


INTRODUCTION Applications

This chapter is devoted to examples of applications of the 9900 family of components.
Throughout this book many details of the 9900 family of CPU’s, peripherals,

microcomputer modules, software and software development system support have been

discussed. However, these have been somewhat isolated general discussions and not -

directed to a particular application. This chapter has solutions of specific problems — from
the beginning concept to the final machine code — to give you examples of how someone
else has approached the problem and to help you understand the concepts behind the
approach and the details of the solution.

Three applications are included. They are:
1. ASIMULATED INDUSTRIAL CONTROL APPLICATION

A 9900 microprocessor based microcomputer is used in a system simulating the
control of industrial manufacturing processes. Solutions to the problems of
interfacing between industrial power levels and computer logic levels, both at
the input and the output, are demonstrated, as well as basic concepts of
computer control.

2. ALOW-COST DATA TERMINAL

Direct comparison is made showing how the characteristics of the 9940 single chip 16-
bit microcomputer are used to significantly reduce the package count of an intelligent
terminal designed with an 8080 8-bit processor. At the same time the performance-

cost ratio of the end equipment is improved.

3. AFLOPPY DISK CONTROLLER

The design of a complex system used for the control of a floppy diskette memory is
described. All the details of how a 9900 family microprocessor is used to arrive at a
problem solution are included.
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INTRODUCTION

Controlling motors, relays, solenoids, actuators; sensing limit switches, photo-electric
outputs, push-button switches are real world problems encountered in controlling industrial
manufacturing. This application simulates such conditions. It develops the application of a
TMS9900 microprocessor (using the 990/100M microcomputer module of Chapter 3) and
interconnecting hardware to automating industrial control requirements. This example
includes the description of interface hardware to couple industrial power levels to and from
the microcomputer system. It illustrates the use of an EIA/TTY terminal for interactive
program entry and control, a line-by-line assembler for inexpensive program assembly, and
the techniques of interrupt driven processing.

No motors, actuators, or solenoids are actually being controlled, but by sensing switches for
logical voltage inputs and by turning lights on and off, the industrial control inputs and
loads are simulated and the means demonstrated to accomplish the control.

As a logical extension of the first encounter application of Chapter 3, this application is
written for “hands-on” operation to develop basic concepts and show that the 9900 family
of microprocessors is ideally suited for industrial control applications. Each program step
is described as the subprograms are developed and the total program is assembled into
machine code.

Excitement comes from actually getting a microprocessor system doing useful things. This
application is designed for that purpose. Let it demonstrate how easy it is to begin applying
the 9900 family of microprocessors.

INITIAL SYSTEM SETUP WITH AN EIA TERMINAL

To begin, look at Figures 1 and 6. The system uses the same TM990/100M-1
microcomputer module shown in Figure 3-12 and interconnected in Figure 3-14. Itisa
complete microcomputer with 256 16-bit words of RAM, 1024 16-bit words of ROM,

and interface circuits to handle parallel and serial I/O. In Figure 3-714 it has power supplied
to it through P1, the 100 pin edge connector as specified in Figure 3-17. P2 interconnects
the TM990/301 microterminal which is being used as an input terminal for programming,
editing, and debugging. The output board (Figure 3-9) with a 7 segment LED display is
connected to the microcomputer through P4. The program (Table 3-2) sequenced the
elements f, b, e and ¢ of the LED display on and off, either fast or slow, depending on the
position of the control switch.

Table 3-2 was “‘assembled-by-hand.” In the examples that follow, a ROM resident
“line-by-line” assembler will be used. This is a low-cost, effective way of providing machine
code. However, a different terminal is required so that print out of the code can be
obtained. Therefore, in this application the microterminal attached to the TM990/100M
microcomputer is replaced with a keyboard terminal with EIA/TTY interconnection.
Refer to Figure 1.
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A 743 KSR terminal is chosen for this purpose. A special cable is required to interface the
terminal to the microcomputer through P2. The cable connections are as follows:

T™ 990/100M-1 743 Terminal

P2 Pin Pl P Description
1 9 Protective Gnd
2 13 Transmit data
3 12 Receive data
7 1 Signal Gnd
8 11 Request to send

20 15

Data Terminal Ready

If a preassembled cable is desired, a TM990/503 can be purchased for the purpose.

If the TM990/100M-1 microcomputer was used for the Chapter 3 First Encounter,

power was supplied to the microterminal from the TM990/100M module by jumpers

installed across the pins J13, J14 and J15 (Figure 3-12 and 3-13). These should now be

removed; the microterminal disconnected from P2; and the 743 KSR terminal connected

to P2 with the referenced cable. Connect ac power to the 743 terminal with a separate

cord. Return the jumpers to the spare positions on the board J16, J17, and J18 (Figure -
3-13). If P1 is to be wired to supply power, use Figure 3-17 for the connections. Figure /

shows the 743 terminal in place instead of the microterminal. It also shows the 1/0

interface components that will be used for this application connected to P4. If familiar

with a 743 terminal, skip the next discussion and go on to the description of the 1/0

interface components (SMT interface modules).

For those not familiar with the operation of a 743 terminal, reconnect the output board

of Figure 3-9 to P4 and proceed thru the following steps:

1

2.
3.
4.

Turn on the terminal and place it “on line.”
The system is now ready to receive a program.

. Turn on the power supplies, the — 12V, + 12V and + 5V, in that order.

The terminal uses the TIBUG interactive monitor (TM990/401-1) resident on the
TM990/100M-1 in the U42 and U44 sockets. It must be initialized. To do this,
press the RESET toggle switch on the TM990/100M (Figure /) and the character

“A” or a carriage return (CR) on the terminal. The terminal responds:

TIBUG REV.A
7

N

. The question mark is the TIBUG prompt symbol saying “‘what’s next?” To enter

code or data into memory, press the M (Memory Inspect and Change) command
key followed by the address in Memory where the program or routine is to start
followed by a (CR). The terminal printout looks like this:

?M FEQO (CR])

9-6
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6. TIBUG responds with the address and the data located at that address such as:

FEOO=ABCD

If the data is not correct and is to be changed, type in the correct data and press either
of these options:
A. (CR) to return to TIBUG

B. The space bar to increment to the next memory word location.
C. A minus ( —) character to return to the previous word location.

The complete sequence is illustrated here:
°M FEOQ (CR)

FEOO=ABCD 02EQ (Space)
FEQ2=3D04 FF20 (Space)
FEQ4=FC36 —  (minus)*
FEO2=FF20 (Space)
FEQ4=FC36 0201 (Space)
FEOB8=0032 (CR)

? #pequires pressing 'NUM" key

7. After an M and the starting address FEOO and a (CR), the total program of Table 3-2,
should be entered by entering the correct machine code at each address and then
pressing the space bar. At the end of the program, exit the memory inspect and
change mode by pressing (CR). The terminal responds with the familiar “‘?”. If an
error occurs, press (CR), then M and the address at which the error occurred; then
repeat the input code.

8. Now the program is ready to run. However, the workspace pointer and the program
counter may have to be set; at least the program counter, because it controls where the
program starts. The register inspect and change command R is pressed. TIBUG
responds with the contents of the workspace pointer. Press the space bar and TIBUG
comes back with the program counter contents. Either of these can be changed in the
same manner as memory.

Change the contents of the PC to the first address of the program to be run, then
type a (CR) and the program is ready to be executed. The total routine looks like this:

?R

W=0020 (Space)
P=0846 FEOO (CR)
?

The program counter is now set at the starting address of the program of Table 3-2,
FE00. Usually as the program proceeds, it will set the workspace pointer as needed;
thus, no change is made to W in the above routine.

9900 FAMILY SYSTEMS DESIGN 9-7

94



SIMULATING CONTROL A simulated

industrial control

OF AN ASSEMBLY LINE application

9. The Execute Command, E, runs the program:

?E
It runs until the RESET switch is pressed. After RESET, the program counter must be
reset to FEOO. This is done with a (CR), then R, then (Space), then FE0O, then (CR),
then E to start again.

The necessary details of interfacing and operating the 743 KSR have now been covered.
Further information on commands may be obtained by referring to the TM990/100M
user’s guide. Operation with a 745 KSR acoustical terminal is possible but an EIA/
auxiliary coupler cable kit (Part #983856) must be obtained from a TI Digital Systems
Division distributor.

SIMULATING CONTROL OF AN ASSEMBLY LINE

Coupling the KSR-745 terminal to the TM990/100M microcomputer provides a more
interactive terminal than the 301 microterminal so that the hardware can be expanded to
simulate general kinds of input and output requirements encountered in light-
manufacturing assembly lines. In addition, the “‘assembling’ of the program is made
easier by using a “line-by-line’” assembler, which requires an EIA compatible terminal
for this interaction.

Now, obviously, the output board shown in Figure 3-9, which contained only simple
logic level inverters and an LED display, will not be adequate to provide the reaction
power levels that are required for the simulated application. Therefore, new interface
modules are needed.

SMT INTERFACE MODULES

A means must be provided in the system to change input signals from push buttons, limit
switches, cam switches, or transducers that are at voltage levels of 90-132 volts ac or 3 to
28 volts dc to standard TTL low-level logic signals between 0 and +5 volts.

In like fashion, means must also be provided in the hardware system to change the
low-level logic output signals into power signals up to 28 volts dc or 90 to 132 volts ac.
The concept is shown in Figure 2.

Texas Instruments supplies modules which meet these requirements. They are called the
SMT 1/0 modules that are part of a STI Control system. A simplified set of
specifications for the basic modules is contained in Table I.

The 1I/0 modules are solid-state devices incorporating optical coupler isolation between
input and output of 1500 volts for excellent noise immunity. Internal protection is
provided to guard against external voltage transients. Each module has an LED status
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indicator located at the low-level logic side of the module to help in set-up and
troubleshooting. The 1/O modules operate from 0-60° C and are designed for 100
million operations. The modules are shown in Figure 3 with a SM'T43 mounting base
which accepts 16 plug-in modules and provides all of the wiring terminals. A logic
interface module which mounts on the SMT mounting base is also shown in Figure 3. It
provides a serial interface between the SM'T mounting base and a 5T sequencer. It is
not necessary for this application, but is very necessary if other 5TI components are
interconnected in the system.

o—— — O—] I
: > INPUT : > ::: > OUTPUT : :: >
A MODULE B c MODULE P
o— | I o o
INPUT ouTPUT INPUT OUTPUT
A I B c [ D
90-132VAC LOW-LEVEL LOGIC LOW-LEVEL LOGIC 90-132VAC
3-28VDC LOW-LEVEL LOGIC LOW-LEVEL LOGIC 3-28VDC

Figure 2. Input/ Output Modules

CATALOG NO. TYPE OF RATING TURN TURN
DEVICE ON OFF
VOLTAGE CURRENT TIME TIME
(ms) (ms)
SMT11-A05L AC Input 90-132 Vac Input Voltage 35 mA Max 8 Typ. 12 Typ.
8.3 Max | 8.3 Max
SMTI12-40AL AC Output | 90-132 Vac Output Voltage | 3 Amps 4 Max 4 Max
Continuous (40°C)
5SMT13-DO3L DC Input 3-28 Vdc Input Voltage 30 mA Max 2 Max 2 Max
5MT14-30CL DC Output 10-28 Vdc Output Voltage | 1 Amp
Continuous (60°C)
SMT43 Mounting Base Holds
Up to 16 Modules

Table 1. SMT Module Selection Table

9900 FAMILY SYSTEMS DESIGN 9.9
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J1
37 PIN D" TYPE CONNEGTOR, FEMALE TYPE
AMP 205-209-1
WIRE LIST TRW 6 INCR DC375
J1 J4 SIGNAL l
1 10 MODULE 5 J1
2 18 MODULE 4
3 14 MODULE 2 —
4 20 MODULE 0
5 24 MODULE 7
6 28 MODULE 9
7 32 MODULE 11
8 36 MODULE 13
9 40 MODULE 15 PIN 36
10 | 13 | GROUND 2 MODULE Voc
i1 [ 19 | GROUND 0 (7-9vdc @ 8A) L~ ,
12| 9 | GROUND 5 qe
i3 23 GROUND 7 ‘
14 27 GROUND 9
15 31 GROUND 11
16 35 GROUND 13
17 39 GROUND 15 gziN_D;DZS GA
21 16 MODULE 3
22 22 MODULE 1
23 12 MODULE 6
24 26 MODULE 8
25 30 MODULE 10 r .
26 | 34 | MODULE 12 I
27 | 38 | MODULE 14 comonerane ]y NN
28 15 GROUND 3 PINS 8, 11, 13,15, 17
29 | 21 | GROUND | pamEae Ty
30 17 GROUND 4
31 11 GROUND 6
32 25 GROUND 8 J4
33 29 GROUND 10 40 PIN
34 33 GROU ND 12 0100 C-C. PCB EDGE CONNECTOR
35 | 37 | GROUND 14 Tha1111.00 6O DR ML)
36 | =24 GA, STRANDED FOR MODULE Ve VIKING 3VH20/1JNS
(7~ Ve @.6A)
TERMINATION GAN BE # 6
SPADE LUG, BANANA PLUG, ETC

Figure 4. SMT Interface Cable
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Vee (+)

1

Vo Vi — 9Vdc max

2 4-15vdc

-

0 05mfd

5MT14 —30CL DC OUTPUT MODULE

130K —o
35 MA Vi -0 4vde @ 6m.
0 33mid ——>o Vea(-)
ac COM o~
0001mfd.
5MT11 — AOSL — AC INPUT MODULE
o ac LINE
6 —9vde el
Voo + ) o———PD——AN—— l
LED
DRIVE Vb( TRIAG
CKT
ac LOAD
90-132Vac
3 Amps max @
40°C
02—-16ma
2-9vdc 0 001mfd
Vi O——AAA—
1K
S 10K T 0.1mid.
- - TPUT
Vee(~) o T 5MT12 — 40AL -- AC OUTPUT MODULE
Vee( +)
de( +) T
3-28Vdc
30ma o Vo + vy, 5-28 Vdc max
————————o0
[ V. 0 4Vdc @ 16 ma
LED — o
vee( —)
dc IN o—
0 001mid
5MT13 - DO3L DC INPUT MODULE 9 OUT(+)
T +10-28Vde
6 —9Vdc A 3300
Vee( +)
dc LOAD Vu10-28Vde max

Vi@10V 1 Amp typ.
0°-60°C

dc OUT(~)

Figure 5. Equivalent Circuits for SMT Modules
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DEMONSTRATION FEXAMPLE

The industrial control example, shown in concept form in the block diagram of Figure 6
is intended to give the reader an insight into the use of a microcomputer based system.
Even though no motors, actuators, solenoids, positioning valves, etc. are actually
energized, the application demonstrates the means to do it. It also uses real world
control voltages in its operation. There will be three modes of operation. To add
interest, the system will be programmed so that the user can select the mode of

operation.

In the first mode of operation (Figure ), the system is to be programmed to accept
inputs and switch a corresponding output according to the state of the input. Switches
are going to apply input industrial level dc voltages to the dc input modules and input
industrial level ac voltages to the ac input modules. Output lights powered by industrial
level dc and ac voltages will be activated corresponding to the state of the input signal.
Such a mode of operation simulates switch closures on the assembly line requesting an
output reaction.

G——— i T T

TMI90 100M TM880. 310
MICROCOMPUTER i70
EXPANSICON

K ) 161/0 PORTS

Y

oA

16 1/0 PORTS

L)

¢

1 OO0 3-28Vdc
2 G0 3-28Vde
,Zgaﬂ INPUTS
3 S~ O—————— 50-
TERMINAL 0 90-132Vac
4 O O——— 90-132Vac
5MT
170

MODULES 1 dc LOAD
USER CAN SELECT THESE MODES

OF OPERATION®

MODE 1 — ACCEPT SIGNALS ON INPUTS ? ac LOAD
1,2, 3, 4 AND ENERGIZE OUTPUTS =
CORRESPONDING OUTPUT 3 do LOAD

MODE 2 — LOADS WILL BE TURNED ON 4
AND OFF [N TIMED SEQUENGCE

USER EXITS FROM MODE 1 AND MODE 2
BY PRESSING A KEY ON TERMINAL

MODE 3 — TiBUG MONITOR FOR PROGRAM
ENTRY, EDIT AND DEBUG

Figure 6. Application Block Diagram
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The second mode of operation is very similar to the light sequence of Chapter 3.
However, with the SMT modules controlling either + 12Vdc light bulbs or 110Vac
light bulbs, it demonstrates a different means of timed sequence control. It uses the real
time clock in the TMS9901 in the microcomputer module for a much greater precision.
The system is to be programmed so the time can be varied easily. There is to be an
added feature in the first and second mode. The system has a routine that allows the user
to choose the mode of operation by selecting a key on the keyboard.

A third mode returns the system to the TIBUG interactive monitor. In this mode, the
program can be edited, debugged or added to and initial conditions can be changed.

Lets see how this can be accomplished.

Tue TM990/100M MicrocomMpUTER MODULE

Figure 7 is a much more detailed block diagram of the TM990/100M microcomputer.
Four areas are of particular interest:

1. More details on the TMS9901;

2. Details on the TMS9902—this device was not discussed at all in Chapter 3;

3. The addition of a TM990/310 module to the system to obtain I/O expansion;
and

4. Expansion of resident RAM and ROM.

Note in particular that the TM990/100M-1 comes populated with 256 words of RAM
and 1K words of ROM (which is the TIBUG EPROM resident monitor). Also note the
address bus goes to the I/O interface units. Thus, I/O is selected with addresses in the
same fashion as memory words. In addition, the four busses—address, control, data and
CRU are available for off-board expansion. This is the way I/O expansion through the
TM990/310 module is controlled. 512 words of RAM can be provided on the board.
Further expansion is possible with off-board memory. Additional ROM, expandable on
the board to 4K, will be used when the line-by-line assembler (LBLA) is used.

TMS9901

The TMS9901, programmable system interface, shown in Figure 7 was previously
shown in the block diagram of Figure 3-7/7. Only one portion of it was used to control
output signals and detect an input signal. Now all of the functions will be examined in
more detail.

The block diagram of the TMS9901 in Figure 8 will be used to identify the major
functions.

9.14 9900 FAMILY SYSTEMS DESIGN
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Figure 7. TM 990/100M Block Diagram
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First of all, since the TMS9901 is a programmable systems interface, as shown in Figure

7, it 1s designed to handle parallel input and output signals. The input signals are either

data inputs or special signals called interrupts. Interrupts are special signals because they

interrupt the main program routine of the microcomputer and ask for service from the -
microcomputer to do some selected priority subroutine or subprogram. In Figure &, the

data output paths and input paths and the interrupt paths are identified. The 22 pins are
programmable and divide into three groups as follows:

Table 1. Programmable Pin Functions

GROUP NAME IN ouvr INT COMMENT

L INT ! X X Principally inputs but may be used
INT 2 X X as interrupts
INT 3 X X
INT 4 X X
INT 5 X X
INT 6 X X

2. INT 7/P15 X X X Fully programmable as inputs,
INT 8/P14 X X X outputs or interrupts
INT 9/P13 X X X
INT 10/P12 X X X .
INT 11/P11 X X X
INT 12/P10 X X X
INT 13/P9 X X X
INT 14/P8 X X X
INT 15/P7 X X X

3. pP6 X X Programmable as inputs or outputs.
P5 X X
P4 X X
P3 X X
P2 X X
P1 X X
PO X X

In addition to the input/output function, the TMS9901 also has incorporated a clock
function. This was identified in Figure & but is further detailed in Figure 9. This real
time clock will be used in this application as an interval timer for the Mode 2 light
sequence. To provide this function, the clock register is loaded with a value, (just like in
Chapter 3); however, now the register automatically decrements after it is loaded. When
it has decremented to zero, an interrupt signal is sent out to be processed by the
interrupt path of the TMS9901. It won’t be used for this application, but an elapsed
time counter can be implemented by reading the value of the clock read register

(Figure 9) periodically to determine how much time has elapsed from an established
start.

9-16 9900 FAMILY SYSTEMS DESIGN
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Figure 8. TMS 9901 Block Diagram
> CLOCK REGISTER
DEC =0 CLOCK
L INTERRUPT
CRU CLK
LOGIC CLOCK DECREMENTER

J

READ REGISTER

CLK

CLOCK MODE

i(

GT-I—‘

Figure 9. Real Time Clock
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INTERFACE wiTH THE 9900

It is important to understand the communications channels between the TMS 9901 and
the 9900 microprocessor in the microcomputer. Basic concepts need to developed to
understand how the algorithm for this application is programmed. -

The communications channels are shown in Figure 70. They are presented in somewhat
different form than shown previously in Chapter 3.

The main data link between the 9900 and the 9901 and subsequent inputs and outputs is
via a serial data link. The line CRUIN transfers data from the 9901 to the 9900 in serial
format. Again in serial format, the line CRUOUT transfers data from the 9900 to the
9901. The transfer of data out is synchronized by the signal CRUCLK, which comes
from the 9900 and specifies that data is valid on the CRUOUT line. Remember that
CRU means Communications Register Unit.

In order to manipulate data from the CRU to and from the inputs and outputs and the
real time clock of the 9901, five CRU instructions are included in the instruction set.
They are:

1. SBO Set bit to one

2. SBZ Set bit to zero

3. TB Test bit

4. LDCR Load CRU Register
5. STCR Store CRU Register

In Chapter 3, it was demonstrated how individual bits could be selected and set to a ‘1"
or a ‘0" by using the SBO and SBZ instructions. If this hasn’t been reviewed, it would
be helpful to do so.

Not only can individual bits be manipulated, but data can also be transferred in blocks of
from one to 16 bits. The multiple bit instructions LDCR, “Load CRU Register”, and
STCR, “Store CRU Register”, are used for this purpose. Since this application requires
the use of these multiple-bit instructions, further time will be spent explaining them in
more detail.

Basic Concepts

Figure 11 summarizes the basic concept of the programmable input-output capability of -
the 9900 family. In this example, a microcomputer, the TM990/ 100M, which contains a

9901, and a TM990/310 module, which contains 3 additional 9901’s are used. Such an
arrangement expands the I/O capabilities by 48 inputs or outputs.

Industrial control applications like the one that is being simulated normally require many
inputs and outputs. Much more capability is available because 1/0 could be expanded to
4096 ports by adding more units and continuing the example of Figure 71.

9.18 9900 FAMILY SYSTEMS DESIGN
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Vee
TIM 9904 b
Q CLOCK GENERATOR n

CRU I
o1 - AD-AY DECODE =t CE  ©

T™MS T™MS
9900 93801

Atq S1

CRUOUT
CRUCLK
CRUIN

RESET RST1

Figure 10. TMS 9900-TMS 9901 Interface

As shown, the data moves over CRUIN and CRUOUT in a serial format from the 9900
to the 9901, or vice versa. When the instruction LDCR is used, the data is flowing from
the 9900 to the 9901 over CRUOUT. The first bit to arrive serially (the least significant
bit) is latched in the zero bit position of the 9901 determined by the CRU select bit,
subsequent bits that arrive are then placed in bits, 1, 2, 3-12, 13, 14, 15 at each
CRUCLK pulse. Such is the case if 16-bits are being processed. Any number of bits
from 1 to 16 may be processed at the user’s discretion. When flowing out on CRUOUT,
the transfer rate is determined by CRUCLK. When flowing in on CRUIN, the 9900
microprocessor transfers the data present on the inputs during ¢, of clock cycle 2 of

the machine cycles.

What determines where the bit position starts? The select bits on S-S, in the 9901
(Figure 10 and 77) are distributed as A, thru A,, from the 9900. Since this address is
distributed to each 9901 shown, and since CRUOUT goes to each 9901, the data out
would tend to be latched in each 9901. This is prevented by the chip enable (CE) signal.
The only CE that is active low is the one decoded from the corresponding base address
for the correct 9901. Bits A, thru A, provide the additional address information. For
example, if in Figure 77 the 9901 on the TM990/100M board is to be used for the 1/0,
then hardware base address 0080, is used. If the second 9901 on the TM990/310
module is used, the hardware base address is 0140,.

CPU PSI SYSTEM
A10 S0 INTERRUPTS

Al2 S2
A13 sa <:> oroRrs
Al4 S4
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CONTROLLER _ | | CONTROLLER |
| Acas {\ J Lﬁ |
L[| !
000 A | A '
CONTROL |
SIGNALS Aro-Arg i I
CRUIN ' 3 [
CRUOUT & ’
CRUCLK }
| l
(
e | o |
/ | 3 K INTERRUPTS
&
| | - ™S |
9901
l L I
. | = s
y INTERRLPTS |
}———»TIME \ I & - ™S '
| {/5 9901 .
g S Y
INTERRUPTS
|| b - |
| > l
l ™S ’
9901 10
l 0140, I
| |
‘1 ‘
X}v x| A o0 |
) | 15 ‘ I
| ATl e 12 3 4 |
7 ntl
AT i o S| | ) | on
' /A [ TM890/310 N
;;/ EEL———_‘———'——'————'—
VS 5] Al SWITCH SETTINGS DETERMINE
e T—B‘F INTERRUPTS BASE ADDRESS OF FIRST 9901 ON
\ | 7] | TM990/310
T™MS ”‘% f
}—1
\ 3
HARDWARE Y 2] |
BASE —»| 0080, (‘) |

ADDRESS |

— _ Twesonoom |
Figure 11. Basic Concept of Programmable I/ O
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In Figure 3-23, for the single bit instructions SBO, SBZ, and TB, the effective CRU bit
address is obtained by adding a signed displacement to the 9901 base address. For the
multiple bit instructions, the effective CRU bit address is computed in the same way;
however, the base address is the address of the first bit. From there, the address is
incremented by the number of multiple bits to be transferred. The LDCR instruction
format contains a C field which specifies the number of multiple bits to be transferred.
For example:

LDCR RI19

would instruct the microcomputer to send out (output) the 9 least significant bits of
register R1. The 9 would be in the C field of the instruction format. Before the LDCR
instruction in the program, there is an instruction that loaded the software base address
of the particular 9901 to be used into the correct workspace register 12. Recall that
WRI12 is the register where the software base address is always located for a CRU
instruction. This will become clearer as a specific example is discussed later. What is
important is that the software base address for the 9901 must be loaded into workspace
register 12. However, this is not completely straightforward. For example, if the 9901
on the TM990/100M microcomputer is to be addressed with a LDCR or STCR
instruction, the 0080, hardware base address must be displaced to the software base
address 0100, when it is loaded into WR12. This is necessary because bit 15 of WR12
is not used in the calculation of the effective CRU bit address. The concept, described in
Figure 3-23, is shown again in Figure /2.

It is probably obvious that the STCR instruction operates in the reverse of the LDCR.
The data from the input pins on the selected 9901 is incremented bit by bit and sent to
the CRU in the 9900 over CRUIN. The final result of a STCR instruction is that the
9900 processor stores the input data in RAM in a specified location called out in the
instruction. In like fashion, when LDCR is used the data transferred to the output is
obtained from a RAM location called out in the instruction. This is a distinct advantage

in that it need not be a register. The specifics on the data transfers are shown in
Frgure 13.

2 314 5 6 TIB g 10 HIT? 13 14 TSI

)
SOFTWARE
BASE ADDRESS l0|0 OTO 0 0|0l1|0|0|0]0|0]0|0|0| WR12

0 1 0 0

9901 Agmm —m— —mm o —— - Aul

HARDWARE | ¥ 1~ 1
BASE ADDRESS | 0 1 © 50‘] OI(LI ° I Otl ° t)lo—[othﬂx |
[ NP S - -t

o e

(ADDRESS OF
FIRST BIT
T0BE
PROCESSED)

*SET TO ZERO FOR A CRU DATA TRANSFER INSTRUCTION

Figure 12. 9901 Base Address
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CRU INPUT CRU QUTPUT
BITS BITS
|
N N
N+1 l ’—J: N+ .
INPUT (STCR) ' e
B |
EFFECTIVE
l 01 _ MEMORY ADDRESS 1415 |
OUTPUT (LDCR) ,
N+ 14 L“ ] | [ N+4
N+ 15 : N+ 15
N =BIT SPECIFIED BY CRU BASE REGISTER
Figure 13. LDCR/STCR Data Transfers
Interrupts

Another form of input is the special one called interrupt, so named because it asks the
microcomputer to interrupt the program routine presently in process.

In Figure 8, it was pointed out that there are only certain lines on which an interrupt is
accepted. Group 1 of the 9901 pins may be used for 6 interrupts. Up to 15 interrupt signals
can be programmed by using Group 2 pins.

What value do interrupts have? First, they allow external events to interrupt the current
program so that the program can provide service to an external device. In so doing certain
pieces of data must be saved in order to return to the same point in the program that was
interrupted. This allows the program to continue correctly after the interrupt has been
serviced. Secondly, interrupts provide quick response. Third, they provide a priority to be
established for time critical events. Certain interrupts are more important than others. The
user decides the priority. To set up priorities for interrupt signals, a means is provided to
honor the priority established. In the 9900 system family, this is called enabling a valid
interrupt through a “masking” of interrupts.

9.22
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Masking means to enable or disable. Figure /4 shows that the TM990/100M

microcomputer module has two levels of masking. One mask must be enabled to pass

the interrupt signals through the 9901 and another must be enabled at the 9900
microprocessor. The value in bits 12, 13, 14 and 15 of the status register set the priority
level of the interrupt mask in the 9900. Any interrupt equal to or higher than the

priority level is enabled and allowed to interrupt the microcomputer.

Masking

Figure 15 is a block diagram of the 9901 control logic illustrating how the masking is
accomplished. Inorder to enable an interrupt, MASK must equal 1 for the particular
interrupt pin. When several interrupts are present at the same time, the control logic
encodes the enabled interrupt inputs and sends to the 9900 microprocessor a code that
represents the highest level of interrupt that has been enabled. INT 1 is the highest
level, INT 2 is next and so on down to 15. In addition, an INTREQ active low signal is
also sent to the 9900. The code sent on lines ICO through IC3 is shown in Table 2. Level
zero is used by RESET and will be covered later.

™S 9900 —
INTREQ INT 1
ﬁ .
CE —— P :
STATUS REGISTER y
LM A < :
ST =] sTi2.13,14,15 <j Ico4c3 A INTERRUPTS
K

BIT ADDRESS ). <P
CRU

CRUOUT

LOGIC

INT15
CRUCLK

-
I
-

CRUIN

MASK 21
MASK =2

Figure 14. Interrupt Masking
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MASK
INTT -,
SYNC
INTREQ SYNC LATCH
INTREQ LATCH ¢o—
SYNC
ico LATCH dr—4 [ ;o
PRIORITIZER I P!
AND 15 | |
SYNC ENCODER I | |
11 LATCH ¢4 | b
[
o
Ic2 SYNC
LATCH ¢ MASK +—¢ ,
SYNC INT15
13 LATCH | 4<: SYNC
LATCH ”'1
B g1 p1
CRU
TeReace < CRULOGIC
Figure 15. Interrupt Control Logic
The code on ICO thru IC3 is compared to the status bits ST12, 13, 14 and 15 in the
status register of the 9900. The priority level loaded into the interrupt mask of the 9900
enables that level and all higher priority levels as well. If the interrupt level set up in
ST12, 13, 14 and 15 is higher than the interrupt level received, the interrupt is not
enabled. If the interrupt received is higher in level than the priority level, then the -

interrupt is enabled and all higher level interrupts as well. This is shown in Figure /6.
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The code on ICO-IC3 is as follows:

Table 2. Interrupt Code Generation

-_— INTERRUPT/STATE PRIORITY ICO icl Ic? IC3 INTREQ

‘ INT 1 1 (HIGHEST) 0 0 1 0
INT 2 2 0 0 1 0 0
INT 3/CLOCK 3 0 0 1 1 0
INT 4 4 0 1 0 0 0
INT 5 3 0 1 0 1 0
INT 6 6 0 1 1 0 0
INT 7 7 0 1 1 1 0
INT 8 8 1 0 0 0 0
INT 9 9 1 0 0 1 0
INT 10 10 1 0 1 0 0
INT 11 11 1 0 1 1 0
INT 12 12 1 1 0 0 0
INT 13 13 1 1 0 1 0
INT 14 14 1 1 1 0 0
INT 15 15 (LOWEST) 1 1 1 1 0
NO INTERRUPT 1 1 1 1 1

= The output signals will remain valid until the corresponding interrupt input is removed,
or an interrupt service routine disables (MASK =0), or a higher priority enabled
interrupt becomes active. When the highest priority enabled interrupt is removed, the
code corresponding to the next highest priority enabled interrupt is output. If no
enabled interrupt is active, all CPU interface lines (INTREQ, ICO-IC3) are held high.

STATUS REGISTER ICO-IC3

NOT ENABLED

(=]
o

ENABLED

ALL LEVELS ABOVE 8 ARE ENABLED, LEVEL 4 RECEIVED

1 0 0 0 0 1 0 0

AFTER ENABLE OF LEVEL 4

0 0 1 1

Figure 16. Interrupt Mask at 9900
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Remember to enable an interrupt, say INT 1, a “1” must be placed in the latch
(MASK = 1) for the CRU bit (pin) associated with that interrupt. Likewise, to disable an
interrupt, a “0”” must be placed in the latch (MASK = 0) associated with the pin
receiving the particular interrupt.

To mask any of the interrupts from 1 through 15, the 9901 must be in the interrupt
mode. The zero select bit of the 9901 is the control bit for this. As shown in Figure 23,
if this control bit is a zero, the 9901 is in the interrupt mode. If it is a ““1”; the 9901 is in
the clock mode.

Enabling or disabling the mask in the 9901 for the interrupts may be accomplished by
individual bit instructions SBO and SBZ or by a multiple bit LDCR instruction.

All masks can be disabled simultaneously by performing a hardware (RESET) or
software (RST 2) reset.

Signals appearing on the inputs to the 9901 will be accepted as interrupt signals by the
9901 if the masks are enabled. The priority code for the highest priority level interrupt
simultaneously received will be sent to the 9900 via the code lines, ICO-IC3, as well as
the signal INTREQ. If the interrupt mask in the 9900 has the level enabled, the
interrupt is accepted and serviced.

Saving ltems on Interrupt

When an interrupt occurs, data pertinent to the “‘state of the machine’ must be saved.
This provides a return to the interrupted program so that the program can continue to
execute properly. For example, when an interrupt occurs, the CPU suspends its current
program routine to do the subroutine called for by the interrupt. How does it do this? As
any program executes, the “state of the machine” at any time is determined by the value
in the program counter, the value in the workspace pointer, the value in the status
register, and the contents of the registers in the workspace register file. Each of these is
saved through a “context switch”” when an interrupt occurs. Full details are available in
Chapter 4. A brief summary will be covered here for convenience.
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Interrupt Vectors — Context Switching

To execute an interrupt, here’s what happens. There are special places in memory
reserved for the address that contains a new workspace pointer for a given interrupt. In
addition, in the next word following there is a new program counter value. These special
places in memory are called interrupt vector traps and the two addresses — one for
workspace and the other for the program counter — have the name “interrupt vector.”

Figure 17 llustrated the process. A valid interrupt is received and its level points to its
vector. The vector contains a new workspace pointer and a new program counter value.
The program shifts and points to the new workspace. In the new workspace, the
microprocessor stores the old workspace pointer in R13, the old program counter in
R14 and the old status register in R15. These old contents are always put in the same
place in the new workspace — R13, R14 and R15.

After all this occurs, the program counter with its new value executes the interrupt
subroutine. The last instruction in this subroutine, RTWP, is an instruction to return to
the interrupted routine. RTWP — “Return with Workspace Pointer”” — returns to the
interrupted routine by loading the contents of R13 into the workspace pointer
(R13—~WP), R14 into the program counter (R14—PC), and R15 into the status register
(R15—ST) and then executes the instruction pointed to by the program counter. In so
doing, the system has returned to the interrupted program at the point of interruption
and begins execution using the old workspace. This is illustrated in Figure /8.

Note: When the interrupt priority level comes into the 9900 and the interrupt is
enabled, 2 number one less than the interrupt level received is placed in the interrupt
mask in the status register as shown in Figure /6 to prevent lower level interrupts from
occurring during the servicing of the present interrupt. If a higher priority interrupt
occurs, a second interrupt context switch takes place after at least one instruction is
executed for the first interrupt routine. This means that an interrupt service routine may
begin with a LIMI instruction which can load an interrupt mask in the 9900 which
disables other interrupts. Completion of the second interrupt passes control back to the
first interrupt using the RTWP instruction.
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INTERRUPT
SERVICE
ROUTINE
PROGRAM -
VALID
INTERRUPT | RO
TRAP ADDRESS
> NEW WP
NEW WORKSPACE
TRAP ADDRESS + 2 NEW PG

R13 — OLD WORKSPACE POINTER

R14 — OLD PROGRAM COUNTER

R15 — OLD STATUS REGISTER

Figure 17. Interrupt Context Switch — New Workspace
and Saving Old WP, PC, and ST Data

INTERRUPT ROUTINE (EXAMPLE)

Step ‘
9. MOV R2, >FDCO
10. JNE LOOP 2 |
11. RTWP —
RO I 9900 CPU
INTERRUPT WORKSPAGE POINTER
SERVICE l
ROUTINE
WORKSPACE
. l
I
R13 — OLD WP PROGRAM COUNTER
P 4+
R14 — OLDPC
|
S l
R15 — OLD ST
STATUS REGISTER

- _

Figure 18. Interrupt Context Switch Returning to Interrupted Program
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Memory Map and Interrupt Vectors

In Figure 19, the memory map of the TM990/100M microcomputer module is shown.
Note that the first words of memory from hexadecimal addresses 00005 to 07FE,¢ are
dedicated memory. Addresses 0000,, to 003E,, are reserved for the 16 interrupt transfer
vectors. These are detailed further in Figure 20. Each interrupt vector has two words of
memory — one for the workspace pointer, one for the program counter.

There are two interrupt vectors, INT 3 and INT 4 that will be of particular interest for
they have important use in the program for this application.

Notice that interrupt 0 in Figure 20 is used for RESET and that values have already
been placed in the vector locations for interrupt 3 and interrupt 4.

When an INT 3 level is received, it points to the interrupt 3 vector. The context switch
occurs and at 000C,; it obtains the value FF68,, for the workspace pointer and at 000E;s
the value FF88,, for the program counter. The context switch operations store the old
context registers in the new workspace pointed to by FF68,,. Then the interrupt service
routine begins by executing the instruction pointed to by FF88,. Since there are valid
reserved locations for only two memory words at the FF88,, location, the instruction
pointed to by FF88,, and FF8 A, must branch to another section of memory where the

- remaining interrupt service routine is located.

A similar sequence of events occurs when an INT 4 level interrupt signal is received,

except that the workspace pointer value is FF8C,¢ and the program counter value is
FFAC,s.

The remaining interrupt vectors do not have values. These would be programmed into
EPROM locations by the user as the need arises.

For the interrupt 3 and 4 service routines, 16-word workspaces are provided, pointed to
by FF68,, and FF8C,;. These are reserved and must be noted by the programmer.

The microcomputer must always start from initial conditions. These are usually started
by a reset. The vector space required for the initial value of the workspace pointer

and the program counter resides in the reserved memory spaces 0000, for WP and
0002, for PC, as shown in Figure 20. The 16 interrupt vectors at 0000, to 003E,s are in
read only memory and cannot be changed unless the read only memory is

reprogrammed.

As the extended application program is written, it must be remembered that the TIBUG
monitor needs workspaces. The space from FFBO,; to FFFB,; is reserved for this
purpose. This is noted because this space cannot be used for data or program memory in
the application.
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[PECNNNNN_N—N————__ES A AN

BYTE 0000
MEMORY —— BYTE 0001
ADDRESS
0000 1 =]
INTERRUPTVECTDRS Yqq3g ([~~~ ~ — 7~ ~7~ FIRST
0040 1024
XOP VECTORS EPROM
DEDICATED Yoo7E T™S 2708 WORD
MEMORY 080 EPROM
misug §° TKX16
MONITOR
07FE
0800 SECOND
EPROM 1024
TMS 2708
WORD
FF68 INT 3, 1K X 16 3 EPROM*
_______________ WP AT FF68 OFFE o
FF88 2-WORD INST AT FF88 1000
FF8C INT4 ~ .
b — WP AT FF8C
FFAQ 2-WORD INST AT FFAC . _~ | MEMORY
FFB0 ~ EXPANSION
FFFE[_ S b4 ‘
~ -~ _FBFE
~( Fcoo
€ Rav | secono
~ TMS 4042-2 WORD
USER FDEE o 256X 16 \ RAM
AVAILABLE
S~ RAM FEOD ~
T~ RAM FIRST
~ T™MS 40422 256
~~ 256 X 16 ™ R WORD
~S T RAM
=~ M~ e - —
FFFE \|" J

RESERVED 40 WORDS FDR

TIBUG MONITOR WORKSPACE

FILES AND RESTART (LOAD) VECTORS
AT FFFC AND FFFE

Figure 19. Memory Map

M.A.
0000 WP S
INTERRUPT 0 VECTORS (RESET)
0002 PC
0004 wP o
0006 PC INTERRUPT 1 VECTORS
L
Noos N
)
000C FF68
000E FF88 INTERRUPT 3 VECTORS
0010 FF8C
0012 FEAC INTERRUPT 4 VECTORS
.
NN
.
003¢ W } INTERRUPT 15 VECTORS
003E PC

Figure 20. Interrupt Trap Locations
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Extended Operations (XOP’s)

Refer to Figure 19 which shows the read-only memory space reserved for software
interrupt vectors. Memory words from 0040,, to 007E,; are XOP vectors. As with
interrupts, each XOP vector has a word containing a workspace pointer value and a next
word containing a program counter value.

XOP instructions point to XOP vectors which point to new workspace pointer and
program counter values in a similar way to what was just described for interrupts.

An instruction calling for an XOP (extended operation) is a means of switching from the
main program to a subroutine. It has a special calling sequence and it functions as though
the routine were a single instruction added to the 9900 set of operation codes, hence the
name “‘extended operation”.

For example, the TIBUG monitor in the microcomputer contains seven XOP routines
that perform input/output functions with the terminal. These are as follows:
XOP Description
8  Write one hexadecimal character to terminal
9  Read hexadecimal word from terminal
10 Write 4 hexadecimal characters to terminal
11  Echo character
12 Worite one character to terminal
13 Read one character from terminal
14  Write message to terminal

Two of these XOPs are used in the extended application example. XOP 11 is used to
read a character from the terminal and at the same time print it at the terminal. XOP 14
is used to print out instructions to explain how the program operates. Some of these
XOPs call other XOPs. Further detail on XOPs can be obtained in Chapter 5 and 6.

Printing a Message

A message at the beginning of the program which will be developed for this application
tells the user to select the mode of operation. XOP 14 is used to write the message. The
instruction

XOP @MSG1, 14

is used. XOP 14 identifies that the subtask is “Write message to terminal’”’. A context
switch takes place. The vector at location 14 of the reserved XOP vector memory space
provides the WP and the PC values. The PC value provides the first subtask instruction
and the subroutine continues until the subtask is complete and the program returns to
the main program.
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Suppose the message identified with the label MSG1 is ““THIS IS A SAMPLE.” Its

coding would look like the following:

LINE

ADDRESS

w

OCo~Nm

N
o

MSG1

CDDE

5448
4953
2049
5320
4120
5341
4D50
4C45
2E20

0ODOA
0000

MESSAGE

BTHIS IS A SAMPLE.

+>>0D0A
+>>0000

A simuiated
industrial control
application

ASCI | CDDE

41
45

49
4c
4D
50
53
54

“—moZgr-r-IMm>

SPACE (SP) 20
LINE FEED (LF}) 0A

CARRIAGE RETURN (CR) 0D
+ (PERIDD) 2E

Note that line 9 contains a carriage return and a line feed and has the code 0DOA. The
message beginning at location MSG1 is preceded by a dollar sign and terminated with a
byte containing all binary zeroes. The + > 0DOA is a code recognized by the
line-by-line assembler that is loaded directly into memory. It is initiated by typing the (+)
before the desired number. The dollar sign indicates that a comment is being entered.
Such XOPs are very useful in calling subroutines prepared to accomplish specific

terminal functions.

Selecting a Mode

XOP 11 will be used to make the choice of the mode of operation. ECHO

CHARACTER means that whatever key is pressed on the terminal will be read into a
designated workspace register and then sent back from the register and printed on the
terminal.

The one instruction,

XOP R5,11

accomplishes this. If a key is pressed, the terminal reads the character, places it in
workspace register 5 and then prints the character on the terminal. The XOP subroutine
was provided by the TIBUG monitor but it all was accomplished with one instruction —
thus, the “extended operation.”
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TMS9902

The TMS9902, asynchronous communications controller provides an interface between
the EIA terminal (serial asynchronous communications channel) and the 9900 in the
TM990/100M microcomputer module. The block diagram of the microcomputer was
shown in Figure 7. A simplified one is shown in Figure 2/a. Note that the interface to
the CPU (TMS9900) is the same as for the 9901. Note also the line INT 4 going from
the 9902 to the 9901; this interrupt line will be important in this application.

All of the discussion that pertained to the 9901 and the addressing of the 1/O bits also
applies to the 9902. It has the same address bits A,,—A,, used for addressing the CRU
bits inside the 9902 through S,—S,. It has the same CRU control bus signals for
communication over the CRU serial data link.

A base address and CE select the 9902 over other 1/O units that might be available in
the system (in this case, only 9901s are present). The hardware base address 0040,
identifies the 9902 contained in the microcomputer. The software base address of 0080;4
is loaded into WR12. This is added to the appropriate displacement to arrive at the
effective CRU bit address desired as described for the 9901.

In this extended application, pressing a key on the terminal while the system is in mode
1 or mode 2 will switch the system back to the command mode. The user then selects a
new mode of operation. This is a common way to use a terminal and the 9902 must be
programmed to accomplish it. The arrangement is as shown in Figure 21a.

First, the 9902 must recognize that a character has been generated by the terminal and
received by the 9902. Second, the output signal line INT from the 9902 must be
enabled so it can pass the signal to the 9901 input INT 4. Since the 9901 receives this
signal as an interrupt, then interrupt masks at the 9901 and the 9900 must be enabled.
With these steps accomplished, the main program of the processor is interrupted and the
operation mode is shifted.

Figure 21b shows that INT will be active in the receive mode if RBRL =1 and
RIENB=1. RBRL will be a “1”” when the Receive Buffer Register has received a
character and stored it. This happens when a key is pressed. The 9902 is enabled by
making RIENB (Receiver Interrupt Enable) a “1”. Figure 22 identifies that CRU bit 18
must be made a “1”" to make RIENB=1. A CRU SBO instruction with a displacement
of 18 will set CRU bit 18 to a ‘1" if the software base address has previously been
loaded in WR12.

Since INT4 is the desired interrupt level, it is enabled in the 9900 by placing this level in
its interrupt mask. This is accomplished with an instruction LIMI 4 which loads the
value 4 into the status register.
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With the INT4 enabled at the 9901 by placing a “1”” in the CRU bit mask

corresponding to the input for INT4, the 9901 sends the interrupt code to the 9900

over ICO-IC3 when the INT signal is received from the 9902. Since INT4 is enabled in

the 9900, the signal path is complete and the operating mode shifts.

INT4 executes a context switch and finds its new workspace pointer is FF8C,; and its

new PC is FFAC,,.

In all the discussion, only the enabling of interrupts has been covered. It must be
stressed that similar instructions in many cases must be included in the programming
to disable an interrupt once it has been enabled.

TERMINAL

1/0 SIGNALS

CRU

s

T™S
9902

(0040,4)

tce

INT

INT 4

gL

U

™S
9901

TMS
9900

INTREQ :
1C0-IC3

tce

ADDRESS

Figure 21a. Simplified Block Diagram Showing TMS 9902 Interface

DSCH
DSCENB

RBRL

RIENB

XBRE

XIENB

TIMELP
TIMENB

DSCINT

RINT

XINT

TIMINT

OUJ0

INT

~

T

CRU
STATUS
LINES

|

z
_‘

OUTPUT

Figure 21b. INT Output Generation
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ADDRESS; ADDRESS1g NAME DESCRIPTION
SO S1 S2 S3 s4
1T 1 1 1 1 31 RESET Reset device.
30-22 Not used.

1 0 1 0 1 21 DSCENB Data Set Status Change Interrupt Enable.

10 1 0 0 20 TIMENB Tirner Interrupt Enable

1 0 0 1 1 19 XBIENB Transmitter Interrupt Enable

10 0 1 O 18 RIENB Receiver Interrupt Enable

10 0 0 1 17 BRKON Break On

1 0 0 0 O 16 RTSON Request to Send On

o1 1 11 15 TSTMD Test Mode

o1 110 14 LDCTRL Load Control Register

01 1 0 1 13 LDIR Load Interval Register

01 1 00 12 LRDR Load Receiver Data Rate Register

o1 0 t 1 11 LXDR Load Transmit Data Rate Register

10-0 Control, Interval, Receive Data Rate, Transmit Data Rate,

and Transmit Buffer Registers

Figure 22. TMS 9902 ACC Output Bit Address Assignments

PROGRAMMING THE 9901 17O

The discussion, previously quite general, now gets more specific, focusing on how the
program will have to be written to satisfy the requirements of the application. Since all
input and output signals must go through the 9901, let’s begin there. Refer to Figure 23.

Note that there are multiple functions for the pins on the 9901. The pins are referenced
to establish the link between Group 1, Group 2 and Group 3 which were mentioned
previously in the text. Note that all the functions are referenced to a select bit number
from O to 31. Select bit zero is addressed when the 9901 base address is called. For
example, the instruction:

SBO 0

addresses select bit zero in the 9901 and will set this bit, called the control bit, to a *‘1”".
Because it was bit zero, there was no additional displacement value added to the base
address. However, as was done in Chapter 3, 10,, will be added to the 9901 hardware
base address in the microcomputer when P, thru Py; are being used as data inputs and
data outputs. This makes the base address point to select bit 16 as indicated in Figure 23.
It makes the assignment of I/O bit O correspond to Py, bit 1 to P,, bit 2 to P,, etc.

Figure 23 shows how select bit zero, the control bit, controls the mode of the 9901,
When itis a “0”, the 9901 is in the interrupt mode; when it isa ““1”, the 9901 is in the
clock mode. The 9901 must be in the interrupt mode to mask interrupt inputs; it must be
in the clock mode to use the internal clock.
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PIN FUNCTION WHEN

PIN FUNCTION WHEN

NOTES | SELECT | S0S1S2 |pyNoO.| BEING READ BY A BEING SET OR
BIT S3 34 CRU INSTRUGTION “WRITTEN TO" BY A
CRU INSTRUCTION
9901 MODE INTERRUPT | CLOCK | INTERRUPT [ CLOCK
Base 0
Address |(control bit) 00000 0 ! 0 1
1 00001 17 INT 1 CLK 1 | MASK 1 CLK 1
2 00010 18 INT 2 CLK 2 | MASK 2 CLK 2
3 00011 9 INT 3 CLK 3 | MASK 3 CLK 3
4 00100 8 INT 4 CLK 4 | MASK 4 CLK 4
5 00101 7 INT 5 CLK 5 | MASK 5 CLK 5
6 00110 6 INT 6 CLK 6 | MASK 6 CLK 6
7 00111 “34 NT 7 CLK 7 | MASK 7 CLK 7
8 01000 “33 INT 8 CLK 8 | MASK 8 CLK 8
9 01001 132 INT 9 CLK 9 | MASK 9 CLK 9
10 01010 - 31 {NT 10 CLK 10 | MASK 10 CLK 10
11 01011 “30 INT 11 CLK 11 | MASK 11 CLK 11
12 01100 “29 INT 12 CLK 12 | MASK 12 CLK 12
13 01101 “28 INT 13 CLK 13 | MASK 13 CLK 13
14 01110 “27 INT 14 CLK 14 | MASK 14 CLK 14
15 01111 <23 INT 15 ANTREQ | MASK 15 RST 2
1/0
Ports — 16 10000 38 PO INPUT PO OUTPUT
Address 17 10001 37 P1INPUT P1 OUTPUT
18 10010 26 P2 INPUT P2 OUTPUT
19 10011 22 P23 INPUT P3 OUTPUT
20 10100 21 P4 INPUT P4 OUTPUT
21 10101 20 P5 INPUT P5 OUTPUT
22 10110 19 P6 INPUT P6 OUTPUT
23 10111 “23 P7 INPUT P7 OUTPUT
24 11000 o7 P8 INPUT P8 OUTPUT
25 11001 ~28 P9 INPUT P9 OUTPUT
26 11010 29 P10 INPUT P10 OUTPUT
27 11011 30 P11 INPUT P11 OUTPUT
28 11100 “31 P12 INPUT P12 OUTPUT
29 11101 “32 P13 INPUT P13 OUTPUT
30 11110 33 P14 INPUT P14 OUTPUT
31 11111 “34 P15 INPUT P15 OUTPUT
*COMMON

AINVERTED FROM INTREQ

Figure 23. 9901 Select Bit Assignments
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InTERRUPT MODE

Select bit outputs 1 through 15 become MASK bits 1 through 15 when writing to these
bits to enable (MASK = 1) or disable (MASK =0) interrupts. Enabled interrupts

~ received on the inputs will be decoded by the prioritizer and encoder of Figure /5.
Crock Mobe

To set or read the self-contained clock, the 9901 must be in the clock mode. Using the
CRU, the clock is set to a total count by writing a value to select bits 1 through 14.

Reading the clock is accomplished by a CRU instruction to read select bits 1 through 14.
Another read instruction without switching the 9901 out of the clock mode will read the
same value.

The clock is reset by writing a zero value to the clock or by a system reset.

In the clock mode, select bits 1 through 14 become CLK bits 1 through 14.

Data Inputs anp OQuTPUTS

Select bits 16 through 31 are used for data inputs and outputs. All I/O pins are set to
the input mode by a reset. To set a select bit as an output, just write data to that pin.
The data will be latched and can be read with a CRU read instruction without affecting
the data. Once an I/0 port is programmed to be an output, it can only be programmed
as an input by a hardware or software reset. This can be done two ways.

1. Receiving a hardware reset, RESET.
(Operating the RESET switch on the microcomputer.)

2. Writing a ‘0™ to select bit 15 of the 9901 while in the clock mode will cause a
software RST2 and force all 170 ports to the input mode.

The status of the 9901 can be evaluated by checking (reading) the control bit. Testing

select bit 15 in the interrupt mode can indicate if an interrupt has been received. If one
has, INTREQ will be high because INTREQ is low.

After a hardware RESET, or a software reset RST?2, all interrupts INT1 through INT15
are disabled, all I/O ports will be in the input mode, the code on IC0-IC3 will be 0000,
INTREQ will be high and the 9901 will be in the interrupt mode.

A
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ExAMPLES oF PROGRAMMING

Setting the Control Bit

If the interrupt and clock modes of the 9901 are to be controlled, load the base address
in WR12 (1006 for 9901 on microcomputer board) and set select bit zero to the
respective value:

U R12,>100 LOADS=>>100 INTO WR12
SBZ O 9901 TO INTERRUPT MODE
SBO O 9901 TD CLOCK MODE

Enabling or Disabling Interrupt Level

Interrupt levels are enabled or disabled by setting the MASK to a *“1” or a ““0” value,
respectively. As an example, after a reset, the 9901 would be in the interrupt mode. Now
interrupts 2, 5, 6 and 8 are to be enabled. The instruction:

LDCRR29
will do this as shown in Figure 24. The contents of workspace register 2, 0164, from bit

15 thru 7 are read into select bits O thru 8 to enable interrupt levels 2, 5, 6 and 8. Of
course, WR12 had to be loaded with the software base address using a

LI RI12,>100
nstruction, as an example, and WR2 would have been loaded in a similar fashion.
In like fashion, the same levels could be disabled by writing “0” to bits 2, 5,6 and 8

with an LDCR instruction, or programming a software RST2, or by using the single bit
CRU instructions.

BIT NO 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 ] 1 ' 6 | 4 ]
olojotofjojojojrjojrjrjojof1f{ojo WR2
WR12
>0100
ofojojojojofoprjoytryrfojoftrjo]o CRU OUTPUT
15 14 13 12 11 1009 8 7 6 5 4 3 2 1 0 SELECT BIT
ENABLED X x X X

Figure 24. Enabling Interrupt Levels 2, 5, 6 and 8 with an LDCR Instruction
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.
For example,

SBZ 2

SBZ 5

SBZ 6
SBZ 8

would set each bit to a “0”. Previously WR12 was set to 0100, to reference the 9901
on the microcomputer module.

Setting the Output Bits

Similar single bit or LDCR CRU instructions can be used to set the output bits.

LDCR R2, 0 would read out the value of WR2 to the output pins P, through Py; (the 0
in the LDCR R2, 0 means all 16 bits will be written to the output). WR12 has
previously been loaded with 0120,5. This is shown in Figure 25.

A routine of loading 9901 I/O INPUTS and storing 9901 I/O OUTPUTS with a 743
KSR terminal would look like the following, after pressing the RESET toggle switch on
the microcomputer module and a carriage return on the terminal:

TIBUG REV A
?M FEOQ (CR)
ADDRESS OP CODE MNEMONIC COMMENT

FEOO = XXXX 02E0  (SP) LWP! =FF20 WP =>FF20

FEQ2 = XXXX FF20  (SP)

FEO4 = XXXX 020C  (SP) Ll R12,>120 ;9901 SOFTWARE BASE
ADDRESS = >120

FEOB = XXXX 0120  (SP)

FEO8 =XXXX 0200  (SP) LI RO,>FOFO :CRU DATA

FEOA=XXXX FOFO  (SP)

FEOC=XXXX 3000 (SP) LDCR RO0 LOAD 8801 170
PORTS WITH RO

FEOE = XXXX 3400  (SP) STCR RO.0 STDRE 9901 1/0
PORTS IN RO

FE10=XXXX 0480  (SP) B @>80 :RETURN TO TIBUG

FE12=XXXX 0080  (CR)

?

"™ The XXXX shown are don’t care contents at the respective memory addresses which are

changed as the op codes are entered. (SP) is a space bar command and (CR) is a carriage
return.
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BIT NO 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 I 1 ] 6 ‘ 4
ojojofofojojJojtfOoft1t{t|O}jOj1]0O0]O WR2
WR12
oJ]otfotojo|lofolt]O]1 1 ojo)J1j0])0 CRU QUTPUT

SELECT BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

990t CUTPUT P

©
el

s P, P, P, P, P P P P P P P P P

Figure 25. Output From WR 2 with LDCR Instruction

ProcraMMING THE 9901 Crock

In Figure 9, the clock function of the 9901 was described. The clock register must be
loaded with a value to set its total count and enable the clock. When the register is
decremented to zero, it generates a level 3 interrupt (IN'T 3) as the elapsed time signal.

Access is gained to the clock by setting select bit zero to a ““1”” which puts the 9901 in
the clock mode. All select bits 1 thru 15 are then in the clock mode and become the

access for setting the clock count. CLK bit 15 is used for software reset. Therefore, the clock

count is set by the value on select bits 1 through 14. An example is shown in Figure 26.
The maximum value that can be loaded into 14 bits (all ones) would be 16,383. The rate
at which the clock decrements the value is f(¢)/64. If f is 3 MHz, then the rate is
approximately 46,875 Hz. The time interval is equal to the value in the clock register
times 1/46,875. With the maximum value, the maximum interval is 349 milliseconds.

If 25 millisecond intervals are required, then the clock register would have to be loaded
with 46,875 X 0.025=1172. This is equivalent to 0494,,. The least significant bit of
the register value must be a 1 to set the control bit, therefore 0494, is moved over a bit
position and the register is loaded with 0929,,. A LDCR instruction is used for loading
the value and the sequence of steps is shown in Figure 26.

The software is as follows:

LI R12,>0100 ;SET 9901 ON MODULE SOFTWARE ADDRESS=>0100
Ll R1,>0929 ;LOAD CLOCK VALUE INTD R1, SET CLDCK MODE
LDCR R1,15 ;MOVE TIMER VALUE AND CONTROL BIT TD 9901
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9 2

oofuln

9

iJslels [ s

ol ]z2]s

R1| N 10 0 1 10 1 0 0 1 |>0929
n _ CRU TMS 9901 HEX
CLK1 TO CLK14 = >0494 = 1172, ADDR  ASSIGNMENT  VALUE
< 1172/46,875Hz = 25ms > _— S ==
1 80 1=CLOCK MODE
0 81 CLK1
0 82 CLK2 a
1 . CLK3
0 . .
1 .
9
0 .
0 .
1 .
0 .
4
O . .
1 .
0
0 -
= 0 8E CLK14
WR12 NOTE:
0100 THE FIRST SERIAL INPUT FROM CRU (A ONE IN BIT 15 OF R1) SETS CLOCK MODE. 0 8F
LAST INPUT TO CLOCK REGISTER (CLK14) STARTS THE CLOCK.

Figure 26. Enabling and Triggering TMS 9901 Interval Timer

Enabling Clock Interrupt

When the clock decrements to zero, a level 3 interrupt is given. The interrupt level 3
mask needs to be enabled on the 9901 and the 9900 CPU. The interrupt mask on the
9901 is enabled by setting the control bit to a logical “0” (interrupt mode) and then
setting select bit 3 toa “‘1” (write a “1” to bit 3). The interrupt mask on the 9900 is
enabled by loading the appropriate value (in this case, 3) into the interrupt mask. When
3 is loaded into the 9900 with a LIMI 3 instruction, all higher priority levels are also
enabled.

0«
The software is:
LI R12,=0100 ;SET BASE ADDRESS TO 9901 ON BDARD, >0100D
SBZ O 19901 TO INTERRUPT MDDE
SBO 3 :ENABLE INTERRUPRT 3 AT 9901
LMl 3 ;LOAD 9900 INTERRUPT MASK
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Purting SoME Pieces ToGETHER

Some of the pieces can now be combined to provide a larger program. It looks like this:

LI R12,>0100 ;SET SOFTWARE BASE ADDRESS OF 83801 =0100
CLR RO ;INITIALIZE INTERRUPT INDICATOR, RO SET TO ZERO
LI R1,>0929 ;CLOCK COUNT 0494 AND CLOCK MODE IN R1
LDCR R1,15 ;SET CLOCK COUNT ENABLE TIMER
SBZ O ;9901 TO INTERRUPT MODE
SBD 3 ;ENABLE INT 3 AT 9901
LIMI 3 ;LOAD 9900 INTERRUPT MASK

LODP 2 Cl RO, >FFFF ;HAS INT 3 OCCURED?
JNE LOOP 2 ;IF NO, GO TO LOOP 2

When the timer gives an interrupt 3, a context switch occurs; the interrupt 3 vector PC
points to FF'88,5 which contains an instruction to get to the interrupt routine:

B @CLKINT ;BRANCH TO INTERRUPT ROUTINE IDENTIFIED BY CLK INT

The branch then takes the program to:

CLKINT LI R12,>0100 ;SET SOFTWARE BASE ADDRESS OF 9901 =0100
SBZ 3 ;DISABLE INTERRUPT 3
SETO *R13 ;SET PREVIOUS RO TO FFFF
RTWP ;RETURN TO PROGRAM

Thus, if an interrupt 3 has not occured, the program remains in Loop 2 until it does.
When INT 3 occurs a context switch to the interrupt subroutine causes RO to be
changed from all zeros to all ones. RO will now equal FFFF,; and the program proceeds
to the step after JNE Loop 2, which, as will be seen later, is a count down.

FROM BASIC CONCEPTS TO PROGRAM

As with the Chapter 3 application, converting the idea to program starts with solidifying
the basic concept, then developing acceptable flow charts, and then programming the
algorithm for the problem solution. As with hard-wired logic design, the place to start is

with a block diagram. The one used in Figure 6 will be expanded with a bit more detail
and will be the concept diagram (Figure 27).

The terminal, the microcomputer module and the interface modules with their
respective inputs and outputs will constitute the system. Later on the TM900/310
module will be added to show the I/O expansion capability. This will only involve
plugging the interface modules into one of the additional 9901 outputs on the 310 board -
(P4 in this case) and changing the CRU base address to select the chosen 9901. It will be
assumed that the power and all interconnections have also been made through P1 to the
microcomputer and 310 module as shown in Figure 27. There is a special power
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L ]
supply required for supplying the interface modules. This is the + 8V shown in Figure

27. 110Vac is supplied separately for the terminal and the industrial level voltages of 12
volts dc and 110Vac are supplied separately, as they would be in a user facility.

The physical arrangement of the interface modules is important to the program for the
problem solution. Therefore, 1/O positions O thru 7 are identified. Positions 0 thru 3 are
Input positions; positions 4 thru 7 are output positions. Signals received on input position
0 will cause reaction at output position 4. Correspondingly for input 1 and output 5,
input 2 and output 6, and input 3 and output 7. Thus, the program will be written to
sense input 1 and set output 5 to correspond.

Switches S1 through S4 represent industrial level input voltages, either dc or ac. Lights
L1 and L3 represent industrial dc loads; 1.2 and 1.4 represent industrial ac loads.

¢::::_-_-_—_-;:§ H o] C—

TM990/100M 110 P3 - - - =
MICROCOMPUTER EXPANSION

=12V, +12V, +5V

P1i

P4

3
P4 - \I !
P2 GND ' :
I
TM990/503 [
____________ J o
TM990 /507 )
__________ -
[ 110Vac INPUT ouTPUT
743 MODULES MODULES
KSR
TERMINAL
plpb|lalalof{alo]a
dc pi e |[clclc|lclc|c]cyc
PS. =
+8v 3= T I A Ilolo|lo]|o
+ O- T OTEIN|N|N ulutulu
-0 5 =@ TITHT|T
© S 8
MODE 1. READ AN INPUT AND SET A ”L’ ol 1latalals{e]lzlio
CORRESPONDING OUTPUT. POSITION
si]| s2 | s3] sa >
MODE 2. TURN ON LIGHTS IN SEQUENCE. o) oo Qa /.
MODE 3. TI BUG MONITOR FOR DEBUG (/ (/ 7/
EDIT AND NEW PROGRAM DATA. SCS L
COMMAND MODE +12vde »
SELECT THE MODE DESIRED 8 = L4
INTERRUPT MODE do
INTERRUPT MODE 1 AND MODE 2 110Vac LINE 2
BY PRESSING KEY ON TERMINAL I

COMM

Figure 27. Concept Flow Diagram
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FrLow CHARTS FOR THE PROGRAM

Software design is really little different from hardware design in the execution of good
engineering practice.

The task from overall concept stage is divided into subsystems — in the case of software,
subprograms or subroutines. Figure 28 identifies subprograms for the extended
application which are detailed in flow charts so that basic functions can be identified.

The flow charts are separated according to the functions that are to be implemented.
Operation in Mode 1 simulates sensing four industrial level inputs 0 through 3 and
reacting to these inputs by providing output voltages to four corresponding loads, 4
through 7. The flow chart identifies that inputs will be sensed and a corresponding
output will be set to match the input state or value.

The four output loads, in this case light bulbs, will be turned on and off in sequence and
held in each of these states for a set time (variable by the program). This is Mode 2
operation. The flow chart shows the major functions. After all four lights are turned oft
and on, the sequence starts over. The clock in the 9901 will be used to provide the time
interval.

There is an operating Mode 3 but it will be contained in the mode called the
COMMAND Mode. In Mode 3 the operation of the system is under the control of the -
TIBUG Monitor which is contained in the 1K words of EPROM resident in the
microcomputer. It is used for inputting the original program and editing and changing
the program as the need may be.

The flow chart for the Command Mode starts with initial setup of the system. Certain
registers and certain locations in memory are loaded with data used throughout the
program. A print-out of general information and specific instructions follows. Since the
user will make a choice, instructions identify that a one (1) key is to be pressed on the
terminal to operate in Mode 1; a two (2) key to operate in Mode 2; and a Q for Mode 3.
The character pressed by the user is then examined and the appropriate operating mode
selected. If none of the operating mode characters are received the system waits in the
command mode until one is received.

On the flow chart for the COMMAND mode A and B connect with the respective
points on the MODE 1 and MODE 2 flow charts.

Recall that the system is to have a provision for the user to command an escape from the
continuous operation in Mode 1 or Mode 2. This happens by interrupting Mode 1 or
Mode 2 operation by pressing a key on the terminal. The first blocks in the flowcharts of
MODE 1 and MODE 2 provide the means for accomplishing the interrupt. When a
key is pressed on the terminal, this initiates an interrupt signal output from the 9902.
This interrupt must be enabled to pass to the 9901 and the 9900 so that it will cause the
return to the COMMAND MODE. The generation of the signal in the 9902 is
flowcharted under the heading INTERRUPT MODE of Figure 28.
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MODE 1 MODE 2 START/ COMMAND MODE
ENABLE ENABLE
INTERRUPT INTERRUPT INITIAL
TO PERMIT TG PERMIT CONDITIONS
MODE EXIT MODE EXIT
PRINT
SENSE INPUTS TURN OFF INSTRUCTIONS
10R?2 ALL LIGHTS
OR30R 4 EXCEPT I
TPUT N
ou INPUT
CHARACTER
SET GUTPUTS
MODE 17
40R5OR HOLD FOR
6OR7 TIME INTERVAL
LIKE INPUT
SENSED
YES
MODE 27
TURN OFF TURN ON
INTERRUPT MODE OUTPUT N+1 OUTPUT N+ 1
ORN+2 ORN+20R
OR N+ 3, ETC N3, ETC

READ
CHARACTER
FROM TERMINAL

ouTPUT
INTERRUPT IF
INTERRUPT
ENABLED

ALL
OUTPUTS
SEQUENCED?

Figure 28. Function Level Flow Charts
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WRrITING THE PROGRAM

Memory Space

All elements are now in place to write the program. First, it is necessary to decide what

locations are to be used in memory for the program, for the workspace and for data.
Refer to Figure 29.

For this application more memory space is required than for Chapter 3’s First
Encounter. Thus, additional RAM units are installed on the microcomputer board at
locations U33, U35, U37 and U39 (4042 Units). This expands the available RAM space
to FCO00,, and this is the location for the start of the program.

Incidentally, while available memory is being discussed, note the address of the TIBUG
monitor, 0080,¢. This memory location must be referenced when returning to the
TIBUG Monitor in Mode 3. The TIBUG workspace located at FFBO,4 has already
been discussed. This space must be reserved.

One more point — the second 1K of EPROM starting at location 0800, will be
populated with the Line-by-Line Assembler (LBLA) resident in EPROM. This will be
used for assembly of the program. The socket locations on the board are U43 and U435
and the product number is TM990/402-1. Normally, the LBLA would start
assemblying at address FE00,4, however, by using a /FC00 command the start location
is changed to FCOO,.

The Command Mode

A more complete flow chart is shown in Figure 30 for the Command Mode. The
program begins with initialization of registers. When writing the first draft of the
program, labels are used for ease of writing. For later drafts and when a LBLA is used,
the labels are replaced with actual addresses. INPUT'1 will be the label for the start of
Mode 1. BLINKR will be the label for the start of Mode 2. COMODE labels the

message that asks the user to select the mode.
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The Command Mode program is as follows:

COUNT +>929 ;SET UP 9901 CLDCK
BASE1 +>100 \SET UP 9901 CRU BASE
BASE2 +>120 ;SET UP 9901 1/D BASE
START LWPI >FF20 ;SET WP AT FF20

LI R1,>1EQD ;5BZ DP CDDE TD R1

LI R2,>1D00 :5BD DP CDDE TD R2

LI R3,>1F00 ;TB OP CODE TO R3

XDP @mMsG1, 14 PRINT HEADER @MSG1
CDMDDE XDP @MSG2, 14 ;ASK FDR MDDE WITH MSG2

XDP R7, 11 ;READ CHAR FRDM TER TD R7

C! R7,>3100 IS CHAR A 1?

JEG INPUT1 :IF YES GD TD MDDE 1

Cl R7,>3200 1S CHAR A 27

JEG BLINKR JIF YES TD TD MDDE 2

Cl R7,>5100 ;1S CHAR A Q7

JNE CDMDDE JIF ND KEEP LDDPING

B @>80 JF YES GO TO TIBUG

To initialize registers, the values for the TMS 9901 clock interval, TMS 9901 CRU
software base address and TMS 9901 1/O software base address are loaded directly into
memory spaces by using a (+) in front of the data. 0929, is placed in the 9901 for a
25ms interval. Recall that the module 9901 has a base address of 0100, for select bit
zero and 01204 so that select bit 16 activates PO when input or output bit 0 is addressed,
as discussed previously. Note that the workspace is set up at FF20,,.

The machine codes for SBZ, SBO and TB are loaded into workspace registers one, two
and three, respectively. As discussed previously, an XOP 14 is used to print the header
and instructions for use of the program. The messages are labeled with MSG1 and
MSG?2 and are located at the end of the program and will be discussed later. Next an
XOP is used to read a character from the terminal and load the ASCII code into R7.
This is then compared with the ASCII codes for the number one, two and the letter Q to
determine the character. Depending on what character is received, the program jumps to
the proper area in memory to execute the correct mode of operation. The entry point to
the TIBUG monitor is 0080, and a branch to this location will execute the monitor.

Mode 1 Operation

Figure 31 shows the flow chart for Mode 1 Operation. The label INPUT1 begins the
operation. The first function sets up the system so that the 9902 will generate an
interrupt when a received character fills the receiver buffer (RBRL = 1). Recall that the
interrupt generated by the 9902 must be enabled by making RIENB = 1. This is
accomplished by making the 9902 select bit 18 equal to ““1”. The enabled interrupt from
the 9902 is wired to the INT4 input of the 9901. Thus, as previously discussed, level 4
interrupts must be enabled both at the 9901 and the 9900.
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The software looks like this:

INPUT RSET
LMl 4
LI R12,>80
STCR R7.0
5BO 18
MDV @BASE1,R12
SBO 4

PRESS KEY

; PUT 9801 INTO INPUT MODE

; ENABLE 9800 INT1-INT4

; LOAD 812 W/8802 BASE ADDR
; CLEAR 8902 RCV BUFFER

; ENABLE 9802 RCV INT

; SET 8801 BASE ADDR TO >100
; ENABLE 9902 INT AT 8801

START

INITIALIZE
REGISTERS

-l

PRINT HEADER
AND
INSTRUCTION

ON
TERMINAL

Y

CHARACTER
12

INPUTH

CHARACTER
=22

BLINKR

CHARACTER
=Q?

Figure 30. Command Mode

TMS 9902
INTERRUPT
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First the 9901 is reset to put it into the input mode. Then the 9900 interrupt mask is set
to 4 to allow interrupts 1 thru 4 to be acknowledged. To enable select bit 18 of the
9902, the software base address is loaded into WR12 and an SBO 18 instruction sets the
bit to “1” for the enable. The 9902 receiver buffer is read into R7 with the STCR
instruction which resets the buffer for receipt of a character. WR12 is set with the
software base address for the 9901, and then select bit 4 is set to a “1”’, These steps
enable the 9901 interrupt level 4 to clear the complete path for generating an interrupt
when a character is received from the terminal.

SET UP TMSE 9902
INTERRUPT
(RIENB)

'

SET UP 9901
1/0 CRU BASE
ADDRESS

CRUBITN
=12

Y Y

PUT
SBZ (N+4)
INSTRUCTION
INTO RS

<
Y

EXECUTE
INSTRUCTION
IN RS

!

PUT SBO (N + 4)
INSTRUCTION
INTORS

]

N=N-1

NO ]

YES

Figure 31. Mode 1 Operation
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CueckING THE INPUTS—SETTING THE OUTPUTS

Figure 31 shows that with N =0 the CRU is testing the zero input bit of the 9901. If it is
a ‘17, then the N+4 bit (I/0 bit 4) will be set toa “1” to correspond. One will be
added to N (0+ 1= 1), which will be less than 3 and the cycle is repeated: the second
time with N= 1, the next time with N=2 and the next with N=3. With N=3, N+1
will be greater than three and everything is reinitialized and the sequence starts over
with input bit zero again. So the procedure is to check each input bit and set the
corresponding output bit. The software is as follows:

MOV @BASEZ2.R12 ; SET 9901 BASE AOOR TO >120

INIT1 CLR R4 : R4 CONTAINS CRU BIT 7O BE
. TESTEO

INOEX1 MOV R4.R5 ; MOVE CRU BIT TO RS

S0C R3.R4 ; R4 CONTAINS TB INST (R3)

X R4 . EXECUTE TB SPECIFIEQ BY R4

JEQG HIGH ;IFCRUBIT=1 GO TO HIGH
LOW MOV R5,R4 ; RELOAO CRU BIT INTO R4

Al R5,>4 ; SHIFT CRU BIT OVER BY 4

SOC R1,R5 : RS CONTAINS SBZ OF COOE (R1)
XECUTE X R5 . EXECUTE OP COOE SPECIFIEO BY RS

INC R4 ; INCREMENT TO NEXT CRU BIT

Cl R4,>3 1S CRU BIT >3%

JGT INIT1 1 IF YES REINITIALIZE

JMP  INOEX1 ; START TESTING NEXT CRU BIT
HIGH MOV R5,R4 ; RELOAQ CRU BIT INTO R4

Al R5>4 ; SHIFT CRU BIT OVER 4

S0C R2.R5 ; RS CONTAINS SBO OF COOE (R2)

JMP  XECUTE ; GO EXECUTE SBO INST

Input bits 0-3 correspond to output bits 4-7 respectively. R4 contains the value of the
select bit to be tested (the program starts with bit zero). R4 is moved to RS to preserve
the contents of R4. R3 contains the machine code for TB. Actually it contains the
machine code for the instruction TB 0 (Test bit 0). By doing a set ones correspondence
(SOC) between R3 and R4, the machine code for the TB instruction is combined with
the value of the select bit to be tested so that R4 contains the instruction — “test the
select bit previously specified by R4.” More specifically, R4=TB (R4).

An X of R4 will execute this instruction. Using this procedure allows R4 to contain the
bit position separate from the TB instruction which is in R3. The bit position in R4 or
RS can also be combined with the SBO and SBZ op codes located in R2 and R1 to allow
execution of the SBO or SBZ instructions on the select bits specified by R4 or R5. The
procedure is the same as for the TB instruction.

If the bit tested is a zero, R4 is reloaded from RS with the original value of the select bit
to be tested, which is still in R5. RS plus 4 is combined with R1 using a SOC R1, R5
instruction. The selected output bit will be set to zero when the resulting SBZ
instruction in R5 is executed. Thus, an N + 4 output is set to zero, if the corresponding
N bit was a zero.
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R4 is incremented to the next bit and is tested to determine if its value is greater than 3.
When it is not, the program jumps to label INDEX1 and tests the next bit in the same
sequence as the first and sets the corresponding output bit. Now, suppose this bit is a

“1” instead of a ““0” as for the preceding bit. The program jumps to the label HIGH, -

reloads R4, adds 4 to RS, and now executes an SOC R2, RS to set the N + 4 output to
one when the SBO instruction in RS is executed.

When input bit 3 is tested, the test of R4 + 1 will show its value is greater than 3 and the
program is reinitialized and the procedure starts over. To exit the loop, any key on the
keyboard is pressed which produces a level 4 interrupt. The level 4 interrupt comes
from the 9902 and the system enters the command mode as shown in Figure 30.

Mode 2 Operation (Figure 32)

Mode 2 operation sequences the loads simulated by light bulbs. The flowchart is shown
in Figure 32. It has a time interval of 25ms set up by the 9901 real time clock. A
program loop multiples the 25ms times R6 to obtain the total time interval; with R6 =4,
each total time interval is 100ms. The time interval can also be varied by changing the
initial value 0929;, set into the clock register of the 9901. The value in R4 determines
the number of light bulbs (loads) that are going to be turned on, held for 100ms, turned
off, and started through the sequence again. As with mode 1, pressing a key on the
terminal causes a return to the Command Mode.

It is worthy to note, even though the 9901 is in the input mode when reset, outputs 4,5,6
and 7 are such that all light bulbs are on. Thus, the function of turning off outputs 5, 6
and 7 and leaving 4 on starts the program after the CRU base address is set. In actual
industrial applications it may be necessary to put additional inverters between the output
of the microcomputer and the SMT modules so that the reset condition has all loads off.

Recall that when the 9901 clock register is decremented to zero it puts out a INT3
signal. This interrupt causes a context switch to occur and sets the old workspace RO to
FFFF,s. When this happens the time interval has ended.

Interrupt 4 from TMS 9902
The software for Mode 2 starts as follows to set up the interrupt 4 from the 9902:

BLINKR RSET ; SET 8801 TO THE INPUT MODE
Lml 4 ; ENABLE 9800 INT1-INT4
L R12,>80 ; SET UP 9902 BASE ADDR
STCR R7.0 ; CLEAR 8802 RCV BUFFER
SBO 18 ; ENABLE 9902 RCV INT

The reset at BLINKR sets the 9901 to the input mode and turns on the loads on outputs 4,
5,6and 7.
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BLINKR
/
SET UP
T™ 9902 ‘
INTERRUPT
R6 = R6-1
SET UP 9901
1/0 CRU BASE
ADDRESS No
Y
YES
TURN OFF
LAMPS AT 1/0
PORTS 5, 6, & 7 TURN OFF
LAMP AT 170
PORT = (R4)
/
R4=4 Y
o R4 =R4 4 |
"
R6=4
- YES
R4 =87
SET UP
AND START NO
9901 CLOCK
- TURN ON
LAMP AT 170
PORT = (R4) TMS 9901
iNT 37 REAL TIME CLOCK
(RO = FFFF) INT 3
RO = FFEF

Figure 32. Mode 2 Operation
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The next 7 instructions after the 9901 software base address is set at 0120, are concerned
with turning off outputs 5, 6 and 7. These start with INT2 and continue through the next 6
instructions after LOOP 1.

MOV @BASE2, R12 ; SET 9801 BASE ADDR=>120
INT2 LI R4,>5 ; R4 CONTAINS CRU BIT PAS 5
LOOP1 MOV R4,R5 ; MOV PDS 5 TD RS

SOC R1,A5 ; RS CONTAINS 58Z DP CDDE (R1)

X RS , EXECUTE SBZ SPECIFIED BY (R5)

INC R4 i R4=R4+1

Cl R4,>8 ; HAS CRU BIT 7 BEEN SET=0?

JNE LOOP1 ; IFNO GO TO LOOP 1

Lamp 4 remains on.

Register 4 must now be loaded with the output position from which the sequence starts—in
this case 4.
Ll R4,>4 ; SET OUTPUT BASE BIT

R6 is set equal to 4 so that the overall time interval is 100ms. This starts the timing loop at
INDEX2. The 5 instructions following TIMER set up the 9901 clock to count a 25ms
interval and then cause a level 3 interrupt. Note that the 9901 must be put into the
interrupt mode and the level 3 interrupt enabled. Since the 9902 interrupt signal comes in
on interrupt level 4, it is convenient to enable it at this same time. The loop is such that it
loops 4 times. Each loop is controlled by the interval timer of the TMS9901. The
TMS9901 timer is set and started when loaded with the value at the label COUNT. The
clock decrements until it hits zero and then it gives a level 3 interrupt. The interrupt
service routine begins at FF88,, as directed by the level 3 vector. It sets RO to FFFF,, and
returns to the program. The program will be in a continuous loop (Loop 2) checking RO
for an indication that an interrupt has occured. When the time interval is complete, the 1/0
bit dictated by R4 is turned off. R4 is incremented and checked to see if it is equal to 8.

If not, the 1/0 bit position of the new R4 is turned on and the sequence restarts. If

R4 +1=8, then the program jumps back to BLINKR and starts over causing R4 to be

reset to 4 and to restart the sequence.
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The software looks like this:

INDEX 2 LI RB,>4
TIMER MOV [@BASE1.R12
CLR RO
LDCR @COUNT,15
sBz O
SBO 3
SBO 4
LOOR2 Cl RO,>FFFF
JNE LOOP2
DEC R6
JNE  TIMER
MOV @BASE2,R12
MOV R4,R5
50C R1.RS
X RS
INC R4
Cl R4,>9
JEQ@ BLINKR
MOV R4,R5
S0C R2.R5
X RS
JMP  INDEX2

9902 Interrupt Service Routing

. OVERALL LOOP COUNT=100ms
. SET CRU BASE ADOR OF 9901 =>100
. INITIALIZE INT3 INDICATOR

. LOAD TIMER AND START COUNT
; 9901 TO INTERRUPT MODE

. ENABLE INT3 AT 9901

. ENABLE 9902 INT AT 9901

. HAS INT3 OCCURRED?

; IF NO GO TO LDOP2

. RB=RB-1

. IF R6=0 GO TO TIMER

. SET 9901 BASE ADDR=>120

. MOV CRU BIT TO RS

. (R5)=SBZ (RS)

. EXECUTE SBZ SPECIFIED BY (RS)
. R4=R4+1

. ISR4=9?

: IF YES RESTART SEQUENCE

R4=R5
(R5)=S5B0O (R5)

; EXECUTE SBO SPECIFIED BY (R5)
; RESTART TIMING CYCLE AT INDEX 2

This interrupt service routine is the one resulting from a level 4 interrupt generated by
the 9902. It starts at INTREC. As discussed previously, when the interrupt occurs, the
program counter points to FFAC,s, the reserved space, where it finds an instruction
directing it to INTREC. This instruction looks like this:

ADDRESS INSTRUCTION

FFAC B @INTREC

; GO TO INT4 SERVICE ROUTINE

The routine first disables the 9901 timer interrupt level 3, then disables the 9902
interrupt at the 9902 (Set select bit 18 =0) and finally loads the address of COMODE
into the old PC, so that when an RTWP (return with workspace pointer) is executed,
the program returns to the command mode. The software is as follows:

INTREC MOV @BASE1.R12
SBZ 3
SRL R12,1
SBZ 18
STOR R7.0
Ll R14, COMODE
RTWP

; SET 8901 BASE ADDR=>100

; DISABLE INT3 AT 9901

; SET BASE ADDR=>>80 FOR 9902
. DISABLE 9902 INT

; READ 8902 RCV BUFFER (CLEARS)
; LOAD ADDR OF COMODE INTO PC
; RETURN TO SMT ROUTINE
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9901 Clock Interrupt Service Routine

When the clock decrements to zero it generates a level 3 interrupt. The routine to
service this interrupt starts at CLKINT. The level 3 interrupt context switch provides a
new PC at FF88;¢ which directs the program to CLKINT. This instruction looks like -
this:

ADDRESS INSTRUCTION

FF88 B @CLKINT ; GO TO INT3 SERVICE ROUTINE

Here, after setting the software base address of the 9901 to 0100,5, INT3 is disabled and
RO of the previous workspace is set to FFFF,;. A RTWP instruction then returns the
processor to the interrupted routine.

The software is as follows:

CLKINT LI R12,>100 ; SET 8801 BASE ADDR
SBZ 3 ; DISABLE INT3 AT 8801
SETO *R13 ; SET PREVIOUS RO=>FFFF
RTWP ; RETURN TO INTERRUPTED ROUTINE

Message Routines

The remaining routines that must be included in the program are the messages at MSG1
and MSG2. In order to program the message, a § sign is used at the beginning of each
line and each message is terminated with a zero byte. The ASCII code for a carriage
return — line feed is 0DO0A ¢ and is included in the instruction format,

Each character must be coded with the appropriate ASCII code and placed into bytes of
memory. A typical example is shown; however, the individual character codes have not
been listed. This can be seen on the LBLA listing.

MSGI $5MT 1/0 DEMONSTRATION ROUTINE
+>0D0A
$MODE 1 — INPUTS 0-3 SWITCH OUTPUTS
$4-7 RESPECTIVELY
+>0D0A
$MODE 2 — OUTPUTS 4-7 ARE SWITCHED SEQUENTIALLY
+>000A
$A Q RETURNS CONTROL TO THE TIBUG MONITOR
+>0D0A
$A CARRIAGE RETURN DURING MODE 1 OR 2
$SOPERATION RETURNS THE USER TO THE -
+>0D0A
$CONTROL MODE
+>0D0A
+>>0000
+>0D0A
$SELECT MODE 1, 20r Q
+>0D0A
+>0000
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With program in hand, it is time to connect the hardware to prove out the complete
program. Refer to the block diagram of Figure 27.

The terminal and its cable have been previously connected to P2 of the microcomputer
module. P1 has the same power supply connections as for Chapter 3 supplying — 12V,
+ 12V, + 5V and ground. The full connections will be added to P1 to interface with P1
on the TM990/310 1/0 expansion board. However, for now, operations will be only
with the microcomputer and the SM'T 170 modules. Connection to the modules is made
through the cable of Figure 4 and P4 on the microcomputer and P1 on the SMT43
module base. There is a separate wire from the J1 connector to provide + 8 volts to the
SMT modules. This + 8 volts must supply 0.6A worst case if all the positions in the
SMT43 base are populated. This supply ground must be common with the microcomputer
module ground and isolated from the + 12V industrial control voltage supply ground.

The + 12V for the industrial control level voltages must supply 200mA. Tzs must have
a minus terminal free of chassis ground, otherwise its case will be at ac line voltage when the
SMT I/0 module ac power cord is connected.

Light bulbs that are rated at 80 mA at 14 Vdc are used for the dc loads. Standard 110
Vac light bulbs and sockets are used for the ac loads. A separate ac power cord is
connected to the SMT43 base for the ac power. The industrial level power (both dc and
ac) i and must be isolated from the dc power for the microcomputer module and low-level logic
+ 8V power source of the SMT interface modules.

A summary of the parts list and power supply requirements follows:

SystEM Parts List

. TM990/100M-1 board

. TM990/310 48 1/0 board (optional)

° SMT43 base*

® 2 — 5MT11-A05L AC input modules*

® 2 — 5MT12-40AL AC output modules*

e 2 — 5SMT13-D03L DC input modules*

® 2 — SMT14-30CL DC output modules*

. SMT interface cable-TM990/507

L 743 KSR terminal

] TM 990/503 cable assembly for Terminal
® 4 _ TMS 4042-2 (or 2111-1) 256 x 4 RAM’s

*In case your local distributor does not have these parts, the address from which they can be ordered is:
Industrial Controls Order Entry
M/S§12-38
34 Forrest St.
Attleboro, Mass. 02703
Phone: (617) 222-2800
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¢ Line-by-line assembler TM990/402-1 (in two TMS 2708 EPROM’s)
® Power supplies for Microcomputer and 1/O Expansion (TM990/518)
Voltage REG /100M Current w/310 Module Current
+5V 1 3% 1.3A 2.1A -
+ 12V 4 3% 0.1A 0.1A
—12V + 3% 0.2A 0.2A
® Industrial Control Level Power Supplies
Foltage REG Current
+8Vde +£35% 0.6A
+12Vde 5% 0.2A
110Vac 1A
® 4 Toggle switches, SPST ® Power cord

® 2 dc lamps and sockets (14V — 80mA) @ 14 and 18 AWG insulated stranded wire
® 2 ac lamps and sockets (130V — 30 W)

Equipment Hookup

Follow these steps in making the system interconnections;

Step 1 — Verify that the power supply connections to P1 are correct for
— 12V, + 12V and + 5V. Refer to Figure 3-11 or to the TM990/
100M user’s guide Figure 2-1. Don’t turn on any power supplies.
It may be desirable to make all the connections from P1 of the
TM990/100M to P1 of the TM990/310 at this time. Refer to
Table 6 for these connections. Some reprogramming because of
power shutdown will be required if this is not done.

Step 2 — Verify that the 743 KSR terminal is connected to P2 with the
TM990/503 cable. AC power is supplied to the terminal with a

separate cord.

Step 3 — Special connections must now be made at the jumpers on the
TM990/100M microcomputer. The jumper positions are shown
in Chapter 3, Figures /2 and /3. Make sure of the following
jumper connections.

JUMPERS INTERCONNECTION COMMENT

J1s Disconnected Power for TM990/301
J14 Disconnccted Microterminal, not
J13 Disconnected required for 743 KSR
J12 N.A. For multiple boards
Ji1 Disconnected IF'or ASR 745

J10,9.8 N.A. For multiple boards

J7 EIA position

16,5 N.A. For multiple boards
J4.3.2 In 08, or 2708 Paosition For 2708 IEPROMS
J1 9902 This will likely need o

be positioned
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Step 4 —

Step 5 —

Step 6 —

Step 7 —

Step 8 —

Step 9 —

Step 10 —
Step 11 —

Step 12 —

As mentioned previously, the RAM on the TM990/100M should be
fully populated for this example. Make sure that 4-TMS 4042-2"s
have been inserted in U33, U35, U37 and U39 with the # 1 pin
towards the TMS 9900. The LBLLA which is in two TMS 2708
EPROM?’s should have also been inserted in U43 and U435 with the
# 1 pin towards the TMS 9900. The higher order byte (bits 0-7)
must be in U45. It is quite difficult to insert these packages in the
sockets the first time so it must be done carefully. Rocking the
packages will help.

Install the SMT modules in the SMT43 base as shown in Figure 33.
Be sure modules are in the proper order. This arrangement will show
dc input controlling dc output, dc input—ac output, ac input—dc
output and ac input — ac output. Connect the wiring as shown. Be
sure to use heavy gage (14 AWG) insulated wire for the ac
connections. 18 AWG can be used for dc power connections. NOTE
THAT AC LINE IS CONNECTED TO DC COMMON. Two
screw connections on the base are available for each module as shown
in Figure 33. All connections to the SM'T modules are to the
right-hand leads when facing the terminals and P1 is on the left. Be
sure to screw down the locking screw to ensure good connections.

Connect J1 of the cable of Figure 4 to the SMT43 base. Connect the
+ 8V lead to the power supply and its ground to the common ground
lead on J4 of the cable of Figure 4. DO NOT CONNECT THIS
GROUND TO THE DC COMMON OF THE INDUSTRIAL
CONTROL LEVEL POWER SUPPLY OF FIGURE 33.

Connect the + 12Vdc industrial power supply. Don’t plug in the
110Vac power cord.

Turn on the +8V and + 12V supply and verify that the dc input and
output SMT modules are connected correctly. Use J4 for test
voltages.

Plug-in the ac power cord for the SMT modules and verify that the

ac input and output modules are interconnected correctly. The
LED’s on the modules will be useful for this.

Unplug ac cord, turn off +12V and + 8V supplies.

Connect J4 of the cable from the SMT43 base to P4 on the TM990/
100M module.

Turn on the power supplies for the microcomputer i #his order:
— 12V, +12V, +5V.
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Figure 33. 5MT I/0 Module Wiring
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Step 13 — Turn on the terminal. Make sure it 1s “ON LINE.”

Step 14 —  Turn on the + 8V supply for the SMT modules; then the industrial
level +12Vdc and then plug in the power cord for the 110Vac.

Step 15 —  Press the RESET switch on the microcomputer. All the light bulbs
will be lit since a RESET latches 1/O pins on the microcomputer in
the “1” state.

The microcomputer system is now ready to be programmed.

LoapiNG THE PROGRAM

The program as it was developed will now be loaded into RAM in the microcomputer.
Instead of assembling the program by hand, the line-by-line assembler contained in
EPROM will be used. It works with the EIA terminal and the TIBUG monitor.

The LBLA is a stand alone program that assembles into object code the 69 instructions
used by the TM 990/100M microcomputer. To initialize the LBLA, the TIBUG
monitor must first be brought up. This is done by switching the reset switch on the TM
990/100M module and pressing the carriage return (CR) on the terminal. The terminal
will respond with:

TIBUG REV. A.
n

The question mark is the TIBUG prompt.

Now an R is typed to inspect/change the WP, PC and ST registers. The LBLA
program begins at location 09E6,4* so this is the value that is to be loaded into the PC.
After typing an R the terminal prints out the value of the WP. This can be changed by
typing the new value and a space or it can be left alone by typing just a space. The
terminal will then print the value of the PC. The same procedure as for the WP applies
except that ST is printed if a space is typed. A CR after the WP or PC value will cause
the TIBUG prompt to be printed, or a space or CR after the ST is printed will do the

same.

Loading 09E6,, into the PC looks like this:

R (CR)
W=FFC6 (SP)
P=01A8  09EB (CR)

?

Once the PC has been loaded, executing the program will initialize the LBLA. Pressing
the E key accomplishes this. The LBLA responds with an address. That address can be 94
changed to the starting address of the program by typing a slash (/) and the new address
and a CR.
?E

FEOD /FCO0 (CR)
FCOD

*This value may change depending on the version of LBLA. Early versions had 09E8,, as entry point.
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The program can then be entered using the machine instructions. The LBLA accepts
assembly language inputs from a terminal. As each instruction is input, the assembler
interprets it, places the resulting machine code in an absolute address, and prints the
machine code (in hexadecimal) next to its absolute address as shown in Figure 34.

/

MACHINE CODE ASSEMBLED BY ASSEMB
INSTRUCTION MNEMONIC
[ OPERANDS

FEQQ
FEQR2
FEO4
FEOB
FEOB
FEOA
FEQC
FEOE
FE10
FE12
FE14
FE186
FE18

02EQ
FEBO
0200
0Q0A
0201

FEAQ
0202
FEBO
CC8a1
0800
1301

10FC

MEMORY ADDRESS OF ASSEMBLED MACHINE CODE

LER

ONE SPACE (MAXIMUM)

AT LEAST ONE SPACE (MINIMUM)

§——COMMENTS
LWP|  >FEBQ . SET UP WORKSPACE ADDRESS
LI RG.10 v SET UP COUNTER VALUE
LI R1,>FEAQ » ADDRESS OF VALUES IN R1
LI R2,>FEBO » ADDRESS OF STORAGE AREA IN R2
MOV #R1+ ,*R2+ ; MOVE VALUES TO STORAGE AREA
DEC RO ; DECREMENT COUNTER
JEG =>FE18 . EXIT IF COUNTER=ZERO
JMP  >FE10 ; LOOP BACK UNTIL 10 VALUES MOVED

Figure 34. LBLA Format

Only one space is used berween the mnemonic and the operand. If comments are used, use at
least one space between the operand and the start of the comment. If no comment is used
complete the instruction with a space and a carriage return. 1f a comment is used, only a
carriage return is required.

Note that to load a hex value directly into a memory location a (+) is used. (see Start of
Program, Table 4.) Also a string of characters is preceded by a dollar sign ($) and
terminated with two carrigge returns—CR (Example shown under—Message Routines).
To change the address location being loaded, type a slash (/) and the address desired. To
exit from the LBLA and return to the TIBUG monitor, press the ESC key on the
termina). The terminal will then give the TIBUG prompt—a question mark.

Labels cannot be used with the LBLA. However, in the program of Table 4, the left side
is the assembled program with LBLA and the right side is for a comparison to the labels
and the comments that were previously used on each of the pieces of the program as it

was developed on the preceding pages.

Remember to press the ESC when the last program address location is reached. This
returns control to the TIBUG monitor.
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Table 4. Final Program

LBLA Labels
?R
W=FFBO
P=0168 0SEB
?E
FDOO /FCO0
FCOO 0923 +>829 CDUNT
FCO2 0100 +>100 BASE 1
FCD4 0120 +>120 BASE 2
FCOB 02ED LWPI >FF20 START
FCOB FF20
FCOA 0201 LI R1,>1E00
FCOC 1EQD
FCOE 0202 L' R2,>1D00
FC10 1D00
FC12 0203 LI R3,>1F00
FC14 1FO0
FC16 2FAD XOoP @>FCF2,14
FC18 FCF2
FC1A 2FAQ XOP @=>FE0D,14 COMODE
FC1C FEQO
FC1E 2EC7 XOP R7,11
FC20 0287 Cl R7,>3100
FC22 3100
FC24 1308 JEQ >FC36
FC26 0287 Cl R7,>3200
FC28 3200
FC2A 1325 JEQ >FC76
FC2C 0287 Cl R7,>5100
FC2E 5100
FC30 16F4 JNE >FC1A
FC32 0460 B @=>0080
FC34 0080
FC36 0360 RSET INPUT1
FC38 0300 LIMI 4
FC3A 0004
FC3C 020C LI R12,>0080
FC3E o080
FC40 3407 STCR R7.0
FC42 1D12 SBO 18
FC44 C320 MOV @=>FC02.R12
FC46 FCO2
FC48 1D04 SBO 4
FC4A C320 MOV @=>FC04,R12
FC4ac FCO4
FC4E 04ca CLR R4 INIT1
FCS0 c144 MOV R4,R5 INDEX1
FC52 E103 SOC R3,R4
FC54 04B4 X R4
FC56 130A JEQ =>FCBC
FC58 C105 MOV R5,R4 LOW
FC5A 0225 Al R5,>4
FC5C 0004
FC5E E141 S0C R1,R5
FCB0 0485 X R5 XECUTE
FCB2 05B4 INC R4
FCB64 02B4 Cl R4,>3
FCB6 0003

Comments

. SET UP 8801 CLOCK

; SET UP 9801 CRU BASE
, SET UP 9801 1/0 BASE
; SET WP AT FF20

; SBZ OP CODE TO R1

; SBO OP CODE TO R2

; TBOP CODE TO R3

; PRINT HEADER @MSG1

; ASK FOR MODE WITH MSG2

READ CHAR FROM TER TG R7

. ISCHAR A 1?

; IFYES GO TD MODE 1
; ISCHAR A2?

; IFYES GO TO MODE 2
, ISCHAR AQ?

; IF NO KEEP LOOPING
; IFYES GO TO TIBUG

; PUT 9801 INTO INPUT MODE
; ENABLE 8800 INT1-INT4

; LDAD R12 W /33802 BASE ADDR
; CLEAR 93902 RCV BUFFER

; ENABLE 8902 RCV INT

, SET 8801 BASE ADDR TO >100

; ENABLE 83802 INT AT 8801
; SET 9901 BASE ADDR TO >120

R4 CONTAINS CRU BIT TO BE TESTED

; MOVE CRU BIT TO RS

; R4 CONTAINS TB INST [R3]

. EXECUTE TB SPECIFIED BY R4
; IFCRUBIT=1 GO TD HIGH

RELOAD CRU BIT INTO R4

. SHIFT CRU BIT OVER BY 4

; R5 CONTAINS SBZ DP CODE [R1]

; EXECUTE OP CODE SPECIFIED BY RS
; INCREMENT TO NEXT CRU BIT

; IS CRU BIT >37?
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FC68  15F2  JBT >FC4E . IF YES REINITIALIZE
FCBA  10F2  JMP >FC50 ; START TESTING NEXT CRU BIT
FCBC C105 MOV R5,R4 HIGH : RELDAD CRU BIT INTO R4
FCBE 0225 Al R5,>4 ; SHIFT CRU BIT OVER 4
FC70 0004
FC72 E142 S0OC R2,R5 ; R5 CONTAINS SBO OP CODE {R2] -
FC74 10F5 JMP >FCB0 : GO EXECUTE SBO INST
FC76 0360 RSET BLINKR : SET 9901 TO INPUT MODE
FC78 0300 LM 4 . ENABLE 9900 INT1-INT4
FC7A 0004
FC7C 020C LU R12,>B0 ; SET UP 9902 BASE ADDR
FC7E 0080
FCBO 3407 STCR R7,0 : CLEAR 9902 RCV BUFFER
FCB2 1D12 SBO 18 : ENABLE 9902 RCV INT
FCB4 C320 MOV @>FC04,R12 . SET 9901 BASE ADDR=>120
FCBB  FCO4
FCB8 0204 L R4.>5 INT2 : R4 CONTAINS CRU BIT POS 5
FCBA 0005
FCBC C144 MOV R4,R5 LOOP1 : MOV POS 5 TO R5
FCBE E141 SOC R1.R5 : R5 CONTAINS SBZ OP CODE [R1]
FCO0 0485 X RS ;. EXECUTE SBZ SPECIFIED BY [R5]
FCI2 0584 INC R4 . R4=R4+1
FC94 02B4 Cl R4,>B . HAS CRU BIT 7 BEEN SET=0?
FCI6  000B
FC98 1BF9  JNE >FCBC : IF NO GO TQO LOOP1
FCOA 0204 LU R4,>4 . SET OUTPUT BASE BIT
FCOC 0004
FCOE 0206 LU RB,>4 INDEX2 : OVERALL LOOP COUNT=100MS
FCAD 0004 -
FCA2 C320 MOV @>FCO2,R12  TIMER : SET CRU BASE ADDR OF 9901 =>100
FCA4  FCO2
FCA6 04C0O CLR RO . INITIALIZE INT3 INDICATOR
FCAB 33E0 LDCR @>FC00,15 : LOAD TIMER AND START COUNT
FCAA  FCOO
FCAC 1EOD SBZ O ; 9901 TO INTERRUPT MODE
FCAE 1D03 SBO 3 : ENABLE INT3 AT 9901
FCBO 1D04 SBO 4 . ENABLE 9902 INT AT 9901
FCB2 0280 Cl RO,>FFFF LOOP2 : HAS INT3 OCCURRED?
FCB4  FFFF
FCBB  1BFD JNE >FCB2 ; IF NO GO TO LOOP2
FCB8 0BOB DEC RB . RB=RB-1
FCBA 16F3  JUNE >FCA2 . IFRB=0 GO TO TIMER
FCBC C320 MOV @>FC04,R12 : SET 9901 BASE ADDR=>120
FCBE  FCO04
FCCO C144 MOV R4.R5 . MOV CRU BIT TQ RS
FCC2 E141  SOC R1.R5 . [R5]=8BZ [RS5)
FCC4 0485 X R5 : EXECUTE SBZ SPECIFIED BY [R5)
FCCB 0584 INC R4 : R4=R4+1
FCCB 0284 Cl R4,>9 1S R4=97?
FCCA 0009 -
FCCC  13D4 JE@ >FC76B . IF YES RESTART SEQUENCE
FCCE C144 MOV R4.RS : R4=R5
FCDO E142 SOC R2,R5 . [R5)=5B0 [R5
FCD2 04B5 X RS ; EXECUTE SBO SPECIFIED BY [RS)
FCD4 10E4 JMP >FCSE : RESTART TIMING CYCLE AT INDEX2
FCDE €320 MOV @>FCO2,R12 INTREC . SET 9901 BASE ADDR=>100
FCD8  FCO2
FCDA 1EQ03 SBZ 3 . DISABLE INT3 AT 9901
FCDC 091C SRL R12,1 : SET BASE ADDR= >80 FOR 9902
FCDE 1E12 SBZ 18 . DISABLE 9902 INT
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FCED
FCE2
FCE4
FCEB
FCEB
FCEA
FCEC
FCEE
FCFO
FCFe
FF88

FFBA
FFBC

FFAC

FFAE

FFBD
FCF2
FCF4
FCFB

FCF8
FCFA
FCFC
FCFE

FDOQ
FDD2
FDD4
FDOB
FDO8
FDOA
FDOC
FDOE
FD10
FD12
FO14
FD16
FD18
FD1A
FDIC
FDIE
FD20
FD22
FD24
FD2B
FD28
FD2A
FD2C
FD2E
FD30
FD32
FD34
FD36
FD38
FO3A
FD3C
FD3E
FD40
FD42
FD44
FD46
FD48

3407
D20E
FC1A
D380
D200
D100
1E03
071D
D380

0460
FCEB

0460
FCDB

354D
5420

482F

4r20

4445

4D4F
4E53

5452
4154
484F

4E20

524F

5554
494E

4520
DDDA
4ADAF
4445
2031

202D
2043
4E50
5554
5320
302D
3320
5357
4854
4348
204F

5554
5055
5453
2020
342D
3720
5245
5350
4543
5443
5645
4C58
2E20
ODOA

STCR R7.0 ; READ 9902 RCV BUFFER [CLEARS]

U R14,>FC1A ; LDAD ADDR DF COMODE INTD PC
RTWP ; RETURN TD 5MT RDUTINE

L R12,>100 CLKINT ; SFT 8801 BASE ADDR

SBZ 3 ; DISABLE INT3 AT 9301

SETD *R13 ; SET PREVIDUS RO=>FFFF

RTWP ; RETURN TD INTERRUPTED RDUTINE
/FF88

B @>FCE8 ; GD TD INT3 SERVICE ROUTINE @CLKINT
/FFAC

B @>FCDb ; GD TD INT4 SERVICE ROUTINE @INTREC
/FCF2

$5MT I/0 DEMDNSTRATION RODUTINE

+>0D0A
$MDDE 1 — INPUTS 0-3 SWITCH DUTPUTS

$4-7 RESPECTIVELY.

+>0D0A
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FD4A
FD4C
FD4E
FD50
FD52
FD54
FD56
FD58
FD5A
FDSC
FD5E
FDBO
FDB2
FDB4
FDB6
FDB8
FDBA
FDBC
FDBE
FD70
FD72
FD74
FD76
FD78
FD7A
FD7C
FD7E
FDBO
FDB2
FDB84
FD86
FD88
FDBA
FD8sc
FDBE
FDO0
Fpo2
FD84
FD9B6
FDo8
FDOA
FDOC
FDIE
FDAO
FDA2
FDA4
FDAB
FDA8B
FDAA
FDAC
FDAE
FDBO
FDB2
FDB4
FDBG6
FDB8
FDBA
FDBC
FDBE

4D4F

4445
2032
202D
204F

5554
5055
5453
2034
2D37
2041

5245
2053
5749
5443
4845
4420
5345
5155
454EF

5449
4140
4059
2E20

ODOA
4120
5120
5245
5455
524E

5320
434F

4E54

524F

4020
544F

2054
4845
2054
4942
5547
204D
AF4E

4954
4F52

ODOA
4120
434

5250
4941

4745
2052
4554
5552
4E20

4455
5049
4E47

204D

BMODE 2 — OUTPUTS 4-7 ARE SWITCHED SEQUENTIALLY.

+>0D0A
$A @ RETURNS CDNTROL TO THE TIBUG MONITOR

+>0D0A
$A CARRIAGE RETURN DURING MDDE 1 OR 2 OPERATION

9-66
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FDCO 4F44

FDC2 4520

FDC4 3120

FDCB 4F52

FDC8 2032

FDCA 204F

FDCC 5045

FDCE 5241

FDDO 5448

FDD2 4F4E

FDD4 5245 $RETURNS THE USER TD THE
FDDB 5455

FDDB 524E

FDDA 5320

FDDC 5448

FDDE 4520

FDEO 5553

FDE2 4552

FDE4 2054

FDEB 4F20

FDEG 5448

FDEA 4520

FDEC ODOA +>0D0A
FDEE 434F $CONTRDL MDDE.
FDFO 4E54

FDF2 524F

FDF4 4C20

FDFB 4D4F

FDFB 4445

FDFA 2E20

FDFC O0ODOA +>0DO0A,
FDFE 0000 +>0000
FEDO ODOA +>0DO0OA
FEO2 5345 $SELECTMDDE1, 2DRQ@
FED4 4C45

FEOB 4354

FEOB 204D

FEDA 4F44

FEDC 4520

FEOE 312C

FE10 2032

FE12 204F

FE14 5220

FE1B8 5120

FE18 O0DOA +>0D0A
FETA 0000 +>0000
FE1C
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RunninGg THE PROGRAM

To execute the program, the PC needs to be set to the starting address. This is done by
typing an R to enter the inspect/change mode of TIBUG. The WP will be printed. A
space will give the PC and here the new PC should be entered. A CR will return to
TIBUG and the prompt will be given. Typing an E will cause the program to begin
executing. The following is an example of this:

7R

W=FFFE (SP)

P=00BC FCOO (CR)
7E

The program will begin by requesting a mode of operation from the user. Typing a “1”
will get mode 1 and the state of outputs can be changed by changing the input toggle
switches. Pressing a key will cause a return to the command mode. Pressing a 2, switches
to mode 2 and the light sequence. Pressing a key returns to the command mode.
Pressing a Q on the terminal returns the system to the TIBUG and specific address
locations could be inspected for contents, etc.

Debugging

Because of the hard copy given by the terminal, looking for mistakes is made easier. If
the program is stuck in a loop, the reset switch on the TM990/100M board can be
switched. When in the LBLA use a slash (/) and a new address to change the address.
When in TIBUG use the memory inspect/change (M) command to change the address.
The TM990/100M user’s guide gives the TIBUG commands and the TM990/402
LBLA user’s guide gives the LBLA commands. These are also given in Chapter 7 and
on the reference cards in the appendix.

1/0 EXPANSION WITH THE TM990/310

What remains now is to show the I/O expansion through the use of the

TM990/310 module. As shown in Figure 35 there are three additional 9901’s on

the /310 module. The 9901’s signals are connected to edge connections P2, P3, and P4,
respectively, and are shown in Table 5.

All of the pins on the connector to P1 on the 900/100M-1 microcomputer module must
now be connected to P1 on the TM990/310 module (if not made previously). These are
shown in Table 6. Such a power down requires the program to be re-entered.
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Table 6. P! Connections

P1 P1 P1
PIN SIGNAL PIN SIGNAL PIN SIGNAL
33 DO 71 Al4 12 INT13
34 D1 72 A15 11 INT14
35 D2 22 o1 14 INT15
36 D3 24 #3 28 EXTCLK
37 D4 92 HOLD 3 +5v
38 D5 86 HOLDA 4 +5V
39 D6 82 DBIN 97 +5v
40 D7 26 CLK 98 +5V
a4 D8 80 MEMEN 75 +12v
42 DY 34 "TICYC 76 + 12V
43 D10 78 wWE 73 —12v
44 D11 90 READY 74 —12v
45 D12 87 CRUCLK 1 GND
46 D13 30 CRUOUT 2 GND
47 D14 29 CRUIN 21 GND
48 D15 19 1AQ 23 GND
57 AO 94 PRES 25 GND
58 Al 88 [ORST 27 GND
59 A2 16 INTT 31 GND
60 A3 13 INT2 77 GND
61 Ad 15 INT3 79 GND
62 A5 18 INT4 81 GND
63 A6 17 INT5 83 GNG
64 A7 20 INT6 85 GND
65 A8 6 INT7 89 GND
66 A9 5 INT8 91 GND
67 A10 8 INTS 99 GND
68 Al 7 INT10 100 GND
69 Al12 10 INTT1 93 RESTART
70 A13 9 INT12
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Using tHE TM990/310 Boarp

The TMS 9901s on the TM990/310 board are accessed in the same manner as the
TMS9901 on the TM990/100M board except the CRU base addresses differ. These
hardware base addresses are user selectable by a DIP switch that is on the TM990/310
board. The position of the switch and the corresponding addresses are given in Figure 0.
The first column of addresses are the actual CRU hardware addresses and the second
column is the software address that is to be loaded into workspace register 12 to access the
appropriate TMS 9901. The addresses shown correspond to the first TMS 9901 on the
TM990/310 board and the positions on the DIP switch. The addresses to be loaded into
workspace register 12 for the second TMS9901 are obtained by adding 80 to the
addresses of the first TMS 9901. The addresses for the third TMS 9901 are obtained by
adding 80,6 to the addresses of the second TMS 9901 (or 100, to the addresses of the first
TMS 9901). For example, if S1 was set to binary 4, workspace register 12 would be loaded
with: 0800, to access the first TMS 9901, 0880, to access the second TMS 9901, or
0900, to access the third TMS 9901. The first TMS 9901 corresponds to the P2 pins, the
second to the P3 pins, and the third to the P4 pins.

Switch all S1 positions on so the hardware base address 0100 is used for the /310 to
correspond to the example in Figure 71. The third 9901 will be used so the software base
address to be loaded in the program will be 03005 and the 1/0 software base address will
be 0320,,. The connection to the SMT 1/0 modules will be thru P4 on the TM990/310
as shown in Figures 27 and 35. This connection should be made at this time.

CHANGING THE PrROGRAM

To change the program, the software address at the labels BASE 1 and BASE 2 needs to be
changed. In the assembled program, these are at FC02 and FC04. The TIBUG monitor
mode is obtained. A memory inspect/change (M) command to address FC02 will allow a
change of the contents at that address to 0300,5. A space obtains address FCO4 and its
contents can be changed to 0320,,. However, when this change is made, the 9901 in the
TM990/100M module no longer is enabled to receive the keyboard interrupt from the
9902 and, thus, the mode operation cannot be interrupted. Additional program changes
must be made at FC44,,, FCA2,,, and FCD6,, to continue to enable the 9901 INT4 in

the module.

More sophisticated program changes could be made but one pattern that can be used for
such changes is as follows:

1. (CR) ; CARRIAGE RETURN TO MONITOR

2. R ; OBTAIN WORKSPACE POINTER

3. [BP) ; OBTAIN PROGRAM COUNTER

4. 09EB (CR) ; SET PC FOR LBLA

5. E ;. EXECUTE LBLA

6. /FC44 [SP) (CR) ; GO TO FC44

7. LI R12,>0100 (SP) (CR) . LOAD SOFTWARE BASE ADDRESS FOR

8801 ON MODULE
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Up indicates on ]

20

! kil

Down indicates off

S1 Switch Settings Binary TM990/310 Module Register 12
1 2 3 4 Equal | CRU Base Address | gontents (Hex)
(Hex)
ON ON ON ON 0 0100 0200
ON ON ON OFF 1 01C0 0380
ON ON OFF ON 2 0280 0500
ON ON OFF OFF 3 0340 0680
ON OFF ON ON 4 0400 0800
ON OFF ON OFF 5 04C0O 0980
ON OFF OFF ON 6 0580 0BOO
ON OFF OFF OFF 7 0640 0C80
OFF ON ON ON 8 0700 Q0EOO
OFF ON ON OFF 9 07C0 OF80
OFF ON OFF ON A 0880 1100
OFF ON OFF OFF B 0940 1280
OFF OFF ON ON C 0A00 1400
OFF OFF ON OFF D 0ACO 1580
OFF OFF OFF ON E NOT USED NOT USED
OFF OFF OFF OFF F NOT USED NOT USED
Figure 36. Programming Base Address of TM 990/310 Module
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On the terminal the routine looks like this:

a

7R

W=FF20

P=FC1A OSEB

=

FECO /FC44

FC44 020C LI R12,>100
FC46 0100

FC48

The same program change must be made at FCA2 and FCD6. When these are made,
return to TIBUG by pressing the ESC key. The memory location just changed can be
checked with the M command and the memory location.

To run the program, press the R key (it gives the WP) then (SP) to get the PC. Change
the PC to FC00,, and execute the program by pressing (CR) and the E key.

Incidentally, after these program changes, the only thing that needs to be done to change
the SMT I/0 to the microcomputer module connector P4 is to change the original
software base addresses at FC02 = > 0100 and FC04 = >0120. No other changes need be

_ made.

FUTURE EXTENSIONS

Now that the system is available there are endless variations that can be accomplished.
Here are some that come to mind immediately:

1. Change the time interval on Mode 2 by:
a. Changing the value in RO
b. Changing the value loaded into the clock register

2. Add more modules to the 5SMT43 and program a different input-output relationship.

3. Reprogram so that the program itself shifts the SMT I/0O to the /310 module ifa /310
is present. Otherwise, the interface would remain on P4 of the microcomputer module.

4. Expand to more modules thru the TM990/310 modules.

5. Investigate how interrupts come through the TM990/310 module to the processor.
There are some special linkages that must be connected on the /310 module to choose
the interrupts that will come through the /310 to the processor.
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CONCLUSION

It has been quite an experience starting at the first encounter and proceeding to

the point where a microcomputer system is up and running and capable of being
programmed to sense and control real-world industrial level energy. Components are
available to easily apply the systems to many varieties of problem solutions.

Continue the learning process by finding real things to do with the system. Build on it to
use it to its full capability and then add to it or replace it with a larger system to expand
the applications. And remember, all the software that has been learned will be applicable
to the new system applications, to different 9900 family members, and to new family
members to be added in the future. Common compatible software 1s a real advantage.
It’s built into the 9900 family, so build on it. Good Luck.
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INTRODUCTION/ A Low Cost

MICROCOMPUTER ARCHITECTURES Data Terminal
. ____________________________________________________________________________ |
ABSTRACT

The architecture of the TMS 9940 Microcomputer is briefly reviewed. The
microcomputer portion of a data terminal which currently employs the TMS 8080A

Microprocessor is described. An equivalent design, which significantly reduces the chip -

count by using the TMS 9940 Microcomputer, is discussed in detail. Software
comparisons between the two systems are made. A cost analysis of the two designs is
discussed.

INTRODUCTION

As the complexity of LSI (large scale integration) electronics continues to increase, the
system designer gains more and more freedom in designing low cost systems. One
example of this capability is the Texas Instruments (TI) Model 745 Electronic Data
Terminal, first introduced by TT in 1975. The Model 745 is a self-contained compact,
telecommunications terminal which uses the thermal printing technique to achieve silent
operation. The Model 745 features a 58 key, TTY33-compatible modular keyboard
with integral numeric keypad, carrier detect indicator, two-key rollover, and key
debounce circuitry. The Model 745 is capable of operating in full or half duplex modes
at 10 or 30 characters per second, using a character set and code compatible with the
American Standard Code for Information Interchange (ASCII).

The particular design of the Model 745 Data Terminal was made possible by the use of a
microcomputer system as its controller. The Model 745 incorporates a TMS 8080A
Microprocessor as the CPU of the Microcomputer. The purpose of this paper is to show
how the Model 745 Terminal could be simplified even further by utilizing the newest
addition to the 990/9900 Computer family: the TMS 9940 Microcomputer.

MICROCOMPUTER ARCHITECTURES
TMS 8080A MiCROPROCESSOR

The TMS 8080A is an eight-bit general purpose Microprocessor (Figure 1). The
TMS 8080A chip contains seven registers and has a 78-instruction repertoire. The chip
requires three power supplies (+ 12, £ 5Vdc) and accepts a two-phase high-level clock
input. The TMS 8080A features 64K byte addressing of off-chip memory, and is
packaged in a 40-pin package.
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Figure 1. TMS 80804 Functional Block Diagram
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TMS 9940 Mi1CROCOMPUTER

The TMS 9940 is a 16-bit general purpose, single-chip microcomputer (Frgure 2).

The TMS 9940 contains 2K bytes of ROM (or EPROM) and 128 bytes of RAM, along
with a programmable timer/event counter. The 9940 is software-compatible with the
990/9900 family of microprocessors/minicomputers, and executes 68 instructions. The
TMS 9940 requires a single 5-volt power supply and incorporates an (external) crystal-
controlled oscillator on the chip. The circuit has 32 bits of general purpose I/0
(expandable to 256 bits), and is housed in a 40-pin package.

5 MHz
=
_——.3'
g . ABUS REE
z :E o (- ADDRESS —l iLOGIC = 1/0 LINES
[+ 4
£z 1 proc MEMORY D BUS
§ ROM: 2k x 8 pATA ) T1 | Pc | we
& RAM: 128 x 8 ] —A\ CRU
) ADDRESS
|
ALU
Y
0 ‘
: [
£ | WNT2 —
:‘z_‘ RESET ——»]
- CONTROL ™\ T2 cRUCL
ROM v r—’ K
AND -
TEST LOGIC CRUIN
) -
T3 MPSI
= TC
5 DLE T
B e
< R -
2 { fow — CRUOUT
é HOLDA <«—
uh o
u DECR EC
2
Figure 2. TMS 9940 Functional Block Diagram
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HARDWARE DESIGN

A functional block diagram of the Model 745 Data Terminal is shown in Figure 3. The
control electronics monitor all terminal inputs and generate all necessary timing and
control signals to effect data transfers, cause printhead and paper motion, and create

printable characters through the thermal printhead. Each block of the diagram is

discussed separately below.

EIA INTERFACE

Figure 3. Model 745 Data Terminal Functional Block Diagram

LINE FEED
DRIVE LINE FEED
BELL DRIVE BELL
MECHANISM
CONTROL DRIVE MECHANISM
ELECTRONICS
PRINTHEAD o
DRIVE RINTHEAD
KEYBOARD
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KEevyBOARD

The Model 745 keyboard is a TTY 3 3-compatible, alphanumeric keyboard with an
integral numeric keypad. The keyboard is equipped with 54 single-action keys, four
alternate action switches, and an indicator lamp which signals that the data carrier signal
is being received by the terminal. The control electronics must generate control signals
to scan the keyboard and debounce key switch depressions. When a key depression is
detected during a scan, the character is encoded and the appropriate action is taken by
the terminal. Each scan is total so as to detect possible multiple key depressions. When
simultaneous depressions are detected during a scan, neither key is acted upon. This
scanning/debounce technique effects a two-key rollover with lockout.

PRINTHEAD

The printhead consists of a five by seven dot matrix of 35 heating elements (Figure 4)
mounted on a monolithic chip. The chip is mounted on a heatsink, and is connected to
the printhead drive electronics through a flexible ribbon cable. Upon receipt of a
character from the keyboard or the communications line, the control electronics must
generate the appropriate control signals to form the selected character utilizing the five
by seven dot matrix format. The PRINT signal is switched on; then the matrix data is
transferred to the printhead one column at a time. Each of the 35 heating elements on
the printhead contains an SCR which controls the heating current. When both X and Y
inputs are positive to a given element, the SCR energizes and reamins on (approximately
10 msec) until PRINT is switched off.

The X and Y address drivers are implemented on two SN98614 linear integrated
circuits, each of which consists of six driver circuits. Each driver circuit has a low power
TTL-AND input stage and a totem-pole, power transistor output stage. The drivers are
enabled by the signal LDPRHD.

PriNtHEAD LIFT

The printhead is lifted to relieve pressure upon the paper during line feed and carriage
return operations. The control electronics must generate a signal (LFTHD) to control
the solenoid which lifts the printhead.

MEcHANISM

Horizontal movement of the printhead is controlled by a three-phase 15-degree stepping
motor. An optical sensor is mounted on the motor shaft to provide feedback for the
control of stepping motion during printing and slew motion during carriage return. The
print/step cycle operates synchronously up to 35 characters per second. The control
electronics must output five signals to control the motor. The STEP and FAST signals
are used to contro] the current in the motor windings; and PHA, PHB, and PHC are
drive signals for the three motor phases. The mechanism drive electronics converts these
TTL logic level signals into the closed loop controller dc current required by the motor.
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The optical sensor provides data on motor position so that the control electronics

“know” when to apply braking to change phases, or to make other decisions concerning
motion of the printhead carriage. The sensor consists of a 24-position slotted, wheel

which interrupts a light path between an IR emitting diode and a photosensitive

transistor. The sensor issues pulses to the control electronics as the slots interrupt the

light path.

BeLL

A buzzer (a piezoelectric disc) produces an audible signal at a nominal frequency of 3.2
kHz. Upon receipt of the BEL character from the keyboard or communications line, the
control electronics must generate a timed signal (250 % 25 msec) to produce the sound.

MATRIX
ADDRESS

LINES

YD?

YD5

TEMPERATURE-
ROwWS YD4 — COMPENSATING
DIODE

C
o —— L=
B

YD2

YD1

XD1
Note

xD2

This view shows the printhead
as it rests on the paper (from
heatsink side of printhead).

COLUMNS XD3

XD6

Figure 4. Printhead Matrix Address Lines
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Line FeeD

Vertical movement of the paper is controlled by the line feed solenoid which is
mechanically coupled to a rachet mechanism. To advance the paper one line, the control
electronics must lift the printhead and output a timed signal (15 msec) followed by an off
period of 16.8 msec to the line feed solenoid.

EIA InTERFACE

The control electronics must transmit and receive asynchronous serial data in accord
with ANSI Standard for Character Structure and Parsty Sense, X3.16-1966 and ANSI
Standard for Bit Sequence, X3.15-1967. The TTL-level signals RCVD and XD are
converted to standard EIA RS-232-C levels in the EIA interface.

ConrroL ELECTRON ICS

The control electronics function is performed by an interrupt driven, stored program
microcomputer. As aforementioned the system requirements for the microcomputer 1/0
consist of:

Keyboard: Matrix scan lines

Printhead: Print data (12),LDPRHD,PRINT,LFTHD

Mechanism: Step, FAST,PHA,PHB PHC SENSOR

Bell: BELL -~
Linefeed: LNFD

EIA Interface: RCVD,XD
The microcomputer must generate these signals in the specified times and sequences to
control the system.

TMS 8080A MICROCOMPUTER SYSTEM

A schematic of the microcomputer design using the TMS 8080A Microprocessor is
shown in Figure 5. The complete design requires 17 integrated circuits, 41 resistors,
one crystal, and one capacitor. The memory consists of 2K bytes of ROM (two TMS
4700’s) and 64 bytes of RAM (one TMS 4036). The TMS 5501 is an 8080A peripheral
I/0 controller which contains a universal asynchronous receiver/transmitter,
programmable timers, interrupt prioritization and control, an eight-bit input port, and an
eight-bit output port. The eight-bit output port is expanded by using TTL components
(7406, 74174, 74175) to provide the necessary number of direct outputs for the
keyboard and latched outputs for the static outputs. The input port is expanded using 2-
to-1 multiplexers (74157) to permit elimination of diodes from the keyboard matrix.
Data is sent to the printhead over 12 bits of the address bus by loading the data into the
HL registers, and then executing a dummy MOVM instruction while the 74109 JK flip-
flop outputs the LDPRHD strobe signal. The 745138, 3-to-8 decoder generates the
required chip selects for the various components. The SENSOR input feeds into the
TMS 5501 interrupt logic to interface to the TMS 8080A.
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Figure 5. TMS 80804 Microcomputer System
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TMS 9940 MICROCOMPUTER SYSTEM

A schematic of the microcomputer design using the TMS 9940 Microcomputer is shown
in Figure 6. The complete design requires two integrated circuits, 18 resistors, one
crystal, one capacitor and 16 diodes. The internal memory of the TMS 9940 provides
2K bytes of ROM and 128 bytes of RAM. The TMS 9902 Asynchronous
Communications Controller is a TMS 9900-family peripheral which contains a universal
asynchronous receiver/transmitter and a programmable timer. The 32 I/0O lines
provided by the TMS 9940 interface to all the I/O functions with 10 lines software-
multiplexed between the keyboard scan, TMS 9902 control, and printhead data. When
P14 through P20 are in the input mode, the keyboard is scanned by sequentially raising
P1 through P10 Aigh (with the others being held /ow) while switching P14 through P20
to the output mode and outputting /g signals, isolates P1 through P10 so that they can
be used for other purposes. The LDPRHD signal is divided into two signals
(LDPRHD1 and LDPRHD?2) to obtain an output current sink needed for the
SN98614’s. The two interrupt inputs are used by the SENSOR input (highest priority)
and the INT output from the TMS 9902.

FIRMWARE DESIGN

A block diagram of the Model 745 firmware, Figure 7, shows that the system firmware
can be divided into three major sections: (1) keyboard scanning and encoding, (2)
printhead control, and (3) internal data control. The keyboard and printhead routines
represent the major portion of the system: the data control routine is used to direct
character processing between the keyboard, the printhead, and the EIA interface.

Keysoarp Rouring

The keyboard is viewed by the control electronics as a matrix of key switches, with all
keyboard scanning, debouncing, and encoding done by the microcomputer. The
keyboard is scanned once each 4.3 msec. When a key depression is detected, the
character is encoded by the addition of a constant number to the row/column number of
the key to provide the ASCII code, and the appropriate action is taken by the terminal.
(Note: In the numeric mode a look-up table is used to provide the ASCII code).

After a depression is detected, 12 msec are allowed for all contact-make bounce to settle
out and then scanning resumes at 4.3-msec intervals. No other key depressions are
processed by the terminal until the first depression is released. When this occurs, 12
msec are allowed for contact-break bounce, then the keyboard scan again resumes at 4.3-
msec intervals. Each scan is a complete scan so that multiple key depressions may be
detected. When simultaneous depressions are detected, neither key is acted upon, thus
effecting a two-key-rollover-with-lockout operation.
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Figure 6. TMS 9940 Microcomputer System
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PrintrEAD CONTROL

The microcomputer positions the printhead horizontally by timing different levels of
current through the phase windings of the stepping motor. The print/step cycle operates
asynchronously up to 35 CPS, with the cycle time divided into three basic segments:
settle (11.3 msec), print (10 msec), and step (7.2 msec). Slew time for a full 80 columns
is a maximum of 195 msec with backspace operations performed in one character-time.
An automatic carriage return/line feed is executed upon receipt of the 81st character in
a line. Upon applying power the printhead is backspaced to the left margin.

Fault detection methods are used by the microcomputer to prevent damage during
power cycling conditions, obstruction of printhead motion, or loss of optical sensor
signal. During the print segment, the microcomputer energizes the printhead voltage
(PRINT), indexes into the dot matrix table (part of the 2K of ROM) by the ASCII
character value, chooses the appropriate dot pattern, and loads the printhead one column
at a time. The printhead is loaded during the first 200 psec of PRINT; the PRINT
signal remains on for 10 msec to allow the thermal sensitive paper to convert.

KEYBOARD
SCANNER

POWER-UP

DATA CONTROL

CHARACTER
BACKSPACE ANALYZER LINE FEED

SUBROUTINE SUBROUTINE TRANSMITTER

ROUTINE

PRINT/STEP g

BELL
SUBROUTINE SUBROUTINE

CARRIAGE
RETURN
SUBRDUTINE

Figure 7. Model 745 Firmware Structure
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The step segment steps the printhead one column by using two timers and the sensor.
One timer is used to control pulse widths for the FAST and STEP pulses. These pulses
control the amount of current in both the leading and lagging winding of the stepper
motor, thus controlling the torque generated by the motor. The sensor signals the
beginning of braking. The second timer is used to time the total step and is divided into
two segments: The first verifies that the sensor occurred, and the second segment defines
the end of the step. The use of the second timer makes the step time independent of when
the sensor interrupt occurs so that the microcomputer can compensate for varying
friction loads on the printhead.

The carriage return operation will slew the head to column one under control of the
microcomputer using two timers and the sensor input. The step current remains on
during the entire carriage return to develop high torques in the motor. One timer is used
to control the fast pulse, thus controlling the current in the lagging phase of the stepper
motor. The second timer is used as a reference to which to compare the sensor
information, and this comparison results in the microcomputer accelerating or
decelerating the motor to maintain control of printhead speed.

FirRMwWARE IMPLEMENTATION

Table 1 lists the number of instructions and memory bytes required to implement the
system firmware for both the TMS 8080A and the TMS 9940. The three major sections
[(1) keyboard routine, (2) printhead control, and (3) data control] are listed separately,
along with the dot pattern table for the five by seven printhead matrix. The number of
memory bytes required for each system is 2048 (the number available) and the number
of instructions required is 867 for the TMS 8080A and 584 for the TMS 9940.

Table 1. System Firmware Implementation

TMS 8080A T™MS 9940
Microprocessor Microcomputer
Routine Number of Number of

Instructions | Bytes Instructions | Bytes

Keyboard 260 486 178 472
Printhead 411 855 291 884
Control 196 367 115 352
Dot Pattern - 340 — 340
TOTAL 867 2048 584 2048

9900 FAMILY SYSTEMS DESIGN 9-87
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COST ANALYSIS

Table 2 illustrates the component cost for the two microcomputer systems, assuming a
production level of 10,000 units. The component cost of the TMS 8080A System is
$48.81, and the cost of the TMS 9940 System is $22.78. In addition, other cost
reductions will be realized from savings in incoming test (17 IC’s versus two IC’s), PC
board area (approximately 45 square inches versus 6 square inches), and associated
assembly labor and overhead. In total a significant overall cost savings will be realized in
the recurring cost of the end product.

Table 2. Component Cost Analysis

TMS 8080A System $48.81

TMS 9940 System $22.78

9.88 9900 FAMILY SYSTEMS DESIGN
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SECTION 1

INTRODUCTION

This application report describes a TMS 9900 microprocessor system which controls a floppy disk drive and
interfaces to an RS-232C type terminal. In addition to providing useful information for the design of a
similar system, this application report also shows many of the design considerations for any TMS 9900
microprocessor system design.

The floppy disk is rapidly becoming the most widely accepted bulk storage medium for microprocessor
systems. Using standard encoding techniques, a single floppy disk will contain in excess of 400K bytes of
unformatted data. Access time to a random record of data is vastly superior to serial media such as cassettes
and cartridges, and the medium is both non-volatile and removable.

The use of a microprocessor in the floppy-disk controller or “formatter” is desirable for a number of
reasons. The number and cost of components is reduced: this design contains 24 integrated circuits. while
random-logic designs typically contain more than 100. The commands from the user interface (in this case,
the terminal) to the controller may be more sophisticated. relying on the microprocessor to intrepret the
commands. The microprocessor also enables the controller to perform diagnostic functions. both on the
controller itself and on its associated drives, not available with a random-logic system.

The Texas Instruments TMS 9900 microprocessor is particularly well-suited to this application. The
TMS 9900 is a 16-bit microprocessor capable of performing operations on single bits. bytes. and words. The
CRU provides an economical port for bit-oriented input/output, while the parallel memory bus is available
for high-speed data. The speed of operation of the TMS 9900 minimizes additional hardware requirements.
The powerful memory-to-memory instruction set and large number of available registers simplify software.
both in terms of number of assembly language statements and total program memory requirements.
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The 733 KSR consists of a keyboard, printer, and a serial-communication line to the controller. The
keyboard enables the operator to enter control commands and data for storage on floppy disc. The printer
is used for echoing operator entries, data printout, and reporting of operational errors. The serial interface
is full duplex, allowing data transmission both to and from the data terminal simultaneously.

Characters entered on the keyboard are transmitted to the controller in 7-bit ASCII code using
asynchronous format, and characters to be printed are sent from the controller to the terminal in the same
way. Transmission speed is 300 baud. The format for data transmission is shown in Figure 3.

L83 EVEN
0 LSB L —_— — -
SB+1 | LSB+2 MsB 3 MSB-— 2 IMsB-1 MSB PARITY 1

— 33ms, -
A0001279
Figure 3. Data Transmission Fornat

The line idle condition is represented by a logic one. When a character is to be transmitted. the ASCII
character is preceded by a zero bit, followed by the 7-bit ASCII code, even parity bit, and the logic-one
stop bit. Any amount of idle time may separate consecutive characters by maintaining the logic-one level.
Reading data is accomplished by continuously monitoring the line for the one-to-zero transition at the
beginning of the start bit. After delaying one-half bit time (1.67 ms) the line is again sampled to ensure that
the start bit is valid. If so, the line is sampled each bit time (3.33 ms) unti! all of the bits of the character
have been sampled. The initial one-half bit delay causes subsequent samples to be taken at the theoretical
_ center of each bit, thus providing a margin for distortion due to time base differences between the
transmitter and receiver.

The control signals for the terminal are shown in Figure 4.

TERMINAL CONTROLLER

DTR e

DSR DTRE

RTS -

CTs
DCD RTSE
XMTD RCVDE
RCVD XMTDE

A0001280

Figure 4. Terminal Interface
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Detailed description of the signals is provided in Electronics Industries Association Standard RS-232C. The
signals used in this design are briefly described below.

DTRE — Data Terminal Ready is always on when power is applied to the controller, enabling
operation of the serial interface by the terminal. -

RTSE — Request to Send is on when a character is transmitted from the controller to the terminal.
XMTDE — Transmitted Data from the controller to the terminal.
RCVDE — Received Data from the terminal to the controller.

Signal levels conform to EIA Standard RS-232C, as shown in Table 1.

Table 1. RS-232C Signal Levels

Voltage Level Data Control
otage Leve {XMTDE,RCVDE) (DTRE,RTSE)
—25to -3 VDC 1 OFF
+3 to +25 VDC 0 ON

-

The other important parameter for interfacing to the terminal is the amount of time required for a carriage
return by the printer, which is 200 ms maximum for the 733 KSR.

2.2 FLOPPY-DISK DRIVE

The tloppy-disk drive (Figure 5) is the electromechanical unit in which the recording medium, the floppy
disk is inserted. The drive contains the electronics which control the rotation of the floppy disk, the reading
and writing of data, and the positioning of the read/write head to select a particular track on the diskette.

2.2.1 Floppy Disk

The floppy disk, or diskette, is the recording medium (see Figure 6). It is enclosed in a plastic protective
envelope which keeps foreign particles away from the recording surface. The inner material of the envelope

is specially treated to minimize friction and static electricity discharge. The read/write head opening enables

the head to come in contact with the recording surface. The index-access hole enables detection of the Py
index hole.

When the index hole in the diskette becomes aligned with the index-access hole, an optical sensor generates
the index pulse, providing a reference point for the beginning of each track. There are 77 concentric tracks
for recording data. A particular track is accessed by moving the read/write head radially until the desired
track is located.
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2.2.2 Physical Data Structure

The 77 tracks on a diskette are numbered from 00 (outermost) to 76 (innermost). Each track is subdivided
into 26 sectors, or records, numbered sequentially from 1 to 26. Each sector consists of two fields: the ID
field, which contains sector identification (track and sector number) and the data field, which contains 128 ..
bytes of data.

2.2.3 Encoding Technique

The encoding technique used for representation of data on the diskette is a form of frequency modulation
(FM), as shown in Figure 7. Each bit period is 4 microseconds long, resulting in a data-transfer rate of 250K
bits per second. A pulse occurs at the beginning of each normal bit period. This pulse is called the clock
pulse. If the data bit is a one, a pulse will occur also in the middle of the bit period, 2 us after the clock bit.
If the data bit is a zero, no pulse occurs in the middle of the bit period.

jt——— BIT PERIOD ——!

1 e Y e Y m vy e P s M ps M 1
| |
| |

f—— 2 us —— |
b 4 us |
A0001283

Figure 7. FM Data Pattern 1011

Selected clock bits are deleted in special characters called marks. The absence of the clock bits results in
unique sequences, used for synchronization at the beginning of fields.

2.2.4 Track Format

Each track is formatted to provide 26 “soft” sectors. The term soft sectoring means that the beginning of
each sector is encoded on the medium through a unique bit sequence. Each of the sectors is separated by a
gap of dummy data. Each of the two fields (ID and data) in each sector are also separated by a gap. The
first byte of each field is a mark in which the clock pattern for the byte is C7, ¢ rather than FF|g. The
organization of data and clock bits on each track is shown in Figure 8.

2.2.5 Cyclic Redundancy Check Character

The last two bytes at the end of each ID and data field comprise the 16-bit cyclic redundancy check
character (CRC). The CRC is generated by performing modulo-2 division on the data portion of the entire
field (including the mark) by the polynomial x16 + x12 4 X5 4 1. Before generation of the CRC begins,
the initial value is FFFFg.

The analogous hardware operation is illustrated in Figure 9. All flip-flops are initially set to one. Each data
bit in the field, beginning with the MSB of the mark byte, is shifted into the logic at DATAIN. The previous
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MSB is exclusive ORed with the new input bit to generate a feedback term. This feedback term is stored in
the LSB of the register, and is also exclusive ORed with other terms of the CRC. After all data bits of the
field have been shifted in, the value in the register is the CRC. The most-significant byte is CRC1 and the
least-significant byte is CRC2.

When reading the field, the identical operation is performed, presetting all flip-flops and shifting in all data
bits. When reading, it is convenient to also shift in the CRC, causing the resultant value in the register to

finally become all zeroes.

In this design, the CRC is calculated by software; however, the algorithm is identical.

2.2.6 Reading Data
The procedure for reading diskette data is as follows:
1. Search the serial-bit string for the ID mark (clock = C7 ¢, data = FE|g).
2. Read the next four bytes to determine if the desired sector has been located. If not, return to 1.

3.  Read the CRC for the ID field and compare it to the expected value. If incorrect, report error
and/or return to 1.

4. Search the serial-bit string for either the data mark (clock = C7;¢4, data = FByg) or the
deleted-data mark (clock = C7¢, data = F8i¢)-

5. Read the next 128 bytes and save.

6. Read the CRC for the data field and compare it to the expected value. If incorrect, report error
and/or return to 1.

Normally, if the process is not completed before two index pulses are detected, indicating a complete
diskette revolution, the try has failed. Either a retry will be performed, or an error is reported.

2.2.7 Writing Data

When writing data, the sector is located as in steps 1 through 3 above. Then, the 1D gap, the data field
complete with CRC, and a pad byte (data = 0, clock = FF16) are written.

2.2.8 Track Formatting

The formatting process consists of writing all of the gaps, track mark, ID fields, and data fields, putting
dummy data into the data bytes of the data field. After a track is formatted, only the ID gap, data field,
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and the first byte of the data gap are altered when updating sectors. The number of bytes in the pre-index
gap will possibly vary slightly, due to variations in the speed of revolution of the diskette.

2.2.9 Floppy-Disk Timing -

Several important timing parameters pertain to the operation of the disk drive:

Bit transfer rate 250,000 bits/second
Track-to-track stepping time 10 milliseconds
Settling time (before read /write) 10 milliseconds
Rotational speed 360 RPM 2%

Head load time (before read/write) 35 milliseconds

Thus, data is transferred at a rate of 250K bits/second, or 31.25K bytes/second +2%. Stepping the head
each track position requires 10 ms. An additional 10 ms delay must be observed after the final step before
reliable data may be written or read. A delay of 35 ms must occur after the head is loaded (RDY = 0)
before reliable data may be written or read.
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SECTION I1I
HARDWARE DESCRIPTION
A complete logic diagram of the system is contained in the center of this report. The operation of each
section is described separately.
3.1 CLOCK GENERATION AND RESET
The TIM 9904 is used to generate the 4-phase MOS clocks for the TMS 9900 (see Figure 10). Ten ohm
resistors are connected in series to the clock lines for damping. The TIM 9904 should always be located

physically close to the TMS 9900 to minimize the length of the conductor run for the MOS clocks. The ¢3
TTL-level output is used in the synchronous disk read/write control logic.

10 of
A W\—
10
————AN——02
10
———’W\r—¢3
10
—— A —— 4
0.1-0.5 uh 10 pF or 9z 03 RESET
SR T1 afb——1
o1
TIM 9904 4o
T2
#3 |93~
" #
T 1,
48 MHz O3CIN
+5

A0001286

Figure 10. Clock Generation and Reset
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A 48 MHz, third overtone crystal causes the clock frequency to be 3 MHz. The inductor of the LC tank
circuit need not be variable; however, in wire-wrap prototypes the capacitance due to interconnect is
difficult to predict. The OSCIN input is held high to disable the external clock input.

The RC input to the Schmitt-D input provides power-on detection. The RESETIN input is connected to an .
external pushbutton. The 100 ohm series resistor reduces contact arcing, thereby extending switch life,

3.2 CPU

The TMS 9900 requires a minimum of external logic. Note that both the data and address buses are

connected directly to the memory and disk read/write control logic without buffering as shown in Figure
11. This is due to the ability of the TMS 9900 outputs to sink up to 3.2 mA with 200 pF capacitive load.

The READY input is used to synchronize data
transfers to and from the disk read/write control wEvER | MEMEN _
logic, eliminating the need for buffer registers. The
HOLI?, L(?AD, .and mterrup.t functlon‘s 'flre r?ot T™S 9900
used in this design and are tied to their inactive CPU
(high) level.
DBIN
DBIN
3.3 MEMORY CONTROL WELRt
Memory control logic, shown in Figure 12, consists AO-A14 AD—AM4
of a simple decode of the high-order address lines, DoO-D15
enabled by MEMEN. Memory enabling signals are po-D15
generated for EPROM (ROMSEL-), RAM (RAM- READY | e ADY
SEL-), and the disk interface (DISKSEL-). Table +5 O
2 shows the memory address assignments. *r g
¢ iINTREQ
C0—IC3
%2 74L8139 L XOAD
CRUOUT
MEMEN = T |oROMSEL— o1 CRUOUT |——
L— —_
A0 [B TP s 2 crucLK |-CRUCLK
5 b RAMSEL—- — )
A1l A 3 ¢3 CRUIN CRUIN
1/8 7415240 _ 44 ESET [ —
DBIN Dcoam—
WE RESET
T N\
» 9 A0001287 AD001288
Figure 12. Memory Control Figure 11. TMS 9900 CPU

9.104 9900 FAMILY SYSTEMS DESIGN



TMS 9900 HARDWARE DESCRIPTION
oppy Dis
Controller

R e
Table 2. Memory Address Assignments

. Address X Actually
Signal A0 A1l Space Function Used
ROMSEL— 0 0 000-3FFF EPROM 000-07FF
DISKSEL— 0 1 4000-7FFF Disk 7F8E-7FFE
RAMSE!L - 1 0 8000-BFFF RAM 8000-81FF
1 1 CO00-FFFF Not Used

Each of the enabling signals will be active when a memory cycle is being performed (MEMEN = 0) accessing
its address space.
3.4 DISK READ/WRITE SELECT

The DISKSEL signal is further decoded to generate separate select lines for disk read (DISKRD—) and disk
write (DISKWT—) operations.

DISKRD— = (DISKSEL) (DBIN) (A14-), and
DISKWT— = (DISKSEL) (DBIN-) (A14).

Disk read and write operations are specified by % 7418139
different addresses, and are selected only when the DISKSEL— DISKRD—
DBIN signal is at the proper level for the direction —qs3 Y
of transfer (see Figure 13). This is required because DBIN— TP
of the sequence of machine cycles performed by T‘B Z ODISKWT—
the TMS 9900 when performing a memory-write Ip———
operation. In the MOV instruction, the CPU first

A0001289

fetches the contents of the memory location to be
altered, then replaces this value with the source Figure 13. Disk Read/Write Select
operand. In this design, the disk read and write

operations are controlled by the READY line to synchronize data transfers. If read and write signals were
not generated separately, there would be ambiguity with respect to the type of operation desired.

This applies to all memory-mapped interfaces in TMS 9900 systems, i.e., the MOV instruction will cause a
read operation to precede the write operation to the specified destination address.

3.5 STORAGE MEMORY

Storage memory, shown in Figure 14, is used for implementing workspace registers, maintenance of
software pointers and counters, and buffering of a full sector of data.

9900 FAMILY SYSTEMS DESIGN 9-1035

A



»9

HARDWARE DESCRIPTION

TMS 9900
Floppy Disk
Controller

TMS 4042 2

u
IOu.wDOm(!O

REEER

147

SRR T T
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Figure 14. Storage Memory
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This design utilizes four TMS 4042-2 RAMs, resulting in a 256-word array of RAM for temporary storage.
This 256-word array may be addressed at locations 8000-BFFF, causing each memory location to be
multiply defined (e.g., memory address 8000 selects the same word as memory address 8200). For
simplificity, RAM will be referred to only as locations 8000-81FF.

Access times for the TMS 4042-2 are sufficiently fast to allow the TMS 9900 to access RAM without any
wait states, thus READY will always be true when RAM is addressed. The output enable (OF) inputs
require that the DBIN output from the TMS 9900 be inverted to gate RAM onto the data bus. The WE
output from the TMS 9900 is directly compatible with the R/W input. Data and address lines are connected
directly to the CPU.

3.6 PROGRAM MEMORY

Program memory (Figure 15) is used for storage of the machine code program to be executed by the
TMS 9900. Also, constants, the RESET vector and XOP vectors are contained in this space.

A5—A14
DO-D15 )
ROMSEL - ROMSEL— ) )
T™S | 2708 msl‘nos
A
QS—AQ CE A5 A9 CE
A7 a7 7|04 a7 A7 p7 F22—A
A8 |a6 pe|-22 4 NAB_ 6 pe |-210_
N_A% a5 ps|-23 4 N AR g ‘ps -2V
%:LIM Da| D4 4 N_AW0 |, pa D12
\ A:; A3 pal P54 f_AM_ .. b3 |-D13
\ 212 A2 p2| P84 KAz |, p2 |01
m__m p1 BT h_A13 A1 p1 |-218
\ A0 \_A14_| o

PROG PROG
L L
A0001291 - -

Figure 15. Program Memory

Two TMS 2708 erasable programmable read-only memories (EPROMSs) comprise the program memory for
this design, resulting in 1024 words of EPROM. EPROM is addressed at memory locations 0000-3FFF.
Since these addresses are multiply defined, EPROM will be described only as memory addresses 0000-07FF.
Access times for the TMS 2708 are such that no wait states are required. 94
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3.7 CONTROL §/O
+5
All of the control and status signals which require [
individual testing, setting, or resetting are imple- CLR Q0| XmMTOUT
mented on the CRU, the bit addressable 1/O port CRUOUT D a1 -RTS
for the TMS 9900. 1/8 74L5240
CRUCLK I> CRUCLK | o o
The benefits of using the CRU for these functions Q4| SEL
is twofold. First, eight bits of input and eight bits A12 c a5
of output can be implemented with two 16-pin A13 8 06 | STEP
devices, which are substantially smaller and lower Al4 | STEPUP
in cost than if these functions were implemented A a7
on the parallel-data bus. The second benefit is
increased software efficiency. Control and status
. . . . TiM 9905
testing operations can be performed with single
one-word instructions, rather than the ORing, CRUIN_ | Y 0 | RCVIN _
ANDing, and maintenance of software images —aw 1
necessary when performing single-bit 1/O on the 2
memory bus. 3
4 |INDEX__
Eight bits of output are implemented with the A1z 1. 5
TIM 9906 8-bit addressable latch. The CRUCLK A8 g PY AL
line must be inverted for input to the TIM 9906. LYL N PN ; |RDY
The eight input bits are implemented using the §
TIM 9905 8-to-1 multiplexer. Individuat 1/O bits I
are selected using the three least-significant address 0001202 =
lines, A12—Al4. The control 1/O is illustrated in
Figure 16. Figure 16. Control 1/0

3.8 FLOPPY-DISK-DRIVE INTERFACE

All outputs to the drive are 7406 open-collector, high-voltage and current drvers. Pullups for the output
signals are provided in the drive electronics. All inputs are terminated by 150 ohm pullup resistors to +5
volts, and are buffered and inverted. All input and output signals are active low.

L — Active when a stepping operation or a data transfer is being performed.

72]

DY — Active when the disk is ready to perform a stepping or transfer operation (i.e., SEL = 0,
diskette is in place, door is closed, power is furnished to the drive).

|

s

EP — A minimum 10 us pulse causes the read/write head to move one track position in the
direction selected by STEPUP.

W)
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STEPUP — When STEPUP = 0, the read/write head moves in one track position. When STEPUP =1,
the head will move out (toward track 00).

TRKOO — Active when the read/write head is located on the outermost track (track 00).

INDEX — As the diskette rotates in the drive, the index pulse occurs once per revolution, providing a
reference point for the beginning of each track.

WRITE ENABLE — This signal must be active a minimum of 4 us before a write operation begins, and
must be maintained active during the entire write operation.

WRITE DATA — This signal contains a series of pulses representing the data to be written to the disk
in the FM format previously described.

READ DATA - This signal contains a series of pulses representing the data to be read from the disk in
the FM format previously described.

Figure 17 illustrates the floppy-disk-drive interface. SEL >c .
3.9 INDEX PULSE SYNCHRONIZATION STEP H>e STEP
Since the index pulse is a term in some of the %>Os—m>

expressions that are sampled by the CPU, it must
be synchornous to the CPU. The circuit shown in
Figure 18 generates a signal one ¢3 clock cycle
long at the beginning of each index pulse from the
drive. RDY will be inactive when the drive is
turned off or the door is open, thus connection of
RDY to the preset input of the flip-flop shown
causes INDSYN to be active as long as RDY =0
(see Figure 19). Forcing INDSYN to be one when
RDY = 0 prevents the CPU from remaining in a

wait state when the drive is disabled during data A0001293
transfer. Figure 17. Floppy-Disk Drive Interface

RDY

% 74LS74 l

1/8 74LS24 % 7415175
_*% o P* g INDXQ D al_INDSYN
INDER INDEX
> ol % & a

CLAR 91
1

A0001294 *® Figure 18. Index-Pulse Synchronization
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TNDEX 0= L oo |
INDXQ I ﬁ J l—r)

o, | als
INDSYN F‘)‘L——L I——_].(Hh

A0001295

Figure 19, INDSYN Timing

3.10 READ PULSE SYNCHRONIZATION

The read-pulse synchronization logic, Figure 20, generates an active signal, BITIN, one clock cycle long
each time a read pulse is detected during read operations. During write operations BITIN is maintained at a
logic-one level.

ROMODE
% 74]L574 % 74LS175
VB TaLsZe
o al—PuLsEQ o a 1
WEAD DAY -
- a —3 | a

% 150

+5
A0001296 N
Figure 20. Read-Pulse Synchronization

3.11 BIT DETECTOR

The bit detector, Figure 21, consists of a 74LS163 counter and random logic contained in PROM. During
write operations, the counter is used to time the 2 us spacing between clock bits and data bits. During read
operations the bit detector is used to determine the time interval between successive read pulses. The key
signal generated by the bit detector is BITTIME, which is active for one clock cycle every 2 us during disk
writing, and which is active each time a one or zero bit is detected during read operations.

3.12 BIT COUNTER

The bit counter, Figure 22, is a 74LS163 used to count the number of bits currently read or written during
disk-data transfers. Each time a clock or data bit is detected or written (BITTIME = 1) the bit counter is
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74LS163
745287
ITI
aomonz] s T O
—18B ET
CLKO c D1 TCNTLDB A a
DTA0 TCNTLDD | 1/8 7415240 A
———p D2 B ag
DTA? BITTIME
———E D3 c Qc
CLK7 £ D4
BCNTA D Qp,
L 03— | cy
H
CS1  CS2 1/8 7415240 LD
L_TCNICY TCNTCY
A0001297
Figure 21. Bit Detector
74L5163
incremented. The two key outputs are BCNTA and &_mm—_
BCNT = 15. BCNTA is the least-significant bit of
the counter and is used to alternately select clock BITTIME lep CLR
(BCNTA = 0) and data (BCNTA = 1) bits as the T
counter increments. BCNTA = 15 is active whena BITIN BCNTA
. L A Q[
complete byte has been read or written. This signal ik 8 ag
establishes byte boundaries for the data and is used c ac
to synchronize the parallel data from the CPU to o a
the serial-bit string and from the disk. $3— N c: BCNT=15
LD
BCLD-— T
A0001298
3.13 WRITE CONTROL AND DATA Figure 22. Bit Counter

Writing to the diskette is controlled by WRITE ENABLE, which is the inverted and buffered WTMODE
signal. WTMODE is active when a write operation has been initiated by the CPU. The WRITE DATA signal
is a series of negative pulses representing FM data to be recorded on the diskette. Figure 23 illustrates write
control and data.

3.14 DATA SHIFT REGISTER
The data shift register, see Figure 24, is used for accumulation of data bits during read operations and 9-

storage of data bits to be shifted out during write operations. Data is transferred to and from the CPU via
the eight most-significant data lines (DO—D7). The data shift register is device type 74L5299.
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% 74L8175

WRTDTA

1/8 7406

% 7418175

WTMDD
—10

WRTDTA j{[>c WRITEDATA

1/6 7406

63—

A0001299

WTMODE WRITE ENABLE

Q —" >O——————————
RDMODE

6 —

Figure 23. Write Control and Data

3.15 CLOCK SHIFT REGISTER

The clock shift register, Figure 25, is used for accumutation of clock bits during read operations and storage
of clock bits to be shifted out during write operations. The clock shift register is device type 74198, which
has separate parallel inputs and outputs. Three address lines, A9—A11, are connected to the parallel inputs.
As data is loaded into the data shift register during write operations, these three address lines select the
clock pattern for that byte (i.e., C7 for ID and data marks, D7 for track mark, FF for normal data). The

paralle] outputs (CLKO-CLK7) are used to detect mark clock patterns during read operations.

_MLN__] 7418299

DTA7 D7
Qg | RE
ac |8 —
an |04
D
DISKRD— ae |D3
T e
ap 92
+5 D1
——QCLR S
DTAC |, ay |22
$3—
$1 80
DTASH
AQ001300

Figure 24. Data Shift Register

74198
BITIN
N |
R
+5 A aa JCLK?
B ag CLK6
c ¢ CLKS
Al0 D ap CLK4
All E Qg jCLK3
A8 F ap jCLK2
G ag CLK1
H o CLKO
CLR
¢3—
3= S
st
REGLD
CLKSH
A0001301

Figure 25. Clock Shift Register
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SECTION 1V

DISKETTE DATA TRANSFER

The previous section described the various functional blocks in the TMS 9900 floppy-disk controller.
However, detailed information was not provided with respect to the logical relationships and timing of the
control signal in the read/write control logic.

Most of the read/write control logic varies in function depending on the direction of transfer. This section
will describe the operation of the logic separately for read and write operations. After both operations have
been completely described, the combined operation will be explained.

4.1 DISK-WRITE OPERATIONS

Disk writing is initiated by executing an instruction which writes data to the data shift register (i.e., when
DISKWT— = 0). When this transfer occurs, READY is held low until a byte boundary occurs (BCNT = 15),
then READY becomes active, permitting completion of the write cycle. In this way, the data transfers are
synchronized to the serial bit string.

To complete the transfer, READY must be active to the CPU, and the CLKSH, DTASH, and REGLD
signals to the clock and data shift registers must be active to permit loading. READY = CLKSH = DTASH =
REGLD = (DISKWT) (A13) (BCNT =15)+. ..

The preceding equation indicates that the disk write must be performed with A13 =1 for data transfer on
byte boundaries. When formatting a track, the write operation must be synchronized with the index pulse,
and the bit counter must be cleared regardless of its current state. When this type of write operation is to be
performed, Al3 must be O.

READY = CLKSH = DTASH = REGLD = (DISKWT) (A13) (BCNT = 15) + (DISKWT) (A13-)
(INDSYN) + ...

BCLR— = (DISKWT) (A13-) (INDSYN) +. ..

As the data byte is loaded into the data shift register, address lines A9, A10, and Al1 select the clock
pattern to be loaded into the clock shift register (see Table 3).
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Table 3. Write Clock Patterns

A9 A10 AN Clock Pattern

0 0 0 C7 (ID and Data Mark)
0 0 1 D7 (Track Mark)

1 1 1 FF (Normal Data)

When the transfer is complete to the clock and data shift registers, the write mode (WTMODE) flip flop is
set, causing WRITE ENABLE to become active. If another byte is not written at the next byte boundary,
WTMODE is reset, causing the control logic to revert to the read mode (RDMODE = 1). Also, control
reverts to read mode and the bit counter is cleared when the index pulse occurs and when no write
operation synchronized to the index pulse is being performed. This is useful when formatting a track, since
WRITE ENABLE will automatically be turned off when the second index pulse occurs. If an index pulse
occurs during a write operation with A13 = 1, the CPU proceeds, but no data transfer takes place.

WTMDD = (WTMODE) (BCNT = 15—) (INDSYN-) + (DISKWT) (A13) (BCNT = 15) + (DISKWT)
(A13—) INDSYN)

BCLR— =INDSYN +...

READY = (DISKWT) [(A13) (BCNT = 15) + INDSYN)] +. ..
While WITMODE = 1, write data is generated by alternately shifting out bits from the clock and data shift
register every two microseconds. Shifting of the clock shift register occurs when CLKSH = [, and shifting of
the data shift register when DTASH = 1. The shift is enabled by BITTIME, which is active for one clock
cycle every 2 us by loading the counter with 10y each time TCNTCY = |.

BITTIME = (WTMODE) (TCNTCY) + . ..

TCNTLDD = TCNTLDB = WTMODE + . ..

CLKSH = (DISKWT) [(A13) (BCNT = 15) + (Al13-) (INDSYN)] + (WTMODE) (BCNTA-)
(BITTIME) +. ..

DTASH = (DISKWT) [(A13) (BCNT = 15) + (A13-) (INDSYN)] + (WTMODE) (BCNTA) (BITTIME)
+...

WRTDTAD = (WITMODE) (BITTIME) [(CLKO) (BCNTA-) + (DTAQ) (BCNTA)]

On even bit counts (BCNTA = 0) clock bits are shifted, and on odd bits (BCNTA = 1) data bits are shifted,
producing the desired interleaving of clock and data bits. (See Figure 26.)
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4.2 DISK READ OPERATIONS

Any time disk write operations are not being performed, the read/write control logic defaults to the read
mode (RDMODE = 1). The following functions are performed to enable the CPU to read diskette data:

1. Conversion of FM to digital data;
2. Separation of clock and data bits;
3. Byte synchronization of the bit string;

4. Assembly of the seria data into bytes to be ready by CPU.

4.2.1 Clock and Data Bit Detection

Clock and data bits read from the disk are represented as a series of pulses. Each logic one clock or data bit
is simply a pulse. Logic zero data and clock bits are indicated by the absence of a pulse between two pulses
separated by a full data period (4 us). Under ideal circumstances, detection of zero bits could be achieved
by simply measuring the time between pulses. If tpy—tp) = 2 us, no zero bit is present; and if tpo—tp) =
4 us, a zero bit occurs between the two pulses.

READ DATA L L
I«——tpz—tm——» [
tp1 tp2
Three phenomena make.zero-bit detection more complex:

1. Variations in rotational speed of the disk;
2. Uncertainty of measured delays when using synchronous counters;

3. Apparent positional distortion or “bit-shifting” resulting from the tendency of pulses to move
away from adjacent pulses.

Disk speed variations are typically specified at £2% by diskette drive manufacturers. Figure 27 illustrates
the bit shifting phenomenon:

"_2“‘*“‘4%‘ —————t-— 2 g

ENCODED PULSE STRING [1 l m l1 l ITI

! [} | [
| ! | |
( —e] p—— BIT ey e |
READ PULSE STRING I I I I SHIFT I I l l

A0001303
Figure 27. Bit Shifting
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Pulses in the string have a tendency to move away from each other, and the closer together the pulses, the
stronger the tendency to separate. A zero bit causes contiguous pulses to move toward each other, reducing
pulse separation and complicating zero detection.

The bit detector is used to generate the synchronous signal BITTIME, which is active when a one or zero bit
has been detected.

BITTIME = (RDMODE) (BITIN) +. ..

Detection of zero bits is accomplished by measuring the time between successive pulses. When TCNTCY = |
and BITIN = 0, a zero bit is detected.

BITTIME = (RDMODE) (BITIN + TCNTCY) +. ..

Data and clock bits could be detected by measuring the time between read pulses, and if this time is greater

than 3 us, a zero bit is present; otherwise, no zero bit is present. Since the read pulse is asynchronous to the

system, the time between pulses can only be measured to an accuracy of 333 ns (£1 clock cycle). For exam-
ple, if the counter in Figure 28 is loaded with seven, no zero will be detected if the time between pulses (tp2
— tpy) is less than 3.0 ps, and a zero will always be detected if tpy — tp; > 3.333 us. If 3.0 us < tpy — tp}

< 3.333 us, an ambiguity occurs in that a zero may or may not be detected. Similarly, if the counter is
loaded with eight rather than seven, no zero bit will be detected if tpy — tpy < 2.667 us, a zero bit will be
detected if tpy — tpy > 3.0 us, and the result is indeterminate if 2.667 us < tpy — tpy < 3.0 us. Most

floppy-disk drive manufacturers specify that the maximum shift for any bit is 500 ns. Thus, two
consecutive 1 bits may be separated by nearly 3.0 us, and two 1 bits separated by a zero bit may shift

toward each other to result in a minimum separation of nearly 3.0 us. The combined distortion of
consecutive 1 bits never fully reaches 1 us, but the 667 ns margin provided by loading the counter with
either seven or eight does not provide for reliable, accurate reading of data. (See Figure 28.)

As stated previously, adjacent [ bits affect the direction of distortion of a particular 1 bit, with the closest

pulses having the greatest effect. Empirical observation indicates that only the two bit positions on either
side of a pulse have significant effect on a pulse, as shown in Table 4.

Table 4. Bit Shift Direction

Bit Bit Bit Direction of Bit Bit
n-2 o1 n Qisturtion n+1 n+2
0 1 1 - 0 1
0 1 1 - 1 0
0 1 1 « 1 1
1 ¢] 1 — [¢] 1
1 ¢] 1 - 1 0
1 0 1 « 1 1
1 1 1 - 0 1
1 1 1 d 1 0
1 1 1 — 1 1
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BiT DETECTION TIMING AND LOGIC
AD0O01304

Figure 28. Bit Detection Timing and Logic

The most difficult detection problem is that of differentiating between two contiguous 1 bits which are
shifted away from each other (worst case 11) and two 1 bits separated by a zero bit where the 1 bits move
toward each other (worst case 101). The worst case 11 occurs in the patterns

Pattern A 0 I 1 1 I 0 , and
Pattern B | 0 1 1 0 1

The worst case 101 occurs in the patterns
Pattern C 0 1 1 0 | 1 ,and
Pattern D 1 1 1 0 1 1

The timing logic is such that the period of uncertainty does not lie in the area where a severely distorted
pulse will occur; that is, when the worst case 11 can occur, and tpy — tp; < 3.0 us, the logic always
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indicates that no zero was detected; when the worst case 101 can occur and tpy — tpy > 3.0 us, a zero is
always detected. To accomplish this, the value loaded into the counter is shown in Table 5.

Table 5. Worst Case Pattern Load Values

Pattern Bit Bit Bit Bit Bit Bit Load
n—-2 n—1 n n+1 n+2 n+3 Value

A 0 1 1 1 1 0 7

B 1 0 1 1 0 1 7

Cc 0 1 1 0 1 1 8

D 1 1 1 0 1 1 8

When bit n is detected, the counter is loaded with the value shown, dependent upon the data pattern.
Accommodation of patterns B and D are simple, since bits following that being sampled don’t matter.
Patterns A and C present the problem that, as the serial pulses are being read, the logic does not know what

bits n+1, n+2, and n+3 are going to be.

Further analysis of the data format reveals that patterns A and C occur only when an ID or data mark are
being read, see Table 6.

Table 6. Data Mark

Pattern A Pattern C

Clock 11 1 . 1 1 0/ 0 \O 1 1 1 I 1 1
Data 0 o0 /0! 1 1 /1 1 1 0 1 1
Mark Byte l

Pattern A can only occur at the beginning of an ID, data, or deleted data mark, and pattern C can only
occur in a data mark. With pattern A, the first O is a data bit, and with pattern C, the first O is a clock bit.
BCNTA selects whether the current | bit is to be shifted into the clock or data shift register. The previous
two bits are CLK7 and DTA7, the LSB’s of the clock and data shift registers, and the order of these bits is
determined by BCNTA. Using this information, the values loaded into the counter are as shown in Table 7.

TCNTLDD = (RDMODE) 1(CLK7) (DTA7) + (BCNTA-) (DTAT)] +. ..
TCNTLDB = (RDMODE) [(DTA7-) + (BCNTA) (CLK7-)] + ...

The bit detector will thus adjust its count interval to accommodate the worst-case distortion which can
occur for the anticipated data pattern.
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Table 7. Bit Detector Counter Load Values

BCNTA CLK? DTA7 Load Value
0 0 0 Iliegal
0 0 1 8
0 1 1 8
0 1 0 7
1 1 0 7
1 1 1 8
1 0 1 7
1 0 0 lllegal

4.2.2 Clock/Data Separation

Each time BITTIME is active, a new clock or data bit is shifted in. The value of the clock or data bit is
BITIN. Since clock and data bits are interleaved, the value of BITIN will be alternately shifted into the
clock or data shift register each time BITTIME is active. This is accomplished by incrementing the bit
counter each time BITTIME is active, causing BCNTA to toggle. The equations for shifting the clock and
data shift registers are:

CLKSH = (BITTIME) (BCNTA-) (RDMODE)+ . ..
DTASH = (BITTIME) (BCNTA) (RDMODE) + . . .
When four consecutive zeroes are detected in the clock shift register, the order in which bits go to the clock

and data shift registers is reversed, since four consecutive zero clock bits never occur in the recording
format used. This is accomplished by the control signal:

BCLD— = (CLK4-) (CLK5-) (CLK6—) (CLK7-).

When this signals becomes active, the bit counter is cleared to zero, and remains cleared until the next | bit
is detected. This | bit is directed to the clock shift register, causing BCLD— to become inactive and normal
operation is resumed. Synchronization is thus assured at the beginning of each ID and data field because
each field is preceded by several bytes with all zero data bits and al} one clock bits.

The timing for clock/data separation is shown in Figure 29.

4.2.3 Byte Synchronization
Initial byte synchronization is achieved when reading an ID or data field by detecting the unique clock
pattern of C716 which occurs only in ID and data marks. The mark detect signal is expressed by the

equation:

MRKDT = (CLKO) (CLK1) (CLK2-) (CLK3—) (CLK4—) (CLK5) (CLKS6) (CLK7)
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CLKSH l l I I l |

DTASH l l

A0001305

Figure 29. Clock/Data Separation Timing

After the mark is detected, one additional BITTIME must occur, allowing the data bit to be shifted into the
data shift register.

4.2.4 Reading Disk Data

Two types of disk reads may be performed. When reading an ID or data field, the first byte read is always
the ID or data mark. This is accomplished by performing a disk read with A13 = 0. The READY input
signal will not become active untii MRKDT = 1 and BITTIME = 1. After the mark is read, byte
synchronization is established and subsequent disk reads are performed with A13 = 1. In this case, READY
becomes true at each byte boundary when BCNT = 15.

READY = (DSKRD) [(BCNTA) (MRKDT) (BITTIME) (A13-) + (BCNT = 15) (A13) + INDSYN]+. ..
The addresses for the two types of disk reads are 7FF8;¢ for reading marks, and 7FFCyg for reading

normal data. The INDSYN term of the above equation causes the read operation to be completed any time
the index pulse is detected or when the disk becomes not ready. (See Figure 30.)

4.3 READ/WRITE LOGIC COMBINATION

This subsection summarizes the equations for the control lines resulting from the combination of the read
and write control functions.

BCLD—-
BCLD- = (CLK4-) (CLK5—) (CLK6-) (CLK7-)

BCLR—
BCLR— = (RDMODE) (MRKDT) (BCNTA) (BITTIME) + (INDSYN)
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BITTIME
BITTIME = (WTMODE) (TCNTCY) + (RDMODE) {(BITIN) + (TCNTCY)]
= (TCNTCY) + (RDMODE) (BITIN)

CLKSH
CLKSH = (DISKWT) [(A13) (BCNT = 15) + (Al13-) (INDSYN)] + (WTMODE) (BCNTA-)
(BITTIME) + (RDMODE) (BCNTA-) (BITTIME)
= (DISKWT) [(A13) (BCNT = 15) + (A13-) (INDSYN))] + (BCNTA-) (BITTIME)

DTASH
DTASH = (DISKWT) [(A13) (BCNT = 15) + (A13-) (INDSYN)] + (WTMODE) (BCNTA) (BITTIME)
+ (RDMODE) (BCNTA) (BITTIME)
= (DISKWT) [(A13) (BCNT = 15) + (A13-) (INDSYN)] + (BCNTA) (BITTIME)

MRKDT
MRKDT = (CLK0) (CLK1) (CLK2-) (CLK3-) (CLK4-) (CLK5) (CLK®6) (CLK7)

READY
READY = (DISKWT) {(A13) (BCNT = 15) + (INDSYN)] + (DISKWT—) (DISKRD-) + (DISKRD)
{(A13) (BCNT = 15) + (INDSYN) + (A13—) (MRKDT) (BCNTA) (BITTIME)]
= (DISKWT-) (DISKRD-) + (Al3) (BCNT = 15) + (INDSYN) + (DISKRD) (A13-)
(MRKDT) (BCNTA) (BITTIME)

REGLD
REGLD = (DISKWT) [(A13) (BCNT = 15) + (A13—) (INDSYN)]

TCNTLDB
TCNTLDB = (WTMODE) + (RDMODE) [(DTA7-) + (BCNTA) (CLK7-)]
= (WTMODE) + (DTA7-) + (BCNTA) (CLK7-)

TCNTLDD
TCNTLDD = (WTMODE) + (RDMODE) {(CLK7) (DTA7) + (BCNTA-) (DTA7)]
= (WTMODE) + (CLK7) (DTA7) + (BCNTA-) (DTA7)

WRTDTAD
WRTDTAD = (WTMODE) (BITTIME) [(CLK0) (BCNTA-) +(DTA0) (BCNTA)]
= (WTMODE) (TCNTCY) [(CLK0) (BCNTA-) + (DTAQ) (BCNTA)]

WTMDD
WTMDD = (WTMODE) (BCNT = 15—) (INDSYN-) + (DISKWT) [(A13) (BCNT = 15) + (A13-)
(INDSYN)]
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SOFTWARE
The software design of a microprocessor system is as important as its hardware design. In this system,
several functions which are normally performed by hardware are instead done in software in order to

reduce device count. Examples of hardware/software tradeoffs include timing, transmit/receive, and CRC
calculation.

5.1 SOFTWARE INTERFACE SUMMARY

The memory map in Figure 31 shows the memory address assignments for program memory, storage
memory and the floppy-disk interface.

The CRU bit address assignments are summarized in Table 8 below.

Table 8. CRU Address Assignments

Adli:rtess Output input
0 XMTOUT RCVIN
1 RTS—
2
3
4 SEL INDEX
5
6 STEP TRKOO
7 STEPUP RDY

5.2 CONTROL SOFTWARE

Rather than providing individual examples of each individual control and data transfer function, all of the
functions are combined to demonstrate complete system operation. The control software is modular, and

the various subroutines may easily be adapted to different configurations of a TMS 9900 floppy-disk
controller.
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ADDRESS FUNCTION ARRAY
0000 '}
000 2 RESET VECTOR
0004
fL I TEXT STRINGS
003E PROGRAM MEMORY
0040
XOP VECTORS
007E
0080
TEXT STRINGS, CONSTANTS,
7 F INSTRUCTIONS B
0800
v 0 NOT USED
7F8C .
7FS8E WRITE ID OR DATA MARK, BYTE SYNC
L7 Foo
la ~
o v NOT USED
FoC
F9E WRITE TRACK MARK DISK I/F
F A i
ot o NOT USED
] 7FF 86
7 FF8 READ DATA, MARK SYNC
7FFA WRITE DATA, INDEX SYNC
7 FFC READ DATA, BYTE SYNC
7FFE WRITE DATA, BYTE SYNC
J 8000 T
,# / WORKSPACES, DATA BUFFERS STORAGE
81F _I MEMORY
8200

< NOT USED
I FFFE |

AQ0001309

Figure 31. Memory Address Assignments
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5.2.1 Floppy-Disk Control Program

This program contains the complete software for interfacing the TMS 9900 floppy-disk controller to both
the RS-232 terminal and the floppy-disk drive.

5.2.2 Operator Commands

The commands listed in Table 9 are available to the terminal operator. These commands enable the user to
write and read data to and from the diskette, format tracks, display and enter data from memory, and

execute from a selected address. The user is able to load and execute diagnostics in addition to performing
normal data transfer operations. When errors are encountered, error information is reported at the terminal.

Table 9. Operator Commands

WA TRACK =ctst, SECTOR = cs s5, NUMBER = sn
2WH TRACK = ctst, SECTOR =cs ss, NUMBER = sn
WD TRACK = ctst, SECTOR =cs 53, NUMBER = sp
?BA TRACK =ctst, SECTOR =cs s5, NUMBER = sn
?RH TRACK =ctst, SECTOR =cs ss, NUMBER = sn
EM TRACK = ct st END TRACK = st et

MD sadd eadd

?ME sadd

MX sadd

Underscored characters are entered by the user. All others are supplied by the controller. The lower case
fields are hexadecimal values. If the users enters a blank into these fields, the defauit value is used by the
controller. Entry of any non-printable character (e.g., Carriage Return, ESCape) during command entry
causes the command to be aborted. Entry of a non-hexadecimal value in hexadecimal fields causes the
command to be aborted.

Table 10 lists the command entry parameters and Table 11 gives a summary of the commands.

Table 10. Command Entry Parameters

Parameter Definition Default Value Range
ct Current track number - 00 <ct<4C (7610)
st Starting track number ct 00 <st<4C
cs Current sector number - 01 <cs<1A (2610)
s Starting sector number cs 01 <ss<1A
sn Number of sectors 01 01 <sn < FF(2551Q)
et Ending track number st st<et<4C
sadd Starting address 8000 0 < sadd <FFFF
eadd Ending address sadd 0<eadd < FFFF

9-128
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Command

WA

WH

wD

RA

RH

FM

MD

ME

MX

Table 11. Command Summary

Description

Write ASCII. The ASCII character strings entered by the user are written sequentially onto the diskette.

Each sector may be terminated, filling remaining bytes with 00, by entry of any non-printable character.

(ASCII code < 2016) other than ESCape. Entry of ESCape aborts the command.

Write Hexadecimal. Hexadecimal bytes entered by the user are written sequentially onto the diskette.
Sector termination and abort are performed in the same way as for the WA command.

Write Deleted Data. Same as WH command, except the Deleted Data Mark (Clock = C71g Data = F81g)
rather than the Data Mark {Clock = C71g, Data = FB1g) is written at the beginning of the Data Field.

Read ASCII. The specified sectors are read and printed out as ASCII character strings. Each sector is
printed beginning at a new line, and printing continues until the end of the sector, or until a
non-printable ASCIl character is encountered. When more than 80 characters are printed, the controlier
prints the eighty-first character in the first position of the next line. The command may be aborted at
the end of any sector by depressing the BREAK key before the last character of the sector is printed. |f
a Deleted Data field is encountered, it is reported, and normal operation continues.

Read Hexadecimal. The specified sectors are read and printed out as hexadecimal bytes, 16 bytes per
line. The command may be aborted by depressing the BREAK key before the last character of any line
is printed. |f a Deleted Data field is encountered, it is reported and normal operation continues.

Format Track. The specified tracks are completely rewritten with gaps, Track Marks, ID fields, and Data
fields. All zero data is written into the 128 bytes of the data field.

Memory Display. The contents of the specified memory addresses are printed out in hexadecimal byte
format. The address of the first word of each line is printed, followed by 16 bytes. The command may
be aborted by depressing the BREAK key before the last character of any line is printed.

Memory Enter. Beginning with the selected location, the memory address and contents are printed. If it
is to be modified, the user enters a hexadecimal byte value which will be stored at that address. If the
value is not to be changed, the user enters a blank character (SPACE bar). The address is then
incremented and the process is repeated until a non-hex character is entered, terminating the command.

The CPU begins execution at the selected memory location.

Figure 32 shows the control software for the system described in this application report.

A_—
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SECTION VI

SUMMARY

This application report has provided a thorough discussion of the TMS 9900 floppy-disk controller
hardware and software system design. The economy of the CRU and the high throughput capability of the
memory bus result in an economical, powerful system. The memory-to-memory architecture of the
TMS 9900, along with its powerful instruction set and addressing capability, make the TMS 9900 ideally
suited for applications where large amounts of data manipulation are necessary. Also, software development
time is optimized by the minimization of lines of code resulting from the memory-to-memory instructions
and large number of working registers.

It is likely that the designer using this application report will have requirements that are not addressed in
this design. Variations in the sector length are accommodated with slight software modification. Higher
density recording formats such as MFM and M2FM require changes in the bit detector and data-separation
logic. Higher throughput can be achieved by using an LSl terminal interface such as the TMS 9902
asynchronous communication controller and hardware CRC generation. Controlling multiple disks requires
only the addition of drive select control lines. In short, variations on this design are easily implemented
through slight hardware and software modifications.
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Figure 32. Floppy Disk Control Program (Sheet 1 of 28)
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D-aF IDFD.C FEAD ID FIELD
[gr THITe: TET TRACE
0ear TINCed IMCPEMENT LECTOR
Lsar DTOM«S TELECT DRIWE OH
DEOF HEMTee AZCIT DATA TRAMEMIT

D.OF CFCTD
0o.0F CRCD.

ID FIELD CFPC CALCULATION
DSTH FIELD CRPC CALCULATION

0 IHCREMENT TRACH

j O “e 10 FECEIVE HE: EYTE
0.OF HIME 1 TFAHTMIT HEX BYTE
0iOF HoeIne1e HEN LINE

[°aF FECwW1Z FECEIVE THARFACTER
gr MITY14 TEAMIMIT CHAFACTEF
D:0OF DLATY 1S COFTWARE TIME DELRY

22 2 2 22 2 2 2 2 2 2 2 2 22 2 2 22 2 a2 2 2 2 22 2 22 2 2 22 22 2 22 22 42 222X 2222 222 2 23
*

. TIME COMITAMTY

*

HEDLY  E@U &S0 HALF EIT 1 ME,
FEOLY  EDl So0 FULL BIT 2 T
ExDLY EQl fonn o BITZ e es? MIoo
BIODLY Sou 20000 CAREIRAGE FETLREN

- FEE ML

HZOLY  Ef) 130n HZAD TTEF 10 MIL
HOLDLY EOL S22 HERD LOAD ¢35 MI.o

PIPP0000 000000000000 0400409000840004000400880000600400000000
.

. FOWER OM FEZET WELTOF

.

FZETWC DATAH FDUF1« ZTHFT

Figure 32. Floppy Disk Control Program (Sheet 2 of 28)
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SUMMARY

SLOFPY DIZE
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104
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0044
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O0SE
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GOSH
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07e
navs
QO7TH
o7
NavE

43
an
44

an
44
o

CONTROL PROGRAM

GEG00 0000000000000 000000000000 0008000000000000000000600000009¢

*
*
*
HIDMIE
HDMMEE
HPDTHE

CRCMEIIS

EFPOF

TEXT
EYTE
TEAT
EYTE
TE=T
EYTE
TE~T
EYTE

MEZZRGES

~ID HOT FOUND
1]

“DATH MARE HOT FOUND

0

“OFIYE HOT READY”

o
JCRCC ERRORS
1]

PEP000 0000000080085 0003000880800008 0008000805855 400000005064

L 4
*
*

Figure 32, Floppy Disk Control Program (Sheet 3 of 28)
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SUMMARY

TMS 9900
Floppy Disk
Controller

L]
FLORPY DITH

(1 =
1.5
1
01
o1
01
0140
1141
14z
014z
144
14s
11 4s
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[
fl43a
a1sn
1151
s
1S
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11%S

01

A=A
IS
A
IAF
NOED
Q20EE
O0ELD
OGOCE

DuCE
anon
annid
Hane

aong

QOTEee 0TS~

NOTeE
nnps

COMTROL PROGREAR FAGE 0004

41
EI3)
4T
1E
P31
aF
oy
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an
A

20
a0
S0
o
S0
[
=18
0n
=1
il
44
a1

e E

1eFE

(44 a4 222 22424422222 24224222 2222222 22 2 2 222222 2222222222 2 22 3

*

- AITIT YALUES
*

AICITA TEST A
FICIIF TENT F
AZCIIM TENT 1

s EVTE  1E

ELRAMH BEYvTE
TIEIT  BYVTE
REL.L EYTE
EACH TF EVTE
CHFRET EVTE
LINEFD EY'TE
PEIPPPOPPOOOPPPPPPIPIPPLPPP PP PP PP PP 0000000000000 00000000000
*

L ADDITIOMAL TEXT MEIZAGET
-
ThMIG  TENT TFACK =
E/TE 0
EHDMIG TENT END-
EVTE 1
TITMTE TERT o IECTOR =
EVTE 1
[t 2 TEDT  « HUMEER =
BEvTE 0
ATTMIE Te=T HDOFE. L =
BYTE 0
pLioMis TEST “DELETED DATA FIELDS
EYTE O

P N e Y T P T R TR Y
*
- OIZr MARPE CONT THHT S
*
pLDMFE BYTE F2
)RULIS BEVTE FE
DTt EVTE FFE
Tt MFH EVTE FC
EWwEN
X2 22 2 22 2 T2 222 A 22X 2 T 2 2 2 2 22 2222 2 2 22 2222 2 222 2222222222 2 2222 2 2 3

-
- TUEROUTINE: Oy
.
- CALLINHG TEDLUENRCE:  DLAY 20T
.
. A ZOFTWARE LOOF wWILL BE EXMECUTED THE HUMEER
L4 AF TIMEZ IRECIFIED EY THE CALLIMG FROGFHM.
. EACH ITERATION OF THE LOOF PEZULTE IN A
. LELAY OF &.687 MICFOZECOMDE.
*
DLAVRD LEC PIL DECREMENT COUNMT
AAE DLAYVEFED Laoe IF HoT 0
= ThF FeTURN

Figure 32. Floppy Disk Control Program (Sheet 4 of 28)
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Floppy Disk
Controller

SUMMARY

FLOFFY DIZK

NIER
HEne  Q0ED
LNgE
HIFE 0
noFe
anFd
DOF&E
azin noFs

noFe
nell waFH
n=te OnF
NIFE
01an
1B G IF
0104

S000

1A

el FlS

CONTROL FPRPOSFAM FRGE 0uos

PLPLPPPPPPPLP00 000000000200 R RPPPPPEPPPPP0PPRPP000000000000

*
. CUBFDUTINE: FEOW
*
. CALLIMG ZESLENCE:  FECY SLOCATH
*
. Hid ATCID CHARACTER WITH CORFECT FOFMATTING
. IZ RECEIVED ANL THEM RETFAMIMITTED
. AT z00 BAUD. THE FECEIWED CHARRCTER I: ZTORED
. AT THE :LPECIFIEL LOCATIOM.
*
oooR g RECWRD CLR RLE IET LR OBHIE
NiFeee DN
aonc 1Fug ROY TE RIN TE=T FECEIWE IHFUT
aaneE  13FE e POy LOOF UMTIL FIN = 0O
DoED  ZFED LAY SHEDLY DELAY HWALF BIT TIME
GOES  DOFH
QUES  1F00 TE FIM TEZT RECZEIWVE IMFUT
JED RO IF ®IM = 0O YWALID ITAFT EBIT
LI Flie ZF IHITIHLIZE HLCUMUOLHTOR
FOMLF S DLAY FEDLY DELHY FuLl BIT TIME
TE FIt TEIT RECEINVE INFUT
JHE S ROVOFF SET MEB 0OF ACCUMOLARTOR
ORI P10« 2000 IF RIN = 1
FONAOFF TRL FIOx1 SHIFT ACCUMOLATOR
A0 FOWLF IF CHRPREYs FECEIWE NHEST EIT
LRy EBZDLY DELAY 2 BIT TIMES
TE 1T TEIT RECEIWE INFUT
JHE RO IF RIM = 0« FRAMIMG EFROF
MIwE Filver11 MAOVE RECEIWED CHAPACTER
. T3 ZRPECIFIED LDCATION AND
* FETRAMZMLIT,

9«

Figure 32. Floppy Disk Control Program (Sheet 5 of 28)
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Floppy Disk
Controller

FLOFFY DIZE COMTROL FROGRAM FRGE 00

PEOPPPPP0P00 000000000000 00 0000000000000 0000000000000 000060000

*
. CUBFOUTINE:  (MIT
*>
. CALLIMG SEQUENCE:  =MIT SLOCATH -
+*
. BN @ICT CHAFACTER WITH CORFECT FORMATT IHG
N AHD EYEM FRFITY I3 TRANTMITTED AT 300 BEAUL.
. THE LOCATION OF THE CHAFACTEF TO BE TRAHI-
. MITTED 13 IFECIFIED AI THE CALLIMG FAFAMETER.
*
A0S 0400 CHITRC CLe Fl2 IMITIARLIZE CRIU BATE
I-‘l NyAeei 1 l_-IrE.
DLOE 00 BRI IMITIALIZE ACCUMULATOR
108
o LI F9. 3000 INITIALIZE FARITY MAZK
s
atpn MOYE $FLLeF10 FETCH CHAFAC TER
ni1e JOF FRFAD IF ODD =ARITY INMWEFT MEE
a114 LR Pa ELZE. CLEAF FARITY MATK
0115 IRSS PAFATL "OF  FEGRLR TR FARITY MA T
Hiiceelnt
. WITH & HAFAC TEF
at1s 1EM SED TS TUSH A PTT
OLIA OESS TR RO SOTHTE CHARACTER
QUIC 13—-  CMTLRL JO0 L DUTON TEZT TRAMIMIT EIT
AL1E  1EQD gD 4OUT IF 0. REZET HOUT
nizn 10—~ AME ~FROLY ROT Tp IF
nrEE  tooa LauTaAd TEd O ouUT ELIE« IET .:0UT
Niteelns
nEdd nilEd =FEG FEDLY DLAY SFEDL. DELAY FULL EIT TIME
NLze  01F4
*e 101011
CER e SEL Flued IHIFT ACCUMULHTOR t EBIT
Er 1eFa JHE CMTLEY IS 83T ZERD. TPAMIMIT HE T BIT
0247 01EC 1Dt TEQ ST TS IFF FT:
043 U1ZE  GFE0 FTUE FETURH

Figure 32. Floppy Disk Control Program (Sheet 6 of 28)
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.
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-
*
*
*
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.
0130 040z DEOMPC
anSseen] 30
*
0140 DzOMkT

01 3Hee ] 202
*
.
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.
*
*
*
.
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.
*
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.
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0148 S1EQ RTRHYL

nlg44 —-——-

NZa3&  0ide ZFAD HFRCZF
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OneHee i dr
n14H
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014E HFCELF
N1s0

Figure 32.

COMTROL FFROGREAM

FRGE o0y

0000000000000 00040000%00000004084004040204004%004400004000003040400%

CUEFOUTINE:  Do0OH

CRLLIMG ZEOLEMCE:  DI0OH O

THE FLOFFY DIy CRIWE T2 ZELECTED AMD

THE TELECT DELHY FERIOD I% EZECUTED. IF THE
DEVICE IT HOT READY. AM ERFOR M BE I:
FRIMTED AMD THE DFERATIOW 13 AEBOFTELD.

OTHERWMIZE. COMTROL FETUFHT TO THE CALLIMS

FROGEAR,

LR R1E IMITIALIZE CFRU EAIE

B0 ZEL RELECT DRIVE

TLAY $HTLDLY DELAY FOF HERAD LORD

TE P TEZT DRIVE ZTATUE

JED DIOHRT IF FEADYs HORMAL FETUFH

EFFT SHFRDvHI ZLIE« AEOFT AND PRINT
ERROF METZIHGE.

FTUF AORMAL RETURH

0000000000000 0000000000004 04000400000000040403046000000000%000

SUEROUTINE:  HRPCE

CARLLING SEQUEMIE:  HRIZ SLOCHTH

A BLAHK T TRAMLMITTED AND & CHAFACTERD

HPE FECEIVYED. IF EITHER CHAFRCTEF 12 A
ELAMK Y 40 OFEFATIOM T3 FPERFORMED AMD THE
HOFMAL FETURM 1T EXECUTED. IF T HEXADEC-

IMAL WALUJELZ ARE ENTEFEDs THE HEGADEC IMAL
EVTE I: ITORED HT THE LUCATION ZFECIFIED
AT THE CALLIMG FAFAMETEF. IF EITHER CHAFACTEF

I: A EZCARE.s CAONTROL 1T FETURMED Td THE MAIH
FROZFAM AT THE FOIMT WHERE OFEFATOR COMMAMDL
ARE FPERUEETED. I= Aty JTHER CHARACTER I
FECEIVED. MO DFERATIOM IZ FEFFORMED AMO THE
RETUSH PO OWALUE WILL BEE THE COMTEMTE OF REG-
IZTER 10 OF THE VALLLING FROSRAM,

DATH FIWFLTOF RETLIFH WECTOR

CHIT RECANE TRAHIMIT ELAN

cLE RN CLESR HE ACCUMULHTOR

tT0 RE THITIALIZE CHAFACTER COUNTER
RECY =3 FETIH CHRSACTER
CESECREID COMERRE TD ETCRPE

Floppy Disk Control Program (Sheet 7 of 28)
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SUMMARY

TMS 9900
Floppy Disk
Controller

FLOFFY DI COUTRDL FROGRAM FRisE Gons
n1ss El
154 - JHE HOTEZC IF HOT«COMTIMUE
1% =10 BELWE FRTRHYL SILIE. BEOFT COMMAMT
015 &
N2 {115H o HOTEID LE Sy ELAHE COMFARFE TO ELAME
IR R=1N 4
N1Sdeelni
MSe  1E-- dEn HRCZRT IF = BLAMK« FETLUREM
* ELEZEY COMYER
Olen g2ad "I Rl = -0 ZUETRALT
a1ec  DO0nD
o1ed 11-- LT HRCERE IF ILEZE THAM & 2l AEORT
N1ee 1 o I BSe = A0O0N TEST FOF MNUMEFIC
L
JLT HOHAL IF HUMEFRICs 2w IF
Al Py —>700 CLEEs TUETRACT ALFHA BIAT
. CI R RAD IF LEZZ THARM ~41s AEBDRT
R
11-- JLT  HFCZAE
12 -l Ry sFFF COMFAFE TO ARETIL F
HWFFF
15—~ I3T  HFCZAE IF GRERTER THAH. AHEDRT
F& HOHA Y ZOCE RS«F10 ITOFE HE: WHLIE IH
Ulefeel]
* ACCMULA/TOR
IHo R IHCREMENT CHAFACTER COUMT
JHE  HFCEMD IF HOT 0. ZFIF
LA FLOsed THIFT HEX ROCUMULATOR
JaE HRCELR FETCH TECOHD CHAFARCTEFR
HRTEHD MOYE F1li.eR1L ITAFE HE.. WARLUE
NlEdes s
. AT ZFECIFIED LOCHTION
13 NZED HFIDSFT FTHF BETLR
O1SEes1Z1 4
0330 01EA C3A0 HROSZAE MDY DERLT G Ld nanIFy FETURH FC
orzl o nald
Hledesl 1
T1Tdes110H
NITAHes 1507
nIEL 0 OLEE LOFC JF RRCERT FETLRH
Figure 32. Floppy Disk Control Program (Sheet 8 of 28)
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Floppy Disk

Controller

[T —— e e
FLOFFY DI+ CONTROL FROGRAM SHEE Q00D

PLLPPPPLLL0 0000000000000 000000 RPLPLPPPLIIPIPPPS 00000000000

TIARFOUTINE H M2
CHLLIMG ZEQUEMIE:  H=ME JLOCAHTH
THE HEAADECIMAL EDUIWALEMT OF THE “ALUE COMTAIMED

I THE LOCATION TFECIFIED EY THE FPAFAMETER IX

-
.
.
.
*
*
. TRANEZMITTEDY FRECEDELD EY 9 ELAMNE
.

H

HMIT JELAME TRAMIMIT ELAMHK

MOWE eRLL«FLR ETCH EYTE
iy .i::<

5
T

BL ANEMIT FIRZT CHAFRCTER

TLA CHIFT BYTE

EL TRAHIMIT SECOMD CHREARCTER

FTIIR RETLIRH

Moy FLa.Fa MOYE THARACTER

I P CHIFT RIGHT 4 BITS

[ Rae T /OO TEZT FOR MHUMERIC

JLT HHADL IF 0« ZEIR

Hl == ] FLYE«QDD RLFHA EIRC

HHAD ) Al Feas zann A0 AZCIT BIAC

OlE4 EFE9 SEIT RS TRAMIMIT HEX RICIT CHARKCTER
1B 049E FT FETLI=H

SEPLGL PP 000000000000 000000090900 0090050000000 50005000000000

. CUEROUTINE: NI

*

* CHI_LIMG ZEREHCE: HELIH 1

*

+ THE FPRIATER 1. HUYAMTED T THE BESIHHING

. a7 THE HEDT L1k

*

HLIMFD MIT SCRRFET CARFIAGE RETURN
DAy ez oDL Y THEETSGE FETURM DELAY
SMIT SLIMEFD LINE FEED
PR ~ETURH

Figure 32. Floppy Disk Control Program (Sheet 9 of 28)
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Floppy Disk
Controller

..
FedrPFy DIZk COMTROL FROGRAN FARGE oOoln

PPPPPPPPPPPPPP0 0000000090000 0P 0PPPPPPPPPPPP PP 000000000000

* CUERQUTINE: Io+1
*
. CHULIMG TEOUENCE: ) =y (]
*
. EACH ID FIELD OF THE CLRREMT UIZKETTE TRRLCE
- 12 ®ERD UNMTIL THE ID FIELD WITH THE CORFECT
. TRACE« SECTORs MMD CRC 1E FOUMD AT WHICH
. TIME THE FOUTINE I3 ExITED. IF THE CORRECT
- FIELD IX MOT FROUND WITHIM A COMFLETE DIk
> SEVOULMTION «IE BEFOFRE & IMDE:X FULIEER AFE
. ODETECTED» e THE OFERATION 17T ABORTED RHD AN
* CFFOF MEITARE 1T FEFOFTED.
*
01Ce  gnCo IDRDPC CRICD O UPODATE II FIELD IMAGE CRC
UOdAee N LDE"
2040 ozaM o TiRM OH LRIVE
B I B LI PRz IMTTIALIZE IMDEX FULTE COUNT
DTN
073 01CE IDM=D LI ®10«IDFLD T POIWTER TO ID FIELD
oo
02z 010 LE SR FTie oF 11+ COMFAFE DIZH BVTE TO
0l ing
* ARy CHHFAHDTER
010k d= MEFFHD IF MARE s CCHTINLE
o= TE o= SLIE. TEIZT FOR IMIE: TIaHAL
110H Je TIMED IF H IH0E REFREAD DIZ
R DEZ  F3 IF IHDE-s LECREMENT IMDE: COUNT 7
H1nE Jde IDMFD I= MOT 0y REREARD DIk
D1y ERFT SNIOMIG SEFOFT 1D REALD FRROF
nieE:=
1 01ed e FHD LT R LOHD BT COuUHT
N1y
Ullicesl
0TI N1Es as IDFTLF I E SR N+ g DTARED COMFARFE DIZY OATH
N1EA  TFFL
> Tl 1D FIELD IMAGE
n1EC dyF I 0MeD I HDT EMUAL. ZTART OWwER
1EE UEL R3 GECFEMEHT BvTE COUMT
alFn e TOFPDLF 1= HOT e wEAD HENMT BYTE
niFe FT s ELEZ« IT FOUMDO. FETURH

Figure 32. Floppy Disk Control Program (Sheet 10 of 28)
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Floppy Disk
Controller

FLOFPY DIz COMTROL FROGFAM

*
*
*
*
e YInE -
= *»
*
L 4
*»
*
*
O1Fs  ZFOG EFFTRC
HldcesilFd
0403 01FE 2DRE
o410 OLFS EDAC
I1IFR DRAR Y
3411
0412
N41=
nd14
0415 el
I 014
IEREX .

SUMMARY

FRZE G011

PPEIPPOPPPIPIPOPOLPLPCIPPIPPPPPILPPPPPIPICPIPPIPPEL 09000000000

CUEROUTINE:  ERFFT

CALLIMG ZEOLUEHIE:  ERFT SMEIIARGE

THE MEITAGE WHOTE AIDREEZE IX CONTAIMED IM R11
WHEN THE ROUTIME 1% EMTERED 1% FFRIMTEDS
FOLLOWED EY THE CUFREMT TRACK AND TECTOR
HUMEBEEF.  THE DFIWE I3 TUFRHED OFF AMT COMTROL
IT RETUFNED TO THE COMMAND EMTREY FPROGRAM.
HiLIM 0 el LTHE

A.MT ek 11 ~RINT ZELECTED

AT SFTEMEIE FEINT TRACK METL

H=mMg PTE MM FRINT TRACE MHOMEER
AEMT PECTMTE FRINT TECTOR MEZZRGE
H e 3 ZECHLM FRIMT ZECTOR HUMEEFR
TED IEL TuLRME OFF DIZE UFIVE
BLIWP SFTRHVC FETURH TO COMMAND

=T FROQIRRAM

Figure 32. Floppy Disk Control Program (Sheet 11 of 28)

9900 FAMILY SYSTEMS DESIGN

9-141

0«



SUMMARY TMS 9900

Floppy Disk
Controller
L -]
FLORFY DIZE COXTROL FROGFAM FHIGE DNt
1315 PEPLPPPPP0LPPP04P 0000000000000 040000000044 000000000004
PESR] L4
A X -+ IUERFOUTINE:  AXMT
+ .
. CALLIMG ZEAMLEMIE:  AEMT JMETZAGE
-
-+ THE RICII CHARACTER ZTRIMGs THE
. EESIMMING ADDREST OF WHICH I7 CTOMTRIMED
- I 11« I3 TRAMEZMITTED. THE EMD OF THE
- ETRIMG IE: IMDICAHTED EBY A HOM-FRIMTAELE
- CHARACTER ©IE LE THAM HES 200
-
020E azoda ARMTRC LI F1ide s LOAD MAY CHAFRCTERD
a=10 S0
OSHs« D2 0E
. FEF LIME
AHMTLE MOYE eF11+F9 FETIH CHARACTER
CE O FELATE FRINTRELE CHAFACTER?S
LT AENTRT IF MOTs FETURH
SMIT R SILTE. PRINMT CHAPACTER
DEC  R1G DECPEMEMT MA CHAF COUMT
e ARUMTLF IF HMOT 0« FETOH MEMT CHAR
CE et 11 AELAME ELIES IZ HEST CHARF
id FRINTABLET
T O RUMTRT IF MdTe RETIIFH
HLTH 0 e ITHE
JMFE ACMTLR FRIMT #EIT OF ZTRING
HSHTFT FTHF CTRING RRINTEDs RETLRH

Figure 32. Floppy Disk Control Program (Sheet 12 of 28)
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Floppy Disk
Controller
FLOFFY DIZE COMTROL FPROGFARM PAGE 013
l:|445 CEPPPP PP PG G PPE P00 00 PPE PP PP PP PP PP PP P00 0000000000004
HEETS) -
DEE . CUBFOUTINE: CRCI
DT .
e =] * CHLLIMG TECOUERLE:  CRIT 0
e STl *
451 . THE 12 CHLCULATED FOFP THE ID FIELD IMAGE
n4se . CONTATIHED ITH MEMORY ~HT TTORED IH THE LHIT &
B S - ByTEL OF THE FIELD.
n4s4 -
n455 CRCIFC LI F1o«ITFLD ET LR ID FIELD FOIMTER
45 LI S LET R ID FIELD COUMT
n457 EL SCRITALL CALICULHTE CRC
0453 = ThlF RETURH
0353 POV SIS PP PP PP PR P00 020800 0000030500060 0008 005003000005 000000
D +
RS - TURFOUTINE: CRCD
nde .
nde s . CARCLIMS JEDUEMCE:  CRCDo0
nded -
045 L THE I7 CALCULRTED FOF THE THTHA FIELLD IMAGE
DETYS - COMTRIMEDT IW MEMORY AND ZTOFED IM THWE LARIT =
03e7 . EYTEZ OF THE FIELL.
I T *
DTS LI M1O«DTAHFLD TET JF DATA FIELD FOIMTER
TE ] [ s1&% ZET UF DATH FIELD COUMT
ndT EL SRCALD CRLCULATE CRC
naTE FTLE FETbH

Figure 32. Floppy Disk Control Program (Sheet 13 of 28)

9900 FAMILY SYSTEMS DESIGN

9-143

9«4



> 9

SUMMARY 7 - TMS 9900

Floppy Disk
Controller

FLOFFS LIZH CDHTRDL FROGFAM FHE&2E G014

3474 PG PCPP000 0000000000000 00000 0000000000000 0000 0000000000000
U e
0347k

TUBFOUTINE:  CROALL

[} Ay FLDIHT
EL SCFCHLD

THE CyTLIC FELOHTARHCY THECE CHAFHITER «CRC FOF
THE FIELD ADDFEZIED BY P10 I2 THLCOULATED

AND CTOFED IH THE LAIT 2 EVTED OF THE

FIELD. THE LEMSITH OF THE FIELD «E=CLUDIMG CROCY
1z ZFECIFIED Ev P3,  THE CRC FOLYHOMIAL T2
Seelnteell+eeS+]l,  EEFOPE CFD CALLCULATINN
EEGIH THE FARRTIAL CFC TZ PREIET TO AL OHEZ.
E7« F2e P3¢ AND R10 RFE DELTROYED.

LK R R B R R IR 2520 2R 2 R IR IR 2R

CETO R EPREZET PARTIAL LRC

it
n
T
=

n4c7d
DFR

CRCLF CLP FT [
t SR 10+
F7eRs

LERF JURATON FPEGTIITER
ETCH MEXT BYTE

= SAF HEW BYTE wiITH CRC
T MaWE TO ZCRATCH FEGR
IHIFT ZERATOH FIGHT 4
SO LR WITH JCFATOH
(AT OFF LOWER EVTE

]

RL FHIFT ZCPATCH RIGHT 4
=g O AR TCRATCH WITH CRC
IEID Wi FOTARTE ZCRATOH FIGKT 7
nsne i8ks S0 TURATCH WITH CFC
0503 IHIFE FEVERIE EYVTET IM CFC
RIS iz DI REMENT ByTE COUNT

AHE IF H2T N FETCH HEDT BYTE

"MO%E ZLEEs TRAMSFER

ZWFE CRCOTO THE EMD

GOV E OF THE FIELD

T “ETURH

Figure 32. Floppy Disk Control Program (Sheet 14 of 28)
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SUMMARY

FLOFFY DIz COMTROL FROGRAM

ns11
st e
oLz
0514
191S

sl

P
Sy

bR

nEve
NSz ee i)
X nzeA
aran
&EA
1EQ0
14~-~

0205
00
10F3

usst
0aaz

0SSz

1S54

nSas

FRGE 0015

990000000000 0000000000000000090900000900000009000000000000000009

CALLING ZEDUEHCE:

AND THE HERD I

L2 R R R IR R KR R R 4

SIMCPC MOYE SSECHUMIRLO

HI 10 =100
Ol FineZT o100
JHE  ZECHET

*

SECHIT MOWE FP1O«IZECHUIM

FTLIE
FECHET TING 0

LI F1e 100

aME TECUIT

CUEROUTIHE: 1N

THE ZECTOR HUMEER I
IF THE MEW “ALLE I

THE ZECTOR HUMEBER I
THE TRACKE HUMEER II

IMNCREMENTED EY 1.
HTER THAN 26

=T 7O 1 AMD
INCFEMENTED

TEPFED TD THE NEXT TRACK.

FETCH ZECTOR NUMEBER

ADD 1 TO ZECTOF NUMBER

COMPARE TO 27

IF HIGH OF ESLUALS
INMCREMENT TRACK

REZTORE ZECTOR MUMEER

FETLIFRH

IHCREMENT TRACE NUMBER

LOARD rfiEW ZECTOR HUMEER

I70FE ZECTOR MHUMEER

9999090900000 90460090000000000000000000000000000009000680006060609

CARLLIHE ZEGUEMCE:

LEFT BYTE OF F11s

I THE ZPECIFIED
GFEATEF THAH T

UHMTIL THE TREC
I[F THE OLD TRACE
ITEFFED TO TRACK
APERATION EESIH:.

b JX R L R R 2 IR IR I JE 2R IR 2R 2R 2% 2 2R 2N 4

ESTRCD CLR RIZ

ED ZEL
DLAY sHDLDL'Y

SUBRFOUTIME: THIT

THE FRERD.-WRFITE HEARD
ITEFFED TO THE TRACK

OF THE DIIZE

HUMEER ZPECIFIED BY THE
UMLEZZ THE TiI=k I HOT
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0. THE HEW TRRCK
TRAZE HUMEEF IH MEMDORY,
HUMEER I7 TO EBEE O«

HTFRCE

DFIVE 17T

I% OUT OF RANGE IE

THE HEARD IT LTEFFED TO TRACHK
HIUMEEF FEFLACEZ THE OLD

IF THE HEW TFALK

THE TRACK 1I JTEFFED
TTATUE
HUMEER WAL 0y THE HERD 1%
0 EEFOFE THE HEW ZTEFFING

TIGHAL I% DETECTED.

IMITIALIZE LR BAZE

IELECT DRIYE
HEAD LOAT DELAY

Figure 32. Floppy Disk Control Program (Sheet 15 of 28)
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IF FERUYS

ELIEs F

LAVE ME

ETHTUE
CONT IMUE
EFOFT ERFOR

W TRAZE MUMEER

TO RIGHT BYTE OF R

IF s

I2 20
ELZEs I3

LEAR MEW TRARCEK

CLERR TRACE
HEW TRACH

HUMEEFR IH RANGE?

kIR
HUMEBER

ITEF TO TRACE a0

RETLIFR

FETCH OLD TRACK HUMEBEF

MOVE TO RIGHT EYTE

IF 10T

ELZEs =

N0y COMTIMUE
TEP TO TRACK 00

CTOMPAFE MEW TRACE

TO OLD

IF LEZE
IF ERUAL.
ZTER IM

ELZE

TRAHZK. HUMEER

THAHM« ZTEF DUT 1 TRALCK
FETURM

1 TRACK

IHCREMEMT OLD TRHRCK
STEF HEALD

ZELECT

TTER DUT

LECREMEMT OLD TRARCK
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FOF HEST ETER
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Figure 32. Floppy Disk Control Program (Sheet 16 of 28)
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SUMMARY

FLORPY DIZK

nSay

] ]
BEHCee DA

DOS) (I (g
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ZEDR  1FOe
D2ES 1B--—
e NZE4 145
DEGE  n2Ee LE0T
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DS W2E
nene  O2EE
NZ[Ese1
YR nEF D
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aens asFe
N2FE
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ST
045k

Figure 32.

DeBHeeOZDH"

COMTROL FROSRAM

FHSE 0017

CEPSPL 000000009050 000000003000550805000400000500500090609%0000

JJEF

CALL

.

.

.

.

.

- THE
. THE
. THE
*

T

KCLF  MOw

THCLP  TE
JHE
TE
JHE
E
TRE

TETICHT

EL

JME
TLCRET CLF
MO E

ERFT

OuUTIME:

IH3

FEAL-MRITE HEARD I:
ITATLE
COMTEMTE OF R AMD

TREQQD

Fl1i«F=

FTry
THCHET
TRE DD
THICHT
oFE

ZTEPUF

»THITEF

F2a 3T MU

SHEDYME

ZEGLDEMCE :

THLLF

EL PTKCLR

ETEFFED OUT LIMTIL
SIGNAL BRECOME: ACTIVE.
®11 ARE NEXTROYED.

LAYE FETURN LIMkHGE

TEZT DRINE ZITHTUZ

IF HOT PEADYs HEORT

TEZT TRACK G0 STATUT ZIGMAL
IF HOT ACTINEsCONTINUE
ELZEs RETURH

TET TO FTEP QUT

TEF HEAD

COMT IMUE LODF
ZET TRACK

HUMEBER 1O 00

REFOFT ERFROFR AMD AEORT

PGP LEP 0PI E0 0000000009800 0000000388000 000099053004000 0000

CUEF

MICE

-
*
*
-
-
-
-
- 1- 0
*

T

KZTEP

ZEO

CHLL IHG

OUTINE:

THE *TEF PULZE IZ
AHHT

DIECONDE
EZEFYWED.

LTEP

ITEF
FHI DLy

TERMJEMCE:

THE HERLD

THITEF

EL FTEEZTEF

SEMERATED FOFR 11,32
TTEF DELAY

ZET TTEP ZIGHAL

DTy
REZET
DELAY

DELAY
LTEFR ZIGHAL
FOF RHEARDN ZTEF

FETUFH

Floppy Disk Control Program (Sheet 17 of 28)
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FLOPPY
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=

a1
g2
0e43
(e TS
U 31

TMS 9900
Floppy Disk
Controller
L
DIZK CDONTRDOL FPRDOGRAM PRGE D3
(4422232232 224222222 2222222222222 2222222222
*
* SUBROUTINE: TIHL
*
- CHLLIMG ZEREMCE:  TIMD 0
*
- THE HEAD I% MOWED TD THE HEXT CDNTECUTIVE
. POZITION. IF OM THE IHHERMDET TRALY.
. THE HERD I3 MODVED TO TRACK ud.
*
DZEND  TINCPC MOVYE 2#TEHUMsFLL FETCH TRACK MNUMEBER
RS
DOsGeenZ04”
nZeE 2} F11s>100 ROD 1 TO TFACE
niao0
030c  ZCDE TEZT eF11 MOwE HEAD
030E 0330 ®TulfF EETUFH
(222222222 2222 2222222322222 222223222 2222222222222 2222222222222 3
3
- COMMAND CHAFACTER LIZT
*
IEINI 57 CHMDLET TEET “wRMHWDEARRHFMMIOMENMX -
*
* COMMAND EMTEY FOINT THELE
*

54

=% g

=
D)

+
b3

~—=—=  CMDEHT LATR LWTAICIsWFPTHEXs WFTDEL, RDIATCIs POHEX

——— DATH FORMHT: DM EHTER s EHECUT

Figure 32. Floppy Disk Control Program (Sheet 18 of 28)
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FLORFY DIZK CONTREOL PROGRAM

*
*

3 *
3554 0334 0400 ZTAFRT
nuu400u4?4*

20k
33u0
3ENE
nLnB
nlnﬂ
DEED
annon”

.
DECC

.

.

.
*
.
TOPF

CHMDLP

*

FOMEF-ON PETET eMTRY

CLR RIE
LI FElle>200

LDCR RILsS
LI Fils IDFLD

LI Fios=100

MOWE FIOMFk «oR114+

MOWE FlzyeF11+

MOVE RiZ.oF11+
MOWE FllserR11+

MOVE F12s eR11
T eR12

ZEL

OFERATOR COMMANU
HLINW 1

AMIT SOUEET

YMIT SEELL

RECW RLO

ZHFE MIO
RECY FLO

TWEE LD
LI FECCHDL LT

LI Py CMOEMT -

MOY eRE+ s FT

JED  TOF
IHCT #3
I F10R7
A CHDLF

[RISEANE R o]

Ll R TOF

SUMMARY

FRGE 00139

PPPPP0000000000000 000000000000 000000000000 0000000000006 00600

FOINT

IHITIALIZE CRUY BATE
LOARD CRU THITIARLIZATION YALUE

AMD QUTFUT TO CRU
TET IT FIELD IMASE FOINTEF

SET IMITIAL ZECTOR WALUE
IO M&RE DATA PATTERN TO

FIFET EYTE OF ID FIELD IMAGE

0 TO TECOML EYTE

' TRACE HUMEER?

0 TO THIFD EYTE

01 7O FOLURTH EBYTE

'ZECTOR HUMEBERD

0 TO FIFTH EYTE

ZET RERD-WRITE HEARD TO TRACK 0
TURH OFF DRIME

000000000000000000000000000000000000000000000000000000000000

RESLDEET ENTFY FOINT

HEW LIHE
FREIMT FROMPTING MEIIAGE
COUESTION MARK. EBELLY

SERAD FIFZT CHARACTER

dF COMMAMD

SAYE IH RIGHT EVTE

FEAD ZECOMD CHHPACTER

OF COMMAND

FEVERIE CHAFARCTERS IH P10
ZET COMMAND LIZT FOINTER

TET COMMAMD EMTRY FOINTER

FETOH COMMAND IH LIET
IF CIET WALLE = 0. HOT
A LEGAL COMMAMD
THCREMEMT EMTRY FOINTER
COMFARE EMTERELD COMMAMD
T3 LIZT

IF HOT EQUALs FEFERAT
ELIEs LCOMMAND FOUMI.
FETCH EMTREY FOINT
COMMAND FROSRAM FETURH

Figure 32. Floppy Disk Control Program (Sheet 19 of 28)

9900 FAMILY SYSTEMS DESIGN

9-149

A



TMS 9900
Floppy Disk
Controller

SUMMARY

FLOFPPY DI%E COWTROL PROGRAM
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[
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[

[
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AEMT

MaO%'E
H e
HFLE
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ALT
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JHE
MOWE

AAMT

LI

Ry #ASCTIM

ADDFCH
FTEMT

L NTEMNLM B2

ZEL
R7s JATCITF
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L]
FTTTMEG

FEECHLM RE
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FE e 32 ED UM

MMM

RS 100

FAGE D020

ALDREDT
TEZT FOR MOsME, OR

M COMMAMDE
IF ZO0s FETC
FRIMT TRACK M

HIDREST EMTRY
RAGE

FETCH CURFREMT TRACK

HUMEEF

FRIMT TFRACE MUMEBER

FEAD HELW TRACEK HUMEER
MEL TRACK NUMBER LEGALT

IF HOTs HEORT

STEFP HEAD TO HEW TRACE
TURHN OFF DRINVE

FOFMAT COMMAMTE

IF HOTs COMTINLUE
ELZEs EXECUTE COMMAMD
FRINT ZECTOR MEZIAGE

FETCH CURRENT ZECTOR

FRINT CURFENT
FEAD HED

TECTOF
LeCTOR NHUMEER

LEZE THAM 1
IF :0s REORT

GREATEFR THAM &n7¥

IF 0+ AEORT

WFDATE ZECTER HUMBER
FRINT MUMBER MEZTARGE
LORTE TEFAULT HUMEER

~EAL MIMEER

WMOYE TO FIGHT EBYTE
IF HUMEER = (s RAEORT
ESECUTE COMMAMTD
LOAD DEFALILT ADDPES

CEAD FIRZT BYTE OF AUDRERT
ayE I RIGHT EYTE
BRCH IFACE SFINTES

canD BYTE OF PODIWEES
CORRECT ADDPRETS BYTER
VEDUTE COMMAND

Figure 32. Floppy Disk Control Program (Sheet 20 of 28)
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FLOFPPY DIZE
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*
*
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2 .
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a731 .

[URC 35 .
0743 .
[ECT) .
0745 .
UT4E .
[UC ¥ .
U X5 .
0743 .
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.
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eI FOHEH
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L] FERD
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avsy 203
VFFLC
*
ZoEn
DDA
.
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.
uyvl 13 A
urye D30
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[T T S Y] 1 DIbHT
4 0Hee] 202
arTd 0dle 2DRG

Figure 32.

COMTROL PRDGRAM

COMMAND CONTROL FROGRAM:

THEZE COMMANDE
A IFECIFIED MUMEERP OF
CLURRENT TRAZE AMD

FHRZE

oozl

L2222 2 a2 22222222 22 24232224222 22 a2 2222222222 2222222222222 2 22

FORICT s ROHER

TECTORE
SECTOR LOCATIONS

EMAELE THE OFERATOR TO HIZESE
BEGIMMING

AT THE
FPRINTIMG

THE COMTEMTS OF EACH ZECTOR IM EITHER ASICII WRAY
OF HEZRDECIMAL FORMAT rRHX,  IF A BELETED DATH
FIELD! IZ DETECTEDs IT 1z FEFORTED AMD READING
COMTIMUE:. IF THE ID FIELD OFR DATH MARE HRRE
HOT FOUMDs DR [F A CREL ERFROR QCCUREs THE EFROR
1% REPORTED AMD THE COMMAMD 13 AEBORTED,
EMTRY FPRFPAMETERZ: F10 = RETLREN HDDFEZ
Fy o= COMMAMD CHA TERZ
kS = MUMEER OF TECTORY
TO FEAD
Eod E FA COMMAMD EHTREY POGINT
E@) % FH COMAAMD EXNTRY FOINT
ZWFEE RPT ThiRE TOMMAMT CHARF BYTES
LI Fes DTHFLT LOAD DAHTH FIELD IMAGE
FOINTER
LI FE«OTHRFD LOARD DIZk DATH FERTD
RODFETT
InFD 0 FEAT ID FIELT
HMOWE SFERT, eRa+ FEAD DATA MARE
LI Fride 130 FEFEAT HEXT IMZTRLNTION
120 TIMe:
MOVE eFZ«eRE+ MOWE DIz DATA T3
DATH FIELD IWMAGE
DEL (=)
FDLFLL
ZEL TurH OFF DRIWE
SOTAFLD« ADTHRE HOFMAL TARTH MARE T
JE DMRE O If =0« TOMTIHUE
T E FOTHFLD s DLTMFH TDELETED DATH FAME T
JER DIDF-HMT Ir X0« ZrIF
EFFT DM LS FRINT ERROF MEIZIRGE
LIt 0 Hehl LIHE
AXMT FOLDMEG =cFORT DELETED DRTH MASE

Floppy Disk Control Program (Sheet 21 of 28)
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g
34H
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0SS

JTEFL
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1n--
D)
16FS

D

350ee ) 011H1

1FOn

COMTROL FROGFAM

OMeEt O

RIFRT

HEFTLF

HEPLFY

AZCIRD

FERADRT

[RInky
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-

JER
ERFT

HLIM

CLF

FOTACFD « P2
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FOFFT
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Fes DOTHEUF
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RZCIFD

L

I
FERTRT
kS
READ
TEL

o100

nze

FAGE

FETCH FERLD CRIZ

FECALCULATE IR C

CFC CORFECT®

IF 0 COMTIMLE
ELIE. FPEFOFRT ERROF

HEN LINE

CLERF EMD OF DATA
FIELD IMRAGE
LOAD FIELD IMAGE
FOINTER

PR COMMAMDS

IF =0
FORMAT
LOAD CIME CQUNT

FEINT IH AZCII

LOARD BE+TE COUMT

HeEwi LIME

FREINT DNTH EYTE

INCREMEMT DATA FOIMTEF
DECFEMENT BYTE COLNT

IF HOT s FPRIMT HEXT EYTE
OFEFPATOF IMTEFFUFTT

IF -0+ /REOFT

DECREMENMT LINE COUNT

IS (0T s PRIMT HEXT LIME
COHTIHUE

FRINT DATAR FIELD

In AZCTI
UFDRTE ZECTOR HUMEER

JFEFATOF IMTERFURTS
IF 20y AEIORT
DECREMENT SECTOF CQUNT

IF HOT 4. RERL NMEWT ZECTOR
TURH OFF DRIVE

FETIIFE

Figure 32. Floppy Disk Control Program (Sheet 22 of 28)
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1
FLOPPYY DIZ¥ COMTROL PPOGRAM

0310
IR DY .
= *
0213 >
014 *
0319 >
IESY *
0217 *
*
*
*
.
*
*
*
.
*
.
.
n4&2  D3zn LWRTDEL
ded  ODCF7
D4k Z0FF
nzcseendsc”
sz 10--
D4eR WRTHE?X
032466 040H"
nE32 048R DE2D WMTARECT
O4el 00017
4B ZOFF
Nazcee s’
0470 DY WRITE
Odrdee 1002
*
n472 WRITLF
n474
*
U478 nzon
N4z DE Y
047/ 0d4F3 TLFLIL
T 0
15FD
Z10R
EnH
.
& W THLF1

éﬂiﬂ

COMMARMD COMTROL PROGRAM:

PRGE (023

WRTHEXs MTAZCI»WTDDTA

THEZE COMMANDI EMAERLE THE OFERPATOR TO LFPITE

A ZPECIFIED HUMEBER OF

ZECTOPZ OF DATA BESIMMING

RT THE CURREMT TRACK ANXD ZECTOP LOCATIONs IH

EITHEP RAZ
THE WD COMMAMD CALZES
PRECEDE THE. DATHA»

CIT (WA

WRITE THE DATR MARK,

Ay

-ECTOR 12

REFOFTED.

EMTRY PRARAMETER::

MavEe

JMF
Et

Mav ke

ZMFPE

LI

LI

“LFP
DEC
JAHE
LI

JED
0%
LI

Ll

LI

SOLDMPE « yDTAFLD

WRITE
1

IOTMPE s yDTHFLD

Fv

F3s DTHEUF

Fend

>R+

]

WTLFLL

FE DTHEUF

FTedRIZIIHN
TR
Fi0«R3
FIDaWTERDY

OF HEZADEC IMAL

Iy biH

A ERROP 12

P10
R?
P

FETURM ADDFESE
COMMAND CHARALTERS
MUMEER OF ZE0TORT
TO WFITE

LOARD DELETED DAHTA MARK

CONTINHUE
wWH CTOMMAMD EMTRY FOINT

LOAD DARTH MAREK
MOWE ZECOMD COMMAMD

CHHFACTER TO LEFT EYTE
LOAD DATA FIELL

IMAsSE FOINTER
RPEFEAT =4 TIME:

CLER® DATAH EUFFER

~JdAD DATH BUFFER POIMTEF

e COMMAHTT
IF 20s #eAD RICIT ZTRING

M RETURM ADDFELT
LOAD HPLCE ZURSOUTIHE

FETURH AQNDFET S
LJARD LINHE COunT

LORD BYTE COLNT

Figure 32. Floppy Disk Control Program (Sheet 23 of 28)

FORMAT.
R DELETED DATA MARK TO
AMD THE WA AMD WH COMPANDE

IF THE 1D FIELD OF

HOT FOUMD,

PO CPPP00005000000000000000080000000000 000000000000 000000000
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FFROGREAM
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WTHLFZ HRILE
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JHE
LDEC
JHE
WTERDY ®O%
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WMPTHEZD LT

HLIH
WTHELF FELY
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e
LE

LT

DED

JHE
WTFCD CRCD

LI

WTLFLE CTLF

*

+
DELC
JHE
MO E

Ll

WTLPLZE MOVE
neEr
AHe
[

INC
RS
DEL
e
WRITET E

]
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P
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WTHLFZ
=]
WTHLF1
FdsF10
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FEslcz

Ry FETD

LRITRT
*Fo+ S ELAMHE

WTCFCD
i
WTARZLF
it

PV OTHET

FZe DTRFLD

I
Foie 15

*F3

Fo
WTLFLS
SFS+ SMEE LT

Cle ] 0
Lae L R T ]
[=31]
WTLFLZ

*FS

L

T

WRITLF
*R1 0

FRISE 0024

HEW LIMHE

RERL EYTE

INCREMENT EBUFFER FDINTER
LECFEMEMT EYTE COUNT

IF MOT 0. READ HEXT EVTE
DECREMENT LIME COUNT

IF HOT s READ HEXT LIME
FEZTORE RETURMN ADDFESS

COMT INMUE
LOAT CHAPACTER COUMT

HEW I_IHE
FEAD CHARHRACTEFR
ETCHFE CHARARLCTER™

IF 23« PETUFRM
HOH-FFINTRELE™

IF Z3s, EMD OF ZECTOR
DECFEMENT CHARARCTER COUNT
IF MAIT s RERD HEXT CHAF
GEMERRTE IARTH FIELD TR

DIZH DATA WRITE ADDRES:

DATA FISLD IMAGE FOINTER

FERD ID FIELD
FEFEAT 1% TIMEZ

WeITE LAZT 16 EYTEDT OF
It GRF CFIFET EYTE ZKIPPED FOF
EvTE CYMOCHRONIZATIONY

WMRITE DRTH MAFY
FEFERT 120 TIMEZ

WwrRITE DATH FIELD

FEWMRITE FIFIT BYTE 0OF

ORTA GAF

JFDHTE SECTDOR MUMEER

TURH OFF D®IVE

DECREMENT ZECTOR COUNT

IF MAOT 0y WRITE HEXT SECTOR
ELZEs FETLRN

Figure 32. Floppy Disk Control Program (Sheet 24 of 28)
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FLOFPPY DIZK COWTROL PROGRAM

0230
0391
T .
0233 .
nZ34 L4
0335 .
053 .
0337 L4
[ = *
0233 .
9300 .
9301 hd
030 hd
0303 04F2  2DAD FORMAT
04F4 10347
NaeCeenNdFe”
a3nd  04Ff 2DADN
n4Fz  O0EA7
0995  04FA  DeED
D4Fc  Z0F2
n4FE 2ECS
as0n 2EZ3
nsne azad
0304 4000
az3ie 0508 14--
wa10 0S50 D203
S0/ =0FF
0311 AsS0C DEZN
050 06D~
31z 051 020n
0s1s 004
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0314 0918 0500
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*
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Figure 32.

COomMmMAMD COMTROL PPOGFAM:

THIZ

AMD

THTH

COMMAMDT EMABLEZ
H HUMBER DF TRACKZ
PECTIFYIH5
TRACYs 1Dy
ZECTOR HUMBERZ

PHZE 0029

FOPMAT

THE OFEPATOP TO FORMAT

BEGIMHING AT THE CURPEMT TRALK
THE LALT TPALK,
AHMD DATA MARK?T,
AFE WRITTENM.

ALL GAPZ,
AMD TPACEKE AMD
THE DARTA IH THE

FIELD:Z 1% ALL ZERDEZ.

EHMTRY PAPHMETEPZ:

RAMT

HZMT
1MaY'e
H-AM2
HRL.2
[

JHE
LI

MO E
LI

CLR
DEC
JHE
CRCD
CE

AT
LI

L1

MO E

CRCI

134

Al

YEHIMZEG6

STKMIE
FTHHUM, P2
Ra

Pa7 eSS

FPUMTPT
FESs UTHFELT

FOTHMPY « P2+
Filsnd

P+

(=51

FFLPLI

o

Fede 3 TE ML

FRMTFT
PR 100

FTs ZELEDF
Fi2s JLECHUM
]
FIDCR « R T+

By - 100

P10 = RETURM ADDRELZE

PRINT

PPINT TRALK MEZIAGE

FETCH TRACK HUMEEP

PRINT TRACK HUMBER
®EAD LAZT TRACY HUMEER
LEGAL “ARLLE®

IFr HOT. RETLRH
LOAD DRTAR FIELLI POIMTER

LORD DRATRHR MAPK
FEFPERT 4 TIMED

ZLEHP DRTH BLFFEP

CHLZULARTE THE CRL FOP THE
DATH FIELD
LAZT TRADL LEZZ
THAM CLeREMT TRACE ™
IF 0« RETUFH

LORD INITIAL SECTOFR

SECTOF BUFFEF

FOINTER
LUFDATE ZECTOR
HUMECR

CAHLCULATE CFC FOF
TAYE IRl I BUFFEFR

I FIELD

ITHCFEMENT ZECTOR HUMEEFR

Floppy Disk Control Program (Sheet 25 of 28)
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SUMMARY TMS 9900

Floppy Disk

Controller
L~ e
FLOFFY DIZE COMTROL FROGRAM FARAGE DO2A

R g [ FEedTelse LHIT ZECTORT
1ECGD
S22 1eF& JHE FRIDEL IF (0Ts FEFEAT FOF
- HE:T ZECTOFR
NS 2ZE LI BT« LECELF LORD ZECTOF EBUFFER
05410
* FOINTEF
nSg4s 020 LI FSta » 100 LOAD IMITIAL ZECTOR
0544 0100
- HIUMEBER
0545 2040 nzoH o TURM OM DRIYE
NS4z NSe FMIMDH LI Fes DTHRNT DIZF DATH WRITE
094/ TFFE
Oaz3 0S40 U4ED CLF FINDNT nFITE 0 AT INLE!X FLLZE
N%4E FFFR
oagy 0SS0 azon L1 Pl S REFPEAT 4% TIMES
UESZ 00ED
[I=ES | 0554 040 FFLFLE LCLR  eRe WRITE FPEIT OF FPOET-IMDEX
* SAHP
SSE De00 LeC R0
593 1eFD JIMHE FFLFLE
0SSR e MOYE STEMEE « 3TEMUT WRITE TRACE MARE
Coooaopa”
FF3E
a0 TECTLR LI Fila 22 FEFERT zZz TIMEZ
anc
04D FFLPLZ CLF  #RE WRITE 3& EVTE GAF
e DEZ RO
JHE  FFLFL3 -
HMOWVE S TTOMPR «SMPENT WRITE 1D MARE
MOYE STEHLIM ¢Rxm WRITE TRACE MUMEER
MOYE F13«#R5 WRITE ZECOHD BYTE
MOWE Fs eFe WRITE ZECTOR HUMEER
Al Roiy s 100 IHCREMENT TECTOR HLMEEFR
MOWE &1 eFRE WeITE FOURTH EYTE
MOWE eRE7+seRE WMFITE LCREC

1
MOWE R T+ eRE WRITE

nEan LI Fie1? FEFEAT 17 TIMEL
antt
140e FFLFRLY LR eFe WFITE I0 GAP
D] DEZ  Fu
1eFD JHE  FFLFL4
LI Fas OTAFLD LOAD OATA FIELD
* IMATE FOIMTER
MOWE eF4+«3MFFT WUEITE DATA (ARK
LI RO 130 REFEART 130 TIMEZ
FFLFLS MOWE eFd+,eRE WEITE DATH AMD CFC

OE D LDE. RO

Figure 32. Floppy Disk Control Program (Sheet 26 of 28)
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TMS 9900
Floppy Disk
Controller

SUMMARY

FLOFPY DIZE COWMTROL FFROGPAM PHRE 0027
53 1&FD JHE  FFLPLS
055E 040 CLF  ePE WFITE PADL EYTE
uSHD 0 C1 FiZe x 2V 255 LAZT ENVTE®
ISR z
1SHG =3 JHE ZECTLF IF 10T« FORMAT HEXT TECTOR
NSAs 040 PREILF CLF  *P% WRITE PRPE-IHDE: GRP
SRz 1R TE IHDE UHTIL IMUER
0SAHA  1eFD IHE FREILF FULZE QTCURE
ISAL ZE40 - i LTERP HEARD TO MEXT TRALK
LSHE  10RS AR FREMTLR FORMAT HEXT TRACEK
NSeE0 1E04  FEMTRT 2 ZEL TURH OFF DRIVE
1o ee1dsg
NSiesel 147
5B N4SA E &1 RETURH
SEPSSE PSP 0308008880858 88008808088808888588885008855580850004
*
. COMMAMD COMTROL PROGRAM:  EXECUT
*
. THIZ COMMAMD EMAEBLEY THE OFERATOR TO BEGIN
* EXECUTION OF A FPROSEAM AT AMY LOCATION
* IN MEMORY.
*
. ENTRY FRARAMETEFRS: 2 = EMTRY POIMT
*
0SE4 0452 EXHECUT B L] ERAMCH TO ENTREY POINT
1N ++(1SE4”
PEPSPI P00 080808088800 0058008008385808580058858880888308080000
*
- COMMAND CONTFOL PROGFAM:  ENTEF
*
+ THIZ COMMAMD EMABLET THE DOFEFATOR TO ENTER
* DATA IHTO ZEGIENTIAL ™EMORY LOCATIOME.
*
+ CALLIHG PAFAMETER:: Foo= BESIMMIMG MEMORY
+ LOCZATION
*
NSEs  n2nd ENTER LI Fries LOARD BYTE COUMT
1
i ie®ASEE
1001 X SF0n HLIN HEW LINHE
100 HM& FRIMT FIFZT EYTE OF ADDFEL:
1onz IWFE FEVERIE BYTEL
1004 LMIT EBACKZFALE
1005 Heme FRIMT ZECOND EYTE OF ALDDRE:ZE
100 IWFE FELTORE EYVTE:
1007 ENTLF  H=m2 PRIMT MEMORY COMTEMT®
1003 HF & FEARD ANMD ZTORE HEW “ALUE
o3 T UFDATE ADDFEZD FOINTER
tatn DEC OECFEMENT EBYTE COUNT
tail 0soo A= IF s HEN LIHE
toie 0sng e ENTLF ELIE. FETCH MEST EYTE

Figure 32.

Floppy Disk Control Program (Sheet 27 of 28)
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SUMMARY

TMS 9900
Floppy Disk
Controlier

-.IIllIIIIIIIlIIlIlIIIIlIIIIlIIIIlIlllII-I-Il-I-I--.I-lIIIlllIIIIIIIIIIIIIIIIIIIIII-
CONHTRAOL FROGRAM FRGEE 0082

FLDFFY

1o14
10ts
101e
tmv

1019

10N

10

,
ey,

o Py T s
£ O =g T

DIsk

nS04

N3IZEe+0SDg

050

SD=
NSOR
asnc
NSDE

NSED
SeZ
0SE4
ISER
HSES
OSER
OSED
NSEE
HSF QO
1sFe
OSF 4
NSF

OSFS
HSFA
HSFL
OSFE

D=t 31

ZEST

T
cFan

nza7

NSFSeel NS

noon EFFRQRC

AZM TEFMT T

P00 000005000000000 0000800000000 0000004000000008000008004

L0 2 SR R R R IR R R 2

nmp
-

*

*

DLIMFLF

IMPLF1

*

DtFRET

COMMAMD COMTROL PROGRAM:  DUMP

THIZ COMMANL EMAELEZ THE OPEFRTOR TO
LAY THE COMTENT: DF MEMORY IM
HEXADECIMAL FORMAT.

CAHLLIMG FRPAMETERZ: F& = BEESIMMING
RODPESE

MOy PR3 LOARD DEFAULT EMND
AUDFE: S

HFLZ F3 FEAD FIRTT EBYTE OF
ENDII RDDRETE

TWFE R SAYE IN RIGHT EYTE

GHMIT SEBRACELF BRCKZFPRLE

HF{Z F3 FEARD ZECDOND EYTE DF
EHDI ALDR

IWFE R TWHP BYTES

NLIN HEW LINE

LI LORD E¥TE COUNT

HAME R FRINT FIRTT EvTE OF ADDRESE

IWFE R FEYERIE EYTET

SMIT REBACKIF EACE ZFACE FRIMTER

HoME FRIAT ZECOMD EYTE OF AODRESED

LWFE CORRECT ADDR

H=mz FRIMT MEMORY CONTENTT

- - CUFFEMT ADDFETT = LAIT
ADOFE::

JEO DUMFRT IF 0. RETURH

o R IHC#EMEHT ADDFELT

GEC R DECFEMENT EYTE COUNT

JHE  DHMPLF1 IF HOT s FRINT HEWT
EYTE

TE SIH OFERATOF IHTEFFUPT®

JEG DUMFLF IF {07« FRINT HEMT LIME

E R0 ELIEs FETLRM

EMI

Figure 32. Floppy Disk Control Program (Sheet 28 of 28)
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