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SECTICN 1§

INTRODUCTION

This document describes the hardware and software interfaces
between the console and perlphergls of the TI-99/4 and TI-99/4A
Home Computers. The purpose ‘6f this document is to provide a
reference for third parties who waﬂt ta design new peripherals
far the TI-99/4A family. TR :

g

1.1 Interface in Qgggxalﬁ e

The 99/4x console has a 445pin‘male card edgesconnector,
called the I/0 Bus, on its righ%t edge. The I/0 Bus contains all
the information needed +or the console to communicate with the
peripherals. It is suggested that each peripheral have its oun
power supply instead of sharing the voltages with the console
through the I1/0 Bus. o '

Each peripheral should include a nonvolatile Device Service
Routine (DSR) software package to drive the peripheral. The DSR
communicates with the console software through certain memory
locations. The console  softuware sets up information in these
memory locations and passes it to the wuser—selected peripheral.
From there on, the selected peripheral’s DSR should have the
capabhility to interpret the information set wup - by the <console
software, physically drive the peripheral, and ‘pass the
peripheral’‘s data or status to the conscle software if necessary.

Texas Instruments . i-1 F3~-28-83



- DBR: GPECIFICATION - , : I/0 BUS

‘ SECTION 2
. . 1/0 BUS
~The. purpose .of this  section is to describe the pin

'?éésiggments;-b?ftﬁé?lgﬁiaps{’functions of 1/0 signals, sources of
'ﬂytput,Sigpaiyg and destinations of Input Signals.

. R . E * > P

2.1 1/0 Bus Pin Assjignments and Descriptions

Pin # Notetion I/0  Description

amesmsy S sca s marm 050 O 50 8 T O T T

B e . A Q 5V Power Supply
2 . BBE | 0 Low when MPU read from >%0xx or write
e _.to addreses >P4xx memory
3 RESET 0 Master Reset, low active
.4 EXT INT I  External Interrupt, low active
] AS 0 Address Bit 5
. & AlQ 0 Address Bit 10
- 7 A4 ja g Address Bit 4
8 All 0 Address Bit i1l
9 DBIN 0 Derived from MPU’s DEIN pin., same
: L . .parity
10 A3 0 Address Bit 3
11 T ALZ 0 Address Bit 12
12 READY I If device or memory is ready after
being addressed by MPU in memory
R/W cucle, device or memory should
cause this input to go high
13 LOAD 1 To 9900‘s LOAD pin
14 AR K] Address Bit 8
i3 Al3 0 Address Bit 13
is4 ald g Address Bit 14
i7 A7 (¥} Address Bit% 7
18 A% 0 Address Bit 9
ie CRUDUT/ALS O CRU Output/Address Bit 135, LBB
20 A2 0 Address Bit 2
21 @ND Signal Ground

o Taexas Instruments 2-1 3-28-83



DSR SPECIFICATION L E o TEER T 170 BUS

Pin # Motation 1/0 Description

. 43 —rmTMAm AT Tpam s T R S N N R TR
&2 CRUCLK . Q Inversion of MPU’s CRUCLK pin
23 GND "t Bignal Ground
24 PHI3 O - Inversion of Phase 3 Clock
29 GND _ ngnal Ground
26 WE 0 Dﬁrtved ledom HPU‘s WE pzn;*ﬁame
‘parity
27 GND ~ Signal Ground
28 MBE o Low when MPU address;ng b4000 - >5FFF
- »ﬁgmgw B L e e
29 Ab 0 Address Bit &
20 Al 0 Address Bit 1
31 AO 0 Address B;ﬁﬁ.ﬁ ‘MSB- -
32 MEMEN 0 Derived #ram HPU 5 FEHEN pin, same
) parity -
33 CRUIN 1 CRU Input tao MPU
34 D7 I/0 Data Bus-Bit 7, LG8B
35 D4 I/0 Data Bus Bit 4
3é Dé& 'I1/0 Data Bus Bit 4
37 Do ~1/0 Data Bus Bit O, MSB
38 43+ ] ' 1/0 Data Bus Bit 5
R 39 D2 1/0 Data Bus Bit 2
- 40 D1 I/0 Data Bus Bit 1
41 I1AG 0 MPU’s IAG pin
42 p3 I/0 Data Bus Bit 3
43 -5V 0 -5V Power Supply
a4 AUDIO IN I TaISeund Generator Cuntroller s AUDIOD
N pin

Tevas Instruments - -2 BT s 3eagenn



DSR SPECIFICATION ‘ A HARDWARE STRUCTURE OF ﬂéﬁ

" SECTION 3

HARDWARE STRUCTURE. OF DSR

3.1 DSR ROM

Mormally, a DSR is written in 9900 Assembly Language and 1is
installed in 3 ROM, which is itself part of the TI-99/4A family’s
peripheral. All DERs must begin at address >4000 and should not
exceed >SFFF. All of the eight data pins of the DSR ROM must be
buffered before being connected to the data bus of the 1/0 Bus.
This buftfer is enabled and disabled by a preassigned CRU output
hit which is controlled by the conscle software, so that not more
than one DSR is accessed at any time.

2.2 CRU Mapping.

The CRU 1/0 is used by the system to access the paripherals,
if the speed of data transfer is not too crucial. The decoding . -
format for the CRU addressing is indicated as: :

AQ Al A2 A3 A4 AS A6 A7 AB A9 A10 All A12 AL3 Al4  A15/CRUOUT
0 6 O User 1ID Device CRU I/0 Bit Decode 0

The GCRU address space, ranging from >0 to >IFFE with AC, Al., AS,
and Al15 wunused, 1is broken into eight blocks of 3512 bits each.
The User ID: indicated through the Address Decoding of &3, A4,
and A5. represents each of the 512 bit blocks. They ars assigned
as follows:

MPU Address A3 A4 AD Assignment

CO00~QO3FE o 0 0 Consols Use

1000-13FE i1 0 © TI Peripheral Bpace #1
1400~17FE i ¢ 1 TI Peripheral Space #2
iB00~1BFE i 1 ¢ TI Peripheral Space #3
1CO0—-1FFE i 1 1 TI Peripheral Space #4

The standard device decoding through Aé and A7 gives a total of
faur device blocks within each User ID Block. The CRU I/0 bit
decoding through AS-Ai4 allows 12B addressable bits each of input

Texas Instruments 31 3-28-83



DSR SPECIFICATION _ HARDWARE STRUCTURE OF DSR

and output. In the 128 CRU Output bits. the first bit, with AB-
Al4 all O’s, is reserved for enabling the Data Buffer of the DSR
ROM in each peripheral as mentioned in the last subsection.
Setting this bit to logic one enables the DSR ROM, while setting
it to logic zero disables the DSR ROM.

e

Texas Instruments - 3~2 - : coret Be2B-83



PSR SPECIFILATION - SOFTWARE STRUCTURE OF DSR

.. SECTION 4
SOFTWARE STRUCTURE OF DSR

A DSR must follow a specific format in order to communicate
with ¢the <console soffware properly. The purpose of this
predefined format is to let the console software have the least
overhead and the DSR have the maximum #flexibilify in device
servicing.

A DSR, in general, contains the following elements:
#  Symbol Definition Block

# Header and Linkage Block

# Main Qé@i:éjﬁ&rvice Routine
# Power—up Ruuéine(opgibnal)
# Interrupt Routine(optional)

. Each of the above elements will be discussed in detail in the
following sections.

4.1 Symbol Definition Block

The Symbol Definition Block serves two purpases. First, it
equates frequently used data or addresses with symbols for sase
of recognition. Secondly, it specifies the CPU RAM location in a
certain way so that each. DSR can be wused around future and
existing TI-99/44 . family members, such as the TI-99/4, with the
least modification. The +first purpose is common in every
program. but the second one needs more explanation.

Each model in this family has a different memory siructure
within the console. Therefore, care must be taken in handliing
memory addressing in a DSR so that the DSR can support future

Home Computer models. The consocle software always enters the DBR
. through- the instruction:

BL. #R® .

where RY contains the DSR entry address. Upeon entry of thes DER,

Texas Instruments 4-1 F3-28~-83



DSR SPECIFICATION . SOFTWARE STRUCTURE OF DSR

the Workspace Pointer contains the beginning address of the
Register File, which the console software uses I# all +the CPU
RAM which the DSR may access is predefined with respect to this
Warkspace Pointer, the DSR does not have to know the memory map
of each console. The DSR can address the CPU RAM through Indexed
Addressing via the Workspace Pointer. For example, if one wants
to move the contents of a CPU WAM (having a displacement ([DISPI
with respect to the Workspace F&xntev) ta &O. do the following:

ENTRY STWP R4 ‘ o Entrg O*ﬁ the m : :ig'wf

MOV @DISP(R4), RO

Some of the frequently used CPU RAM‘s ‘symbols and locations are
listed below.

T

FaD EGU -»EC ‘Start of CPU RAM in 99/4 console

FaC EGU  PAD+>4A Start of ‘36 ‘bytés available to DER
ROLE EQU PAD+>EL Lower byte of RO

RILE EQU  PAD+2EX ~ "Lower byte of R1I =

R15L.B EQU FAC+>FF l.ower byte of RIS

OPCODE EQU FAC+>0 ~ Beginning of PAB, I/0 operstion code
FLGSTE EQU FAC+>1 PAB — Flag/EBtatus |

BUFADR EGU FAC+D2 PAB — Data Buffer Address

LRECLN EGQU FAC+>4 PAB — lLogical Record Length

CHRCNT EQU FAC+>5 PAB ~ Character Count

RECNUM EQU FACH+>4 PAB ~ Record Number

SCNOFF  EQU FAC+>8 PAB -~ SGcreen offset

OPTLEN EGQU  FAC+>9 PAB ~ Option Length

DEVLEN EQU FAC+>10  PAB ~ Device Length P

PABVDP EQU FAC+>12 PAB —~ Pointer tao PAB- in VDPF RAM

Vida EGQU >8C02 Address fof VDP Write-Adddress operation

GRD EQU >9800 . Ad&ress Fo?*@&ﬂﬁ Rea& Data aperat:on

N

R - i R

4,2 Header and Linkage Eioc& . : ‘,?“
The DSR must contain a certain header starﬁzng at ~>4000 so

that the linkage to +the console software can be established
properly. This header contains the following information:

Texas Instruments 4~2 § I R e = - I



. DSR-SPECIFICATION. SOFTWARE STRUCTURE OF DSR

- % validation flag( >AA )

% MName(s) of devicel(s) being serviced by this DSR (the
device name should be 7 characters or less)

 iﬁ_'Entfg_ngihg($) .ef_fﬁelﬁeVice(s) being serviced by this
DER : : .

# Entry point of Power—up Routine, if necessary

5,‘£g£r4;§o§nt.mf?Interéqpt Routine, if necessary

4.2 1 A Sample Program $£J7¥ Header and Linkage Block.

.. This ggéfiqﬁﬁgigeﬁ an example of +the Header and Linkage
Block in a typical DS8R. The syntax of DX10 Assembler is obeyed
in this preogram. DXi0 Assembler Languvage is similar to., but not

identical with: the TI Editor/Assembler. Information on the
. :language can be found in the 2200 Familu Systems Design and Data
Book. o : PR RS
************%a****ﬁ****&#***********************%*******
* L #*
* Sample Program Showing DSR Header Format *
*® . . - #
5 R e e S
- - RORE >4000 - Start of DBR
BYTE >aAA. " Telling console this is & valid DSR
.BYTE 1 Version # :
DATA O Not used in DBR calls, so legave it
J’Dl

DATA PWRLNK ) Power-up Routine’s Link. ‘PWRLNK'
L . . is replaced by ‘0’ it powsr—up

_ o - set up is not necessary

.DaTa O Not used in DSR calls, lzave it 707

. DATA DSRLNK DSR Link, CAN’T be ‘0’ here
. DATA O ' o Mot used in DBR calls., leave it ‘07

DATA IﬂTL@R% o Interrupt Routine‘s Link. “INTLNK’
. o » is replaced by ‘0 if interrupt
is not used

=

.DATA O Not used in DSR calls., leave it ‘0O’
* _ ‘
#  Mots: This Power—up Routine can be omitted if power-—up
#* . initialization is not necessary for this peripheral
* .
PHRLNK DATA O . Linkage, set toc O
DATA PWRUP Entry point of power—up rouvtine
BYTE O . . NMame length. set to O

Texas Instruments 43 I3-28-03
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EVEN
PWRUP . Entry of power—up routine
B #R11 Return to ‘console software through
#R11 (It must not be destroyed)
* . : »'%;ﬂ' R ) "'”x, fﬁ ;'5"' _4 .ﬂ'_
#* Note: This Interrupt Routine can be omitted i# Interrupt
* Request is never ‘igsued by this ‘peripheral
*
INTLNK DATA O ‘ Linkage:; set to O
DATA INTDER Entry point-afs “tHe- Interrupt Routine
BYTE O . Name length, set $o O
EVEN . e TEERL e
3 Do s H DD |
. SR B, ga o Sl £
INTDSR . Entry of 1nterrupt routine:” -7
% 1ntérrdp€ requést_Ffrom €hxs_per1pheral
= true
then .
begin 1nterrupt service i
reset Interrupt_request;
goto INTEND
end
else goto INTENMD:
INTEND B #R11 - Return to console software throwgh
#R1i1 (It must not be destroyed?
* . )
# ##%% Main Device Service Routine. Assuming three devices,
¥* ##% with names ‘DEVICE’, ‘DEVIC/L’, ‘DEVIC/27, are
#* ### supported in_tﬁis'peripheral.
# L.,
DSRLNK DATA DSRLKZ Linkage £0- next devzce tield
DATA ENTRY1 _ ‘Entry point of 1st device
BYTE & u Mame length of fst-device
TEXT ‘DEVICE’ Name of 1ist device
EVEN o
DERLK2 DATA DSRLKS Linkage to next device field
DATA ENTRYZ ‘ Entry point of, 2nd device
BYTE 7 Name langth 6f 2nd device
TEXT ‘DEVIC/LS - Name of 2nd device
EVEN =
DSRLKZ DATA O Linkage tg next devzce Pield(none)
DATA ENTRY3 Entry point of Srﬁ ‘device
BYTE 7 Name length of 3rd device

Texas Instruments 4-4 : e ' f 3-28-83



‘DER SPECIFICATION SOFTWARE STRUCTURE OF DSR

TEXT ‘DEVIC/27 Name of 3rd device
- EVEN
-fERfRYIQ;'-; ' : Entry of lst device servicing
CENTRY2 . ' . " Entry of 2nd device servicing
ENTRYS . , Entry of 3rd device servicing
. EXIT _INCT Rii : Return to console software through
v . B.  #R1i , - ®#R11 (It must not be destroyed).

i

.

4.3 Power—up Rﬁgtine‘

For some pe?igherals:% it is necessary %o initialize the

hardware at power—up time. It is suggested that a power—up
routine be included to do the initialization through software for
these pheripherals. Power—~up Link should bhe set in the Header

Field as desceribsd above.

. Power—up routines are executed whenever the system is reset
by eithar hardware or software. The console soffuware searches
all peripheral DSRs for power—~up routine addresses and executes
them. if +they are found. Each power-up routine can use RO-RIO.
Upon entry, R12 is set to the beginning address of the CRY space
for that peripheral DSR (note that this address is usad to enable
the DSR ROM). Ri1 contains the return address. R13 and R13
contain the memory—mapped addresses of GROM Read Data and VDP
Write Address, respectively. All VDP and GROM operatons can be
‘indexed from these 2 registers. The power—up routine may use VDP
RAM from O to the location pointed to by CPU RAM 270, offset from
{(Workspace Pointer - >EO}. i1t can use all GCPU RaM except
lacation 255 26D and >CO through >DF offset from (Workspace
Pointer — 2EO).

All power—up routines must return with:

B #R11

w7 Texas Instrumenits 4~5 3-28-83



DSR SPECIFICATION ' SOFTWARE STRUCTURE OF DSR

o

4.4 Interrupt Routineg : T

I# the peripheral issues Interrupt Request to the 9900 CPU,
the DSR should also include an interrupt routine and Interrupt
Link in the Header as described above. Every interrupt’ that is
not recognized as a console interrupt (VDP or 97901 Timer) causes
the console software to execute every interrupt routine it can
find. The interrupt routine must <check to seé whether the
Interrupt Request is raised by this peripheral. I# it is not,
exit by:

F

B #Ri1

Upon entering the DSR interrupt~ﬂser§iqg routine. the
Workspace Pointer is >B3EC. The interrupt Foutine may use R1-R8.
and Ri0. RB must be cleared before exiting the DSR. All other
registers must be kept as they are. The contents of R11-RIG are
the same as those of the Power—up Routine Section. The interrupt
routine and Main DSR can split the allocation of CPU RAM from D344
to 24D offset from (Workspace Pointer — DEO).

All interrupt routines end with B #R1il. Interrupt Request
raised by the peripheral sust be cleared before exit.

4.5 Main Device Service Routine

When the DSR processing is completed, exit by performing the
following:

INCT R11l
B #R11

Texas Instruments H-5 T 3-28-83
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