R

"Execution time is dependent upan the partial quotient after each clock cyele during execution
*"Expcution time is added to the execution time of the instruction located at the source address minus 4 clack cycles and 1 memaory access time
TThe letters & and B refor to the respective tablas that follow,
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ADDRESS MODIFICATION — TABLE A ADDRESS MODIFICATION — TABLE B
T cLock | mEMORY | - CLOCK | MEMORY |
ADDRESSING MODE CYCLES ACCESSES ADDRESSING MODE CYCLES ACCESSES |
e i e c i Y e oo < M
WR {Tg or T = 00) 4] o WR {Tg or Tp = 00! Q | 4]
WR indirect (Tgor T = 011 4 1 WA indirect (Tg or Tp = 01} 4 | 1
WH indirect auta- WR indirect auto- |
| increment (Tgor Tp =11} 8 2 increment (Tgor T = 11} 6 2 |
| Symbolie (Tgor Tp = 10, Symbolic (Tgor T = 10, i |
SorD=0l i 8 1 Sor0=0) 8 1
Indexed {Tg or T = 10, i Indexed [Tgor Tp = 10, |
SorD=0) ] a 2 SorD=0) g 2

As an example, the instruction MOVE is used in a system with tg(g) = 0.333 ps and no wait states are required to access
memary, Both operands are addressed in the workspace register mode:

T=teip) (C+W-M} = 0.333 (14 + 0-4) us = 4662 us.

If two wait states per memory access were required, the execution time is:

T=0.333 (14 + 2°4) us = 7,326 us.

It the source operand was addressed in the symbolic mode and two wait states were required:

T =tglg) (C+W-M)
C=14+8=22
M=4+1=5

T =0.333 (22 + 2-8) us = 10.656 ps.

4. TMS 9900 ELECTRICAL AND MECHANICAL SPECIFICATIONS

4.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
{UNLESS OTHERWISE NOTED)*

Supply voltage, Voo (seeNote 1) & wo o 6 5 s i v e e e e e e e e e e 03t020V
Supply voltage, Vppifsee Note 1) . & . . 0 v o 0 o 0 0 o 0w e e e e e e ~0.3t0 20V
Supply voltage, Vg fseeMote 1} . . . . . . . . . . . . . . . ... .o .o os . —D3w20V
All input voltages (sea Mote 1) . . . . . . . . . . . . . . o .o e e . . =03w20V
Output voltage twith respect to Wggh . . . . . . .« . . o . s e e . S2N TV
Continuous power dissipation . . . - . . . . . . . . .o .. e b Rl T 15
Operating free-air temperature range . . . . . . . .« . . .« o« . . . . . . . .. 0Cw70C
STOTIge teMPEratUre TaNGE s & & o & & 5 % s w e W e G i e s d e sow w8800t 1B0TC

*Strested beyond those listed under ~Absolute Maximum Ratings' may cause parmanent damage to the device. This is a stress rating only and
functional aperation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions”
section of this specitication is not implied. Expasure to ansolute-maximum-rated conditions for extended periods may affact device reliahility,

are with respect to the most negative supply, V {substrate), uniess otharwise
BE

NOTE 1: Under absolute maximum ratings voltage value
noted, Throughout the remainder of this section, voitags values are with respect 1o Vgg.
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4.2 RECOMMENDED OPERATING CONDITIONS

i _NoM  max | oniT |

_STD;IV valtage, Vag = ' —4.75 v {
[Supply valtage, Voo = sy 525 | v

Supply voliage, Vpp 12 12.6 W

Supply voltage, Vgg s I W |
H|gP:t-I;;;.'i-ln.u;t vc_I;agL- Vin lall inputs except clocks) EF 2.4 “'(:E:.T W
H‘.gh-_le;o;i:ie-gl:rr;;;t vul;a_gae ;IHI-;SI o Von v
Low-level input voltage, Vi (all inputs except clacks) 3. ) 0.4 0.8 W
Law-level clock input voltage, Vi) (q) S35 o —0.3 0.3 0.6 v
Operaring free-air 1emperature, T a P : __?‘_0_ c

4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS
| Data bus during DBIN Vi = Vgs o Voo
[ WE, MEMEN, DBIN, Address
. V)= VMgg o Ve
Iy Input current | bus, Data bus during HOLDA = ITr:%
| Clock V=031 126V
| Any other inputs Vi = Mgg ta Voo Pz
| VoW High-level output voliage lo 0.4 mA W
o ; lg=3.2mA E
VoL aw-level output voltage — e
Ig = 2mA
g Supply current from Vg - = T mi
Ic fram Ve ma
oD eat from W0 ma
Input capacitance (any inputs except t=1MHz, V BV
] : _BB 10 15 nF
clock and data bus) unmeasured ping at Vgg
5 f=1MHz, WV =5V,
Cita1)  Clock 1 input capacitance £B 100 150 pF

unmeasured pins at Wgg

; t=1MHz, vpg=-5V,
Clock-2 input capacitance 150 200 rF
unmeasured pins 31 Vgg
: t=1MHz, Vpg" 5V,
Ciimay  Clock-3 input capacitance 100 160 pF
2 unmeasured pins at Vgg
F=1MHz, vgg- -5V,
unmeasured ping at Vgg

F=1MHz, Vgg~ BV,
Cpe Data bus copacitance 15 58 oF
urmeasured pins at Vgg |

Clock-4 input capacitance

Output capacitance lany ouipul except f=1MHz, Vpp=-5Y,

data bus) unmeasured pins at Vgg

VAl typical valups are at T g C and pominal valtages.
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4.4 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

 PARAMETER I MmN Nom  max [uniT |
~ Clockeycletime Sy L ! {300 333 500 ns |
— Clockrisetme I I e Y
i ~ Clock fall ime - w12 ns |
C.Inrk pulse width, high level _ Prdts 2 -_ s g 40 45 00, ns
Clock spac een any two adjacent clock pulses 0 k) ns
T Time between rising edge valid any fwo adjacent clock pulses | 73 83 ns
_Dataor control setup time beforeciock T D ns

Data hold time after clock 1 10 | ns

4.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

| ' TEST g :
MIN TY
Lo PARAME'TEF.?_ CONDITIONS P MAX LINI'I.'_
L IPLH (B1 O tPHL (B) Al other cutputs R L - 200 pF R 40| ns
| tPLH IC}or tPHL (C) Propagation delay CRUCLK, WE, MEMEN, W!\IT_DHIN; 30( ns
| I
(T “teld) ———
1 | {
| rE—tglg) —y )
by y | !
|+t () [
! |
| I

‘s{(bl—"‘I :"'_
i

| I
' I

L) — e — 1)

o s o e

FIGURE 12 — CLOCK TIMING
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FIGURE 12-SIGNAL TIMING

5. TMS 9900 PROTOTYPING SYSTEM

51 HARDWARE

The TMS 9900 prototyping system enables the user to generate and debug software and to debug /O controller
interfaces, The prototyping system consists of
. Q90/4 computer with TMS 8900 microprocessor
L 1024 bytes of AOM contaning the bootstrap loader for loading prototyping system software, the
front-panel and maintenance utility, and the CPU self-testing feature
L] 16,896 hytes of RAM with provisions for expansion up 1o 57,334 bytes of RAM
- Programmable-write-protect feature for RAM
. Interface for Texas Instruments Maodel 733 ASR® Electronic Data Terminal with pravisions tor up to five
additional snterface moculdes

" Regquires rermole device control and 1200 baud E1A interface ootion on 733 ASR

o e e e T S S e R e T B s P e L e e PO S R
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L Available with Texas Instruments Model 733 ASR Electronic Data Terminal
. T-inch-high table-top chassis

L] Programmer’s front panel with contrals for run, halt, single-instruction execute, and entering and displaying
memory Or register contents

L Power supply with the following voltages:
5Vdc@20 A
12Vde@2A
—12Vdc@1A
—5Vde @01 A

. Complete hardware and software documentation.

5.2 SYSTEM CONSOLE

The system console for the prototyping system is the 733 ASR, which provides keyboard entry,
30-character-per-second thermal printer, and dual cassette drives for program loading and storage.

53 SOFTWARE

The following software is provided on cassette for loading into the prototyping system:

. Debug Monitor — Provides full control of the prototyping system during program development and includes
single instruction, multiple breakpoints, and entry and display capability for register and memary
contents for debugging user software under 733 ASR console contral,

L One-Pass Assembler — Converts source code stored on cassette to relocatable object on cassette and
generates program listing. {Object is upward compatible with other 980 series assemblers).

- Linking Loader — Allows loading of absolute and relocatable object modules and links abject modules as
they are loaded.

. Source Editor — Enables user modification of both source and object from cassette with resultant storage
an cassette.

. Trace Routing — Allows user to monitor status of computer at completion of each instruction.

L PROM Programming/Documentation Facility — Provides documentation for ROM mask generation, or
communicates directly with the optional PROM Programmer Unit,

54 OPTIONS

The following aptional equipment is offered for the prototyping system:
. Battery-pack /standby-power supply
L] PROM programming unit and adapter boards
L Universal wire-wrap modules
. Expansion RAM modules

. Expansion EPROM modules

. 1/0 modules and other interfaces
- Rack-mounted version
. International ac voltage option
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6. TMS 9900 SUPPORT CIRCUITS

MEMORY DEVICE ORGANIZATION/FUNCTION !1’0 STRUCTURE PACKAGE ACCESS TIME
RAMS
TWE 4036-2 B4 x B sratic Common bus 20 pin 450 ns MaX
TMS 4033 1024 x 1 s1atic Dedicated bus 16 pin 450 ns MAaX
TMS 4039-2 256 x 4 static Dedicated bus 22 pin 450 ns MAK
TMS 4042-2 256 x 4 sratic Common bus 18 pin 450 ns MAX
TME 40432 256 x 4 static Common bus 16 pin 450 ns MAK
TMS 4050 4096 x 1 dynamic Common bus 18 pin 300 ns MAX
TMS 4051 4096 « 1 dynamic Dedicated bus 18 pin 300 ns MAX
TMS 4060 4096 x 1 dynamic Cedicated bus 22 pin 300 ns MAX
TMS 4070 16384 x 1 dynamic Dedhcated bus 16 pin 300 ns MAX
ROMS/PROMS

SM7453T1 256 x 8 ROM 20 e 0 ns MAX
SNT45471 256 x 8 PROM 20 pin 70 ns MAX
SNT745472 512 x 8 PROM 20 pin 56 ns TYP
THS 4700 1024 x & AOM 24 pin 450 ns MaX
TS 4732 4096 x B AOM 24 pin 450 ns MAX
TMS 2708 1024 x 8 EPROM 24 pin 450 ns MAX
ThS 27008 1024 x 8 EPROM (LOW POWER] 24 pin A50) ns WA
TMS 2716 2048 x 8 EFROM 24 pin 450 ns MAX

PERIPHERALS

THS 9901 Programmable System interface 40 pin
TMS 9902 UART 18 pin
TMS 89903 USRT 20 pin
TIM 9904 Clock Generatar 20 pin
TN 89905 Data multiplexer (SNT4L5251} TE pir
TIin 9906 Addressable latch (SN74L5259) 16 pin
TIW 9907 Priority encoder [SN74148] 16 pin
5N745412 Bbit /O port 24 pin
SN74L5138 3w B Decacer 16 pin
THMS 6011 UART 40 pin
S5NT745241 Bidhrectional bus driver 20 pan

7. SYSTEM DESIGN EXAMPLES

Figure 18 illustrates a typical mir

mum TS 9900 system. Eight bits of input and cutput interface are implemented.
The memory system contains 1024 x 16 ROM and 256 x 16 RAM memory blocks. The total package count for this
system is 13 packages.

A maximum TMS 9900 microprocessor system is itlustrated in Figure 19. ROM and RAM are both shown for a total of
65,536 bytes of memory. The 1/0 interface supports 4096-cutput bits and 4096-input bits Fifteen external interrupts
are implemented in the interrupt interface. The clock generator and control section contains memory decode logic,
synchronization logic, and the clock electromics. Bus buffers, required for this maximally configured system, are
indicated on the system buses
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S3TTL GND +5V

I
1

Vo
INTREQ
Ico- Ic3 L INTERRUPT
INTERRUPT INTERRUPT C_- REQUESTS
CODE i PRIORITY
LOGIC
INTERRUPT
S0-s5 TMS 9901 CE:> REQUESTS 1/0s
BUS ADDRESS E S e —
; CRUCLK ¢I> s
1o
CRU SRUAUT CONTROL
CRUIN LOGIC

« TMS 9900 CPU PERIPHERAL
+ 22 INTERRUPT AND 1/O PORTS
— 6 DEDICATED INTERRUFT INPUTS
— 7 DEDICATED I/0 PORTS
. 9 PROGRAMMABLE AS
INTERRUPT OR 1/O
— INT 3PROGRAMMAGBLE AS
TIMER INTERRUPT FOR
INTERVALS FROM 21 s
TO 349 ms
* EXPANDABLE FOR INTERRUPT
AND 1/0 EXPANSION
* 5V POWER SUPPLY
e N.CHANNEL PROCESS

FIGURE 14 — TMS 9901 PROGRAMMABLE INTERRUPT AND I/O CONTROLLER

CE
5g-54
ADDRESS
BUS —— TX OUTPU’
CHUCLK ASYNCHRONOUS
COMMUNICATION Al
CRUOUT CONTROLLER ~}—— RECEIVE I/P
Chu —=
-f—— DSR
CEU}N ] =
INT
——= RTs
TMS 9902
|
I I
@3TTL 45V GND

* TMS 9900 CPU PERIPHERAL
* PROGRAMMABLE DATA RATES
110 TO 76,800 BAUD
* PROGRAMMABLE CHARACTER LENGTH
-~ 5-BBITS
~ 1-1%-2STOP BITS
- DDD-EVEN-NO PARITY
* ON-CHIP INTERVAL TIMER
64 ys TO 16,384 us
* SINGLE 5V SUPPLY
* NCHANNEL SILICON-GATE PROCESS
= 18 PIN 0.3 DIP

FIGURE 15 — TMS 9902 ASYNCHRONOUS COMMUNICATIONS CONTROLLER
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Lo

TX

TX SYNC

RC

TMS 9900 CRU PERIPHERAL

DC TO 250 K BITS/SEC

PROGRAMMABLE SYNC. REGISTER AND
CHARACTER LENGTH

BI-SYNC AND SDLC COMPATIBLE

ON-CHIP INTERVAL TIMER
64 us TO 16,384 us

SINGLE 5 V SUPPLY

N-CHANNEL SILICON-GATE PROCESS

20 PIN 0.3" DIP

FIGURE 16 — TMS 9903 SYNCHRONOUS COMMUNICATIONS CONTROLLER

OSC OUT 12 MHz
el TTL

@2 TTL
TTL
TT

3 MHz

23

3 MHz

FFO

<
=
ADDRESS sﬂs 2 Xaur,
BUS ]
SYNCHRONOUS
COMMUNICATION
CONTROLLER <|O5R
CRUCLK _|ATY
CRUOUT ETS
cTs
CRUS ——— -
CRUIN
SCR
TMS 9903 ] TR
RIN
-
INTERRUPT  THT
PROCESSOR
H3TTL 45y GND
I'm“ 48 MHz 3rd OVERTONE CRYSTAL
TANK T -
L ‘; 0sC 4J -
T s =i
2 &
0SC IN ———
L
5y = PHASE 0
GEN O
GND ———d e
12V ——
FFD — D a =
>

s SINGLE-CHIP OSCILLATOR

AND CLOCK DRIVER
* CRYSTAL CONTROLLED
* LOW-POWER SCHOTTKY PROCESS
= 20 PIN DIP
* NON-OVERLAPPING 12 V 4 CLOCK
* NON-OVERLAPPING 5 V 40 CLOCK
* SYNCHRONIZED RESET CIRCUIT
= +12, +5V POWER SUPPLIES

FIGURE 17 — TIM 9904 CLOCK DRIVER
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CLOCK GENFRATOR
AND CONTROL

—

FIGURE 19. — MAXIMUM TMS 9900 SYSTEM
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12 BiTS ADDRESS BUS 15 8ITS )
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& i TMS 9900 ROM RAM
BITS SN7ALS 250 CPU MS aTo0 TME 2042
ouT CRUCLK
Y
INTERRUPT CODE [coaca @ .
INTERRUPT REQUEST INTREQ o005 K DATA BUS 16 BITS >
e L
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T
CLOCK GENERATOR
FIGURE 18. — MINIMUM TMS 9900 SYSTEM
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INTERFACE
4096 BITS
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4096 BITS I _J CRUIN
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INSTRUCTION
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8. MECHANICAL DATA

®

INDEX DOT~_|

HH {LQ{HJJ.}Q:@

oI

@
S HHHHHHHHS

3.200 + 0,030 »]

~—0.900 + ODZD

DDZOMIN 0,185 MAX

K]

pﬂ}smuﬁmﬂmﬂﬁwmw ki kb

0.010 =
NOM

0.017
0120 MIN 0.050 NOM h'u 003 "‘1
0.050
PIN sPACiNGGlOOTP +0.020
15ee Note A)
NOTE A, Each pin canterling it focated within 0.010 of its true longitudinal potition.
o e e e R T e et e VRSN
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Manchestar-Mid 38N
Telephone (0BT 8322681 ing
(T 834-3B2T/E

Telex GESLFT

DPublin

ITT Electronic Sarvicas,
142 Phitsborough Road,
Phitshorough, Dubhn
Telephone Dublin 307622
Tafex B2EE

FhLACEstar

ITT Elactronic Sar'-.—u:.es
S5 Welford Road.
Liicoster :
Telephone (0533 GaB2a2
Telax 341237

Epping

Mogul Electronics Limited,
2713 High Strear:

Epping:

Essex CM1G 4DAC

Telephone (0378771366
TFatex 817326

Darby

Cuarndon Electronics
(Semiconductors) Limited.

Slack-Lane;

Derby DEITIED

Telephone (0332) 32651

Talex 37163

Portsmouth

SDS Componants Limited,
Jubiles-Unit,

Airport Industrial Estate,
Eastern Raad

Paitsmouth

Tetephone (D705 66311
Telex 86174

UK INDEPENDENT
DISTRIBUTORS (continuad)

Scotiand

505 Components Limited,
11 -Alexander House,

Eazt Kilbride,

Glasgow G4 1LY
Tetephone (03} E52- 48617
Telex: 779044

SCANDINAVIAN T.I. PLANTS
AND SALES OFFICES

Swaden :

Texas Instrumants Intarnational
Trade Corpn.,

[Svange Fillalen)

Fack S100:54,

Stackholm:

Telephone 08-23 54 80

Talee 10377

Morvway

Texas Instruments Norwmf AL,
Ryeasvingen 15;

DEie s,

FTetaphone (0216859485

Telaw 10638

Denmark

Texas Instruments - A&’S,
Narolundear 46E;

210 Harley:

Telephore- (027 59-7400
Telew 35123

Finland

Texas Instruments Finland OY,
Freasenkaty &,

P BoxcaiE

BT Hetsinks 100

Tetephone 408300

Tefex 121457

SCANDINAVIAN T,
DISTRIBUTORS

Swaden

AB Gosta Backstrom;
Box - 12009;
Adstromergatan 44 ;
S-102 2T Srockhoim-12-
Telephone (O8] ba 1080
Telex- 30135

Sweadan
Multikomponent,
Fagk:

Ankdammegaian- 32
T Sona
Telephone {OR-B36150
Telix 10515

Multikomponent,
Box-29047

Lundgatan 12,

40082 Goleborg:
Talephane (031 EB0T0B0

Multikomponent - =
Halsjooatand;

2156 -Malmo
Telephone {Dﬂl:l} 130020

MNorway

Ingeniorfirma Mmgnnnt:afnu &
Co. A5,

FB-668E Rodelokka;

Dsle-5:

Telephone- {02} 356110

Tabax 11710
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