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GENERAL DESCRIDTION

The concept for the Mexas Instruments Home Computer
99/4 1/0 bus is to provide maximum flexibility and
good performance within a constraint of low cost
for both mainframe and computer system. This
concept is achieved by providing both memory and
CRU I/O buses to the 99/4 peripherals. This briéf
description will give key details of this
interface. Detailed information regarding the 9900
CPU is assumed. A source for this information is
the 9900 Family Systems Design and Data Book, This
manual may be obtained from T™I Semiconductor
Distribers. The memory bus (with data bus
converted to eight bits wide) is used for
instruction fetch from ROM in external peripherals
and for data transfer to/from memory mapped
porticns of these devices, mhe CRU bus is used
for peripheral enable/disable and for device
contrel and data transfer to/from CRU mapped
peripherals.

A block diagram of the TI 99/4 electronics is shown
in Figure A. The TMS 9900 miCroprocessor accesses
each peripheral to obtain instructions from the
device service routine (DSR) read only memory.
Since each peripheral contains its own DSR, the
99/4 does not have to be designed to anticipate
future peripheral requirements. ™he dual I/0 bus
capability, along with interupt handling and
external DSR's provide flexibility at low cost.




WYHOVIQ X078 WILSAS h/66

v N9y
o) [ g [
=) ] WHIHAIY
noiLioay | | ouakinas |7 | w0 v A N
wsnazm_mﬁ“_‘ﬂ%“ ! SNA 0/t : L Liodvad
133138 39410
3LYIS 0N0S i 13MvYvd L0-00 AHOWIW _ S1v-0V nud
—TEOW Nid b -
| wvyd uo wou r ~UIiniug €
m..l TYNOLLIQOY _1... VEY —.—-
- == 8 XN y :
—— Y 39vauani) [3avigarn
r gxiEl | [3waneitvaos . qQuv0HaAIN WIILSADF{ 311355v)
Iswoy sJ1H4VED besord-SISIULLADY JISVR[>T ¢ AINOV| | v NvHIIN o
| meou_hl_amﬁ B | (—SWOH SIIHIVHY * '
_ L 300930
$19313S 49018 AHOW3W ] ss3yday |« 10HLNOI 0/1
YoLVHINID[® Adowan]| o 1066 SNL _
FUNN0S X31dW0I [ o
G166 SWL| 91 ny-oly, I *
1 g ,
HIlYIANDI SN | £ 3IV4Y3INI NHI
R YLva LG8 0L 118 01 T0U1NDI N8
5 { | ssavoav
Av1d4Sid 0301A worsa]™ | | Roinvnd
911 SWL LETL SIV
g X %91 ALV wvyavdf 91| 91| 1d9%
HILYHIS|/-ta+HOLINOW 51907
AUOW3N ZHW 9t ¥eel et | 1081NDD
Avidsig |l 95 ) A B ONIWILL
ki nguwmmm_ 9 51
. SWL M
y —
0Y40HIIW L1831 -t 1 ZHW 8Y
HOLINDW . HOS539 vy LigaL e VoSG S ]
40109 ..£) ‘ —
HIAING ¥207)




I/0 PIN DESCRIPTION

SIGNATURE PIN 1/0 DESCRIPTION

ag (MSB) 31 Out

Al 30 Out ADDRESS BUS

a2 20 out

- A3 10 OQut A0 through AlS5S comprise the

a4 7 Qut address bus. This bus pro-

AS 5 Qut vides the 16 bit memory add-

A6 29 Out ress vector to the external

A7 17 Qut memory system when MEMEN is

A8 14 Out active, Address bit 15 is

A9 18 Out also used for CRU DATA OUT

AlQ 6 Out on CRU output instructions.

All 8 Out :

Al2 il Cut

Al3 15 Out

Al4 16 Out

als5/CRUOUT 19 Out

Dg (MSB) 37 1/0 DATA BUS

Dl 40 I1/0

D2 39 1/0 DO through D7 comprise the

D3 42 1/0 bidirectional data bus.

D4 35 1/0 This bus transferes memory

D5 38 1/0 data to (when writing) and

D6 36 1/0 from (when reading) the ex-

D7 34 1/0 ternal memory system when
MEMEN is active.
BOIS CONTROL

MEMEN 32 Qut MEMory ENable. MEMEN in-
dicates a memory access.

DBIN 9 Out Data Bus In. When active
(high) the data buffers and

_ 9900 are in the_input mode.

WE 26 out Write ENable. WE indicates

_ a memory write. _

MEE 28 Out Memory Block Enable. MBE
indicates a memory access
in memory block 4000-5FFF.

CRUCLK 22 Out CRU Clock. Indicates data
is available on the CRU OUT
line. .

CRUIN 33 In CRU data IN. Input data

line to the Home Computer.




1/0 PIN DESCRIPTION (CONTINUED)

SIGNATURE 2IN 1/0 DESCRIPTION

MEMORY CONTROL

In READY (when MEMEN is active)
{ndicates external memory is
ready for a memory access.
goLD { when MEMEN is in-
active) indicates a request
to use the data bus.

HOLDA/IAQ 41 Qut ROLD Acknowledge goes true

. when MEMEN is inactive and

indicates that the 9900 is

in a HOLD state.

READY/HOLD 12

Instruction AcQuisition in-
dicates (when MEMEN is
active) the CPU 1is acqguir-
ing an instruction during a
memory cycle.

TIMING AND CONTROL

LOAD 13 In When active, LOAD cuases the
CPU to execute a nonmaskable
interrupt with memory add-
ress FFFC containing the
trap vector.

Cut tfhen active, RESE™ causes the
Home Computer and the periph-
erals to be reset. Will be

held active for a minimum of
§ clock cycles.
EXT INT 4 In EXTernal INTerrupt. When
active, EX™ INT causes the
CPU to execute an interrupt.
a3 24 Out CPU Clock. Phase 3 of the

CPU clock.

RESET 3

2 R EEEEESE XD

POWER

GND 21,23 Ground reference.

25,27
SREECH MODULE SIGNALS

Out speech Block Enable. SBE in-
dicates a memory access in

the speech memory.
Input for the audio from the

speach module.

[\8 ]

aAUDIO IN 44 In




+5

-5

1

43

SPEECH MODULE SIGNALS CONT

Supply voltage (+5V Nom}
for speech module (50ma Max)
Supply voltage (-5V Nom)
for speech module (50ma Max)

II. MEMCRY ALLOCATION
. The memory address space is broken into 8 blocks of
8K bytes of memory. The third block (addresses
4000 - SFFF) is predecoded and made available at
the I/0 port for the peripherals. ™he sixth,
Sseventh and eighth block (addresses AQ0Q00 - FFFF)
are available for future expansion. For the speech
module, (addresses 9000 - 97FF), a predecoded line
is available at the I/0 port,
SYSTEM MEMORY MAP
HEX ADDRESS
Romgnd 72 0 - 1FFF Console ROM Space
o 2000 - 3FFF Future Expansion (internal/console)
Vo rmzy iy "™ 4000 ~ S5FFF Peripheral expansion (predecoded to
_ 1/0 Connector)
GRom pin’ 3 F rora —- > 6000 - 7FFF Game cartridge ROM/RAM {predecoded
- to GROM Connector)
5SEF grww o ¥ ——2 B000 - 9FFF Microprocessor RAM, VDP, GROM, SOUND
and SPEECH select.
AQ0O0 - BFFF Future Expansion
C000 - DFFF Future Expansion
ECQ00 - FFFF Future Expansion
MEMORY MAPPED DEVICES
ADDRESSES AC Al A2 A3 a4 A5 Aal4 aAls USE
Fonte D E e
C pELxa Niiawiie/ g 1 0 0 0 0 0 0 0 Internal Ram
R {f’/ (8300-83FF)
. tms v eyrescore 8400 €VECT1 9 g o9 9 1 0 0 Sound
32 8800 zvs,- 1 0 0 0 1 0 0 0 VDP Read Data
8802 701 0 0 0 1 0 1 0 YDP Read Status
. 8C0O0 . ° 1 0 0 0 1 1 ¢ o VD® Write Data
ﬁfﬁwﬂ&f BCO2 - 1 ¢ 0 0 1 1 1 0 VDP Write Address
e Plw 72— . = ¢ 9000 1 0 0 1 9o o 0 4] Speech Read
. 9400 1 0 0 1 ¢ 1 0 0 Speech Write
" bwenis 9800 1 00 1 1 0 0 0 GROM Read Data
GARUm Py 24 1 0 0 1 1 o 1 0 GROM Read Address
: 1 00 1 1 1 0 0 GROM Write Data
1 0 0 1 1 1 1 0 GROM Write Address




ITI.

| {

CRU ALLOCATTION

IvV.

Of the available 4K of CRU bits, the first LK
(addresses 0000-07FE) are used internally in the
Home Computer. The second 1K (addresses 0800-0FFE)
are reserved for future use. The last 2K
{addresses 1000-1FFE) are reserved for the
peripherals to be plugged in the I/0 port. A block
of 128 CRU bits is assigned to each peripheral as
listed below.

CRU ASSIGNMENTS

CRU
ADDRESSES a3 A4 A5 A6 A7 USE

aooo-0FFE 0 X X ¥ X INTERNAL USE
1000-10FE 1 O 0 O O  RESERVED
1100-11FE 1 0 0 O 1 DISK CONTROLLER
1200-12FE 1 O O 1 0  'RESERVED _
1300-13FE 1 0 0 1 1 RS 232 (1)
1400-14FE 1 O L 0 0  RESERVED
1500-15F2 1 ©0 1 0 1 RS 232 (II)
1600-16FE 1 0 1 1 O RESERVED
1700-179¢ 1 0 1 1 1  RESERVED
1800-18FE 1 1 O O 0  THERMAL PRINTER
1900-1FFE 1 1 X ¥ X  FUTURE EXPANSION

INTERRUPT HANDLING

The interrupt available on the I1/0 port is one of
the maskable interrupts of the TMS 9901
Programmable Systems Interface.

9900 INTERRUPTS

VECTOR LOCC.

INTERRUPT (MEMORY ADDR. CPU DEVICE
LEVEL IN HEX) PIN ASSIGNMENT
(High 0000 RESET RESET
est 0 FFFC LOAD LOAD
Prior- 1 0004 INTL  EXT DEV (9901)
ity)

Lower priority CPU interrupts are not used. The
additional interrupts available are implemented on
99401,




9901 INTERRUPT MAPPING

ADDRESS CRU BIT 93901 2IN FUNCTION
0000 0 Control Control
0002 1 INTL _ 17 External
004C 2 INT2 18 Video Display Processor
. Vertical Sync
0008 3 InT3 8 CLock Interrupt, KReyboard
"ENTER" line, Joystick
"FIRE"
0aos 4 INT4 8 Reyboard "L" line, Joy-
stick "Left”
oQoa 5 INTS 7 Keyboard "P" line, Joy-
stick "Right"
oooc ' 6 INT6 6 Reyboard "0" line, Joy-
stick "Down"
000E - 7 INT7 (P1l5) 34 Keyboardé "SHIFT" line,
Joystick "ye"
0010 8 INT8 (Pla) 33 Feyboard space line
0012 9 INTS (P13) 32 Keyboard "Q" line
0014 10 INT10 (Pl2) 31 Keyboard "1" line
0016 11 INT11 (P11} 30 Not Used
cols 12 INT12 (Pl2) 29 Reserved
00la-1E 13-15 INT13~INTIS 28,27 Not Used
& 23

9801 I/0 MAPPING

ADDRESS CRU BIT 9901 PIN FUNCTION
0020 16 PO 38 Reserved
0g22 17 Pl 37 Reserved
0024 18 P2 26 grny (LSB) of Reyboard
Select
0026 19 P3 22 pit] ©f Reyboard Select
0028 20 P4 21 Bitg (MsB) of Reyboard
Select
002a 21 P5 20 Not used
0o2c 22 Ph 19 Cassette Control 1
002E 23 P7 (INTI15) 23 Cassette Control 2
0030 24 P8 (INT14) 27 Audio Gate
0032 25 P10O(INT12) 28 Mag Tape Out
0036 27 P11(INT11) 30 Mag Tape Input
0038-003E 28-31 Pl2-P15S 31-34 Not Used




ELECTRICAL CEARACTERISTICS

DRIVE CAPABILITY OF 1/0 SIGNALS

SIGNAL NAME DRIVER
A3 74,5244
CRUCLK 7415244
WE 7415244
A0 7415244
Al 7418244
DBIN 7415244
MBE 7415138
MEMEN 741,832

A3-Al4 7415367
DO-D7 7418245
AlS/CRUQUT 7415244
SBE 741503

HOLDA 741,832

RESET 741504

1/0 READ

A CPU Read c¢ycle for the external device consists
of two 8-bit read cycles (Fig. B)}). The 2 bytes
read are assembled as a 15 bit word before they are
presented to the 9900. Shown in Fig. B are two 8
bit read cycles with one wait state inserted in
each to work with slow memories, MEMEN goes low
true at the beginning of clock _cycle 1, At the
same time DBIN goes high true. WE stays high false
during the entire cycle, At the same time that
MEMEN goes true, the address bus goes active. 1In
order for the noise and the glitches (associated
with crosstalk and simultaneous switching) to go
avay a minimum of 100nS should be allowed for the
address lines to settle. MBE (precoded from AO, Al
and A2) goes true during the leading edge of 2 of
clock ¢ycle L. Data read from the peripherals will
be valid 750nS after the start of clock cycle 1.
The CPU will look at the full 16 bit data bus
during the leading edge of #1, of eclock eycle 2.
Under worse-case conditions, data must be valid
100ns before that time,

I1/0 WRITE

Figqure C shows a 16 bit I/0 write cycle. As
described earlier it is composed of two 8-bit
writes. A write cycle will always be preceeded by
an ALU cycle. MEMEN and DBIN go true at the start
of the cycla. A settling time of 100nS (min) is __
allowed for the address lines to settle down. WE

s on o =n = = = W W W W W N N N W N N W
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I/0 WRITE (CONT)

goes true (low) on the leading edge of p2, during
the wait states, and stays true for 660nS (TY?P).
Both during a Read or a Write the odd byte is
accessed first, followed by the even byte. AlS/CRU
CUT changes its state 900ns (TYP) after the cycle
is initiated. The second 8-bit write cycle is
identical to the first 8-hit write. MBE gtays true
(low) during the entire (1l.8us) cycle.

CRU TIMING

CRU interface timing is shown in Figure D. ‘The CRU
OUT cycle is composed of 2 clock cycles. The CRU
bit address when placed on the address bus A0
through Al4 is allowed to settle for 100ns (min}.
CRUCLK is a 80nS (min) low true signal which occurs
on the trailing edge of 1 of clock cycle 2.
CRUOQUT data is valid at the start of clock cycle 1,
and is latched by the CRUCLK in the respective
peripheral,

CRUIN also consists of 2 clock cycles 660ns {TYP),
Again we allow 100nS for the address bus to settle
down. The CPU samples the CRUIN line on the
leading edge of #1 of clock cycle 2. Data must be
valid 40nS (min) before that.

I/0 BUS LOADING

TOTAL SWITCHING MAXIMUM PERIPHERAL

SIGNAL LOAD {pF) LOAD (pF)
DO-D7 210 90
A0-A2 100 90
A3-al4 100 : 90
CRUQUT/ALS 110 _ 100
73 110 ' 100
RESET 140 90
READY/BOLD 80 70
CRUIN 125 90
CRUCLK 100 90
MBE 100 90
WE_ 100 90
SBE 35 ) 25
PBIN 100 a0
MEMEN 100 : ‘ 90
HOLDA/IAQ 80 70
-11-
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VI.

GLOSSARY

cPU

CRU

DSR

GROM

1/0

Central Processing Unit

Communication Register Unit (I/0 tech-
igqus for TMS 9900 Microprocessor)

Device Service Routine (TMS 9900 mach-
ine language),

Graphics read only memory (TMC 0430).
This memory device is a 6144 byte read
only memory with on board 14 bit program
counter. The program counter can be
written or read through an eight bit
interface and will automatically
autoincrement,

Input/Output.
Video Display Processor (TMS 9918).

-13-
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NOTES
UNLESS OTHERWISE SPECIFIED:

1. RESISTORS ARE IN OHMS
2. CAPACITORS ARE IN MICROFARADS
3. COILS ARE IN MILLIHENRIES
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