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TMS 9980, AND TMS 9940 PRODUCTS

The TMS 8300 was the first 16-bit microprocessor that could compete effectively in the minicomputer 'market. In fact.
the TMS 9900 is a one-chip implementation of the TM 890 series minicomputer Central Processing Units.

The TMS 9900 is packaged as & 64-pin DIP; it generates signals for 8 15-bit Address Bus and a separate 16-bit Data
Bus. whereas other 16-bit microprocessors multiplex their Data and Address Busses. The TMS D980 series
microprocessors are 40-pin DIP versions of the TMS 9900; in order to reduce pin counts. the TMS 9980 series
MICTOProcessors access external memory via an 8-bit Data Bus and 14-bit Address Bus. The TMS 98840 is a one-chip

microcomputer containing a subset of the TMS 9900 Central Processing Unit. together with on-chip memory and real-
time clock logic. - *

The TMS 9900 product line has for some time besn one of the enigmas of the microprocessor industry. Even a
Casual examination of the TMS 9900 instruction set shows that'from the programmer s viewpoint, this microprocessor
was at least two years ahead of its time. While it may have had problems competing in high-volume. simple applica-

tions, it was certainly the microprocessor of choice for data processing-type. program-intensive applications. vet it was
not widely used in these markets. . :

F
]

Texas Instruments initially offered little support for the TMS 9800 because this microprocessor was designed as a low-

end product of the TM 990 minicomputer series. That is to 53y. customers were expected to develop products around
the TM -930 minicomputers; then. if they chose to. they could build production models around the TMS 9900
micropracessor. This development path did not call for extensive TMS 9900 support. In all probability, Texas instru-
ments'was caught by surprise by the buoyancy of the microprocessor market — as a market in s own right. Certainly,
It Texas Instruments had given the TMS 9900 the Same level of support that Intef gave the BOBDA. we would see en-
tirely different microprocessor product distributions today. But the TMS 9900 and its derivative products are powerful

enough that the belated support they are now receiving from Texas Instruments will give the product line a reasonable
share of future markets. | . o

TMS 9900 support devices are designed specificaily fnr'g!]{-‘fﬂs 9900: therefore, they are described in this

chapter rather than in Volume 3. Support devices can be uged with the TMS 9900, TMS 9980, or TMS 9940
prﬁ;luqts. The fnllnwing devices are described: T . L R LT

o . The TIM 9904 Clock Generator "
~ The TMS 893901 Programmable System Interface

Texas Instruments is the prirmary manufacturer for all of the TMS 9800 series products, TMS 9900 series pro-
ducts are handled out of the following Texas Instruments office: - S

TEXAS INSTRUMENTS. INC.
P.O. Box 1443
Houston. Texas 77001

Second sources for the TMS 9300 family are:

AMERICAN MICROSYSTEMS. INC.
3800 Homestead Road
Santa Clara, Califarnia 95051

SMC MICROSYSTEMS CORP. {TMS 93980 series only)
35 Marcus Blvd.
Hauppage. N.Y. 11787

Texas Instruments now provides full support for the TMS 9900 rﬁi:rnprucussnr line.
Sl .

. 4,"'
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THE TMS 9900 MICROPROCESSOR "o -

18-2

¢ . *
The TMS 9300 is manutfactured using N-channel silicon gate MOS technology. It is packaged as a 64-pin DIP. Three
power supplies are required: -5V, +9V. and +12V.
Using a 3 MHz clock. instruction execution times range between 3 and 10 microseconds.
A TMS 9900 FUNCTIONAL OVERVIEW '
Figure 18-1 justrates that part of our general mlcrncumnuter system Iog:c whlch iIs implemented by the TMS 9900
CPU. | - . S T . . S :
The most important features nf Figure 18 1 are R R ' T |
* The absence of programmable registers :
« The presence of significant interrupt handling logic ‘ . '
. The presence of serial-to-parailel data conversion logic o
» The absence of 1/0 port interface logic : * RPN '
:Tﬂﬁmy;“'f:fﬂﬂ% Eifsmf{;%gﬁﬁr;ﬁh?ﬁﬁﬁh S "
B Logic to Handie . ‘
Inmrrupt H&quasts ' Accumulator
o g, Register(s)
Data Counter{s)
Stack Pointar
Direct Memory
g Access Control
- o -."*- *-:*-E;:-L.ee.e-w *”_‘fqm T “v? *1*%;% L _ 1 I
L r.-:u__:,“:: '!'!_ , _, ; N’:*jf’?wrh L;fﬁ;ﬁ"}-ﬁﬁg?‘
,,,saé‘:”%@g’g?éj?ﬁ?’f? PR S iy Systen Bus VR T e F3 R :
= i il :
Int erface Lngu: Interface Logic
uaﬁi %%ﬁrimfﬁ;uaﬁmn -:h?mn-i‘i"%.* eleﬁ: ek e R . o | B Tl
Programmable Read Only Read/Write
Timers Memory 170 Ports Mamur_»,r
——“ —— e R — — h—-—-——“ —
Figure 18-1. Logic of the TMS 9900 CPU . T
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- Workspace register. and a Status register.

:E'-

Let us first consider the manner in which the TMS 9900 handles prodrammable registers.

TMS 9900 PROGRAMMABLE REGISTERS
Within the logi¢ of the TMS 9900 itseif, there are just three 16-bit programmable registers: a Program Counter. a

The Program Counter and Status register are straightforward. The Program Counter contains the address of the

~ nextinstruction to be executed. The Status register maintains various statuses, which we describe later in this chapter.

The Workspace register is a unique and powerful programming feature of the TMS '9900. This register identifies

the first of sixtesn 16-bit memory locations which act as 16 General Purpose registers. This may be illustrated
as follows: | Bl -

18-BIT MEMORY .

LOCATION -~ = < - - - Special Functions s
Any memory m s N ee— |
addresses ORDER  ORDER , , . ]
\ BYTE  BYIE
. P e, P, '
P i, " o
m_» LU TR ke RO cannot be an Index register.
WP | wox+2 | ] g1 Shift i{“‘:’”‘?‘z: “:” Ezﬂl;hif;
count in low-order four ive ; -
xxxx + 4 __ R2 instruction object code specitf:us
oox+8 |} 1 p3 0 shifts.
' oox+8 [~ &
axxx+A | 7
vox+C 1] s
oot [T 1 &7
oxx+10 )V ] Rs
wox+12 {1 R9.
ooarta [T ] Ao
Xxxx + 16 __ R11  Subroutine return address or XOP effective
xxxx + 18 __ R12 CRU Bit address address
MUXX + TA _- R13 Save old WP
cowoxetc 3 F R4 Saveold pC
xox+1EL 1 1 a5 Save old ST

Some of the 16 registers serve special functions, as defined by the text on the right-hand side of the ltustration
above. For the mornent. do not attempt to understand these special funetions. They are described fater in the chapter

In TMS 9900 microcomputer systems, external memory consists of 16-bit memory words. | TMS 9900
Each 16-bit memory word has its own memory address. Within the TMS 9800 CPU, | MEMORY
however, memory is addressed as a sequence of 8-bit locations. For this to occur. the CPU | ADDRESSES

Ty i
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generates an internal 16-bit memory address: the high-order 15 bits of the internal memory ad-
dress create the external memory addresses. This may be illustrated as follows:

e .4 . This 16-bit address is created
- by program logic to address 65538 by tes

I These 15 address bits are cutput
-. l © 10 access 32768 external, 16-bit mamory words

P oy - -

| Byte Discrimination Bit '
I 0= Even Byte .
I 1 =0dd Byte

MSB - - S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q | Bit No.

Memory Address Inside the CPU

| _ e AT External Address _Eu:
—e. AB

L L I-_ _ —A13

- A14 (MSB)

When designing hardware around the TMS 9900, you will implement external memory as 16-bit words. which are ad-
dressed by a 15-ine Address Bus. That is to say. 32.768 16-bit words may be addressed.

But when you are programming the TMS 8900 vou will visualize-memory as 65.536 bytes. addressed by a 16-bit ad-
dress. An even byte address will access the low-order byte of an external 16-bit memory word, while an odd
memory address will access the high-order byte of an external 16-bit memory word. | '

Any 16 contiguous words of read/write memory may serve as the currant 16 general pPurpose registers for the
TMS 9900. ' . |

You may have as many sets of 16-bit registers as you wish, limited only by the size of implemented memory.

If you are using more than one set of 16-bit registers, then at any time just one set of 16-bit registers can be

selected. The WP ragister identifies the first of the 16 contiguous memory locations serving as the current 16

general purpose registers. -
S

Each of the 16 general purpose registers may be used to store data or addresses. Thus. each generali purpose register

may serve as an Accumulator or as a Data Countaer.

Registers R11 thrnhgh R15 are used as special Pointer storage buffers: we will

be describing the way in which
these registers are used as the chapter proceeds.

Having 16 general purpose registers in read/write memaory, rather than in the CPU, is the single most important
feature of TMS 9900 architecturs. The advantage of having 18 general purpose reqisters located anywhere in
read/write memaory 1s that you can have many sets of 16 general purpose registers. For example. tollowing an interrupt

acknowledge. you no longer need to save the contents ot general purpose registers — all you need to do is save the
contents of the Program Counter. the Workspace register and the

TMS 9800 interrupt handling logic. By icading new values Into the Program Counter and the Workspace register. you

-

-
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Status register. and that is done automatically by
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can begin executing a new program. accessing 16 new memory wafds — which will be treated as a new set of 16
general purpose registers. -

"'-‘ni

The disadvantage of having 16 general purpose registars in read/write memory is that no TMS 89900 microcom-
puter system can be cunfiglurud without read/write memory; and if you are going to use many different sets of 16-
bit registers. then you are going to require a significant amount of read/write memory. Furthermore. you lose the speed

associated with executing register-to-register operations; there are no source and destination Iocations left in the CPU.
Every register access becomes a memory access. .

TMS 9900 literature refers to the process of switching from one set of general purpﬁu TMS 9900

registers to another as a context switch. This terminology reflects the complete change of pro- | CONTEXT
gram environment that results from the switch. . . SWITCH

Special instructions allow You 1o perform a forward context switch or a backward context swiich.

During a forward context switch. you load new values into the Workspace register and Program Counter. while

simultaneously saving the old Workspace register. Program Counter. and Status register contents in the new General
Purpose Registers R13. R14, and R15. : :

A backward. or reverse context switch loads the current contents of Generai Purpose Registers R13. R14. and R15 into

the Workspace register. Program Counter. and Status register. respectively. thus returning vou to your previous set of
general purpose registers. - . o

You can perform context switches as often as vou like and whenever you like For example. a very efective way of
using context switching is to group data inte contiguous memory words which you can dentity as a register set. Upon
entering a subroutine. you can perform a context switch which automatically creates all necessary initial data and ad-
dress values in Bppropriate general purpose registers. This may be illustrated as follows:

MEMORY Artitracy

WORDS Mamory
Addrasses
'ﬁ
RO (02007
When performing con.- A 0202
texi swich on cating A2 0204
Bwbrautre previgus RO R3 0208

address is sxved in new
A1)

Rl
A1l
Rid
CRE]

m—
O o o0
HHH-P:
Mmoo e
\_ S

Registars
usad by

Lt T
Progranm

Dste and paramaeters I '
used by subroulrw dre RQ
Stored hare by the caling —J A1
program belore calling A2
the $ubrouhrne R

R4

L DATAT!
L DATAZ

o b
A L]
R12 b |

pi3 [ 9200
R1a
A1 | STATUS |

H

Subrouting stans hore ———y.

Msn program subrouting cal ———li
Aatum hars from subrouting

Whan parforng con-
st Swatch  On caking
subvoutne. return ad-
drezs = zaved N new
Rtd
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As illustrated above. when you perform a forward context switch, the current Program Counter | TMS 9900
contents. Status register contents, and WP register contents are saved in what will become the | FORWARD
new Registers R13, R14 and R15. respectively. Here is the exact sequence in which avents oc- CONTEXT

1}, The new WP register contents are loaded into the CPU and held in temporary storage. )
2} The current Status register contents are written Qut to the memory location which will become the new Register

3) The current Program Counter contents are written out to the memory location which will become the new Register

4) The-édrrent WP register contents are written out to the memory location which wiil becon_'ue the new Register R13.

5} The new WP register contents. which were held in lemporary storage. are moved into the WP register.
6) The new value is loaded into the Program Counter. ~ - o i

Thus. when a forward context switch isberfﬂrﬁaed. an audit trail ensures that program logic knows the exact machine
State at the instant of the forward context switch.

When a backward context switch occurs, the contents of the current General Purpose
registers R13, R14, and R15 are locaded into the WP register, the Program Counter, and the | BACKWARD
Status register, respectively. Thus. program logic returns to the location of the forward context | CONTEXT -
switch. - ’ ' SWITCH

TMS 9900 MEMORY ADDRESSING MODES
The TMS 8900 provides these four methods of addressing memory:

1) Direct memory addressing

2} Direct, indexed memory addressing

3) Implied memory addressing

4) implied memory addressing with auto-increment

Chapter 6. The important point to note is that the TMS 9900 looks upon its address space as consisting of 32.768 15-
bit memory words which are addressed using 15, rather than 16 Address Bus {ines, yet programs compute all ad-
dresses as 16-bit words. This logic was described earlier.

Direct memory addressing instructions provide the memory address in the second word | TMS 9900
of an instruction’s object code: DIRECT

ADDRESSING

MSB ss
B 14 13 12 11 10 9 B8 7 § &5 4 3 2 0 -}————unp: No.

instruction Object Code

-

t Byte identifier recognized by CPU logic

y . . 'R .
——} Direct address cutput via Address Bys

Direct, indexed memory addressing instructions provide a base address in the second | TMS 9900
object code word, but they also identify a general purpose register whose contents are INDEXED
to be added, as a signed binary number, to the base address. Agarn. the low-order bit of the ADDRESSING

Computed address 15 not output via the Address Bus. but s Interpreted by CPU logic as a byte
identifier

General Purpose Register RO cannot be specified as an index reqister
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before you switched to your current set of general purpose registers. Recall that the previous Workspace register con-
tents are Stored in your current General Purpose Register R13. You céuld thus address the previous General Purpose

Register RS, without knowing where this general purpose register may have been, Dy using direct. indexed addressing
as follows:

................ Instruction
Emmmmmmmmmmnmnmu Base Address

Read/Whrite - - '

Memory ARBITRARY
- MEMORY

ADDRESSES

XXXX

XXXX + 2

Xuxy + 4

XXxXX + b

Xxxx + 8

XXX + A

xxxx + C Previous
X% + E General

xxxx + 10 Purpcse
Xxxx + 12 registers
xxxx + 14

xxxx + 16

XXxXx + 18

Xnux + 1A

xxxx + 1C

xxxx + 1E

[ Base Address] + [R13}

R10
R11
R12
R13
R14
R15

YYVY + 2
YYYY + 4

YYyy + 6

Yyyy + 8

YYYY + A |
Yvyy + C Current -
Yyyy + E . Garveral
yyyy + 10 Purpose
YYyy + 12 ragisters
R10 Yyyy + 14

- vy R 1IF

R12 Yyyy + 1B

R13 " yyyy + 1A

R14 YYyy + 1

R15 YyYyy + 1E

An implied memory addressing instruction will specify one of the 16 current general pur- |} TMS 9900
Pose registers as providing-the effective memory address. | IMPLIED

If you specify implied memory addressing with auto-increment, then the contents of the | ADDRESSING
identified general purpose register will be incremented after the memory access has

been performed. [f the instruction specifies a byte operation. the register contents will be incrementad by one, the
register contents will be incremented by two after a full-word operation. -

L]
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Six gbject code bits idengifv the data memory addressing option selected by any TMS 9300 instruction that accesses
data memory. The six object code bits are interpreted as foliows: 3

t : _ :
{ 0000 through 1111 selsct the general purpose register to be ac-

cessed during the memory acddress computation

-

00 - Not a memory reference instruction. The selected register is
accessed directly,

01 - Implied memary addressing

10 - Direct addressing if register RO is selected.
Direct. indexed addressing otherwise.

11 - implied memory addressing with auto-increment

~ Two-address instructions will include 12 memory addressing option bits:

MSB ' LSB

TD RD TS RS
\—\M’ \'!-_l\\,--f
Destination Source
address address

Some instructions allow a source to be anywhere in memory. but the destination must be a general purpose register
These object codes inciude TS, RS, and RD. but not TD.

TMS 8900 Jump instructions use program relative, direct addressing. These are one-word | TMsS 9900 )
Instructions. where the low-order byte of the instruction object code provides an 8-bit. signed | PROGRAM

binary vaiue. which is added to the incremented contents of the Program Counter. This is | MEMORY

straightforward program relative. direct addressing. ADDRESSING

TMS 9900 I/0 ADDRESSING

As compared to other microcomputers described in this book. the TMS 9900 has unusual 1/0 logic. In addition to ad-
dressing 1/Q devices as memory locations, you can address a separate |/0 field of up to 4096 bits. Texas Instru-
ments’ literature refers to this field as the “Communications Register Unit"” (CRU). If you are programming a TMS
2900 microcomputer system that has already been configured by Texas Instruments. then it 1s justifiable to look upon
the Communications Register Unit as a form of 1/O port. I you are building your own interface to a TMS 99Q0 CPU. then
Instructions that are su pposed to access the Communications Register Unit in reality simply make alternative use of
part of the Address Bus in conjunction with three controt signals: CRUCLK, CRUIN. and CRUOUT.

There are two classes of TMS 9800 CRU instructions. The first class actesses-individual bits (or signals}, while
the second class accesses bit fields that may be between 1 and 16 bits wide. =

There are three single-bit CRU instructions; they set. reset. or test the identified CRU bit. This is equivalent to set-
ting. resetting. or testing an external signal or single 1/0 port bit When a bit is to be Set or reset. the new level is output
via CRUQUT. and a CRUCLK pulse indicates that valid data is on the CRUQUT line. When the condition of a bit is to be

input or tested. then external logic is required 1o return the level of the tested bit via CRUIN.
)

— -
-

18-8




)

© ADAM OSBORNE & ASSOCIATES, INCORPORATED

)
) .

L

A CRU bit instruction outputs a 12-bit address which is computed as:fnllnwsz

instruction Object Code

. ) ”~ _ J

MSHIEMHHH!DEE?EE#EZ 1 0 LSB

General Purpose Register R12

MSH‘I5|41312‘I11IDBH'J’55432 1 0 LS8

L L dzfzhzfzf 2 [z e e e e e

12-bit, unsigned
binary number

X X X
Z 2 2

X Y Y Y Y Y Y
+ 4 4 Z Z

X Y
Z22 7

}

C— Sum becomes effective CRU address X, ¥ and Z represant any binary digits

The 12-bit address is output on the 12 lower-order address lines; the three higher-order address lines are all 0 to
designate a CRU address.

Now during the execution of a CRU bit instruction. the address which is output is supposed to be a bit address — that
1S, an address identifying one bit in a possible 4096-bit field. So far as external interface logic is concerned. the address

can be interpreted in any way. However. data output will occur vis CRUOUT only; data is input via CRUIN, and
8tored in the Equal bit of the Status register.

There are two multi-bit CRU instructions: one. LDCR. transfers data from an addressed memory location to any ad-
dressed CRU bit field. The other, STCR. transfers data from an addressed CRU bit field to any addressed memory loca-

tion. Anywhere from 1 to 16 bits of data may be transferred by the LDCR-and STCR instructions. Instruction object
codes are interpretad-as follows:

MSB T R Lse

NS 1131211108 87 65 43 21 0 gen

Multi-bit CRU Instruction

‘ { {Thasa four bits identify the general purpose register which is to be

used in the memory address computation 0000 = 80 to 1111 =
H165, - e
-} L T

00 - Register is the memory location _ -
01 - Implied memory addressing vid addrass in the register

ll-" -

10 - If Register RQ is selected, then direct memory addressing is
specified; the direct address is in the next program memory
- word, If any register other than R0 is seiected, then diract, in-
dexed addressing is specified. The contents of the selected
register are added to the contents of the next program memo-
| ry word,
e 11 - implied memory addressing with auto-increment
e (CRY) bt fiakd langth {0 is interpreted as 16}
L' I __ iDDHOG-LDCH
031101 = STCR
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The source/destination memory location is identified as it would be for any memory reference instruction.

The address of the first CRU bit is specified by Register R12. For a multi-bit CRU instruction. the CRU bit address is in- j

cremented for each Succeeding bit access. but the incremented address is held in a temporary storage location. The
contents of Register R12 are not incremented. . o |

Thus. multi-bit CRU instructions may transfer anywhere from 1 to 16 bits between any mermory location and any CRU
bit field. Note that memory must bs divided into 16-bit words. each of which has identified bit boundaries, but
there are no equivalent bit boundaries in the CRU bit fisld. That is to say. any CRU bit may be identified via Register

R12 as the first bit in a multi-bit field. while the length of the multi-bit field is identified by the instruction object code.
This may be illustrated as follows: '

. - h L] - . . . ", wmow ] toea - - . »
S * T, S ‘ CRU
r."- P I - .- " 1 =y ) . A .1'41 - By o= " . -

MSB LS8

15'141312111093?5543210

Start of CRU
Bit Field

MSBE - ' | | LSB
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

\/

CRU Instruction
Object Code

End of CRU
8it Field

It YYYY is 0000. the CRU bit field is assumed to be 16 bits in length. SR USUREREE S

18-10
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When bits are transferred from a memory location to a CRU bit fiufd.
actually modified, but the transfer occurs as though bits had been rig

arriving within the addressed CRU bit field are stored in sequential CRU
may be tllustrated as follows:

the contents of the memory location are not
ht shifted out of the memory location, Bits
bit locations with ascending addresses. This

.
H

CRU

Data Memory

Lowest CRU Bit
Addreass :

/|
) IxIx[x[x]i [ [oTe] v To i3 Ja ] o

Highest CRU Bit
Addrass

Eleven bits have been transterred in the illustration above. If eight or fewer bits are transferred from a general purpose
register. only the more significant byte is accessed:

MSEB LLSH
1514 13 12 11 10 9 8 7 ¢ S 4 3 2 1 0o

LI ] .
-

Our itlustration shows a transfer of five bits.

-
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o T TR e e 1T ANed. This may be iltlustrated as follows:

CRU

Data Memory

Lowest CRU Bit Address

Unused, Therefore Reset

Highest CRU Bit Address

As with data transfers from memory to the CRU.

it eight or fewer bits are transferred only a byte will be affected. This
will be either the addressed memory byte:

- . CRU

Data Memory

Lowest CRL Bit Addrass

Highest CRU Bi_t Address

These Bits Reset to 0

e
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If eight or fewer bits are transferred from a memory location. then the memory address will be considerad a byte agd-
dress rather than a word address: that is, the transfer will be from the low-order bits of the addressed byte. which may ‘)

be either the upper or lower byte of a 16-bit memory word. Thus you can access the lower byte of a general purpose
register by addressing it as 8 memory |ocation.

A data transfer from the CRU to data memory occurs as the exact logical reverse of the illustration above. except
that high-order bits of the destination data memory word are zeroed if unfilled. This may be illustrated as follows:

CRU

Cata Mamory

Lowest CRU Bit Address

Unused, Therefore Raset

— Highest CRU Bit Address
As with data transfers from memory to the CRU, if eight or fewer bits are transferred. only a byte will be affected. This )
wili be enther the addressed memory byte:
-~ . CRU

Data Memory

Lowast CRU Bit Adcress

Highest CRU Bit Address

Thesa Bits Raset to O

)
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or the high-order byte of a general purpose register: | -

" e
L ]

MSB . LSB
15 94 13 12 11 10 9 8 7 6

5 4 3 2 1 ¢ |
nnnnnnnn“nn General Furpnsa Register
e ——

A —————

Thesa Bits .
Reset to O This Byte Unaffected CRU

Lowest CRU Bit Address

Highest CRU Bit Address

L]

TMS 8900 STATUS FLAGS
The TMS 9900 CPU has a 16-bit Status register which may be illustrated as follows:

O 12 3 4.5 6 7 8 8 10 11 12 13 14 15 e TMS 9900 Bit Numbe
1514131211109 B 7 6 6§ 4 3 2 1 ¢ wtf—— Our Bit Number

2ISEcfofex] [ T T T TTTT ] swweese
l L Interrupt mask
—— Unysed

e XOP mstruction execyted
[ - E E—— e —— Pa”t? status

I ;——_ = Carry status
— — T Equal Eﬂndiﬂﬂn

Arthmetic Greater Than condition
The low-order four bits of the Status register represent an interrrupt mask which identifies the level of interrupt

which is currently enabled. As the 4-bit interrupt mask would imply, 16 levels of interrupt are allowed. We will describe
Interrupt processing later in this chapter. f -

Logical Greater Than condition

The X status is set to 1 while an XOP instruction is being executed. This instruction allows you to perform a soft-
ware interrupt — as described iater in this chapter.

T
4-} = e .
The P, O, and C are standard Parity, Overflow and Carry statuses.
The Equal status (=) identifies a condition that currently exists, as the result 61’ the execution of a previous in-

struction, that will cause a Branch-if-Equal instruction to branch. A CRU bit to be tested also gats stored in the
Equal status.

The Logical Greater Than and Arithmetic Greater Than statuses are set or reset following arithmetic. logical, or data
move operations. A Logical Greater Than treats the source data a5 simple, unsigned binary numbers. An
Arithmetic Greater Than intarprets the operand as signed binary numbers.

TMS 9900 CPU PINS AND SIGNALS
Figure 18-2 illustrates the pins and signals of the TMS 9900 CPU.

Being#a 64-pin DIP. the TMS 9900 can afford to have separate Address and Data Busses.

"
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veg 1 HOLD
vee 2 MEMEN
WAIT 3 READY
LOAD 4 WE
HOLDA S CRUCLK
RESET 6 Vee
1AQ 7
Ot 8
2 9 D15 {LSB)
{LSB} A4 10 D14
A1l 1 D13
Al2 12 &3 D12
A1 13 52 D11
A0 14 51 D10
AQ 15 50 D9
ABD 16 TMS 9900 49 DB
AT 17 48 D7
AB 18 47 D&/
AS 19 46 D5
Ad 20 45 D4
A3 21 44 D3
' A2 22 43 D2
- Al 23 42 3] _
Msgy  AO 24 41 00 (MSB)
g 25 40 'USS
Vss 26 39
VDD 27 38
3 28 37
DBIN 29 36 1Co {(MSB)
CRUQUT 30 a5 KC1
CRUIN 31 34 IC2
INTREQ 32 I3 {LSB}
Pin Name Description Type
AQ - Al4 Address Bus —_ Tristate. output
DO - D15 Data Bus " Tristate, bidirectional
D), $2, D3, P4 Clock Signals Input
MEMEN Memory Enable Tristate, output
IAQ instruction Fetch Qutput
DEIN Data Bus in Tnstate, output
WE Write Enable Tristate, output
READY Memory Ready input
WAIT - Wait State Indicator Qutput
CRUCLK /O Clock Quiput
CRUQUT Senal 1/0 Qut Output
CRUIN Serial i/0 in cJdnput. e -
INTREQ Interrupt Request © nput
WCO - KC3 Interrupt Code input |,
HOLD . DMA Raquast ' input
HOLDA Hold Acknowledge Output
LOAD Load Interrupt Input
RESET Raset Input
Veg. Voo, Vpp. Vss Power and Ground reference

Figure 18-2. TMS 9900 Signals and Pin Assignments
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Pins AD - A14 provide the 15-bit Address Bus. Note that Texas tnnrumurﬁs' literature numbers bits and pins

from left to right; therefore, address line AQ represents the mn:tfsignificant address bit, where as address line®
A14 represents the least significant address bit. ’ . .

DO - D15 provide a 16-bit bidirectional Data Bus. Once again, DO represents the most significant data bit in Texas
Instruments’ literature. - - - - _ -

Remaining signals may be divided into bus control, interrupt control, and timing.

External logic must provide four clock signais, ®1, ©2, 3, and 4. These are provided by the TIM 9904 described
later in this chapter. |

Any memory access operation begins with an address being output via the Address Bus. The TMS 9900 CPU iJnn-
tifies a stable address on the Address Bus by Outputting MEMEN fow.

If the memory access operation is an instruction fetch, the 1AQ is output high.

If the memory access is a read, then the TMS 9900 outputs a high level via DBIN. Memory
terpret the high DBIN level as a signal to place data on the Data Bus.

if the memory access is a memory write, then the TMS 9900 CPU outputs a low pulse via WE. Memory interface

logic must use the low WE pulse to signal that valid data is on the Data Bus. and 10 store it in the addressed memory
location. WE low does not last as long as DBIN high.

interface logic must in-

When external jogic cannot respond to 8 Mémory access in the available time, it requests a Wait state by input-
ting READY low. The CPU acknowledges by outputting WAIT high.

CHUGLK. CRYIN, and CRUQUT are thres signals used to implement single-bit or serial data transfers via the
CRU interface.

CRUQUT is used to output bits of data to the /0 devices. and CRUIN is used to retrieve input data from the 170 devices.
CRUCLK is active during output operations only. and defines when data bits on CRUQUT are valid.

Let us now look at interrupt control signals.

There is a single interrupt iaquast input, INTREQ., which must be heid low by any external device requasting an
interrupt. External devices identify themselves via control signals ICO - IC3. Thus, an interrupt request must be
accompanied by the appropriate input at IC0O - IC3.

Observe that there is no interrupt acknowledge signal.

For DMA operations, external logic requests access to the System Bus by inputting HOLD low. The CPU
acknowledges the Hold request by outputting HOLDA high.

LOAD is a nonmaskable interrupt.

RESET is a typical system Reset signal. However, TMS 9900 Reset logic uses the device's interrupt capabilities:
therefore, we will describe the Reset operation in detail when discussing TMS 9900 interrupt capabilities in general.

TMS 9900 TIMING AND INSTRUCTION EXECUTION

TMS instructions execute as a sequence of machine cycles, each of which contains two clock periods. Clock

periods are timed by four clock signals, ©1, 2, $3, and 94, as illustrated in Figure 18-3. Note that @‘2 is the first
phase of each clock period. and that ®1 is the last phase.

The simplest instruction execution machine cycle is an internal operationg.cycle. Neerternali | TMS 9900
bus signals are active during this machine cycle. and no memory or |/O access occurs. Timing for | INTERNAL
an internal operations machine cycle will consist of two clock periods, as-illustrated in | OPERATIONS
Figure 18-3. MACHINE

| CYCLE

MEMORY ACCESS OPERATIONS . | -

TMS 8900 memory access operations may consist of a memory read or 8 mermory write. An instruction fetch is

.....

a minor variation of a memory read.

Figure 18-4 illustrates memory read machine cycls timing.

MEMEN goes low at the beginning of any memory access machine cycle and stays low for the entire machine cycle.
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¢33

b4

MEMEN

DEIN

AOQ-A14

DO-D15

o

Figure 18-3. TMS 9900 Clock Periods and Timing Signals as
Generated by the TIM 9904

CLOCK PERIOD 1

ADDRESS QUT ! ' -

)
)

——ONE MACHINE CYCLE

CLOCK PERIOD 2

-
-

S

d

t j‘_‘h- - ."h -

INPUT MODE INPUT MODE

CPU READS DATA

b el e

Figure 18-4. A TMS 8300 Memory Read Machine Cycle ~
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OBIN goes high at the beginning of the memory read machine cycle afd stays high for the entire machine cycle. Exter-
nal logic can theretore use MEMEN tow as a memory address indi::a_t__c:r while DBIN high identifies the read operation.

A memary address is output stable on the Address Bus for the entire machine cycle.

The Data Bus operations during a memory read machine cycle repressnt the only unusual characteristics of the
machine cycle. input data needs 1o be stable during the @1 high pulse of the second clock period. However, the Data
Bus is connected to input logic for the entire memory read machine cycle and for a portion of the next machine cycle.
Thus. during a memory read machine Cycle. external logic cannot access the Data Bus to perform direct memory ac-
Cess. or any other operations. on the assumption that the Data Bus is free until Data In becomes stable. Moreover, since
the Data Bus is held by data input logic of the CPU during the next machine cycle. a memory read machine Cytle can-
not be followed by a MEemory write machine cycle. A memory read machine cycle must be followed by an internal
operations machine cycle, or by another memory read machine cycle. -

The only difference between an instruction fetch machine cycle and 3 memory read machine cycle is the fact that dur-
ing an instruction fetch machine cycle, lAQ is output high, along with DBIN, for the duration of the machine cycie,

-
ONE MACHINE CYCLE
CLOCK PERIOD 1 CLOCK PERIOD 2

o1 C ®
@2 v C)
H3
. 7
WE

p0-A14 ADDRESS OUT T

DO-D15 | DATA OUT —

o -

‘I:"\-\-., + -

- ik ik T . h— _ . L

Figure 18-5. A TMS 93500 Memory Write Machine Cycle

Memory write machine cycle timing is illustrated in Figure 18-5. In this illustration, we see that data is output sta-
ble on the Data Bus for the entire duration of the memory write machine cycle. The Data Bus is not heid by output logic
beyond this single machine=Cycle. Thus, no restrictions are placed on the type of machine cycte which can follow a
memory write machine cycle. Even though data output is stable for the entire memaory wrile machine cycle, the write
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enable strobe WE does not go low until close to the end of the first Clock period. In many cases it is easier to use NOT
DBIN as a write control signal. Here is the necessary logic: ' .

MEMEN - WRITE

TMS 9900 instruction execution machine cycle sequences are not always self-evident; therefore, let us Ibok at
some memory reference examples. .

Memory address computations make machine cycle sequences quite complex. particularly for two-gperand instruc-
tions. Fortunately. the exact machine cycle sequences are rarely of any consequence to you as a programmer or logic

designer. The eventual number of machine Cycles required to execute an instruction {and therefore its execution time}
IS important.

Generally stated, instruction execution proceads as follows: TMS 9800
1) The instruction object code is fetched. ';:i;i%?;:? N
2) The first operand address is computed. | SEQUENCES
3) The second operand address lif there is onel is computed.

4) Any operation that may be required is performed.
B If aresutis generated. it is returned to the second operand address.

Let us look at operand address computations using the ADD instruction (A) as 8 general example First consider the in-
Struction in its simplest form — where the contents of one register are added to the contents of another register:

A R1.R2

Cycle Type Figure Function |
1 MEMORY READ 18-4 Fetch instruction object code

2 ALU 18-3 Recode instruction
3 MEMORY READ 18-4  Feteh R contents
4 ALL 18-3
5 MEMORY READ 18-4 Fetch R2 contents
6 AL 18-3  Add R1 and R2 contents
7 MEMORY WRITE 18-5 Store sum in R2

Now consider the same instruction's execution. but using implied memaory addressing for the first operand:
] T A *R1.R2

Cycle Type Figure Function
1 MEMORY READ 18-4  Fetch instruction object code
2 ALU 18-3 Decode instruction
3 MEMORY READ 18-4  Fetch R? contents
4 ALU 18-3  Use R1 contents as a memory address imptied addressing)
5 MEMORY READ 18-4 Fetch contents of implied address lacation
6 ALU 18-3 -
7 MEMORY READ 18-4  Fetch R2 contents
8 ALU 18-3  Add data fetched in cycles 5 and 7 e .
g MEMCRY WRITE 18-5  Store sum in R2 L

o
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If the second (destination} operand uses direct addressing. here is the machine cycle sequence’

10
1
12
13

Type
MEMORY READ
ALU
MEMQRY READ
ALLU
MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
ALU

MEMORY WRITE

A

Figure
18-4
18-3
18-4
18-3
18-4
18-3
18-4
18-3
18-4
18-3
18-85

*R1.@LABEL

Function

Fetch instruction cbject code

Decode instruction

Fetch R1 contents

Use R1 contents as a memory address

Fetch contents of implied address location "

Fetch the second instruction object code word; it holds the direct address

Fetch contents of directly addressed memory word
Add words fetched in cycles 5 and 11

Store sum in directly addressed memaory word

Indexed. direct addressing results in the following sequence:

Cycle

el el ol ol —
PPN U A WN

Type
MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
AL
MEMORY READ
ALU

MEMORY WRITE

A

Figure
18-4
18-3
18-4
18.3
18-4
18-3
18-4
18-3
18-4
18-3
18-4
18-3
18-5

"R1.@LABEL{5}

Function

Fetch instruction object code

Decode instruction

Fetch R1 contents

Use R1 contents as a memaory address
Fetch contents of implied address location

Fetch the second instruction object code word; it holds the direct address

Fetch R5. the Index register contents

Add direct address and index

Fetch contents of memory word addressed by cycle 10 addition
Add memory words fetched in cycles 5 and 11

Store sum in memory word addressed by cycle 10 addition

If the first operand-implied address specified an auto-increment, we must add one more machine cycle:

Cycle

AN DO DU b W -

Type
MEMORY READ
ALL
MEMORY READ
ALU

MEMORY WRITE

MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
ALU
MEMORY READ
ALU

MEMORY WRITE

A

Figure
18-4
18-3
18-4
18-3
18-5
18-4
18-3
18-4

. 18-3

18-4
18-3
18-4
18-3
18-5

MEMORY SELECT LOGIC

MEMEN discriminates between memory and 1/Q accesses.

*R14+.@LABEL(S)

Function

Fetch instruction object code
Decode instruction
Fetch R1 contents
Increment fetched R1 contents

Write incremented R1 contents back to R1
Fetch contents of implied address location

—r

Fetch the second instruction object code word: it holds the direct address

Fetch RS, the Index register contents

Add direct address and index

Fetch contents of memory word addfe_sﬁﬂdﬂby* eyoe 11 addition
Add memory words fetched in cycles 5 and 12 .
Store sum in memory word addressed by cycle 11 addition

Itis therefore very important that MEMEN low be a

neceasary component for any memory select.

You can map 1/Q into the memory space of the TMS 9900. Th

Is is true of any microprocessor. Memory addresses that

select 1/0 devices will. of course. also require MEMEN low as a contributor to I/0 device select logic.

-—

18-19




:i-.
2

MEMEN as a contributor to select logic may be illustrated as follows:

. SELECT TRUE ONLY IF
. MEMEN IS HIGH AND

. A12-A14 ARE 000 '
MEMEN
— T-" AQ LSB)
L ]
Al1
_— A12
Ald  (Mmsg)
MEMORY .
' M;MTC?F{ y *  SELECT TRUE
0 MAPPED *  ONLYIF
/O SELECT *  MEMEN
oG . ISLOW
[ ]

)

The three high-order address lines. A12, A13. and A14. are not used to address CRU bits. When addressing a CRU bit.

these lines are all low. They are not low during execution of externally defined I/O instructions: therefore. A12. A13, )
and A14 low must be a prerequisite for any CRU bit select.

TMS 9900 1/0 INSTRUCTION TIMING

Alt TMS 9900 1/0 instructions transfer serial data via the Communication Register Unit (CRU). {This excludes 1/0 which
1S addressed as TMS 9900 memory space.) |

There are four types of TMS 9800 I/O instructions. They are:

1} Data input. Anywhere from 1 to 16 bits of data may be transferred from the CRU bit field to memnory

2} Data output. This is the simple reverse of data tnput. Anywhere from 1 to 16 bits of data may be output from
memory to the CRU bit field. -

3)  Bit test. Any bit in the CRU bit field may be tested. The tested bit is input and stored in the Equal bit of the Status
register. Thence, condition branch Instructions can be used to test thesbit level =% * -

4) Externsally defined 1/0 instructions. These instructions generate |/0 contro} signals. but they transfer no data.

Timing for CRU output and input machine cycles is illustrated in Figures 18-6 and 18-7, respectively. Each of
these figures shows two bits of data being transferred. {You should not attach any special significance to this fact: de-

pending on the instruction being executed. anywhere from 1 to 16 bits may be transferred.) CRU machine cycles are
executed contiguously, one per bit. .
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y |

Cycle

1
2

Type

MEMORY READ

ALU

aCycles, where 0 €< a < 4

3+a
4+3
B+a

B+ a2
7+3

i Cycles

8+a+;
Q+a+i

r Cycles

10+a+i+rto
12+a+i+r

13+a+i+r

| | MACHINE CYCLE 2
CLOCK PERIOD 1| CLOCK PERIOD 2 | CLOCK PERIOD 1) CLOCK PERIOD 2

(]

¢2

$3

¢4

AOD-A14

CRUQUT

CRUCLK

MEMORY READ
ALU
MEMORY READ

ALU
ALU

CRU N

ALY
ALU

ALU

MEMORY WRITE

TCR instruction i

Figure
18-4
18-3
184
18-3
184
18-3
13-?

18-3

18-3

18-5

lt——

MACHINE CYCLE 1

require a memory reference machine cycle. together with one ar more CRU machine i:'f'
s executed to input data from the CRU to the CPU, the following

Function

Fatch Instruction Coda
Decode Instruction
Obtain Destination Address

Fetch Dastination Memory Word Contents

Fetch R12

Compute CRWU Starting Address and Prepare
Control Signals

Input i CRU Bits

Load CRU Bits in Temporary Register

Fitl Upper Bits of Byte or Word With Zaroes
fi>8,r=15-i; fIi<8, r=7-ij

Prepare to Store Memory Word

Output Assembled Word to Memory Location Whose
Contents Wera Fetched in Machina Cyclae 3 + a

Figure 18-6. Twao TMS 9300 Output-to-CRU Machine Cycles
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o1

¢2

63

o4

AD-AT4

CRUIN

CRU READS BIT | CRU READS BIT

R e e

Figure 18-7. Two TMS 9900 input-from-CRU Machine Cycles )

An LDCR instruction ocutputs a sequence of 1 to 16 data bits to a CRU bit field. Here is the LDCR instruction
machine cycle sequence:

Cycle Type Figure Function
1 MEMORY READ 18-4  Feteh instruction cbject code )
2 ALU 18-3  Decode instruction '
a Cycles where O0<a<4 } Obtain source address
3+a MEMORY READ 18-4  Fetch source memory word contents
4+3
7tn ALV 18-3  Prepare for data transmission
+a
B+a MEMQRY READ 18-4 Fetch R12 -
9+a AL 18-3  Compute CRU starting address
| Cycles CRU OUT 186} Output i bits to CRU ]
10+a+i ALU 18-3  Machine cycle to conclude instruction

The SBO and SBZ instructions set or reset an addressed CRU bit: in essence, thesq jnstructions output one data
bit. Here is the machine cycle sequence via which the bit output nc;:ur?: -

Cycle Type Figure Function

1 MEMORY READ 18-4  Fetch instruction object code

2 ALU 18-3 Decode instruction

3 AlU 18-3  Decode instruction

4 MEMORY READ 18-4  Fetch R12 |

5 ALU 18-3 Compute CRU address

6 CRU QUTer— 18-6  Output to addressed CRU bit
The T8 instruction inputs one CRU bit: its timing is identical to the SBO and SB2? instructions, except that )
machine cycle 6 is a CRU IN machine cycle.

-

-
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The Address Bus is used in an unusual way during 8 CRU machine cycle. As we have already stated. the CRU bit
field is 4096 bits wide — addressed by 12 of the 16 Address Bus lines. The thres high-order Address Bus linas are
used to identify 1/0 control instructions, as defined in Table 18-1. We can conclude from Table 18-1 that when
MEMEN is high and the three high-order Address Bus lines are all tow. an 1/0 transfer is occurring. Otherwise. one of
five externally defined 1/0 control instructions is being executed. There are dedicated functions for these five 1/0 con-
trols in TM 890 minicomputer systems. these are shown in Tabie 18-1. Byt to anyone who is simply building a
microcomputer system around a TMS 9900. these five 1/0Q states are undefined. Thus, Figure 18-8 illustrates TMS

8900 systems’ bus utilization during both CRU operations and externally defined 1/0 operations. if CRU SEL and
MEMEN are high, CRU Select logic will be active.

¥

Table 18-1. High-Order Address Bus Line Used by TMS 9300 1/O Instructions

INSTRUCTION INSTRUCT ION (MSB)
MNEMONIC TYPE Alh  Al13 Al2

Qutput Qutput data to {RUY

Set CRU bit to 1
Reset CRU bit to 0O
input data from CRU

Input CRY bit to Equal status bit
Enter HALT condition

Output
Output

Input

Test (input)
Control
Control Reset the Interrupt mask
Control

Real time clock on ) These are

Real time clock off TH 990 uses.
Instructions

Execute bootstrap are undefined
in a TMS 9900
system.

Control

e = = B u- B = T o B = T

Control

L

Externally defined instructions output 0 on the 12 low-order Address Bus lines, AQ - A11; in addition, CRUCLK
Pulses are output as part of the instruction axecutions.

CRUCLK is an active CRU output strobe only. This signal pulses high whenever a valid level is present on the
CRUQUT signal line. Thers is no pulse for CRUIN. External logic must generate 1ts own strobe if it is needed. by com-
bining MEMEN high with a valid bit pattern on the Address Bus.

CRU instructions that test the level of a bit are. 1o external logic. no different from CRU input instructions. External logic

I required to return. via CRUIN the level of the selected bit. The fact that the CPU interprets this input as status. rather
than data. is immaterial to external logic.

THE WAIT STATE

cle. Timing is iilustrated in Figure 18-9. At the rsing edge of ®1 of clock period 1. the CPU samples the READY input
signal. If this signal is low. then the next clock penod is a Wait clock period. Duging a Waiecyele. the WAIT output Sig-
nal is high; all other output signals hold the levels they had during clock period 1.

A Wait State can last for any number of clock periods. During the @1 high pulse of every Wait clock period. the CPU
sampies the level of the READY input. As soon as READY is sampled high, the Wait State ends. The next clock period
becomes ciock period 2 of the machine cycle. and the memory operation is completed.

— T T
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Al4
B Al13
L[] A12
- A1l
AD
CRUCLK
CRUQUT
CRUIN
MEMEN

LREX
CKON
CKOF

UNUSED
RSET

HALT
UNUSED

DQapubihnd

CRU
SELECT
LOGIC

CRU SELECT
SIGNALS

it CRU SEL and MEMEN are high, CRU Selact logic will be active.
: — M

Makell

Figure 18-8. TMS 9900 Systern Bus Utilization Quring I/0 Operations

ONE MACHINE CYCLE

WAIT © WAIT
CLOCK PERIOD
LOCKPERIOD 1 | ) nek PERIOD CLOCK PERIOD CLOCK PERIOD 2

¢3 L4 & \ | ]

¢4 ‘
. ‘ -
o ‘
& &

WAIT

_M - —

R ——— T

. Figure 18-S. The TMS 9900 Wait State
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THE HOLD STATE

The TMS 9900 has a typical microcomputer Hold State, used to snable direct memory access operations. Exter-
nal logic initiates a Hold State by inputting HOLD fow. At the beginning of the next nonmemory reference machine cy-
cle. the CPU floats its Address and Data Busses. together with the DBIN, MEMEN and WE control signals. HOLDA is
output high as a Hold Acknowledge. Timing is illustrated in Figure 18-10.

(NON-MEMORY
~ CYCLE) o

CLOCK PERIOCD 1

HOLD I HOLD CLOCK PERIOD 1

A0-A14, WE, — "
MEMEN, OBIN } . - - -

Figure 18-10. TMS 9900 Hold State Timing

The Hold State lasts until external logic raises BOLD high again,

It is up to external logic to perform all nparatiuhs associated with 8 DMA transfer. The CPU simply floats the
System Bus in response to a Hold request. As soon as the TMS 9911 device is available, this will be the part of

choice to use in all TMS 9900 microcomputer systems that use direct memory access logic. Any qf the other
DMA devices described in Vojume 3 may also be used.

The only nonocbvious aspect of Figure 18-10 is the fact that Data Bys timing, during nomal instruction execution.
diffars from other System Bus signal timing. Figure 18-10 highlights this %E't'b'féhﬂwing the Data Bus floating at
the beginning of the first HOLD clock period. while other signais float eariier in the rreceding clock period. This is not a
particularly significant event. The entire System Bus is floating once the HOLD clock period has begun. However, the

actual tristate condition for any signal begins at that point in the preceding clock period when the signal is no longer
being driven by current operations.

THE HALT STATE

The TMS 9800 IDLE I/0 instruction generates a Railt State. When this instruction is executed, the CPU suspends all

program execution and internal operations. You must terminate the Idle condition with an Interrupt request or a low
LOAD or RESET input. (LOAD and RESET are treated as interrupts as we will describe soon.} -

The TMS 9800 CPU does not relinquish the System Bus while halted. That is to say. after an IDLE instruction has
been executed. no System Bus lines are floated.

It

- L]
[,

L]
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The IDLE instruction is usually executed when program logic requires that the CPU wait for an Interrupt. or when exter-
nal logic is computing a real-time interval — which will be terminated with an Interrupt request. )

You can, if you wish, initiate 8 DMA transfer by executing an IDLE instruction. In order to do this, you must

create a HOLD request from the Address Bus output characteristic of the IDLE instruction’s oxescution. This may
be illustrated as follows: |

Al14 - - = A14 {MSB)
A13 - e . A
a12 s — .

CRUCLK m— - ————— CRUCLK

D+ 5Y '
END HOLD
HCLD
HOLDA HOLDA
As illustrated above. the combination of 010 on the three high-order Address Bus lines. along with the CRUCLK pulse. )

identifies the IDLE instruction. Since the process of floating the System Bus will remove the conditions which gener-
ated a Hold request. these conditions are used to clock a flip-flop. Thus. external logic which receives the Hold
acknowledge signal and takes control of the System Bus must subsequently reset the Hold request flip-flop in order to
remove the Hold condition. That is to say. program logic can begin a Hold state within a MHalt 5tate, but it cannot

end this combination. Two steps are needed to terminate a Hold within 8 Hait, The Hold request must be )
removed, then an interrupt request must follow to terminate the Hait.

TMS 9900 INTERRUPT PROCESSING LOGIC

The TMS 9800 has complex and capable interrupt processing logic. Sixteen levels of external interrupt are
available. Sixteen software interrupts are also available. Fifteen of the sixteen external interrupts are maskable: the
nonmaskable interrupt has highest priority and is the system Heset interrupt. There is. in &ddition. a non-maskable Load

intersrupt. External interrupts may be summarized as follows: . -
) LOAD - Non-maskable, Equal Highest
. E“E'E_T' ~ Priority 0 } Priority tnterrupts -
Priority 1 |
Priority 2
Priority 3 B Bt A
Priority 4
Maskable Priority 5 1
Levels of Priority 6
External Priority 7
Interrupt Priority 8
Friority 9
Priority 10
T i Priority 11
Priority 12 -
Priority 13 )
Priority 124
Priority 15 Lowest Priority Interrupt
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External logic identifies the priority of its interrupt request via the ICO. IC1. IC2. and IC3 Inputs. as follows:
iICO IC1T 1IC2 IC3 Priority

G 0 0 0 Should not be input by external logic - highest external
0 0 0 1 1 B
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 B
0 1 1 0 6 .
0 1 1 1 7
1 0 0 4 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
. 1 1 0 1 13
1 1 1 0 14 |
1 1 1 1 15 lowest external

Software interrupts are axecuted via the XOP instruction. Thers are, in addition, instructions that parallel the

RESET and LOAD interrupts. We will describe these instructions in due course.

Each one of the sxternal interrupts has two dedicated memory words via which vectoringis | TMS 9900
enabled following an interrupt acknowledge. Figure 18-11 illustrates the memory map asso- | INTERRUPT
ciated with interrupt vectoring. The memory addresses in Figure 18-11 are byte addresses as | VECTOR MAP
seen by the programmer. Remember, the low-order bit of the address shown in Figura 18-11 is not

output on the Address Bus. therefore. you must divide the memory addresses shown in Figure 18-11 by 2 in order to
generate the address which will be seen by external memory.

The memory words dedicated to interrupt vectorning, as illustrated in Figure 18-11, can be read-only memory.
read/wtrite memory, or any combination of the two. Obviously, read-only memory will be used in applications that have
dedicated interrupt service routines for specific interrupt requests. Read/write memory might be used in minicom-
puter-type applications where the interrupt response will depend on the application being serviced.

Interrupt masking and priorities apply only to external interrupt requests. interrupt masking priorities cannot be
applied to software interrupts {the XOP instruction). Since program logic must generate the software interrupt. pro-
gram logic can equally be relied on to know which software interrupt is 1o be executed. and whether the software inter-
rupt is allowed by current program logic. That is to say. from the programmer's viewpoint. a software interrupt is simply
the consequence of an XOP instruction’s execution: you. as a programmer. can include an XOP instruction anywhere in

a program. within or outside an interrupt service routine. XOP instructions might be used in response to error condi-
tions. or to call any frequently used subroutines. ——

Let us begin by looking at the way in which external interrupts are processed.

Any external device wishing to request an intsrrupt must pull the INTREQ input low while simultaneously plac-
ing a 4-bit code at the ICO - IC3 inputs. The CPU-will acknowledge the interrupt, provided that its priority, as
identified by the ICO - IC3 inputs, is enabled. The interrupt will be acknowledged at the conclusion of the cur-
rently executing instruction. The BLWP and XOP instructions are exceptions; for the integrity of program logic.
they demand that the next sequential instruction be executed. Therefore. if an Interrupt request occurs while either of

these two instructions is being executed. the interrupt will not be acknowledged until this instruction and the next in-
struction have been executed. L

F

jyﬁ_ e om —c ".

I i
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INTERRUPT VECTORS

b XOP SOFTWARE TRAP VECTORS

LOAD SIGNAL VECTOR

GENERAL MEMORY FOR
PROGRAM, DATA, AND
WORKSPACE REGISTERS

MEMORY.©  MEMORY WORD CONTENT
ADORESS _

!

AREA DEFINITION

WP LEVEL O INTERRUPT

PC LEVEL O INTERRUPT
WP LEVEL 1 INTERRUPT
PC LEVEL t INTERRUPT

0000
0002

0004

0006

WP LEVEL 15 INTERRAUPT

PC LEVEL 15 INTERRLUHT

PC XOP 0O

0G7C

007¢

.
GENERAL MEMORY AREA
MAY BE ANY

COMBINATION OF
PROGRAM SPACE
OR Wﬂt’tHSPACE

WP LOAD FUNCTION
PC LOAD FUNCTION

FFFC
FFFE

When an interrupt is acknowledged,

Cycle Type
1 ALU 18-3
2 MEMORY READ 18-4
3 ALU 18-3
4 MEMORY WRITE 18-5
5 ALL 18-3
6 MEMORY WRITE 18-5
7 ALU 18-3
8 MEMORY VW1 TE 18B-5
9 ALU 18-3
10 MEMORY READ 18-4
11 ALU 18-3

Vector words are illustrated in Figure

T

Figure Function

. i — .

Figure 18-11. TMS 9800 Memory Map

the following machine cycles are executed:
' i SRR

L]

-

—

Move new WP register contents from vector word to temporary storage

Store status in new R15
Store ICO - IC3 tevels in four low-order Status bits

Store incremented PC in new R14

Store old WP register contents in new R13

Fetch new PC contents from vector word
Fetch new WP contents from temporary storage

18-11.
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At the conclusion of the interrupt acknowledge sequence listed above. the priority of the | TMS 9900
acknowledged interrupt request. less one. is recorded in the four low-order Status register bits. NESTED
Thus, subsequent interrupt requests will be acknowledged only if their priority is higher than that | INTERRUPT
of the interrupt being serviced. That is to say. whenever an nterrupt request occurs. CPU logic | PRIORITIES
compares the levels input at ICO - IC3 with the levels present in the four low-ordar Status register
bits. I ICO - IC3 is not greater than the mask. then the Interrupt request will be acknowledged if ICO - IC3 is higher.
then the interrupt request will not be acknowledged. Thus. in the normal course of events, TMS 9900 interrupt
priority logic disables all interrupts of equal or lower priority than an acknowledged interrupt, while leaving high-
er priority interrupts enabled. Priorities are maintained for the duration of the interrupt service routine. This is il-
lustrated in the following figure. which you should read in the sequence @ - - @ . @ _ ® _ ® '

: Interrupts with

g8 11

priorities 5, 8 and 11 > P "\
g ' OGccur simultanagusly /’ \
/ \
] 7 Interrupt 7, having highest
Interrupt with /
/
v

i
pt) i priority of three pending
priority 5 interrupts {7, 8 and 11) will
scknowledged immediately be acknowledged:

Main Program /7
ogram /
@ Interrupt with /® @

priority 7 occurs
and is denied

@ Interrupt with priority 2
cccurs and s
acknowledged

@ Interrupt sarvice

routine 2 executes

Interrupt service routine 5
completes execution

The interrupt priority arbitration logic of the TMS 9300 is exceptional among microcomputers. Most microcomputers
arbttrate priorities at the instant interrupts are being acknowledged. and once an nterrupt has been acknowledged. all
interrupts are disabled. Thatis to say. interrupt priorities apply only duu’ng the acknowledge process. In contrast. the
TMS 9800 maintamns interrupt priorities for the duration of the interrupt service routine. as illustrated above.

The net effect of the interrupt response steps itlustrated above is to perform a context switch while disabling all inter-
rupts that have the same priority as the acknowledged interrupt. or that have a lower PriGrity.

There are some very important and nonobvious advantages to initiating an interrupt service routine with a con-
text switch.

-+

Since the 16 new memory locations that will be used as general purpose registers may lie anywhere in read/write
memary. you €an store parameters that will be used by the Interrupt service routine. in advance of the interrupt. in

those memory locations that are ultimately to serve as general purpose registers for the durati@ of the interrupt service
routine. ST

You can, if you wish. modify the interrupt priority scheme that will control nested interrupts. As we have already
stated. if you do nothing about interrupt priorities. then any interrupt $ervice routine may be interrupted by a higher
priority external interrupt. but not by an external mnterrupt that has the same prority or a lower priotity.

If you wish 10 eliminate nested interrupts entirely. then the first instruction executed within an interrupt service routine
must be an LIMI O instruction (Load Interrupt Mask Immediate). which clears the four low-order Status register bits.
thus disabling all maskable interrupts. A RESET or LOAD Interrupt — or a level O externat interrupt request — will still
be acknowledged. these should be alarm conditions and not part of the normal interrupt logic of any microcomputer.
You can execute variations of the LIMI instruction to tncrease or decrease the levels of priority that wiil be masked for
the duration of any interrupt service routine {or for that matter any subsequent instruction within the interrupt SErvIGe s

routine) can load appropriate data into the four low-order bits of the Status register. thus changing the priority levet at
which all subsequent interrupt requests will be disabled.

e
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All interrupt service routines should end with an RTWP {RaturnﬁWnrkspacu Pointer} instruction. The RTWP in-
struction performs a reverse context switch. which puts the central processing unit back to the logical envircnment
which was interrupted. Observe that since the Status register is also saved during a forward context switch. the return
instruction will restore whatever leve] of interrupt priorities existed at the instant the interrupt was acknowledged. You
can. of course. modify the contents of General Purpose Registers R13. R14. and R15 in the Course of an interrupt ser-

vice routine’s execution. This allows Proegram logic to alter the conditions that will be restored when the return instruc-
tion executes a reverse context switch.

The TMS 9801 PSI, which we describe later in this chapter, provides multiple interrupt handling for TMS 9900
series CPUs. If your System does not include a TMS 9901, then external hardware raquired to support muitjpile
interrupts in a TMS 9900 microcomputer system will not be as straightforward as the software responsae.

First of all. we must cope with the fact that if more than one interrupt request occurs TMS 9900
simuitaneously. then there will be competition on the minput. but there will aiso be [ MULTIPLE
competition at the four priority inputs. ICO - IC3. Resolving competition on the INTREQ inputis { INTERRUPT

no problem; you can wire-OR interrupt requests from many devices to create the CPU input. HARDWARE

But your external logic must make sure that only the highest priority combination of ICO-IC3 | CONSIDERATIONS

) +5V

INTREG

T™S A (HIGHEST PRIORITY)
9900 ACD INT 1
AC1 .
AC2l DECODER :
AC3 - :
ﬁ_ :
- INT 15

(LOWEST PRIORITY)

In the illustration above, 15 external Interrupt requests are input to a decoder. These interrupt requests are high true.
The 15 interrupt requests are buifered. inverted. ang wire-ORed to create the master interry pt reguest INTREQ. which
s input to the CPU. This master Interrupt request also enables the decoder. Thatm to say."When the enable input to the

-

18-30




</

© ADAM OSBORNE & ASSOCIATES, INCORPORATED

o/ \/

decoder is high. the four outputs. ICO - IC3 will be low. When the enable

. input to the decoder is low. ICO - IC3 will out-
put a 4-bit value as follows:

- N M T WL O ~ND D - e N
8588 zzz:t:zhEEEEEEELES
0000 00000DOOCO0COOCGCLO o
0 0 0o 1 T % % % %k % % % % % % % % x x
c 61 0 O 1 % % % % %k % % % % % % % %

O 0 11 O O 1 % % % % %k % % % % * % % '
0 100 O 0 0 1 % % % % % % % % % % X
01 0 1 O O 0 0 1 % % % % % % % % % x
0 110 0 0 0 0 0 1 % % % % % % % %

_ 0 1 1 1 0 0 0 0 0 0 1 % % % % % % % 3% )

1 00 0 0 000000 1 % % % % % x x
1 0 0 1 0 0 0 0O O O 0 1 % % % % » %
1 010 O 000 OO OO O 1 % % % %
| 1 0 1 1 0 000000000 1 % % % %
' 1100 O 000 O0O0OOOO0O O 1 % % %
1 1 0 t 0 0O 0OO0COOOOOOO O 1 % x
1 11 0 C 0 0O0OOOGO OO OO OO OO0 1 #
1 1 1 1 0O 0 OO OOODOOGO OO OUDOTO0 0 1

# REPRESENTS A “"DON'T CARE” BIT

if you do not use the TMS 9901, Texas Instruments suggests the following circuit to accomplish priarity encoding:.

+5V

INTREGQ

INT 1 (HIGHEST

e PRIORITY)
.
[

INT 7

TM™MS
9900 e

. INT 8

. L

L

. ]

| &

* .

|

)

INT 15 (LOWEST .
PRIORITY) — e
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External logic must maintain its interrupt request until it received its own specific interrupt acknowledge. This

need is obvious. since an Interrupt request may be denied for a long .t_i:me whiie higher priority INterrupts are being ser-
viced. .

The problem is that the TMS 8900 has no interrupt acknowledge signals.

Interrupt acknowledge signails can be generated in one of two ways: |

1} By using CRU bit Instructions to set and reset external'flip-flops that create interrupt acknowledge signals.
2) By decoding appropriate addresses on the Address Bus.

Figure 18-12 illustrates two possible configurations that will allow CRU bit set and reset instructions to genbr-
ate interrupt acknowledge signals. The logic in Figure 18-124A generates a short interrupt acknowledge pulse.
CRUOUT becomes the input to a Hip-flop which is decoded to generate CRU select signals. The CRU bit select and
MEMEN are gated to the flip-tiop’s Clear input. Therefore. when CRU bit "n” is selected. CLR is removed and CRUQUT
can be clocked through. A set bit (SBO) Hnstruction switches the tHip-flop on. As soon as the § hp-flop address is removed
at the end of the CRU /O machine Cycle, the flip-flop is cleared. thus termmating the interrupt acknowiedge pulse

.The logic iHlustrated in Figure 18-12A requires that You execute an SBO instruction at the beginning of every interrupt
service routine in order to generate an interrupt acknowiledge. You could require every interrupt service routine to con-
trof the length of the interrupt acknowledge pulse by executing an SBZ instruction 1o terminate the pulse. Figure
18-12B shows logic to implement this scheme. When the flip-tiop is selected by the appropriate CRU address. CRUCLK
will clock CRUQUT 1o INT ACK n. At other times. CRUCLK will merely clock the flip-flop’'s outpu? through. thus making
no change. In this way, only S80O and SBZ instructions which address INT ACK n can set or reset the flip-flop.

Figure 18-13 illustrates generation of an interrupt acknowledge signal by identifying specific addresses on the
Address Bus. Fél[uwing any interrupt acknowledge. specific memory locations wili be accessed. as identified in Figure
18-11. in order to fetch the new values for the Program Counter and WP register. Figure 18-13 shows a very simple
scheme whereby Address Bus lines are combined with MEMEN low to generate high pulses for the duration of a valid

address. That is to say. the interrupt acknowledge signal will last for one machine Cycle — the time that the vaiid ad-
dress exists on the Address Bus. '

External logic which requested an interrupt removes its interrupt request and priority signals upon receiving an

4 "
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Al13
j A12 .=

All

N

N
a MEMEN
-
o
5
LECT
& ADDRESS nSELEL
E DECODE
<
,E.. CRUOQUT INT ACK n
§ CRUCLK — -
2
o
W
2
T
=]
o
]
; A) Logic to treate a short INT ACK n pulse
1 [}
S
o
n SELECT -- . — INT ACK n

CRUOUT . | +5V-4

CRUCLK

\_/ o/

B) Logic to have a programmed INT ACK n pulse length

——rTra— —— — r—
e L S

Figure 18-12. A TMS 9900 Interrupt Acknowledge Pulse Generated Using an SBO Instruction

Z 3o

MEMEN

INTERRUPT n

SELECT
LOGIC

) hSELECT "'| }—— = INT ACK n

Figure 18-13. TMS 9900 Interrupt Acknowledge Generated by Decoding Valid Addresses

INTERRUPT ADDRESS
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THE TMS 9900 RESET | -

acuted:;

I
Cycle Type . ... . Figure Function ’
1 ALU 18-3  Prepare for Level O interrupt
2 ALU 18-3
3 ALU 18-3
4 MEMORY READ 18.4 Fetch new WP register contents from memory word 000014 to tempdrary
o storage :
5 ALU 18-3 R
6 MEMORY WRITE 18-5 Store Status register contents In new R15
7 ALU 18-3
8 MEMORY WRITE 185  Store Program Counter contents in new R1d
9 ALU 18-3
10 MEMORY WRITE 18-5 Store old WP register contents in new R13
i1 ALl 18-3
12 MEMORY READ 18-4 Fetch new Program Counter contents from memory word 0001 186
13 ALU 18-3  Load WP register from temporary storage

Thus, program execution begins with a prugrarﬁ whose starting address is stored in memory word 1. The starting ad-
dress for the 16 general purpose registers is stored in memory word 0.

The TMS 9900 has 3 Reset instruction (RSET) In reality. this instruction resets only the interrupt mask in the Status
register; it also outputs a code on the Address Bus. as identified in Table 18-1 and illustrated in Figure 18-8 TM 890

minicomputer systams use this signal to generate a program-mitiated Reset If you are designing your own TMS 9900-
based microcomputer system. You are free to use the RSET INstruction in any way.

THE TMS 8800 LOAD OPERATION

The LOAD input to the TMS 9900 is a non-maskable, highest priority tnterrupt. Load must be input low for at

least one instruction’s duration. Since the length of an instruction can vary, you must use the IAQ signal to con-
trol the LOAD input pulse width, Texas Instruments’ literature recommands the following circuit:

EXTERNAL LOAD
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The CPU checks LOAD at the end of each instruction’s execution.

Atter a valid LOAD input has been acknowledged. the following machine cycle sequence is exacuted:

Cycle Type Figure Function
1 ALU 18-3
2 MEMORY READ 18-4  Input new WP register contents from memory word 7FFE1g to temporary
storage

3 ALU 18-3
4 MEMORY WRITE 18-5  Store in new R15
5 ALU 18-3 '
6 MEMORY WRITE 18-5  Store incremented Program Counter contents in new R14
7 ALU 18-3
8 MEMORY WRITE 18-6  Store old WP register contents in new R13
9 ALU 18-3

i0 MEMORY READ 18-4  Input new Program Counter contents from word 7FFF18

11 ALU 18-3  Load WP register from temporary storage

'Tharu ara tﬁn differences between Reset and Load. First, the RESET input provides a trues hardware reset, sSyn-
chronizing internal operations. as well as a level 0 interrupt; LOAD provides only a non-maskable interrupt. Sec-
ond, the Reset vector in bytes 0 through 3, while the Load vector is in bytes FFFCyg through FFFF4g.

In TM 990 minicomputer systems, the LREX instruction is frequently used as a software load. Output dus to

LREX is identifiad in Table 18-1 and Figure 18-8. In a TMS 89800 microcomputer system, you can use ths LREX
signal in any way.

THE TMS 8900 INSTRUCTION SET

The TMS 8900 Instruction set is extremely powserful when compared to any 16-bit microprocessor described in

this book. When you consider that the TMS 9900 was first manufactured in 1976, the powaer of this instruction
set bscomes mors impressive. '

With regard to instructions described in Table 18-2, some explanations are raquired.

The ABS instruction converts the contents of a memory location to their absolute value. That is to say. this instruction

assumes that the memory location contains a signed binary number. if the number is positive. nothing happens. If the
number is negative. the twos complement of the number is taken.

A number of instructions act on specific bits within source and destination memory words. These include the SOC,
SOCB, 82C, 82CB, COC. and CZC instructions. In the OPERATION PERFORMED column of Table 18-2, the word

“corresponding’’ means that the source word bits are affected only if selected by the destination word bit pattern. For
example. the SOC instruction will be interpreted as follows:

- o A Y

Source: 1 0 1 11 0 100 t1T0o ¢ Y 01
Dastination: 1 0 1 1. 0 0 1 0 1 0 1 000 10D

‘ b
After SOC; 1. ¢ 1.1 1 . 0 0 1 1.1 0 1 1 1 1. Here are the new destina-

tion contents,
This is equivalent to an OR operation.

The SOCB instruction is identical to the SOC instruction. except that only one byte is affected. This may be any memo-
ry byte or the high-order byte of a general purpose register.

e e e W
The SZC instruction may be illustrategd as foliows: =
Source: 101 00 1 1010 1 1 106 0 1 .
Destination: _D 1 0 1__ T 0 1 1 1 0O ‘I_ﬂ T 1 0 1
Atter SZC: O 1 01 10 0 1 0 00 O0UO0 1 00

o=
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This is equivalent to complementing the source operand and then AlﬂDing the two operands. The SZCB nstruction is
identical to the SZC Instruction, except that only one byte is affected.

The COC instruction compares Source Register 1 bits with general purpose register bits that happen to be in the same

bit positions. If all corresponding general purpose register bits are also 1. then the Equal status is set. Matches are not
significant in bit positions if the source register bit is O '

The CZC instruction operates in the same fashion as the COC instruction. except that those source memory word bits

that are 0 become significant. That is to say. if EVery source memory word 0 bit has a corresponding Workspace
register O bit. then the Equal status is Set Matches are not significant in bit positions if the source register bit is 1.

The BLWP instruction is a subroutine call accompanied by a context switch. The operand memory address identifies
the first of two memory words within which the new WP register and Program Counter contents wiil be stored.

The BLWP instruction is remarkably powerful. The subroutine call and passing parameters {0 the subroutine become a
single operation. The memory words that are to serve as subroutine general purpose registers can be used as general

data mermory locations prior to the Subroutine call. Thus. the subroutine finds its registers pre-loaded with data when it
starts executing.

The RTWP instruction should be used to return from a subroutine that is called by the BLWP instruction.
One-bit position anthmetic shifts may be illustrated as foliows:

Hight Shift | * Left Shift
1n11u1n11n1un11u 1011010‘11010911ﬂ
LAMAARRLETTTER T 4444444444444
11011ﬂ1D11D1DD11Lust LostD1ID1D11D1DO11_DD‘

inserted

A one-bit-position logical right shift may be illustrated as follows:

1011010110100110

nijﬂi\“i\i“\““

1170107101001 1 Lost

Inserted

A one-bit right rotate (Shift Right Circular) may be illustrated as follows:

151#1312111093?6543210

You can specify any number of bits. from 1 to 15, as the number of bit positions for any TMS 9900 shift or rotate in-
struction. If you specify O for the bit count. then the actual bit count is taken trom the four low-order bits of general pur-
pose Register RO. If these four low-order bits are 0000. then the bit count s assumed to be 186, =
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AG

C
CNT
CRUA

DATA4
DATA16
DISP
EQ

LG
OP
oV
PC

Rxx

ST
WP

X<Yy.Z>

[ ]

JJJJJ

Arithmaetic Greater Than status
Carry status

4-bit count field

CRU base address from R12

Destination memory word. There are five possible options for the destination memory word. They are
represented by these combinations of addressing modes:
Workspace Register D

Implied through Workspace Register D

Direct address

Direct, indexed address

Implied through Workspace Register D, auto-increment Workspace Register D
4-bit data unit . -
16-bit data unit

8-bit signed displacement

Equal status bit of Status register

Both the AG and LG statuses

Logical Greater Than status

Odd Parity status

Overflow status

Program Counter

Any of the 16 Workspace registers

Workspace register. For example, R15 is Workspace Register 15

Source memory location. Addressing options identical to destination memory location
Status register

Workspace Pointer register -

Bits y through z of the quantity x. For example. ([$]* [R1}<31.16> represents the high-order word of
the product of the contents of the Source Register S and the Workspace Register R.

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets,

then the designated register's contents are specified. If 3 memory address i1s enclosed within the brackets.
then the contents of the addressed memory location are specified.

Multiplication

Division

Logical AND ——
Logical OR

Logical Exclusive-OR

Data is transferred in the direction of the arrow

Under the heading of STATUSES in Table 18-2. an X indicates Statuses which are modified in the course of the instruc-
ton's execution. if there 1s no X. it means that the status maintains the value it had before the instruction was ex-

ecuted.

-

Byte-operand instructions will affect haif of a 16-bit memory word. If the word is accessed as a general purposs
register, then only the high-order byts will be affected. If the word is accessed as non-register memory, then

the byte affected is determined by the least significant bit of the 16-bit address: 0 sdflects the high-order byte;
1 selects the Inw-n_rdur bvte. -
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TYPE MNEMQNIC QPEARANDIS)
F

8E-8|

Table 18-2. TMS 9900 Instruction Set Summary

vves |______ STATUSES
¢ JeafeTov]or]
2 X X xXe

OPERATION PERFORMED

*OP status is affected only if betwoen | and B bits are transformrsd.

o/ ,

LDCR S.CNT [CRUA]—[S<CNT-1.0>]
Transfer the spacified number of bits from Bources memory word to the CRU, y
STCR | D.ONT 2 | x X X* [D<CNT-1,0>)—(ERUA]
o | Transfer the spacified number of bits from the CRU 10 destinstion mamory word.
= S80 | DISP | 2 [CRUA + DISP]— 1
| ’ Set bit in CRU to 1.
| SBZ DISP | 2 [ CRUA + DISP]—0
* Set bit in CRWU ta Q. :
R olsP 2 | X H [CRUA +DISP] =0, then [EQ] = 1; or sise [EQ]'=0 -
Tast bat in CAU.
- e - | — e -
> > § MOV . 8D . 2 | X } x [D)—(s]
4O w 16-bit move contents of source memory word to destination memory word,
=28 MOVE 5.0 2 X | x X (D)—I[5] :
A & w 8-bit move contents of source memary byts to dastination memory byte.
| N | — —_—
A SD 2 X X (D]—[8)+ (D]
16-bit add contents of source memory word 1o contents of destination memory word,
AB S.D 2 X X X l [0]—{S)+ [D]
o B-brt add contents ol source memory byte 10 contents of deatination memory byts.
5 S S.D 2 X X [oi—I[D]- (5]
x 16-bit subtract contents of source mamory from contents of destinstion memory word
g SB 50 2 » x X | [D.I""‘[D]' [5] |
E | B-bvt subtract contents of source mamory byts from contents of destination mamory byte,
o C . S.D 2 P X X [ Set status flags based on 16-bit comparison of source and destination memory word contents.
E CB 50 l' 2 | X X x | Set status flags based on 8-bit companson of sourca memory byts contents and destination
< ) memory byte contants.
- XOR SR 2 x | X (RI—[S1¥ (R]
E . Exclusiva-OR contents of source memory word with Workspace Registar R.
= MPY SR 2 ER)—[{ISI*[RI<31.16>]) . -
& ¢ [R+1]~[{[SI*[Rh<150>)
: :' | Multiply the contents of source memary word by contants of Waorkspace Register R. Stors most
E ) ! significant word of result in R. Stors least significant word of raswuit in Workspace Register A + 1.
= DIV S.A 2 [RI—{[R.R + 1}/ SIquotient)
& ! » [R+ 1J—([AR+ 1]/ [ SHremainder)
E ¥ Dwide the 32-bit quantity reprasented by R {high-order word) concatenated with R + 1 {low
o order} by the contents of the source memory word. Store the quotient in R, the ramainder in
5 . R+ 1 and set averfiow if quotiant will excesd 16 bits.
S INC D 2 X | x [01—[D)+1
b Wncrement contents of memory word by 1.
INCT D 2 X X [D]—-{D]+2
i Increment contents of mermory word by 2.
DEC D 2 X X (DI—[D])-1
Decrament contents of memuory word by 1,

L -
m T B
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TYPE

SECONDARY MEMORY REFERENCE (MEMORY OPERATE) {(CONTINUED!

DECT

SETO

TNV

NEG

ABS

SWPB

SOC

S0OCH

SZC

SZCB

coC

CZC

MMEDIATE

LW

\o/ \/
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Table 18-2. TMS 9900 Instruction Set Summary {Continued)

STATUSES -
OPERAND{S! OPERATION PERFORMED
D X b 4 X X [D]—{D]-.2
i Decrament contants of memory word by 2.
LY § [O]—0000
| Clear the dastination memaory word.
D | [1‘.1~]-—F|=|=!=“5
Set all bits of memory word,
D X X | {D1—{D]
Onas complament the destination memory word,
D | X X X | x ] ID1—[D) +1
Twos complement the destinetion mamory word.
D | X X X | x [Dl—| [D]]
Take the absoluts lunzignad) velue of the destination memory word's contents.
D [D<158>]—[D<70>]
] Exchange the high and jow bytes of the memory word.
S.D X X ¥ [S<ix>]=1 then [D<i>]—1
| Sat the bits in the dastination memaory word that comespond o 1s in the source memory worg
for alf 16 bats,
50 I x | X X H(S<i>]=1. then [D<i>]—1
Set the bits in tha destination mamary word that corespond ta 13 in the source memory word
]i | | for & bits,
8D X X ¥ [S<ix>]=1, then [D<i>])—p
Claar tha bits in the destinalion memory word that comrespond 10 1 in the source memory word
| for alt 16 bits.
5.0 X X X fIS<i>]=1. then [D<i>]—0
WJ Claar the bits in the destination memory word that comespond to 1 in the source mearnory word
F.r ¥ i for 8 bits.
_ SR X it lor ol {S<i>]=1, [R<in]=1, then [EQ]—1
‘! it the bits in the Workspace Register R that commespond 10 the sat bits in the source memory
. § ! word ace all 15, sat the EQUAL status.
S.RY X | K for all {S<i>]=1, {R<i>]=0, then [EQ]=1
¥ M the bits in the Workspace Register R that comaspond to set bits in the source mamory word
y ! are gl O3, sot the EQUAL status,
. r - ! ¢
R.DATA1S x X | [RI—DATAS
| ' Load immeadiate to Workspace Register A.
DATA18 ! [ WRI—DATA6
Load immadiate to Workspace Painter Ragister, WH.
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Table 18-2 TMS 9300 Instruction Set Summary (Continued)

STATUSES

OPERATION PEAFORMED

TYPE MNEMONIC OPERAND{SI
C
E Cl R.DATA 16 Set the status flags based on 16-bit COMPpAanson batween contents of Workspace Register R and
= immediate data. - '
a Al R.DATA 16 X X [RI—[R]+ DATA1B
E Add immediate to Workspace Register A contents.
5 AND! RODATA16 [R1—({R] A DATA16
E | AND immediate with Workspace Register R contents.
3 " ORI R.DATA16 | IRI—[RIVDATAIG
E 'h OR immedsate with Workspace Aegister R contenta.
a 8 S (PCl—{s]
> Branch unconditional to addrass in Source memory word.,
3 JMP DISP [FCI—IPC] + DISP
Branch unconditional,
BL S [R11)—[PC]+1
[PCl—[S])
Branch to subroutine at address in source mamory word,
< BLWP S [A13]—[wP]
g [R14]—{PC)
i:-: " [R1S5]-—[5T)
0 g [wPl-[5]
Q< L [PC)—[S + 2}
A o Branch to subroutine whose address is stored in source memaory word + 1. Perform context
ﬁ switch 10 RO address contained in source memory word,
RTWP b 4 | IW’F]'—[H13] .
[PCI—[R4] S Ak
[STI—(R15) Perform a backward context switch.
JEQ Disp it {EQ)=1; then [PC]—[PC] + ISP
"'f Branch if equal. ] I
JNE DISP If [EQ]=0; then [PC]—[PC] +DISP
> . ' Branch if not equal.
5 JGT DISP If [AG]=1; then { PC)—{PC] + DISP
"E' . Branch on arithrmetic greatar than,
Z AT OISP it [AG)=0 and [EQ)=0; then [PCI—[PC] + DISP
E : Branch on adithmetic less than.
E JHE DISP i [LG]=t or [EQ]=1; then [PC)—[PC] + DISP
T : Branch on logical greater than or equal,
S JH DISP { 1t [LG)=1and {EQ]--0; then [PCI—[PC] + DISP
é Branch on logical greater than.
o 3 DISP If [LG)=0 and [EQ]-0; then [PC)—[PC] + DISP
Branch on logical less than.
ME DISP If (EQ]=1or [LG]~G: then [PC]—[PC] + DISP

Branch on lass than or squal. .
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Table 18-2. TMS 9900 Instruction Set Summary {Continued) .
STATUSES.
MNEMONIC OPERAND(S) OPERATION PERFORMED
JNC DISP 2 i- | if [C]=0; then [PC]—[PC] + DISP
Z > S Branch on canty reset. _
oCouw JNO DISP 2 i {OV])=0: then [PC]1-—1PC] + DiSP
5 .E_ = | ] Branch an overflow rasat.
Zz5 Joc DIsP | 2 i (C)=1; then [PC]—[PC] + DISP
E E E | Branch an camry set,
- JOP DISP 2 ¥ [OP]=1; then [PC]+—[PC) + DISP
Branch on odd parity set.
5 E SLA RCNT 2 X x X Amhmeatic shift the Workspace Aagister R laft the specifised number of bits.
',5 g SRA A.CNT 2 X X X Arithmatic shift the Workspace Register A nght the spacifisd number of bits,
E W SRL RCNT 2 | X X X Logical shift the Workspace Register R nght the specified number of bits.
x © SRC R.CNT 2 X X X Rotate the Warkspace Ragister R nght the spacifisd number of bits.
STST R 2 [R]—[ST]
Stora the Status register into Workspace Register R,
STWP R 2 (R]—[wP]
Store the Workspace Pomnter mto Workspace Register R.
=
z b LIMI DATA4 4 [SAR<30>] —DATA4
-2 -| Load immediate data into the interrupt mask bits of the Status register.
25 XOP S.R 2 X [R13]—[ WP)
X2 . [R14]—[FC]
0 [AtS)—[ST)
t [R1t}—[S]
' | ; (WP)—[40,, + (4* [R]]
[PCI—[ 4t +{4*(R]}]
. I Parform a context switch, Thig is the software interrupt.
E X S ~..: 2 I Execute the instruction reprasented by the data in the source location.  that instruction has im-
H ; mediate operand words. those words must be iocated directly after the X instruction. The instruc-
ﬁ ! . tion [S] wil affect the status flags but its fatch will not cause 1AQ 1o go high.
IDLE * 2 CPU entars Halt state.
I X ' ! CPU clears interrupt mask and outputs 001 on three high-order Addrass Bus knes.
RSET | 011 on three mgh-order Address Bus hnes.
; o CXOF | 110 out on three high-order Address Bus lines.
g g CKON ' 101 out on three high-order Address Bus lines.
o« E LREX : | 111 out on thuee high-order Address Bus linas.
- f
” T : l
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THE BENCHMARK PROGRAM

BLWP MOVE | CONTEXT SWITCH TO APPROPRIATE REGISTERS

LOQP MOV @IOBUF(R1}.*R2+ LOAD NEXT INPUT WORD IN NEXT TABLE WORD

DEC R1 DECREMENT COUNT '
JNE LOOP - RETURN FOR MORE
RTWP RETURN FROM SUBROUTINE

Let us look at haw our benchmark program can collapse to Just five instructions

We assume that there is some set of 16 General Purpose registers within which we store the waord count and the ad-
dress of the first free word in TABLE. We itlustrated this idea when describing context switching earlier in the chapter

Observe that Register R1 contains the word count. and is therefore used as an Index register. while Register R2 ad-

dresses the first free word in TABLE. Note that the contents of Register R2 are IncCremented automaticablly when the
next byte is loaded into the table.

The B8LWP Instruction will branch to the program which performs the required data move. but simultaneously it loads
the Workspace register with the appropriate initial address. We do not need to load any initial addresses or word

counts into registers. since we have adopted the memory space where this data is stored to serve as our General Pyr-
- pose registers.

and 4 to the Workspace register and Program Counter.
The following notation is used in Table 18-3:

aa Twao bits determining the addressing mode for the destination memory word
bb Two bits determining the addressing mode for the saurce memory word
cceceece 8-bit signed address displacement

dddd Four bits used with aa 1o determine the destination memory word

eage 4-bit count field

rerr - Four bits choosing the Workspace register

S858 Four bits used with bb 1o determine the source memaory word

XX 16 bits of immediate data

if aa and bb are 105. and both corresponding register specifications are 0. then two additional 16-bit direct memory ad-

dressing words will follow the instruction: the first will be used in compunng the source address. the second will be
used in computing the destination address.
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AB 5D

ABS D

Al R.DATAE
AND! R.DATA1S
B S

BL S
BLWF S

C S.D
CB 8.D
Cl S.D
CKON

CKOF

CLR D
COC SR
CzC SR
DEC D .
DECT D
Div S.R
IDLE

INC D
INCT D
INV D
JEQ pisP
JGT DISP
JH DiSP
JHE DISP
JL DISP
JLE ISP
LT DISP
JMP DISP
JNC DISP
JNE DISP
JNO DISP
Joc DISP

Table

OBJECT CODE

1010aaddddbbssas
101 1saddddbbssss
0000011101 aadddd
Q00000 1000 10
XX
Q00000 100 1 00rryy
XX,
000001000 1bhssas
000001 1310bbasss
00000 10000bbas sy
100Caaddddbbasss
100 taaddddbisass
00000 10 1000k
xX
Q0000011 11000000
0O000C 11 10 100000
000001001 1 aadddd
Q01000 Thbhsass
001001 rmrrbbssas
£0000G 1 1000aadddd
Q00031 10G 1aadddd
Q0111 \rrbbasss
Q000001 101000000
00000101 10sadddd
Q00001011 tasdddd
0000010 101 sadddd
00G 1001 1¢eececeee
00010101ececccece
DO0 101 veccecece
000 10100ccceceee
0001 1010eccceeee
000100 10¢ccecence
0001000 1cecceece
QDAH000cecocoece
QOG101 % Yeeceeoee
00010110¢cecocece
0001 100 tceeecece
0001 1000ceccecer

18-3. TMS 9900 Instruction S;i_. Object Codes

= M M k)

= b B OR R RS

M M R OB R R AR

M B b B B b B0 B2 R M R B B3 MWD

]

gyreg | CLOCK
PERIODS"

14-3G 1)
14-30 (1)
12-20 {6}
14 (17)

14{17)

8-16 {7

12-20 19}
26-34 (10}
14-30 {1)
14-3G {1}

14 {18)

5 (14}
§{14)
10-18 (5}
10-18 {1}
14-22 (1)
14-22 (5)
10-18 (5)
10-18 {3)
a4
16-124 {5}
10-18 (5)
10-18 (5)
10-18 {15)
B/10 (15}
8/10{15)
8/10{15)
B/ 10 (15}
B/ 10 [15)
8/10 {15)
10 (15}
8/ 10 {15]
B8/10 (15}
B8/1Q (15)
8/10 115}

* The number in brackets identifies the instruction's machine cycle sequence, as definad
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INSTRUCTION

LOCR
&

LIM

LREX
LWHM

NEG
ORi

RSET
RTWP

S8
580
S8z
SETO
SLA,

S0CB
SHA
SAC
SAL
STCR
STST
STWP
SWPH
5ZC
sZce
T8

XOP

DISP
S.ONT
RODATA18

DATA4

DATA1E

5.0

s.0

S.R

o
R.DATASG

8.0
5.0
QISP
Disp

R,CNT
50
S.D
R.CNT
RCNT '
R.CNT
D.CNT

5D
S.D
DISP

S.R

in the preceding text.

‘-}1...—‘.--4* R

00011100ccceecee
001100eseebbysss
000000 100000y
X
000000 1100000000
. $
Q00000 1111100000

© Q00000101 1100000

XX
1100asddddbbaeas

~ 11013addddbbnsas

001110rrrbbssaa
0000010 100aadddd
000001001 10nyr
XX
0000001 101100000
000000 1 110000000
01 10aaddddbbsass
0111saddddbbsssy
DO311101cececeece
0OG11110¢ccoecce
0000011 100aadddd
00001010sewarrr
1110asddddbbagys
1111aaddddbbsasss
0000 1000aeeem
0000191 1 sosarT
00001001 swaerrry
001101 00oesaadddd
DO0000 10 100t
000000 101010k
000001101 1aaaddd
0100aaddddbbssss
0101aaddddbbssss
000%1111cececeec
00000100 10bbssas
D013 Irrrblossss
001010rrrrobhsssa

F

B M

P2 Bk B RS B B R R M M R R R OM M OM R B M M R R M

CLOCK
PERIODS"

8/10015)
22-52{11)
12 {19)

16 (21)

8 {14)
10 {20)

14.30 {1)
14-30 {1}
§2-60 {2}
12-20 {5}
i1

6{14)
14 (8)
14.30 (1)
14-30 (1)
121(13)
12{13)
10-18 {5)
14-52 [16)
14-30 {1)
14-30 {1}
14-52 (18}
14-52 [18)
14-52 (+6)
42.60(12)
B{23)
8122}
19-18 {23)
14.30 {1}
1430 {1}
12 18)
8-16 (7)
44-52 (4)
14-22{1)




ock periods id
ach bracketed number are |j

sted
ing abbreviations are used

[ - - u

R represents a memory
A represents an ALU m
w

C represents a CRU rnachine CycCle as illustrated i
A subscript associated with an
A3 is equivalent to -A-A-
M represents memory a&dress com
this chapter. In summary,
Register addressing:
Implied memory addressing:
Impiied memory addressing with auto-
Implied memory addressing with auto-
Direct addressing:
Direct. indexed addressing:

{1) R-AtM-A-M-A-W

n Figures 18
Y machine cycle notation

putation machine Cycies.
here are the various possibihitie

Increment for byte o

(2) R-A-M-A-R-A1g-W-A-W
{3) R-A-M-A-R-A-A-R-A,-W-A-W (51 £ x g 35)
(4) H-A*M-Ag-H-A-W-A-W-A-W-A-W-A-H-A
(5) R-A-M-A-W
(6} R-A-M-A4-W-A
{7} R-A-M-A
8) R-A-A-R-R-R-A
(9) R-A-M-A-A-W
(10) R-A-M-A-A-W-A-W-A-W-A-R-A
(11} R-A-M-Az-R-A-Cy-A {16  x £ 1)
{12) R-A-M-A-R-A-A-Cy-Ay-W (16 € x ¢ 1. 11 £y«
(13 R-A-AR-AC
(14) R-A-A-C-A-A
(15) R-Ay (x=3 or 4) .
(16) R-A-R-A-A-R-A,-W-A (18 ¢ x < 3
(17} R-A-A-R-R-A-W
(18) R-A-R-A-R-A-A
{19) R-A-A-R-A-W
{20) R-A-A-R-A
(21) R-A-A-R-Ag
(22) R-A-A-W
{23) R-A-M-A-R-Aq-W

THE TMS 9980A AND THE TMS

The TMS 8980A and the TMS 9981 are
ween the TMS 9900 series and TMS 99
between the TMS 9880A and the TMS

This discussion of the TMS 9880 saries microprocessors cov

The TMS 9980 series MICIOProcessors are manufaciured ysin
Packaged as 40-pin DIPs. The TMS 9980A us
power supphes: +5V and +12v

low-cost variation
80 series micro

9981 are summariz

18-44

ontifies the machine cycle sequanc

Memory address com
s for M-

Increment {for word operand):

Processors are summarized in Table 18

es three power supplies:

ycle consists of two clock Periods. The

8. Machine cycla sm-

below, In the machine cycle list below, the follow-

read machine cycle as iIdentified in Figure 18-4
achine cycle as illustrated in Figure 18-3
represents a memory write machine cycle as illustrated in Figure 18-5.

¥

-6 and 18-7

identifies that machine CycCle repeated a number of times. Thus

Putations were described eartier in

R
R-A-R
R-A-W-R
R-A-A-W-R
A-A-R-A-R
R-A-R-A-R

perandi:

5)

9981 MICROPROEESSORS

$ of the TMS 9900. The principal d

ifferences bet-

-&. Differences
ed in Table 18-5.

ers only differences as comparad to thaqTMS 9900,

9 N-channel silicon gate MOS technology. They are
OV, +5V. and +12V. The TMS 9981 uses two
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Figure 18-14 illustrates that part of peneral microcomputer system logic which is implemented by the TMS

8980 saries microprocessors. This figure is identical to Figure 18-1. with the exception of clock logic. which is now
shown present. “

Programmable ;agisturs are implemented and used in exactly the same way the TMS 59000 and TMS 8980
saries microprocessors. Note. however. that the TMS 9980 series microprocessors address a 2048-bit CRU:

therefore, bits 1 through 11 of Register R12 identify the origin of any CRU bit field. The TMS 9900 uses bits 1 through
12 of Register R12 to identify the CRU origin within a 4096-bit CRU.

Table 18-4. A Summary of Differences Between the TMS 9900 and TMS 9980 Series Microprocessors

___ FUNCTION | TMS 9900 TMS 9980A/TMS 9981 '

Addressable external memory 32.768 x 16-bit words| 16,384 x 8-bit words

DIP pins 64 40

Data Bus 16 bits 8 bits
Address Bus I 15 bits 13 bits
External interrupt priorities 15 4

CRU field width 409¢ bits 2048 bits
Clack logic Four external inputs One external input

or internal {TMS 9981
only)

Table 18-5. A Summary of Differences Between the TMS 9980A and TMS 9981 Microprocessors

TMS 88804 TMS 9981

Power supplies -BV. +5V, +12v +bV, +12V

Clock logic One external input | One external input
or crystal only
D0 - D7. INTO - INT2. ®3

Pin incompatibility ties

The TMS 9980 series microprocessors have a 14-line Address Bus, used to address up to 16,384 bytes of
memory. In contrast. the TMS 3900 addresses up 1o 32.768 16-bit words of external memory. Thus, TMS 93980 pro-

grams address memary as bytes. while externally generated addresses also select bytes. The TMS 8900, by way of con-
irast. addresses memory as bytes within the CPU. but as 16-bit words externally.

The TMS 8980 series microprocessors use exactly the same memory and CRU addressing techniques as the
TMS 9900. Generai-purpose registers are used in the same way. and instruction object codes are identical

The Status register and Status flags used by the TMS 9980 series microprocessors are identical to those which
we have already described for the TMS 9800,

TMS 9980 SERIES MICROPROCESSOR PINS AND SIGNALS

Figure 18-15 illustrates pins and signals for the TMS 8980A. Figure 18-16 provides the same information for the
TMS 9981. In both of these illustrations, signal names conform to Texas Instruments nomenclature. For the Data and
Address Busses. our notation is given in brackets. Differences result from the fact that we number bits from right to left
10 being the low-order bit). white Texas Instrurnents numbers bits from left to right (0 becomes the high-order bit. TMS
9980A/TMS 9981 pin-out differences are shaded in Figures 18-15 and 18-16 so that you can identify them
quickly.

N

For descriptions of the individual signals, refer to the earlier TMS 99003d'-iséhssinn.
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Figure 18-14. Logic of the TMS 99804 and TMS 9981 Microprocessors
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MEMEN
READY

WE
CRUCLK
vDD {+12V)
UES (GND)
CKIN'

D7 (DO) |
D& (D). -
D5 (D2) - 4
D4 (D3
D3 (D4) .o
D2 (D5) - -
D1 (D6) |
00 (D7)
INTO
INT

{LSB}

1
4
3
4
B
&
7
8
=

{MSB)

Description

Type

Addrass Sus Tristate, output

HOLD
HLDA
1AQ
(LSB)} (AQ) CRUDUT/A13
(A1) A12
{A2) A11
(A3) A10
(Ad4) AD
{A5) A8
(AB) A7
{A7) AB
{AB) A5
- {AD) Ad
(A10) A3
{A11} A2
(A12) A1
(MSB) (A13) AD
DEIN
CRUIN
(+5V) UCC
Pin Name
AQ-A13
DO-D7
CKIN
o3
MEMEN
1AQ
DBIN
WE
READY
WAIT
CRUCLK
CRUOQOUT
CRUIN

INTO, INT, INT2

HOLD
HCGOLDA

Ve

.-

E—

Vv

g8' Yce' Yoo’ Vss

Data Bus T ristate, bidiractional
Clock signal in Input
Synchronizing clock Output
Memory Enabie Tristate, output
Instruction Fetch Output
Data Bus in Tristate, output
Write Enable Tristate, output
Memary Ready Input
Wait State indicator Output
1/0 clock QOutput
Serial 1/O out QOutput
Sarial 1O in Input

- e - N
interrupt request and priority input
DMA request ;nput
Hold acknowledgs Qutput

Power and Ground reference

Figure 18-15. TMS 9980A Signals and Pin Assignments
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HOLD

HLDA
1AQ
(LSB) {AC) CRUDUT/A13
(A1) A12
(A2) A1
_ {A3) A10
(Ad) A9
(A5} A8
(AB) A7
] (A7) A6
{A8) A5
(A9) Aq
(A10) A3
{A11) A2
(A12) A1
(MSB) (A13) AD
DBIN
CRUIN
(+5V} Ve
i Pin Namae
AD-A13
DO-D7
CKIN
OSCOouUT
?3
MEMEN
1AQ
DBIN
WE
READY
WAIT
CRUCLK
CRUOUT
CRUIN

INTO, INT?, INT2

HOLD
HOLDA

vV
VCC' VDD' 55

OO DL WA -

TMS 21
29981 30

-
O

il
il

N
3

—t
&)
)
o)

wall
.9
N
|

-y
n
N
Lo 7]

-
=
A
o

it
~d
n
&

adh
v v
]
d

il
o
N
N

[ ¥
O

Description

Address Bus

Data Bus

Clock or crystal connection
Crystal connection
Synchronizing clock
Memory Enablea
Instruction Feteh

Data Bus in

Write Enable

Memory Ready

Wait State indicator

1/0 clock

Sarial [/O out

Serial 1/Q in

Iinterrupt request andg priuritv.
DMA requast

Hold acknowledge

Fower and Ground referance

MEMEN
READY
WE

CRUCLK
VDD {+12U]
Vgs (GND)

(LSB)

{MSB)

Type
Tristate, cutput
Tristate, bidirectional
Input
Output
Output
Tristate, output
Output
Tristate, output
Tristate, output
input
Output
Quiput
Output
-y Input . .

Input
nput

Qutput

Figure 18-16 TMS 9981 Signals and Pin Assignments
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TMS 9980 SERIES MICROPROCESSOR TIMING AND-INSTRUCTION EXECUTION

The TMS 8980A and TMS 9981 microprocessors have the same signal relationships and instruction sxecution

sequences as the TMS 8800. The few minor waveform differences are identified in the data sheats at the end of
this chapter. . - Ly :

The only significant ditference between the TMS 8900 and TMS 9980 series s in clock fogic. The TMS 9900 ra—q
quires four clock inputs. as identified in Figure 18-3. - e e e e

The TMS 93BOA requires a single clock signal, input via CKIN. The frequency of this clock input | TMS 9880
must be four times the desired clock frequency. That is to say. CKIN will be divided by four in | SERIES
order to create one clock period. The TMS 8981 can operate with the same CKIN input as the TMS | CLOCK '

9980A; however. you can also connect a crystal across CKIN and QSCOUT. This may be illustrated | LOGIC
as folows: _ - |

CKIN

OsSCOoOUT

C1 and C2 must have values between 10pf and 25pf. typically 15pf

The crystal must be of the fundamental frequency type. The frequency will be divided by four in order to create the in-
ternal Clock frequency.

Both the TMS 99804 and the TMS 9981 output ®3, a synchronizing clock signal. &3 is the inverse of the &3 clock sig-
nal shown in Figure 18-3 and in subsequent timing diagrams for the TMS 9300.

Thus you can create the timing diagram for any TMS 9380 operation by logking at the equivalent timing diagram for

the TMS 9300 and replacing the four TMS 9800 clock signals by a stngle timing pulse which wifl be the complement of
$3. .- | '

The following operations are identical within TMS 9800 and TMS 9980 systems:

« Memory references. However, note that memory reference will consist of two memory access cycles. as a 16-bit word
15 handled as two bytes.

-CRU /O operations {remember that the TMS 9980 series CRU is only 2048 bits wide}.
«CRU control operations
«The Wait state

+The Hold state and direct memory access operations
«The Halt state
«The interaction of Hold and Halt states g e o P

Refer 1o the TMS 9300 discussion for any of the above topics. '
TMS 9980 SERIES INTERRUPT LOGIC

The TMS 3980A and TMS 9981 microprocessors su pport four levels of external interrupt. together with a Reset and a

Load. Reset and Load are non-maskabie interrupts. In contrast, the TMS 9900 supports 15 levels of external interrupt.
along with Reset.

The TMS 9980 sarias'-'ﬁ'ft":'r‘nprn:assurs identify external interrupts via the INTOQ, INT1, and INT2 inputs as
shown in Table 18-6. Figure 18-17 shows the interrupt vector map.
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Table 18-6. TMS 9980 Interrupts

I'nterrupt Decoded

Reset

Reset

Load

Level 1 {Highest Priority)

0 Level 2
Level 3

Level 4 {Lowest Priority)

No Interrupts

Observe that the TMS 9980A and the TMS 9981 have no INTRECS input. Also. the Reset and Load non-maskable inter-
FUPLs are decoded from the INTO - INT? Inputs.

Figure 18-18 shows some pin connections for various levels of interrupt complexity in a TMS 9980 series MICrocom-

puter system. The three illustrations shown are self-evident: they simply implement the INTO - INT2 codes defined
above.

The TMS 9980 series microprocesscrs provide all 16 XOP software interrupts available with a TMS 9900,

Observe that Figure 18-17 shows memory as 8-bit units in contrast to Figure 18-11. which shows memory as 16-bit
units. This reflects the fact that external memory is addressed as bytes by the TMS 9980A and the TMS 9981
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~-  as the TMS 9900

w

-

Memory Mermory Evta"-'
Address Content
s 0000
WP
Reset 0001

l 0002
0003 PC
0004
0005 we
00086
0007 PC
0008
0009 WP
000A
PC
External Interrupt cooB
000C
000D wP
000E
000F PC
0010
WP
0011
0012
0013 PC

Unassigned Memory
for Programs or Data

XOP Vectors, Use
Same Memory Space

Unassigned Memory

Load

— ik e

|
|
|
}
}
|

Figure 18-17. TMS 39980 Memory Map
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Resat Vector
Level 1 Vactor

Level 2 Vector

Level 3 Veaector

Level 4 Vector

XOP O Vector

XOP 15 Vector

e aee «
Load Vector




INTQ

INTO

TMS 99804/
TMS 9881

RESET INT1

LEVEL 4 INT2

TMS 99804/
TMS 9981

INT1

INT2

A) Using Resat and One | B} Using Reset, Load and
Extarnal Interrupt One External Interrupt
Vee

~ -
LOAD » r
LEUEL1 . S T —
LEVEL 2 - AQ K R —

LEVEL 3 -"
LEVEL 4 .

SN74148
{TIM 9907)

TMS 9980A/
TMS 9981

| C) Using Reset, Load and Four External Interrupts

. A ——— _— .

- Figure 18-18. Some TMS 9980A/TMS 9981 Interrupt interfaces

The interrupt acknowledge process and interrupt priority arbitration I‘ugic are identical in TMS 9900 and TMS
8980 series microprocessors. For a discussion of these subjects. refer to the earlier TMS 3900 description.

THE TMS 9980 SERIES INSTRUCTION SET

The TMS 9900 and TMS 9980 Series microprocessors have dentical INStruction sets Instructions execute in almost the

Same sequences of machine cycles — the only difference IS that each memory reference will have twice as many

memory access cycles. Refer to Tables 18-2 and 18-3. together with their accompanying text. for details Remember to
substitute two memory cycles for each TMS 9900 memaory cycle.

b DR

THE TMS 9940 SINGLE-CHIP MICROCOMPUTERS

The TMS 9940 is a single-chip microcomputer based on the TMS 9900 microprocessor. Figure 18-19 illustrates
that part of our general microcomputer systemn logic provided by the TMS 8940 series microcomputer.

Specifically, this is the logic provided by the TMS 9940 series microcomputers:

*A Central Processing Unit_gssentially equivalent to the TMS 9900 Central Processing Unit

+2048 bytes of read-only memory. Erasable Programmable Read-Only Memory {EPROM! is provided by the TMS
99400E. Normai mask programmabie Read-Only Memory (ROM) is avarlable with the TMS 9940M.

*128 bytes of read/writea memory. This read-write memory s frequently organized as four sets of sixteen 16-bit
registers.

"
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*Two levels of external interrupt

*An on-chip timer/evaent counter with its own interrupt logic
+32 |/O pins accessed a8s 32 CRU bits

+A single +5V power supply

+On-chip clock logic

Clock Logic

T . wa L, R .o .. _;...'.-\..---,,::._ pm e P L EAr
' - .

Logic to Handie
interrupt Requests
from
External Devices

Arithmetic and

Logic Unit

Accumulator
Registeris)

Instruction Register

Data Counterls)

Control Unit

Stack Pointer

Interrupt Frinrifv
- Arbitration

Direct Memory
Access Control

Logic

. Bus Interface
T Logic .

Program Counter

!. 1/Q Communication
Senal to Paralliel
J Interface Logic

AOM Addressing
and
Interface Logic

RAM Addressing
and
Interface Logic

1/0 Ports

Interface Logic

| Programmable | Read-Oniy
Timers | Memory

Read/Write
Memory

ninklh W —————

Figure 18-19. Logic of the TMS 9940 Single-Chip Microcomputers

. : S
The TMS 9940 microcomputer has very little expansion logic; 256 exterfial CRU bits can be addressed, but
there is no provision for executing programs directly from external memory. |

But the TMS 9940 is sasily included in muitiprocessor configurations. For multiprocessor configurations. the TMS

9340 has internal Hold request/acknowledge logic. together with a senal I/Q path via which data can be transferred
between processors. -

The TMS 8940 has two +5V power supplies: a standard operating power supply and a standby power supply.

Under program contrgl. it is possible to shut down the TMS 9940. in which case only the standby power supply is ac-
live. An external interrupt can subsequently restart the TMS 9940

The TMS 9940 is manufactured using N-channel silicon gate MOS technology It is packaged as a 40-pin DIP. __ _
Using a 3 MHz clock. instruction execution times fange between 3 and 10 microseconds.

£

e
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This description of the TMS 9940 microcomputer relies on the p;acuding detailed dascription of the TMS 9900,

This description of the TMS 9940 does not stand alone, and you should not read it until you understand the TMS
8900 in detail.

TMS 9940 REGISTERS AND READ/WRITE MEMORY

There are some impaortant conceptual differences between the read/write memory/registers of the TMS 9940
and those of the TMS 9500, - _

The TMS 9940 has only

128 bytes

of read/write memory. with al the read/write
Address Bus. Therefore, it makes no difference whether memory
Ing restriction is that 16-bi

000A

Cecrementer Vector

.
» .

0000
Reset Vector
0002
|
0004
Level 1 Interrupt Vector !
0006
| 8300 RO
Q068 8302 A1

1S addressed as bytes or
ddress boundaries.

Register Set 1

831C R14
000C 831€ R15
LLevel 2 Interrupt VVector 8320 R1 I
00GE ' 8322 R2 '|
I 0010 E H Register Set 2
]
! 0012 833C R14
1 Unused and Available for Programs 833E R15
| Rowm 8340 R1
4E
00 RAM 8342 R2
0050 WP . N :
: :
XOP 4 Vector H Register Set 3
0052 PC 835C R14 |
835E R15
0054 WwWp 8360 R1 |
XOP § Veactor 8362 R2
00566 PC - | -
| : ' Register Sat 4
I } XOP 6 — XOP 14 Vectors 33?% R14
837¢€ |  |mis /
007C WP n
XOP 15 Vector
Q07E PC
0080
| Unused and Available for Frograms
I O7FF

Figure 18-20. TMS 9940 Memory Map
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The TMS 8940 does introduce one additional read/write memory restriction: the 128 bytes of read/write memory
are divided into four non-overlapping sets of sixteen 16-bit registers, as itlustrated in Figure 18-20, Note that the
128 bytes of read/write memory have specifically defined addresses. Both the TMS 9900 and the TMS 9980 series

microprocessors allow any sixteen 16-bit words of memaory 1o serve as a set of general purpase registers. whether or
not they overlap with another set.

The TMS 8940 has the same three CPU registers as the TMS 9800: the Program Counter. the Wgrksﬁace register.

and the Status reg:ster. The TMS 2940 sets aside general-purpose registers to serve specific functions. as does the
TMS 89900,

Given the configuration of the TMS 9940. many register designations can be justified only as a means of preserving
TMS 3900 series compatibility. For example. a 16-bit TMS 9940 Workspace register makes no sense when there are
only 64 locations that the Workspace register can possibly address Moreover. the whole idea of context switching —

and tying up three 16-bit registers in order 10 execute a context switch — is ridiculous. given the few places to which
YOu can context switch. -

But there is long-range sense in the TMS 9340 design. Over the next few years. enhancements of the TMS 2940 will
appear with substantially more memory — both read-only memaory and read/write memory. Since it is absalutely im-
perative that TMS 9940 programs be compatible with new. enhanced one-chip microcomputers that are likely to ap-
pear. it is necessary that addressing modes and architectural features that influence the instruction set be included in
the TMS3 3840 if they will be useful in later enhancements.

Despite the fact that the TMS 9940 has only 128 bytes of read/write memory and 2048 bytes of read-only memory. the
TMS 9940 has all of the TMS 9900 memory addressing modes. Note carefully that so far as memory acdressing is con-
cerned. there is no difference between read-only memory and read/write memory. Many one-chip microcomputers
have a scratchpad read/write memory which can only be accessed as data memory. while a separate program memaory
can only store instruction sequences. the TMS 9940 makes no such distinction between its read-only memory and
read/write memory. Data and instructions can be stored in read-only memory or in read/write memory.

The TMS 9940 and TMS 9800 CRU addressing techniques are identical; however. the TMS 9940 has just 32 exter-

nal CRU bits. each with its own dedicated pin. By configuring 11 of these pins as address lines and CRU controls. YOou
can expand external CRU to 258 bits.

There are some smalt differences between the TMS 9930 Status register as compared to the TMS 9300 Status register.
The TMS 9340 Status register may be illustrated as follows:

0O 1 2 23 4 5 6 7 8 9 10 1% 12 12 14 15 TMS 9900 Bit Number
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 QO = Our Bit Number

Interrupt Mask

Unused
Half Carry Status

| [ E— e e — — Overflow Status -

— — r———— L ATTY Status

s - Equal Condition
1.. by LT ¥
b ——— e —

Logical Greater Than Condition

TMS 8940 L, N, =. C. O. and P statuses are the same as those of the TMS 9300.

The TMS 9940 has no XOP instruction executed status. which the TMS 9300 hotds in Status register bit 9.
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The TMS 9940 has an AC status inbit 8. Thisis a hall-carry status. Far byte-oriented instructions, AC represents the ca-
ry frurn the low four bits to the higher four: - Co e L S - T )

7 6 § 4 3 0 = Bit No.

. | o | 2 1 .
- . : ] ‘ nﬂnﬂﬂﬂnn Memory E"ft-ﬂ'

AC = 1 for Carry o '
AC =0 for No Carry

15 ¥4 13 12 11 10 g a

7 6
Rlelel]sTsTsTsn]~)
w\/\/

Byte instructions operate on the
high-order byta of a registar,

)

5 4 3 2 1 (= BitNo.

n General-Purpose Registar

For 16-bit instructions. the AC status represents a carry from bit 11 to bit 12:

Mmory Word or
General-Purpose Register

AC =1 for Carry

AC =0 for No Carry

)

Since there are Just tour tevels of external Interrupt. the TMS 9940 uses Status r
mask. In contrast. the TMS 9900 uses Status register bits 0. 1. 2. ang 3 tor

TMS 9940 CPU PINS AND SIGNAL ASSIGNMENTS
Figure 18-21 illustrates the pins and signals of the TMS 9

eqister bits 0 and 1 for its mterrupt
Its interrupt mask.

selected under program control,
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The TMS 8940 can, in fact. use standard TMS 9300 CRU Instructions to address up to 512_CHU bits. But 512 is the
maximum number of CRU bits that the TMS 9940 can address Therefore. the TMS 9940 USes just 9 bits of General Pur-
Pose Register R12 to create CRU bit addresses. For a single-bit CRU instruction. this may be illustrated as follows:

Instruction Object f:ndn

e ——

MSB8 ‘ o LS8
1514 13 12 11 10 9 g =+ 6 5 4 3 o

- _ General Purposas Register R17

e D S

MSB LS8
15 14 13 12 11 10 9 8 7

6§ 5 4 3 2 1 o
L LT[ T Jzel=TeTz] =z 2 [z]

9-8it Unsigned
Binary Number

B8-Bit Signed
Binary Number

X XYY Y Y Y Y v
_I_ZZZZZZZZZ

Sum Becomes Effactive
CRU Address
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P23

P22

P21

P20

P19

P18
EC/P17
TDLE/P16
HLDA/P15
HLD/P14

-

¢/P13
CRUCLK/P1Q

CRUQUT/PY
CRUIN/PS
INT1/TST

RST/PE

Pin Name

PO - P31
INT1/TST
INT2/PROG
RST/PE

AD - A7
CRUCLK
CRUOUT
CRUIN

TC

TD

£C

IDLE

HLD

HLDA

&b

XTAL2, XTALT

Vees

for the low-order bit.}

!

1 Vgg (GND)
2 P31
3 P30
4 INT2/PROG
5 P29
8 P28
7 P27
8 P26
9 P25
P24
P7/A8 (LSB)
P&/A7
P5/A8
P4/A5
P3/A4
F2/A3
P1/A2
PO/A1 (MSB)
XTALZ
XTALY
Description Type
CRU 1/0 pins Bidirectional
External interrupt and Test salact Input
External interrupt and EPROM programmer Input
System reset and EPROM programmser enable Input
External CRU bit addrass Output
External CRU clock Output
External serial 1/0 output Output
External senal [0 nput Input
Multiprocessor data 1/0 clock Bidirectional
Multipracessor data 170 Bidirectional
Event counter Input input
Idie statse indicator Cutput
Hold requast Input
Hold acknowtedge —— Qutput
Synchronizing clack Cutput

External crystal connections
Standby + 5V power
Normal + 5V power
Ground reference

Figure 18-21. TMS 9940 Microcomputer Signals and Eﬁl Assigrumenmts
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Table 18-7 shows how the TMS 99840 interprets its 512 available'bit addresses.

Table 18-7. TMS 9940 CRU Bit Address Assignments

CRU ‘

000 to } Externat CRU bits; the address is output via A1-A8. Data is transferred via CRUIN, CRUQUT
and CRUCLK

} Unused Unused
INT1 state Unused
Decrementer interrupt level Clear decrementer interruot
INT2 state Unused
Unused : Configuration bit ¢ {CBO)
Unused I Configuration bit 1 {(CB1)
Unused Configuration bit 2 (CB2) |
"Unused Configuration bit 3 (CB3)

|
} Decrementer register. 190 is the least significant bit and 19D is the most significant bit

Unused Timer {high) or Counter {low} select

Unused Unused

} Multiprocessor System Interface buffer register
1AOQ is the least significant bit and 1AF is the most significant bit

General purpose flag bits

1 specifies output. Q specifies tnput

} Unused Identify direction for PO {via 1C0} through P31 {via 1DF}.
} Local CRU pins {P0 = 1EQ, P31 = IFF

The place to begin looking at Table 18-7 is at CRU bits 183, 184, 185, and 186. These four | TMS 9940
CRU bits represent write-only locations which determine how the 32 CRU pins illustrated in Figure | CRU BIT

18-21 will be used. ] UTILIZATION

If you look again at Figure 18-21. you will see that PO through P17 have shared functions. P18
through P31 are simple 1/0 pins without other programmable options.

CRU addrasses 183, 184, 186 and 186 control the functions of PO through R)&, as-illustrated in Table 18-8. P17
options depend on real-time clock logtc. which we will describe iater.

Lot us look at the programmable options available with CRU pins PO through P§1.

It does not matter what options you have selected. you will actually access the 32 CRL pins PO - P31 via CRU ad-
dresses 1EO¢g through 1FFqg.

In the simplest case, all 32 pins, PO - P31, will be used for input or output. We cail this Sim- | TMS 9940
ple 1/0 mode. In order 1o use all 32 pins for data INput or output. {that s, in Simple 1/0 mode). all | SIMPLE
four of the configuration bi® CBO. CBY. CAZ. and CB3. must be 0. At any time. a CRU bit can CRU 1O
either input data or cutput data. but It cannot be used for bidirectiona) data transter. You must | MODE
idantify the direction for each pin by outputting appropriate data to CRU addresses 1C0q¢
through 1DFqg. As shown in Table 18-7. each pin has a dedicated CRU address. beginning with pin PO controlled by

-

L]
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1C016 and ending with pin P31 controlled by CRU address TOF16. A 1 written to any Direction CRU bit causes the as-
Sociated pin to output data only. A O written to any CRU Direction bit causes the associated pin to input data only. Of

course. you can at any time change a pin from Input to output or from output to input. under program control, by
rewnting control information to Direction CRU bits 1C016 through 1DF1g

Table 18-8. TMS 9940 CRU Bits Whose Functions are Determined Under Program Control

Function as Configured

C81,CB2,CB3

No Effect

1E8
1E9

No Effect

——

No Effect

1EA

No Effect

CBO,C82,CB3

No Effect

No Effect

CB3=0 C83 = CBO, CB1, CB2

No Effect

You will always have to define the direction of data transfer for pins P18 through P31 — assuming that you are using
these pins. When pins PO through P17 are being used in any of the special ways which we are about 1o describe, then

the data direction associated with the special operation will apply. and it makes no difference what you output to the
associated Direction CRU bit, T

i you wish to use 256 external CRU bits, then you must set CRU bit 183 {CBO) to 1. This is | TMS 9940
calted I/O expansion mode. 1/0 expansion mode modifies the functions of pins PO through P10. | CRU 1/0
When you use CRU addresses 00 through FF1g in I/0 expansion mode. the address is output via § EXPANSION
pins PO - P7, which now function as CRU address lines A1 - A8 P8. PS. and P10 serve as the stan- MODE

dard CRU data transfer lines: CRUIN. CRUOUT. and CRUCLK. Timing for data input and output via
these three lines has been described tor the TMS 9900. Refer 1o the TMS 9900 description for details. In order to il-
lustrate the use of external CRU., consider execution of the instructions:

LI R3.>00 LOAD 1010 BINARY INTO UPPER BYT QFRI .» =~
Li R12.>140 LOAD A BASE ADDRESS OF 82 HEX | O R12
LOCR R3.4 QUTPUT FOUR LOW-ORDER BIiTS OF R3 TO CRU

Note that R12 contains 014016 to represent the address 08216 since R12 bit 0 is unused. therefore the internal ad-
dress is. in effect. doubled.

This instruction outputs 1010 to CRU bit0821¢ (0. 08315 {1). 08415 (0). and 08515(1). Since fewer than erght bits wiil
be transferreg. they will come from the upper byte of the general Purpose register. This is the event sequence which

1) The address B215 is output via Al - A8, Remember. Texas Instruments literature uses O to represent the high-

order bit; therefore A1 represents the high-order address bit. and A8 represents the low-order address bit. CRIUN rgm-
inactive, but CRUOUT is low 1o represent O while CRUCLK is pulsed high to time the O bit on CRUOUT.

-

n =
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2) The address output on Al - A8 increments 1o 8316. and CRUOUT: goes high. then CRUCLK pulses high.
3} The address on Al - A8 increments to 8416 CRUOUT goes low again. and CRUCLK pulses high.

) 4) The address on Al - A8 Increments to 8516. and CRUQUT goes high. and CRUCLK pulses high.
1010 has now been transmitted to four external CRU bits. |

Note that it is up to external togic to decode the CRU address output: however, the Parallel System interface lwhich we

will describe in later editions) will connect directly to the TMS 9940 Address and CRU Outputs that we have just de-
scribed. - .

When you write 1 to CRU bit 1844 (CB1), pins P11 and P12 function as serial data | TMS 9940
transfer pins. The purpose of this logic is to allow the TMS 9840 to operate in multi-CPU MULTIPROCESSOR
configurations. This logic is very simple. You output data by writing the data to CRU bits | SYSTEM

1A01g through 1AF16. This data is immediately transmitted via TD (P12) as a serisl data INTERFACE

Stream which is ciocked by TC (P11). In keeping with normal bit sequence protocol. data is
transmitted low-order bit first. Thus, 16 bits of data being output may be illustrated as follows:

1A0, (HIGH-ORDER)
Fw{mw-'nnnem

| <
BOENaaRanannnnnn

IRARSd4

1 0 1 1 1 0 1 0 1 1 1 0 1 0 1 1

THIS IS THE FIRST QUTPUT
SEEN BY EXTERNAL LOGIC

=
e
5
£
e
£ o
e
[

When a TMS 9940 has a 1 written to CB1. it can also receive data via TD. Data input is again clocked by TC. Input logrc
s the reverse of the output logic illustrated above: that is say. as a data stream is input. the first input bit is loaded into
CRU bit 1AF16. and the sixteenth input bit is loaded into CRU bit 1A018. -

TMS 9940 muitiprocessor system interface logic is used to transfer data from a memory location in one TMS
9940 to 8 memory location in another TMS 99840. You will not normally use this logic to trgnsfer data between a

TMS 8940 and external logic; the CRU serves that Purpose better. There afe three reasons why you may want
to use the TMS 8840 multiprocessor system interface: they are: e

L 1Y

1} To transmit status information. For example. one TMS 9940 could tell another how far it has progressed through
vanous phases of a task by transmitting a status word whose bits have some predefined interpretation.

2) To transmit data. One TMS 9940 may generate data which another TMS 9940 needs in order 1o execute its pro-
grams. |

3] To transmit instructig%t sequences. Instructions couid be transmitted from the read-only memory (or the
read/write memory) of one TMS 9940 to the read/write memory of another TMS 9340. The receiving TMS 9940
could then execute the instruction sequence out of its read/write memory

-
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Tace is somewhat easier to use. We say that data transfer via the mulitiprocessor system interface

You could use the CRU to perform any of the three data lransters described above. but the multipracessor system inter-
1S "somewhat’ easier
to use because many problems still remain when YOu use the multiprocessor system interfacae. These problems arise
from the fact that there is absolutely no handshaking protocol associated with the multiprocessor system inter-
face. Fqi_gxarnple. there 1s absclutely no protection against two TMS 9940s simultaneously trymng to output data via
TD and TC. There is no predefined protocol whereby 3 tra nsmitting TMS 9840 identifies the receiving TMS 9940 or the
instant data has been transmitted and should be read. Any protocol is your responsibility — to be provided by logic ex-
ternal to the TMS 9940s. Fortunately. this protocol is easy to implement. Figure 18-22 shows how eight TMS
9940s can communicats with each other, such that each TMS 9940 may transmit data to, or receive data from,
any other TMS 9940. The logic illustrated in Figure 18-22 is more complex than the logic you would need for 3 smal
system — for exampile. a two-microcomputer System. or a system where there are dedicated transmitters and receivers.

While Figure 18-22 shows TMS 9240s communicating with each other. you will in fact use TMS 9940s Just as fre-

quently with other microprocessors — such as a TMS 9300. Nevertheless. the concepts embodied in Figure 18-22
would apply, from the viewpoint of the TMS 9940 in any other configuration.

Let us look at how the logic in Figure 18-22 works.

The first problem we must resolve is the problem of transmission contentions. How will we make sure that one TMS
9940 does not try to transmit data while another TMS 8940 is ajready transmitting data? A simple scheme would be to
Set aside a particular CRU pin to serve as a “Busy” line. For example. every TMS 9940 could use P31 as a "Busy” output
Pin and P30 as a "Sense” input pin. We could wire-OR together all P31 Busy outputs and input this wire-OR to all P30
Sense inputs. Now any TMS 9940 that wishes to tfransmit data will read its P30 CRU bit. H this bit is 0. then it will gut-
put] to P31. OQutputting 1 to P31 causes all other TMS 9940s 1o receive 1 at their P30 inputs. Thus. no other TMS 9940

wtll begin transmitting data if another TMS 9940 was in the process of transmitting data. This logic may be illustrated
as follows:

P31 @

S
P30
®
TMS 9340 All TMS 99540s Another
no. 1 sense NOow recajva TMS 9940
P30 low. a high P30 sl?nses P30
output 1 high — so
to P31 does not
Iy to
T output

The problem with the logic llustrated above is that two TMS 8940s could simultaneously read P30, find it was 0. out-
put 1 to P31. then output competing data on TD. While the chances of two microcomputers executing identical in-
structions at exactly the same time are very small. a well-designed microcomputer System must account for every po-
tentiat error. In Figure 18-22 we resolve our problem by using a 74148 8-t0-3 decoder. The P31 output from every TMS
9940 is connected to a different 74148 input. The 74148 outputs, via O0. O1. and 02, the line number for ihe highest
priority active tnput. This three-line output is connected to the P28. P29. and P30 pins of every TMS 9940 we assume
that these three pins are inputs at every TMS 9940, Now every TMS 9940 that wishes 1o transmit data via TD must out-
puta 1 toP31. It must then input the contents of P30 P29, and P28. Upon detectriy s Bwh 1D on these three iNpuis. it

begins data transmission. If a TMS 9940 outputs 1 via P31 and then reads :n some other 1D via P30. P29, and P28. then
it must wait. Here is an appropriate instruction sequence:

L R12.>3F8 LOAD P28 ADDRESS. X2, INTO R12 )

SBO 3 SET P31 ON R
LOOP STCR R2.3 INPUT P28, P23. AND P30

Cl R2.1D0 COMPARE INPUT WITH DEVICE ID

JNE LOOP RETURN AND RE-ENTER CODE IF NOT CORRECT (D

LI R12.>340 LGAD MPSI OUTPUT DATA BASE ADDRESS X2

LDCR R3.16 OUTPUT CONTENTS OF R3 VIA TD

— T T M
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Assuming that a TMS 9940 has output 1 to P31 and has received bagk its own iD via P28, P29 and P30, the TMS 9940
Is ready to transmit data. However, 'n addition to simply transmittihg the data. the TMS 9940 must tell the intended
recipient that the data has been transmitted. In Figure 18-22 we use a 74138 3-10-8 demultiplexer for this purpose. )
Pins P25, P26. and P27 of every TMS 9940 are outputs that connect to the 10. 11, and (2 Inputs of the 74138. The
transmitting TMS 9940 outputs data which will be received by every other TMS 9940. however. the transmitting TMS
9940 follows up by outputting 2 3-bit code via P25. P26. and P27 this 3-bit code identifies the intended recipient. The
3-bit code is input to the 74138, which generates one of eight possible outputs. These eight outputs become external
interrupt request inputs to the eight TMS 99405 Only the single TMS 9940 will receive the data which was transmitted
Oy the eighth TMS 9940 onty one TMS 8940 will receive an Interrupt request signal. this is the TMS 9940 for which
the transmitted data was intended. The TMS 9340 which receives data simply executes an STRCR instruction to ove
the data from CRU bits 1AQ15 through 1AF1g to the appropriate general purpose register.

CRU bit 1851¢g, the CB2 bit, serves the very limited purpose of uutputtinﬂ a synchronizing | TMS 9940
signal. When you output { ta CB2, P13 cesses to be an /0 pin and instead outputs the inter- | SYNC MODE
nal TMS 9940 clock signal.

CRU bit 1861¢ (CB3} controls idie and hold logic for the TMS 9940. When you write a 1 to CRU bit 1861g. pins P14

and P15 act as hold request input (HLD} and hold acknowledge output (MLDA) signals. respectively P16 generates an
IDLE cutput.

The Hold request/acknowledge logic of the TMS 9940 is quite standard. The purpose of this | TMS 9940
logic is to remove the TMS 9940 trom any shared busses when some other microprocessor or | HOLD LOGIC
microcomputer is bus master. 1§ CB3 is 1. then a low signal arriving at the TMS 9940 ALD INEUt

will cause the TMS 9940 o enter a Hold state at the conclusion of the current instruction's execution. A low HLDA out-
PUl marks the beginning of the Hold state

The IDLE signal is output low when an IDLE instruction is executed and CB3 is 1. The only | TMS 9940
way in which you can terminate an Idle state is by requesting an interrupt via INT+ ar INT 2 The | IDLE LOGIC
TMS 9940 three-state signals are not floated in the idle state. You must additionally enter the Hold

state for this.

The purpose of the IDLE Instruction and signal is te enable standby powaer logic. This may be tlustrated as follows:

)
__ )

IDLE LOW QPENS SWITCH

Under normal circumstances. the power supply will input power to Vet and VCC2Z When IDLE goes low. the power
input to Vo2 is switched off While Veel only is receiving power, the TMS 9940 read/write rmemory and tnterrupt
logic is active, but ali other logtc 1S inactive since the Interrupt logtc 1s active, any arrving interrupt request will be

acknowledged. The process of acknowledging an interrupt request sets IDLE high again. This closes the switch and
restores power to Vg2, which altows the TMS 9940 to resume normat execution.

In the illustration above =aote that IDLE is connected to HLD
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TMS 9940 GENERAL PURPOSE FLAGS

If you jook again at Table 18-7, You will see that CRU addresses 1BO+1g through 13#13 address 16 general pur-
pose flags. These general purpose flags have no special hardware functions. They are programming aids and that

15 all. You can write data out to these flags. and you can read back the data. How YOU use this data is entirely up to pro-
gram logic.

TMS 9940 TIMER/EVENT COUNTER LOGIC

The TMS 9940 has a timer which can also be used as an svent counter. CRU bit 1 9E14 determines whaether this
logic will function as a timer or as ah event counter. If CRU bit 19E4g is high, then this logic serves as a Timer, If
CRU bit 18E¢g is tow, then this logic serves as an event counter.

Timer and Event Counter logic both use CRU bits 1904 through 19014 as a 14-bit register whose contents are decre-
mented by Timer or Event Counter logic. This 14-hit register is buffered. That is ta sa8y. the initial value which You out-
put to CRU bits 19014 through 19D1¢ is stored in a buffer. in addition to being loaded into CRU bits 19045 through
19016 Subsequently. CRU bits 13015 through 19D1g are decremented. but the buiffer contents remain unaltered.
When CRU bits 18044 through 1901g decrement to 0. they are reioaded from the buffer. Thus Timer/Event Counter

dogic runs continuously. An interrupt request is generated internally when CRU bits 19016 through 19015 decrement
1o 0. -

Remember. CRU bit 18044 is the low-order bit. and CRL) 190 1g is the high-order bit. This is the reverse of normal Texas
Instrurments bit numbering. where the high-order bit has the lowest bit number However. this is consistent with the
fact that Texas Instruments outputs data to the CRU low-order bit first. and addresses CRU bits in numerically ascend-
iNg address sequence. |

When you writé O to CRU bits 18015 through 18D 8. vnu'disable Timervae‘nt Counter Iﬁgic.
When the Timun’Evun_t Counter is operating as a8 timer, the 14-bit register represented by CRU bits 1904¢g

When Timer/Event Counter iugic is operating as ah event counter, pin P17 serves as an input, receiving the
évent sequence to be counted. Every low-to-high transition of the signal input at P17 decrerments the counter. Once

dgain. when the counter counts out to 0. an interrupt request occurs and the counter is reloaded from its buffer
reqgister.

TMS 9940 INTERRUPT LOGIC ,
The TMS 9940 has four external interrupts and twuiva internal software interrupts.
These are the four external Inierrupts:

1} Reset. This has highest priority.

—_—

2) A level 1 interrupt occurring at the INT1 pin. This has second high'es*t Priority.
3) A Decrementer/Event Counter interrupt. This has third highest oriority.

4) A level 2 interrupt occurring at the INT2 pin This has lowest priority.

As described for the TMS 9800, you execute XOP INstructions to generate software interrupts. XOP4 through XGP16
are active. XQPO through XDF’_& do not exist on the TMS 9940, :

TMS 9940 interrupt vectors. together with a complete TMS 9940 memory map. are illustrated in Figure ‘18-20.

The actual interrupt acknowledge sequence for a TMS 9940 s identical to that which we have described for the TMS
5900, o

TMS 9940 RESET

You Resat the TMS 9940 by inputting a low signal at ﬁST!PE {pin 20). This low signal must last for at least five
clock cycies. A Reset resets to 0 the contents of all bointer registers and all CRU configuration bits. Foltowing a Reset,
level 0 interrupt response begins — which means that read-only memory bytes 0 through 3 provide the initial Program

Counter and Word Pointer register contents. and therefore the address of the program which wiil be executed foilow-
ing the Reset.

T T
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Note that the TMS 9940, being a smaller and simpler system than the FIMS 9300. can use elem

an interrupt acknowledge. For the TMS 9300 w

interrupt acknowledge signal. For the TMS 9940 3 CRU bit will

Texas Instruments:

INT REQ

-l-"_

b entary logic to generate
€ Suggesied an Address Bus decod:ng technigue in order to create an

do just fine. The following circuit is recommended by

INT1 or IHT§

INT ACK

A simple D-type flip-flop has its D iput connected to +5V. Every time an interrupt request pulse is input to the clock
pin. the Q output will go low — generating a valid interrupt request at the TMS 9940 In order to acknowledge the in-

terrupt and remove the interrunl_req uest signal.
the D-type flip-flop and forces Q high again.

YOu can output a low pulse via any of the P pins. This low pulse clears

PROGRAMMING A TMS 9940E ERASABLE, PROGRAMMA

BLE READ-ONLY MEMORY

The TMS 3940E has a transparent quartz lid over the device in

its dual in-line package. In order to érase the TMS

9940E EPROM, you should exposae it to a high-intensity ultraviolet light with a wavelength of 2537 angstroms.
An intensity of 10 watt-seconds per square centimeter is recommended.

After the TMS 9940E EPROM has been erased. al| EPROM memory bits will be 0.

These are the steps required in order to program a TMS 9940E EPROM:
1) Reset the device.

2} Apply the first data byte — to be stored in memory location 0000 to pins P24 through P31 Remember. P24 repre-
sents the most significant bit of the byte, and P31 represents the least significant bit of the byte.

3}  Apply a 26-volt level to pin 20, the RST/PE pin. This being the first programming pulise. it resets the interna| DrFoO-
gram memory address point at 0000 and writes the data byte at P24 through P31 into memory location O.

4) After at teast 80 clock cycles. apply 26 volts 1o pin 37. INT2/PROG. tor 50 milliseconds while changing the data
byte {step 5). : -

5/ Apply the next data byte to P24 through P31. At the high-to-low transition of PROG. the data will be written into
the next location.

6} Remove the 286 volts from pin 37 for a minimum of 50 clock cycles. Then apply 26V to pin 37 for 50 rmilliseconds.
7} Return to Step 5 until all of program memory has been programmaed.

LOADING A PROGRAM INTO TMS 9940 READ/WRITE MEMORY

You can load a program directly into TMS 9940 read/write memory via pins P24 (MSB) through P31 (LSB} for either the
TMS 9940E or the TMS 9940M. Typically. this is done in order 1o load a small test program. The procedure for loading

data into the TMS 9840 read/write memory is exactly as described in the previous section for loading data into EPROM,

except: the 26-volt level is appiied to pin 19. the TST pin. after the device has been reset by inputting a low signal to
pin 20. the RST/PE pin; and the high pulses at PROG are logic "1’ level rather than 26 volts.

When you input data to a TMS 9940 read/write memory using the TEST pin and P‘Zﬂ't'ﬁ"rnffgh F31. the address pointer
IS initialized to address 83001g. The address keeps incrementing the high-to-low trangttion of each 50 millisecond pro-
gramming pulse applied at pin 37. When you finally stop applying programming pulses, the last 16 bits of data input
are interpreted as the beginning address for the program to be executed. This address may point to a read/write merno-

ry location. or to a read/write memory location. That is to say. the test program may be tn read/write memory. in read-
only memory. or in both areas.

THE TMS 9940 INSTRUCTION SET
The TMS 9940 instruction set is identical to the TMS 9900 instruction set, with these exceptions:

1) The RSET, CKOF, CKON and LREX instructions have been deletsed. That is. all the external instructions except
IDLE.
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2) The XOP instructions will not work with operands 0, 1, 2, or 3.
3) There are new DCA and DCS instructions that enable 8-bit binary-coded decimal arithmaetije.

Assuming that you start with two valid 8-bit binary-coded decimal operands. you can add these two 8-bit cperands
using normal binary addition. The result will be g meaningless 8-bit number. however. if you immediately execyute the
DCA instruction. this meaningiess 8-bit number will be converted to a meaningfl 8-bit. 2-BCD-digit number.

DCS. likewise. allows you to perform B-bit binary-coded decimal subtraction. Assuming that the subtrahend and mi-
nuend are both valid 8-bit binary-coded decimal numbers. you perform a subtraction using binary anthmetic and you
gencrate a8 meaningless 8-hit resuit. By executing the DCS instruction. you convert this meaningless 8-bit resylt intq a
valid 8-bit, 2-BCD-digit binary-coded dectmal difference.

The DCA and DCS instructions both generate in the low-order eight bits of the 16-bit word.

For a discussion of decimal adjust logic in BCD addition or subtraction. see Volume 1, Chapter 3.

The LIIM instruction loads a 2-bit interrupt mask into the two low-order bits of the Status register.
Here are the instruction object codes used by the DCA, DCS. and LIIM instructions:

L]

Clock

Instruction Object Code Bytes Periods
DCA r 0010110000bbssss Z 7
DCSr 0010110001bbssss 2 7
LIIM n 001011001 xxxxxnn 2 10

The object code notation above conforms to that which we have described for Table 18-3. For the Lili instruction, x

represents “don't care” bits and n represents the two binary digits that get loaded into the two low-order Status
register bits.

THE TIM 9904 FOUR-PHASE CLOCK GENERATOR/DRIVER

This part is also given the generic TTL name: the SN74LS362, The TIM 9904 provides TMS 9900
microprocessors with the four clock signals: @1, $2, 03, and 4. These are +12V MOS driver signals. in addi-

tion, four complementary +5V clock signats, 1, 2, $3, and D4, are generated for use elsewhere in a TMS
9900 microcomputer system.

The TIM 9904 device may be driven by an external crystal, an external LC circuit, or a single external clock sig-
nal.

The TIM 9904 is manufactured using low-power Schottky technology: hence the 74LS part number. It is packaged as a
20-pin DIP. All signals. other than the four MOS level clocks. are- TfL-compatible.

The TIM 9904 aliows one asynchronous input signal to be synchronized. via a D flip-flop. with the ®3 signal. The syn-
chronized signal is output, frequently to be used as a RESET input to the TMS 9900.

Figure 18-23 illustrates TIM 9904 pins and signal assignments.

The four clock signals, 1,02, ®3, and ¢4, conform to Figure 18-3. ©1, $2, &3, and P4 are complements of
¢1, b2, $3, and O3, ~

A logic level input at D will be output at Q on the high-to-low transition of ¢3:

63 Q
.-
D
Q

— T il
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1 20 Veel (+5V)
2 19 p— XTAL2
3 18 XTAL1Y
4 ™ 17 QSCIN
5 9904 18 Q_ECDUT
6 15 P2
7 C Y] '
a Vee2 (4 12v)
9 1
GND 0 P2
Pin Name | ' Description Type
I P11, 9_12_ ﬂ et} + 12V clocks to drive a TMS 9900 Qutput
P1, ¢2. O3 P3 + 5V clock complements Output i
D Asynchronous control input
Q Synchronized control Output
TANK1, TANKZ Crystal overtone controls
XTAL1, XTAL2 External crystal connections
OSCIN External clock Input
. QSCOuT Clock with frequency 49 Output

Veel, Veed. GNDIY, GND2 Power, Ground

B _ ]

Figure 18-23. TIm 9904 Signals and Pin Assignments .

k!

OSCOUT provides a clock frequency four times that of the ¢ clocks. Its phase

relationship to the @ clocks may be
illustrated as foilows:

QSCOoUT

RS me —
o L —
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When an external quartz crystal ia used to drive the TIM 9904, the following connections are required:

0.47 uH

20 chm to 75 ohm crystal, '

2 mw power dissipation.
{May substitute a

0.1 uF capaciton)

Y +5V

OSCIN must be tied to a high logic level for the internal clock logic 10 work properly.

Required capacitor and inductance values are shown in the itlustration above for a TMS 9900 microprocessor operating

with its standard 3 MHz frequency. The crystal must have a resonant frequency of 48 MMz For 48 MHz operation, a
third overtone c¢rystal is used.

For less precise timing. the quartz crystal may be replaced with a 0.1 uf capacitor. The LC-tuned Circuit now estab-
lishes the clock frequency according to the tollowing equation:

where L is the inductance. with units of Henries. and C is the capacitance with units of Farads. This includes the
capacitance of the circuit into which the components are mounted.

If an external clock signal is input, it must occur at OSCIN. The crystal connections XTAL1 and XTAL2 shouid be
connected to Vo as follows:

+ 5V

NOT {TANK 1
CONNECTED } a0 5

} TIER TO LOGIC "1’

CLOCK INPUT
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The clock input OSCIN must have a frequenc

y which is four times the clock period frequency and has a 25% duty cycle.
Thus. for 2 3 MHz frequency. a 12 MHz sig

nal must be input via OSCIN:

e

OSCIN ’ \ , \ '
. | L
20.8ns - T '

in TMS 8900 microcomputer systems, the D input is used for an asynchronous reset; Q is output as a‘svn-
chronous reset. This may be illustrated as follows:

10K 2
10052
1“FI

The illustration above shows recommended resistor and capacitor

values.

THE TMS 9901 PROGRAMMABLE SYSTEM INTERFACE (PSI)

The TMS 8901 Programmable System Interface (PS1) is a special Support part designed for the TMS 9900 series

of microprocessors. This relatively primitive device uses 32 bits of tha TMS 9900 CRU bit field to support
paraliel 1/0 and interrupt request logic. Programmable timer logic is al

TMS 99801 PSLI.

The TMS 9901 PSI js packaged as a 40-pin DIP. It uses 3 single +5V power 5ubply. All inputs and outputs are TTL-com-
patible. The device is implemented using N-channei silicon gate MOS technology.

—
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[/Q Commumcation
Senal to Parallel
Interface Logic

Programmabile
Timers

—/ \/

Anthmeuc and
Logic Unit

Accumulator
Register(s)

Data Counter{s}

Control Unit

.....

Stack Pointer

Bus Interface
Logic .

Program Counter

Systam Bus

ROM Addressing

Interface Logic

Read Only
Memory
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(LSB) iC3

IC2

ICt

(MSBJ ICO

Vss

INT1

INTZ

P8

c P5

Pin Name

CRUIN
CRLOUT
CRUCLK
PO - P15
INTT - INT15
INTREQ
ICO - I1C3
CE

S0 - 54
BRSTT
=

Vee Vss

32
™S 31
30

1
2

3

4

5

6

7 34
8 33
9

0

-t
il
il

12 29
13 28
14 27
15 26
16 25
17 24
18 23
19 22
20

Description

CRU data oytpuyt

CRU data input

CRU data input strobe
1I/0 data

Extamal interrupt requests
Interrupt request to CPU
Interrupt priority designation
Chip Enable

CRU bit select

Chip ressat

Synchronizing clock signal
Power, Ground reference

INT7/P15
INTE/P14
INT3/P13
INT10/P12
INT11/P11

Output
nput
nput
Input or Output I ™
Input | )
Output
Output
input
Input
Input
Input
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TMS 9901 PSI PINS AND SIGNALS

The TMS 9901 pins and signals are illustrated in Figure 18-25. The signals which connect the TMS 9901 to a
TMS 89800 series microprocessor are quite straightforward. they consist of the CRU and interrupt signals,

The CRU signals include CRUIN. CRUOUT. and CRUCLK.
The interrupt signals consist of INTREQ. IC0O. IC1. 1C2. and 1IC3. ,
For a description of CRU and interrupt signals. refer back to gur TMS 9900 discussion.

Device selact logic includes a chip enable input, CE, together with five CRU bit select pins, SO - $4.CE and S0 -
34 wiil connect to the Address Bus as follows: '

l

TMS
9901

In the iliustration above. Address lines have been numbered using our standard notation. whereby A14 is the highest-
order address line and AQ is the lowest-order address line. This is the opposite of Texas Instruments’ notation. The CRU

select fines are numbered according to Texas Instruments notation and Figure 18-25. Therefore. 4 is connected to
AD. and SO is connected to A4,

—_—— e
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Device select logic determines the CRU address space that will be reserved for the TMS 9901 PSI. This may be illustr-

ated as follows: j
MEMEN

B —e A4

BB A13

HmRA A12
IR o

»

===_ : ﬁ

1 — A N a3 |
..._ 1 1 A1

N T T 1

o
o
.
S
]

'll -
J '

CRU

ACCESS DEVICE
SELECT

Uﬂunnnnnnnx:x:tx

These three bits 2ero These seven bits Thess five bits select
and MEM'E N_ inactive identify the a CRU bit in tha
(high) indicate a TMS 9901 address TMS 9901 PS|
CRU addrass space. )

The high;nfder three address lines, which we call A14, A13, and A12. are all zero during a CRU access. at which time
MEMEN is inactive (high). Thus we decode address lines A11 through A5 to select a particular TMS 9901 device

Since the TMS 9980 yses ll'_me Aeress Bus differently during a CRU operation. TMS 9901 device select logic would
connect to the Address Bus in a different way. The CRU bit select lines SO - $4 would be tied to lines Ab - A1; device )

sele;t logte would decode lines A11 - AB; and lines A13 and A12. along with MEMEN. would indicate a CRU access.
We illustrate this as follows:

MSB LSR
Al3 A12 A11 A0 A9 AB AT Ab A5 Ad A3 A2 Al AD -mf- Address Bus
0 0O n n n n n n X X x X X
Thesa six bits identify These five bits |
the TMS 9901 select 3 CRU bit CRUOUT

addrass space

These two bits 2ero, Cay e et E

along with MEMEN
inactive, indicate a
CRU address

® is a synchronizing clock signal used to time data output and 1o sample interrupts. @ i .
: pts. ¢ is the complement of $3. For
the TMS 9800, ¢3 is generated by the TMS 9904. The TMS 9980 outputs ﬁ'diructlv,

The best way of understanding the intarface between a TMS 9901 and external logic is to look at functions par-
formed, as illustrated in Figure 18-26. | )
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INTERRUPT m SELECT BIT
MASK BITS
ICO
IC1 INTERRUPT n
PRIORITY S E
1C2 ENCODER ﬂ
! 4—— TNE 73
c3 n_ INT1-INTS
INTREQ o d B
CLOCK CLOCK
READ LOAD ﬂ
INTREQ BUFFER  BUFFER

INT7-INT15
PINS
23,
] —— 27-34
| 3 —

allafs]zfsfefe]~a]afs]o]~]-]

-
N

I

1

-t
Q ~ -

RST

-G

I

P15-P7

% I Y
0§ ~J

CRUQUT

CRU

CRUCLK INTERFACE

CRUIN

‘S3

-
o~

e | T T — e

Figure 18-26. TMS 93901 PSI General Data Flows and CRU Bit Assignn:ents
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From the programmer's viewpoint, a TMS 9901 looks like 32 contiguous CRU bits. Thus. you will access any part of 3
TMS 8901 device's logic using CRU input and Output instructions: j

As you rend.thrnulﬁ'h the TMS 9901 description that follows, you should bear in mind the powaer of multi-bit CRU
load and store instructions as they apply to TMS 9801 architecture. A single instruction transferring an appropri-
ate bit pattern can frequently perfqrrn multiple control and data tra nsfer operations.

Let us first ook at pin connections. CRU bits 1-6 connect to pins INTT - INTB: thus. in interrupt mode each of these CRU
bits has its own dedicated InpUt pin.

CRU bits 7-15 share nine inlput Or Output pins with CRU bits 23.-31 CRU bits share pins as follows:

¥

Davice Pins

1\‘\ These CRU bits support Interrupt logic

- _— = These CRU bits are dedicated to data 1/0 )

Each of the CRU bits shown above shares 3 Pin with another CRU bit. That is to say. within the itlustrated CRU address
range. there are two CRU bits which will access the same pin, although each CRU bt performs a different operation.
Thus you use the same Pinin one of two different Ways. using a bit address 1o select one operation. This may be illustr- )

ated as follows:
¥ you select CRU bit 27, | E .
Pin 30 supports data /0

If you select CRU pit 11,
and interrupt modae,

Pin 30 serves as an
interrupt request tnput

CRU bit O is a select bit that is not connected to any pin. A 1 written into this bit causes bits 1-15 to support reai-
time clock logic. A O written into CRU bit O seiects interrupt logic. When CRU clock logic is selected. bits 1-14 function
as two 14-bit real-time Clock Buffer registers — one a read-only register. the other write-only. Real-tirme clock logic is
separate from. and operates simuitaneously with. and/or paralle! 170 togic. That is to say. the process of selecting real-

time clock logic does not disable any other logic. The salect bit merely chooses which registers CRU addresses will ac-
cess. rather than enabting or disabling any operations.

TMS 9901 PSI INTERRUPT LOGIC
The easiest place to start understanding the TMS 9901 is at its interrupt logic. - )

External logic can input data to CRU bits 1-15 via their connected pins. These input data signals wiil be in-

tarpreted as interrupt requests if interrupts are enabled. I interrupts are disabled, then these CRU bits act
sithply as data input.

-

-
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You access interrupt logic through the CRU whaen the select bit, CRU bit O, contains a 0.

CRU bit addresses 1-15 each access separate read-only and write-only locations. The read-only location stores the sig-

nal level input at the attached pin. The wrnite-gnly location accesses an interrupt mask bit. This may be illustrated as
follows:

Write- Read-
Only Only
Mask Data
, | )| Bt :
N N
From Pins
Nt 1§ N + 1 -
[ | i )
' ) 1 |
) CRU Bit N { ~— — |

CRUBItN+ 1 { -

Signals arriving at pins connected to CRU bits 1-15 are immediately refiected by CRU bit contents:

' Read-
Only
' BData I
$ _B_it |
0 - Low
1 High
i |
i |

A low level! {that is. a O bit} is interpreted as an interrupt request. The interrupt request is passed on to the mask bit. If
the mask bit contains 1. the interrupt is enabled and the interrupt request is passed on:

Write- Read-
Qnly Only
" Mask l l Data "
. Bit ¢ —— Bit |
Intarrupt 1 ' 0 L
Request - - Low
| 1 - High
' ' |
) } ' :
If the mask bit is 0. the interrupt request is disabled and therefore denied: ‘
Write - H'ﬂg‘" e e e
Only | Only
{ Mask y Datea .
0 — 0 Low
1 High
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2 R12.PSI+1  LOAD CRU BASE ADDRESS INTO ]12

Li R1.MASK LOAD INTERRUPT MASK BITS INTO R1 |

LOCR R1,15 OUTPUT TO WRITE-ONLY MASK LOCATIONS

STCR R2.15 INPUT CRU BITS 1 THROUGH 15 AS DATA TO R2 )

-

For some randomly selected data levels, CRU bits 1-15 may be lustrated as follows:

interrupt CRLU

Mask Bits . : Bits
1 Bits Pass on

0 Bits Generate interrupt
Interrupt Requests

Requests

/ 4 0
/, 5 5
/7 6 0

| 2 1
. ENCI
O

RN
o
RN o]
Active I/ 7 0
Interrupt m m—
Requests N _
N o 1 T -
I L e -2
\ N (ERC
13 0 13 1
14 1 140
15 0
LBH Numbar—1
CRU Data
to CPU

It one or more CRU Dit's interrupt fequests are low. and the carresponding mask brt is 1. then interrupt priority encoder

logic outputs INTREQ iow. Simultanecusly. the level of the active interrupt request which has highest priority is iden-
tified via I1CO - 1C3.

INTY. input to CRU bit 1. has highest priority; e e
INTTE, input to CRU bit 15, has lowest priority. ke

The levels at ICO - IC3 are maintained until the Interrupt request stgnal is removed at the external pin. or the interrupt
mask bit for the level is reset to O

TMS 9901 PSi DATA INPUT AND QUTPUT

You can use CRY 1/0 instructions to input, output, or test external data at CRU bits 16-31. Data is output from
1t

the CPU to the TMS 9901 via CRUOUT: it is input trom the TMS 9901 1o the CPU via CRUIN. Bits are addressed via SO -
S4, as we have already -desgribed.

Following a reset, pins connected to CRU bits 16-31 are in input mode. In this mode. external logic can assert high
or low levels at connected pins. 1n which case one or two CRU bits will be affected: a signal input to PO - P6 will gener-
ate data in CRU bits 16-22: f iInterrupt mode is selected by a Qin CRU bit O} a signal input to INT7/P15-INT15/P7 will
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generate data in two CRU bits, one in the CRU bit range 7-15. the other in CRU bit range 31-23. In interrupt mode, if

the CPU inputs data from CRU bits 7-15 or 31-23, then it will input the same data, but in reverse order. This may
be illustrated as follows:

CRU
Bits

L R12.PSI+ 7
STCR A9

0196 Loaded inta R1
16 9

10 '
1
12

1
B
13| 0 -0
B
1

Pins

14
15

30 -1

28 il {)

Ll , R12PSI+23 23 1 27  j-—1
STCR R1,9 04 " 23 |——1

into R1
DODE,IE iL.oaded into 25 “

Note that. as in all CRU transfers, the first CRU bit transferred goes to the least significant bit pnsltmn of the destination
register.

As soon as the CPU outputs data to any bit capabie of supporting data output, the |/O logic associated with this
bit is put into output mode. In this mode. a pin will cutput a voltage leve! reflecting data in the corresponding CRU bit.

External logic cannot input data to a CRU bit that is in output mode; in fact. driving input currents into an output pin
may damage the TMS 9901.

Once a CRU bit has been placed in output mode, it remains in output mode until the TMS 8901 is reset. That is to
say, you cannot selectively return CRU bits from output mode to input mode. However, you can always read output bits

back to the CPU; that is. alithough external logic must never attempt to input to a pin that is in uutput mode, the
CPU can always read the contents of any 1/O bit, whether it Is an input or an output.

You cannot output data via CRU bits 7-15. even though these bits are connected to the same pins as CRU bits 31-23,
When you output data to CRU bits 7-15. the data is routed to one of two writg-only locawone. depending on the con-
tents of CRU bit O: if the select bit is 0. the data goes to interrupt mask bits 7-15: if clock mode is selected (CRU bit O
contains 1), the data goes to the Clock Load Buffer register {bits 7-14) and RST2 (bit 15).

In interrupt mode you can input external data from CRU bits 1-6. Once again, you cannot output data via these CRU bit
addresses, since any data output will be routed to corresponding interrupt mask bits or Clock Load Bufter bits.
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TMS 9901 REAL-TIME CLOCK LOGIC "

If you write a 1 into CRU bit 0 of 3 TMS 9901 device, then CRU bits 1-14 are used as two 14-bit Clock buffers,
which may be tlustrated as follows:

MSB LSB !

Besides these two buffers, real-time Clock logic contains a decrementing register which we call the Clock
Counter register. The CPU load the Clock Counter register via the Clock Load Buffer. and reads the Counter contents

via the Clock Read Buffer, We Nustrate this in the following way:

BUFFER
REGISTER

CRuU
INTERFACE

CLOCK
COUNTER
REGISTER

CRUIN

The Clock Counter register decrements continuously as long as the TMS 9901 is powaered up. This will cause no
problems as long as the clock interrupt is disabled.

When you write any non-zero value into the Clock Load Buffer (CRU bits 1-14), the Clock Counter register
starts decrementing from that value, A decrement occurs once every 64 & ciock pulses Thus. with a 3 MHz clock. a
decrement occurs once every 21.3 microseconds. When the CRU Clock Counter register decrements to 0, an inter-
rupt request is generated, the previously output starting value is reloaded, and the clock starts to decremant

again. Thus. with a 21.3-microsecond ume interval between decrements. the maximurm time intervai between inter-
rupt reguests will be 249 mijliseconds.

An enabled clock interrupt request causes INTREQ to be output low, together with a level 3 interrupt identified
viaICO - IC3. That is 1o say. the INT3 external Interrupt and the Clock l0gic share the same interrupt level ang interrupt
mask bit. In clock mode. CRU bit 15 is used to record the state of the INTREQ signal. Thus, if interrupt requests are dis-
abled. the CPU program can check for a time-out by testing the level at CRU b T5.This bit will be low if no time-out
has occurred. and it will be high if a time-out has occurred; thus this bit is the complement of INTREQ.,

Following a CRU real-time clock interrupt request, you must write into interrupt mask bit 3 in order to clear the
interrupt request. You canwntea Qoralinto the interrupt mask bit, Normally, you will write a 1 in order to keep in-

terrupts enabled. Writing a 0 will clear any active real-time clock interrupt request. and wiil simultaneously disable
further real-time clock Interrupt requests.

teristic insures that the ClockRead Buffer will hold a stable value whtle the CPU is reading it -~ even though the Clock
Counter may decrement during the read operation.
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Either of the following two events will cause the Clock Counter contents to transfer to the Clock Read Buffer:
* The ® pulse which causes the Clock Counter to decrement.

» An exit from clock mode.

Thus, the Clock Read Buffer register is updated whenever the TMS 0901 leaves clock mode, and every time the
Clock Counter decrements outside of clock mode.

Beware — even if CRU bit 0 contains a 1. the TMS 9901 will exit clock mode for as long as it sees a 1 on select line SO
this will happen whether or not CE is active. Thus the Clock Read Buffer will not hold the same value indefinitely
just because the TMS 9901 select bit is set. The PSI will {eave clock mode whenever the CPU reads to or writes from

CRU bits 16-31, or if any device accesses 8 memory address with a 1 on the address line connected to SO {A4 in a TMS
3800 systern).

The logic controlling clock mode and the Clock Read Buffer may be illustrated as foliows:

7 DECREMENT CLOCK
. . COUNTER
SELECT BIT l
(CRU BIT 0)

| . CLOCK ‘- CLOCK READ
- MODE _ BUFFER

50

This logic summarizes our discussion above. There are two important things to note about clock mode and Clock Read
Buffer update. First. you cannot inadvertently exit clock mode while you are reading the Clock Read Buffer, since vou

access it as CRU bits 1-14. Second. you cannot enter clock mode sotely by accessing CRU bits 0-15: SO changes clock
mode only when the select bit is 1 {clock mode selected).

in order to read the most recent Clock Counter value, you must do two things:

« Exit clock mode so the Clock Read Buffer will receive the current Clock Counter contents.
+ Enter clock mode so the Clock Read Buffer will be stable during the read itself.

Here is the appropriate instruction sequence:

Li R12.PSI+1 LOAD PS! CRU BASE ADDRESS

SBZ -1 'EXIT CLOCK MODE TO UPDATE READ BUFFER

SBO -1 ENTER CLOCK MODE TO STABILIZE'READ BUFFER
v STCR R1.14 READ 14-BIT CLOCK READ BUFFER

TMS 9901 RESET LOGIC

You can reset a TMS 9901 in one of two ways:

1) By inputting a low signal at RST1.
2} By using a programmed reset via RST2, a CRU bit.

In order to use RST1, a low level must be input at this pin for at least two clock periods.

You can reset the TMS 8901 under program control only when clock mode i% selected {CRU bit O is O} At this time.

writing a 0 to CRU bit 15 (RST2) causes the device to be reset. Thus. the following instruction sequence causes a TMS
9301 device reset: .

LI R12,PS LOAD PSI CRU BASE ADDRESS
SBO 0 ENTER CLOCK MODE o
SBZ 15 RESET PSI -

When the TMS 9901 is reset, the INTREQ signat is output high, ICO through IC3 are output low, all interrupt requests
are disabled. and all I/0 CRU bits are placed in input mode.
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DATA SHEETS

-

The fmluwing electripal specifications for the TMS 9300 and the TMS 9980A are out of date: we provide them here
only to give a tfuugh idea of Firning and electrical requirements. Texas Instruments is revising its docurmentation on the
TMS 9900 series paris. Revised data sheets will appear in updates to this volume and in the next edition.

1"'_ omm g
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TMS 9900

(UNLESS OTHERWISE NOTED)*

Supply voltage, Ve (see Note 1)

. =03tc20V
Supply voltage, VDD (see Note 1} . =0.31020V
Supply voitage, Vgg (see Note 1} . =~0.3t020V

All input voltages (see Note 1) T T T 1 B o 20 v
Output volitage {with respect to Ves) . . L, T, Y R A7,
Continuous power dissipation T T 1.2W
Operating free-air temperature e . . . 0°Cto70°C
Storage temperature range , . —68°C to 150°C
“Straame: beyond those listad under “"Absolute Maxlmum Rgtin

functional opwration of the device #t thaze or
mction of this specification is not

%" may causs permanent damage to the davice, This is » streg Tating only and
any other conditions beyond those indicated in tha “"Ascommaended Opsrating Conditions*
tmplisd, Exposure g absolute-maximum.rated conditigns for extended periods may affect davice roliability,

NOTE 1: Undaer absolute meximum FETINQL voitage values ary with respact 10 the most nagative supply, Vag ltubstrate), unilesy otherwise
noted, Throughout the ramainder of this MCrion, vaitsge values arg with reIDeCt 10 Ve,

Cata sheets on pgges 18-D2 through 18-D8 are reproduced by permission of Teaxas Instruments, incorporated,
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L
TMS 9900
RECOMMENDED OPERATING CONDITIONS

LA |

MIN NOM M A X uUNIT
Supply voltage, Vgp —5.25 -5 —4.75 Vv
Supply voltage, Vee 4.75 5 5.25 v
Supply voltage, Vop 11.4 12 12.6 vV
Supply voltagas, V; g v
High-level input voltage, V| (all inputs except clocks) 2.2 24 Veot v
High-lewsl clock input voltage, ViHig) | VDD--2 Voo v ]
Low-eval input voltage, Vi (all inputs except ciocks) -1 0.4 0.8 \d
Low-ievel clock input voitage, ViLip) -0.3 0.3 0.6 v
Operating free-air temperatura, Ty o 70 °c

ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CDNDITIGNS

(UNLESS OTHERW!ISE NOTED)

. PARAMETER TEST CONDITIONS MIN  TYPt  mAx | uNnIT
| Data bus during OBIN V| = U;_s to UE +50 +100
WE, MEMEN, DBIN, Address
" Vi=Veg o ¥V +50 + 100
1 Input current | bus, Data bus during HOLDA l 55 cc | WA
Clock®* Vi=—02310126V 25 +75
i Any other inputs Vi = Vs 10 Voo t1 10 }
VoM High-level output voltage o= —04mAa 2.4 Vee v
y Low-ievel out ’ lo = 3.2 mA 0.65 v
- OL Qw-level output voltags lﬂ' iy 0.50
g Supply current from Vgg 0.1 1 mA,
Fol's Supply current from Ve 50 75 mA
oD Supply current from Vnp 25 45 mA,
Input capacitance lany inputs except Vag =~ -5, f= tMHz, |
¢ B8 | 10 15 oF
¢lock and data bus) unmeasured pins at Vgg
Cita1l  Clock-t input capacitance Vg = ~5. f=1MHz, 100 150 pF
unmeasured ping at Vg
! Vv - fw
Ciin2) Clock-2 input capacitance BB 5, _ MHz, 150 200 pF
unmeasured pins at Veg
Vpg = — f= 1MHZ,
Ciipay Clock-3 input capacitance BB > 1Mz 100 150 oF
unmeasured pins at Veg
Ciipa) Clock-4 input capacitance vVes = -5, ff MRz, 100 150 pF
unmeasured pins at-Vgg
Vg = — = 1MHz,
Cog Data bus capacitance BB = 5. ' * 15 25 oF
| unmeasured pins at Vgg
Qutput capacitance {any output except Vagp = -5, f=1MHz, |
Co 88 * 7S 10 15 | pF
data bus) unmeasured ping a1 Vgg
VAl typical valuas sra at T4 = 25°C and neminal voltages.
*D.C. Component of Operating Clock
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{SEE FIGURES 12 AND 13}

PARAMETER MIN NOM MA X UNIT
tels) Clock cycie time .3 0.333 0.5 u3
trio) Clock rise time Y 12 15 ns _:
ti{s) Clock fall time 10 12 2§ ns
L twig) Pulse width, any clock high _ 40 45 100 ns
o L, 2K Oelay time, clock 1 low 1o tlock 2 high (time e tween clock puises) 0 5 ns
['@2L,03H  Delay time, ciock 2 iow 10 clack 3 high (time between clock pulses) 0 5 ns 1
tH3L.0 4K Oelay time, clock 3 low to clock 4 high (time between clock pulsss] 0 3 ns
tdaL, ¢ 11 Detay tims, clock 4 low to clack 1 high {time between clock pulses) 0 5 ns
H—t¢ 1H,¢ 2H Delay time, clock 1 high ta ciock 2 high (time between leading edges) 713 80 ns
1024, 3H  Dalay time, clock 2 high to clock 3 high (time betwean leading edges) 73 BG ny
_1¢3H,¢ 4H  Delay tirme, clock 3 high 1o clock 4 high (time between leading *dges) [ 73 8O ns
D4 o 1t Delay time, clock 4 high to clock high (time berween leading edogas) 73 a0 iy
teu Data or control Setup time before clock 1 30 ns
| th Data hold time afrer clock 1 10 ng

SWITCHING CHARACTE

{SEE FIGURE 13)

RISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

CLOCK ul

0?2 v

‘r{.;'.-j—"l I‘“
o twio) »| |
|

CLock ez 440, b 21 —a »l

CLOCK 3

]
.

I“"lel
fa— t 324 o 3 —o-l -
|

| (
I"—wsl-l,:pm—p-l

CLOCK

NOTE: Al timing and voltage lavels

n,_ - e -

|
19 2L, 934 Jo—s] |
| .
! |

shown on @1 appliss 10 &2, &3, and o4 in the samae manndr,

FIGURE 12 — CLOCK TIMING
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S
jo— g an, ¢1H—r|
fe—t- 104

|
t¢3L,¢4H—|-¢—u|? \

-
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—
PARAMETER TEST CONDITIONS { MIN TYP MAX UNIT
tpLH O tpHL  Propagation delay time, clocks 1o DUtputs CL = 200 pF 20 40 ng
I‘ tl:lr,'rl H




TMS 9980A |
TMS 9980A/TMS 9981 ELECTRICAL AND MECHANICAL SPECIFICATIONS

- L

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

Supply voitage, Ve (see Note 1)

. Ct e - o o o oL L. .03taiSV
Supply voltage, Vpp (see Note 1) Ce e o s s o L L L L =03to15V
Supply voltage, VER (see Note 1) (3980A only) e e -5.25tw00V
Al input voltages (see Note 1) o s e s . w00 L, —D3to 15V
Output voltage (see Note L e e e e . =2Vtw?V
Continuous power dissipation T A 1 W
Operating free-air temperature range e e e ¢« v+ . . . . 0°Cto70%
Storage temperature range . . . . . . Tttt e - - . .. . . . . . -B5°C10150°C.

*Stressas beyond those listed under "Absolute Maxirmum Ratings"” may cause Pérmanent damage ta the dewice. This is a stress rating onty and
tunctional operation of the device at these ar any other conditions bevonag thote indicated in the "Recomrmanded Gperating Conditions'”
section of this wpecification is not implied, Expoasure 1o absolute-maximum-rated conditions for sxtendad periods may atfect device reliability,

N@TE 1: Under absolute maximym FAtINGs voltage valuss grea with respect to Voo

4.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MA X UNIT
Supply vnltagle. Vgp (998304 aniy) —-5.25 -5 -4.75 v
Supply voltage, Ve 4.75 5 5.25 v t
Supply voltage, Voo 11.4 12 126 Vv J
Suppiy voitage, Vgg 0 v
High-level input voitage, Vi 2.2 2.4 Voot v
Low-level input voltage, ViL -1 0.4 _.D.B v
Operating free-atr temperature, Ta 0 30 70 “c

4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
{UNLESS OTHERW!SE NOTED)

PARAMETER TEST CONDITIONS MIN TYP* MA X UNIT
[ Data bus during DBIN V) = Vgg 1o Ve 175
WE, MEMEN, DBIN . .
1 Input current : V)| = Vgg to Ve *75 oA
during HOLDA
Any other inputs VI = Vgg to Vee - — .l 0
Vo High-level output voltage gy = =04 ma 2.4 Vv
Low-level out ! lo=2ma 0.5 v
UDL ow-level output voltage o =32mA 0.6%
lag SUpply current from Vgg (9980A Only) 1 mA, |
o C 50 60 I A
T A — m
lce Supply current from Vg 0°C a0 0
| 0°C 70 80 A
m
o Supply current from Vo — o5 25
¢ Input capacitance {any wnpurts f_-= 1 MH2, unmeasured e oF
except data bus) Rins at Vgg >
{ = 1 MHz, unmeasured
Cos Pata bus capacitance 1 v 75 pF
PIns at USS
Output capacitance {any output t =1 MHz, unmeasured
Co , 15 pF
excent data bus) Pins at Vgg , _

TAll typicat vaiues are at T = 259C and nominasl voltages.
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TMS 9980A
CLOCK CHARACTERISTICS

The TMS S980A and TMS 998% have an internal 4.phase clock ger;ératnrfdriver. This is driven by an external TTL
compatible signal to control the phase generation. In addition, the TMS 9981 provides an output {OSCOUT) that in
conjunction with CKIN forms an on-chip crystal oscillator. This oscillator réquires an external crystal and two

capacitors as shown in Figure 13. The external signal or crystal must be 4 times the desired system frequency.

TMS 2981
CKIN OSCOUT

FIGURE 13 —= CRYSTAL OSCILATOR CIRCUIT

Internal Crystal Oscillator (9981 Oniy)

|
o———‘_ *

CRYSTAL

lle—

_LC1
I I

¢

The internal crystal osciltator is used as shown in Figure 13. The crystal should be a fundamental series resonant type.
C1 and C3 represent the total capacitance on these pins including strays and parasitics.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT I
I Crystal frequency o°C-70°C 6 10 MHZ
| ¢1.Ca °C-70°C 10 15 25 bf

External Clock

The external clock on the TMS 9980A and optional on the TMS 9981, uses the CKIN pin. In this mode the OSCOUT
pin of the TMS 8981 must be left floating. The external clock source must conform to the following specifications.

PARAMETER MiN TYP MAX UNIT
Faxt External source frequency® 6 10 MHz
VH Externai source high level 2.2 v
VL External source iow level 0.8 v -
[ 7,774 External source rise/fall time a~1+-— ¥ 10 ns
} TwH External source high level pulse width :ﬂ ns |
TwL External source low lavel pulse width ] 40 ns |

“This allaws & systam spesd of 1.5 MHz to 2 MMz,
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TMS 9980A

SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

The timing of all the inputs and o

utputs are controlied by the
width of one phase of

the internal clock. This is ViCKIN)

internal 4 phase clock: thus ali timings are based on the

3

‘ (whether driven or from a crystal}. This is alsg 4tsystem. In
the following table this phase time is denoted t. e
All external signals are with reference to ¢3 (see Figure 14), *
A
'r PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
1 (p3) Rise time of 93 ' 3 5 10 ns
r1 e . - -——-_J -—-_-_-—-—-—l--
t§l¢d) Fall time of ¢3 5 7.5 15 ns
twiodl Pulse width of ¢3 tw= 1H{CKIN) tw—=15  tw—10 t,+10 ns ]
toy Data or control setup time* =Y%tyystemn tw—30 ns
th Data hold tima® 2t , +10 ns |
tpHL{WjE_._ Prapagation delay time WE high to low CL = 200pf tw—10 lw . w20 ns
tpLH{WE) Propagation delay time WE low to high ] Lo Tt 10 tw+30 n$
tpHLICAUCLK)  Propagation detay time, CRUCLK high to low { —20 —-10 +10 ns
{ tPLHICRUCLK)  Propagation delay time, CRUCLK low to high 2t —10 Aty 2t,,+20 ns_ |
tov Delay time from output valid to ¢3 low tw—50 1,.,-30 ns
X Detay time from output invelid to 3 low

trLH

LY =y *— A
OTHER *... ' ‘.'"““ﬂ ‘l'l“:‘;‘;"'-.v'-‘h'v‘-:'-r"' T O

B e gy VALID '*.'it#.."l:.*l‘*,',‘*,‘*ii#iiiiﬁﬁ
DUTPUTS LXICHRIRXL O e O 0 e 0o e e 0!

FIGURE 14 - EXTERNAL SIGNAL TIMING DIAGRAM
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