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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. A SIMULATED 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. A LOW-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. A FLOPPY 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. It is a 
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 3-14 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 c of the LED display on and off, either fast or slow, depending on the 
position of the control switch. 

■ 9 	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 I. 
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Figure 1. Picture of System Set-up 
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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: 

TM 990/100M-1 
P2 Pin 

 

743 Terminal 
P1 Pin 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 I/O 
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 I/O 
interface components (5MT 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. Turn on the power supplies, the — 12V, + 12V and + 5V, in that order. 
2. Turn on the terminal and place it "on line." 
3. The system is now ready to receive a program. 
4. 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 1) and the character 
"A" or a carriage return (CR) on the terminal. The terminal responds: 

TIBUG REV.A 

5. 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 FE00 (CR) 
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6. TIBUG responds with the address and the data located at that address such as: 

FE00 =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 FE00 (CR) 
FE00=ABCD 	02E0 (Space] 
FE02=3D04 	FF20 (Space) 
FE04=FC36 	 — (minus)* 
FE02=FF20 	 (Space) 
FE04=FC36 	0201 (Space) 
FE06-0032 	 (CR) 

*requires pressing "NUM" key 

7. After an M and the starting address FE00 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=01346 FE00 (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. 
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9. The Execute Command, E, runs the program: . 

It runs until the RESET switch is pressed. After RESET, the program counter must be 
reset to FE00. This is done with a (CR), then R, then (Space), then FE00, 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. 

5MT 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 
5MT I/O modules that are part of a 5TI Control system. A simplified set of 
specifications for the basic modules is contained in Table I. 

9 	The I/O 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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A 

LOW-LEVEL LOGIC 

LOW-LEVEL LOGIC 

C 

LOW-LEVEL LOGIC 

LOW-LEVEL LOGIC 

Figure 2. Input/ Output Modules 

INPUT 
MODULE 

OUTPUT 
MODULE 

90-132VAC 

3-28VDC 

90-132VAC 

3-28VDC 
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indicator located at the low-level logic side of the module to help in set-up and 
troubleshooting. The I/O modules operate from 0-60°C and are designed for 100 
million operations. The modules are shown in Figure 3 with a 5MT43 mounting base 
which accepts 16 plug-in modules and provides all of the wiring terminals. A logic 
interface module which mounts on the 5MT mounting base is also shown in Figure 3. It 
provides a serial interface between the 5MT mounting base and a STI sequencer. It is 
not necessary for this application, but is very necessary if other 5TI components are 
interconnected in the system. 

CATALOG NO. TYPE OF 
DEVICE 

RATING TURN 
ON 

TIME 
(ms) 

TURN 
OFF 

TIME 
(ms) 

VOLTAGE CURRENT 

5MT11-A05L 

5MT12 -40AL 

5MT13-DO3L 

5 MT14-3 OCL 

5MT43 

AC Input 

AC Output 

DC Input 

DC Output 

90-132 Vac Input Voltage 

90- 132 Vac Output Voltage 

3-28 Vdc Input Voltage 

10-28 Vdc Output Voltage 

35 mA Max 

3 Amps 
Continuous (40°C) 

30 mA Max 

1 Amp 
Continuous (60°C) 

8 Typ. 
8.3 Max 

4 Max 

2 Max 

12 Typ. 
8.3 Max 

4 Max 

2 Max 

Mounting Base Holds 
Up to 16 Modules 

Table 1. 5MT Module Selection Table 
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Figure 3. I/O  Modules and Mounting Base 

The 5MT43 mounting base interfaces with the TM 990/ 100M-1 microcomputer with a 
cable to P4, the same 40 pin edge connector that was used for the output board of Figure 
3-9. The cable connections and hardware required are shown in Figure 4. This cable may 
be wired from scratch or a TM 990/507 cable can be purchased for the purpose. With 
this cable in place (J1 to the 5MT43 base and J4 to P4 on the TM 990/100M 
microcomputer module), the major components will be ready to simulate the industrial 
application. Of course, the additional parts must be purchased: 

1 — 5MT43 Mounting Base 
2 — 5MT11-A05L Input Modules 
2 — 5MT12-40AL Output Modules 
2 — 5MT13-DO3L Input Modules 

■ 9 	2 — 5MT14-30CL Output Modules 
1— TM990/507 Cable (or this can be fabricated as per Figure 4) 

(Equivalent circuits of 5MT modules are provided in Figure 5 in case these are 
to be simulated.) 
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J1 J4 SIGNAL 
1 10 MODULE 5 
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 

10 13 GROUND 2 
11 19 GROUND 0 
12 9 GROUND 5 
13 23 GROUND 7 
14 27 GROUND 9 
15 31 GROUND 11 
16 35 GROUND 13 
17 39 GROUND 15 
21 16 MODULE 3 
22 22 MODULE 1 
23 12 MODULE 6 
24 26 MODULE 8 
25 30 MODULE 10 
26 34 MODULE 12 
27 38 MODULE 14 
28 15 GROUND 3 
29 21 GROUND 1 
30 17 GROUND 4 
31 11 GROUND 6 
32 25 GROUND 8 
33 29 GROUND 10 
34 33 GROUND 12 
35 37 GROUND 14 
36 = 24 GA , STRANDED FOR MODULE V cc  

(7 — 9V,,.@.6A) 
TERMINATION CAN BE # 6 
SPADE LUG, BANANA PLUG. ETC 

,41111‘. 

PIN 36 

MODULE Vcc 
(7-9 Vdc 	6A) 

6' ± 3" 
(1,91m) 

WIRE — =26 GA 
STRANDED 

COMMON GROUND 
PINS 9, 11, 13, 15, 17 
19, 21. 23, 25, 27, 29, 
31. 33, 35, 37, 39 

J4 
40 PIN 

0 100 C-C. PCB EDGE CONNECTOR 
TI 421121-50 (WIRE WRAP) 
TI 421111-50 (SOLDER TAIL) 
VIKING 3VI-120/1JN5 
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WIRE LIST 

.11 

37 PIN "D" TYPE CONNECTOR, FEMALE TYPE 
AMP 205-209-1 
TRW 6 INC',H DC375 

Figure 4. 511IT Intel face Cable 
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Vcc ( + ) 

ac IN 

90-132 Vac 
35 MA 

V, — 9Vdc max 

Vi  — 0 4Vdc (a) 6m, 

Vcc( — ) 

ac COM 

1K 

as LINE 

ac LOAD 
90-132Vac 
3 Amps max 
40°C 

0 001 mf d 

5MT12 — 40AL -- AC OUTPUT MODULE 

Vcc( + ) 

Vo 	 V H  5-28 Vdc max 

V, 0 4Vdc @ 16 ma 

Vcc( — ) 

dc( + ) 

3-28Vdc 
30ma 

dc IN 

1800 

0.1 mIc 

OCI 

OCI 

33051 6 — 9Vdc 

Vcc( + ) 

LED r 

L _ 

2 4-1 5Vdc 

Vcc( ) 

1K 

0 001mfd 

5MT13 — DO3L DC INPUT MODULE dc OUT( + )  
+10 28Vdc 

dc LOAD V,10-28Vdc max 
V,@10V 1 Amp typ 
0`-60'C 

dc OUT( — ) 
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0 001mfd. 
5MT11 AO5L AC INPUT MODULE 

.9 

5MT14 — 30CL DC OUTPUT MODULE 

Figure 5. Equivalent Circuits for 5MT Modules 
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16 I/O PORTS 

TM990 100M 
MICROCOMPUTER 

16 I/O PORTS 

16 I/O PORTS 

743 
KSR 

TERMINAL 

USER CAN SELECT THESE MODES 
OF OPERATION 

MODE 1 — ACCEPT SIGNALS ON INPUTS 
1, 2, 3, 4 AND ENERGIZE 
CORRESPONDING OUTPUT 

MODE 2 — LOADS WILL BE TURNED ON 
AND OFF IN TIMED SEQUENCE 

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

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

INPUTS 

	  3-28Vdc 

2 	OHO 	 3 28Vdc 

3 	OHO 	 90 132Vac 

4 	(5-0 	 90-132Vac 

1 —I dc LOAD 

5MT 
I/O 

MODULES 

OUTPUTS 

2 --I ac LOAD 

3 —I dc LOAD 

4 	 ac LOAD 
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DEMONSTRATION EXAMPLE  

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 6), 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. 

Figure 6. 21pplication Block Diagram 
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The second mode of operation is very similar to the light sequence of Chapter 3. 
However, with the 5MT 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. 

THE TM990/100M MICROCOMPUTER 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 3-17. 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. 

.9 	The block diagram of the TMS9901 in Figure 8 will be used to identify the major 
functions. 
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First of all, since the TMS9901 is a programmable systems interface, as shown in Figure 
7, it is 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 8; 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 	Ot'T INT 	 COMMENT 

1. INT 1 	 X 	 X 	Principally inputs but may be used 
INT 2 	 X 	 X 	as interrupts 
INT 3 	 X 	 X 
INT  4 	 X 	 X 
INF 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. P6 	 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 8, 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 

9 

	

	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. 
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Figure 8. TMS 9901 Block Diagram 
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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 10. 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 

9 	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 I/O could be expanded to 
4096 ports by adding more units and continuing the example of Figure 11. 
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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 y5, of clock cycle 2 of 
the machine cycles. 

What determines where the bit position starts? The select bits on 	in the 9901 
(Figure 10 and 11) are distributed as A, 0  thru A, 4  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 0  thru A9  provide the additional address information. For 
example, if in Figure 11 the 9901 on the TM990/ 100M board is to be used for the I/O, 
then hardware base address 0080, is used. If the second 9901 on the TM990/310 
module is used, the hardware base address is 014016. 
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40. 

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 R1,9 

would instruct the microcomputer to send out (output) the 9 least significant bits of 
register Rl. 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 
WR12 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 16  hardware base address must be displaced to the software base 
address 0100 16  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 12. 

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 
Fi,-;,-ure 13. 

0 	1 	3 	3 	4 7 	8 	9 	10 I1 II? 13 14 15 
SOFTWARE 

BASE ADDRESS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 WR12 

9901 
HARDWARE 

BASE ADDRESS 

(ADDRESS OF 
FIRST BIT 

10 BE 
PROCESSED) 

.SET TO ZERO FOR A CRU DATA TRANSFER INSTRUCTION 

Figure 12. 9901 Base ilddress 
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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. 

N + 14 
N + 15 

N + 14 
N + 15 
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Masking means to enable or disable. Figure 14 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. In order 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. 

9. 

MASK .2 

Figure 14. Interrupt Masking 
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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 16. 

CRU 
INTERFACE 
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The code on ICO-IC3 is as follows: 

Table 2. Interrupt Code Generation 

INTERRUPT/ STATE PRIG 

U
c
 	

c
 	

o
 	

0
 •-

■ 	
•
-
■

 (7.) 	
•-

■ 

INTREQ 

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

„a.. 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 
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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 Items 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 

.4111•■•,, 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 illustrated 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 

<amb., 
(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 18. 

Note: When the interrupt priority level comes into the 9900 and the interrupt is 
enabled, a number one less than the interrupt level received is placed in the interrupt 
mask in the status register as shown in Figure 16 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. 

9i 
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Figure 17. Interrupt Context Switch — New Workspace 
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Figure 18. Interrupt Context Switch Returning to Interrupted Program 
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411111., 

.411111b, 

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 0000, 6  to 07FE16  are 
dedicated memory. Addresses 0000 16  to 003E, 6  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 16  it obtains the value FF68 16  for the workspace pointer and at 000E 16 

 the value FF8816  for the program counter. The context switch operations store the old 
context registers in the new workspace pointed to by FF68, 6 . Then the interrupt service 
routine begins by executing the instruction pointed to by FF88 16 . Since there are valid 
reserved locations for only two memory words at the FF88 16  location, the instruction 
pointed to by FF88, 6  and FF8A16  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 16  and the program counter value is 
FFAC„• 

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 16  and FF8C 16 . 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, 6  for WP and 
000216  for PC, as shown in Figure 20. The 16 interrupt vectors at 0000 16  to 003E16  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 16  is reserved for this 
purpose. This is noted because this space cannot be used for data or program memory in 
the application. 

94 
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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 16  to 007E16  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 Write 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. 

94 
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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 CODE MESSAGE ASCI I CODE 

0 MSG1 5448 $THIS IS A SAMPLE. A 41 
E 45 

1 4953 H 48 
I 49 

2 2049 L 4C 
M 4D 

3 5320 P 50 
S 53 

4 4120 T 54 

5 5341 

6 4D50 SPACE (SP) 20 
7 4C45 LINE FEED (LF) OA 
8 2E20 
9 ODOA +>000A CARRIAGE RETURN (CR) OD 
10 0000 +>0000 • (PERIOD) 2E 

Note that line 9 contains a carriage return and a line feed and has the code ODOA. The 
message beginning at location MSG1 is preceded by a dollar sign and terminated with a 
byte containing all binary zeroes. The + > ODOA 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 

9 	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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4011116, 

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 21a. 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 I/O bits also 
applies to the 9902. It has the same address bits A10—A14 used for addressing the CRU 
bits inside the 9902 through S 0 —S4 . 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 I/O units that might be available in 
the system (in this case, only 9901s are present). The hardware base address 004016 
identifies the 9902 contained in the microcomputer. The software base address of 0080 16 

 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 INTO 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 16 . 

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. 

CRU 

EIA 
TERMINAL 

  

I/O SIGNALS 

   

 

P2 

 

TMS 
9902 

TON 
9901 

TON 
9900 

INTREU 
INT 4 

INT 
IG0-1C3 

(0040,) 

tCE 	 L 	t CE  

ADDRESS 

DSCH 

Figure 21a. Simplified Block Diagram Showing TMS 9902 Interface 

DSCENB 
DSCINT 

RINT 

CR U 
STATUS 

LINES 
XINT 

RBRL  

RIENB  

XBRE  

XIENB  

TIMELP 

TIMENB 
TIM INT 

► 9 
INT 

INT 
	0 OUTPUT 

Figure 21 b. INT Output Generation 
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411110. 

ADDRESS2 

SO St S2 S3 S4 
ADDRESS10 NAME DESCRIPTION 

1 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. 

1 0 1 0 0 20 TIMENB Timer Interrupt Enable 

1 0 0 1 1 19 XBI ENB Transmitter Interrupt Enable 

1 0 0 1 0 18 RIENB Receiver Interrupt Enable 

1 0 0 0 1 17 BRKON Break On 

1 0 0 0 0 16 RTSON Request to Send On 

0 1 1 1 1 15 TSTMD Test Mode 

0 1 1 1 0 14 LDCTR L Load Control Register 

0 1 1 0 1 13 LDIR Load Interval Register 

0 1 1 0 0 12 LRDR Load Receiver Data Rate Register 

0 1 0 1 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 I/O 

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 0 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 1 , will be added to the 9901 hardware 
base address in the microcomputer when P o  thru 13 15  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 0 correspond to P o , bit 1 to 13 1 , bit 2 to P2 , etc. 

Figure 23 shows how select bit zero, the control bit, controls the mode of the 9901. 
When it is a "0", the 9901 is in the interrupt mode; when it is a "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. 

911 
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NOTES SELECT 
BIT 

SO S1 S2 
S3 S4 

PIN NO. 
PIN FUNCTION WHEN 
BEING READ BY A 
CRU INSTRUCTION 

PIN FUNCTION WHEN  P 
BEING SET OR , 
"WRITTEN TO BY A 
CRU INSTRUCTION 

9901 

Base 
Address 

MODE INTERRUPT CLOCK INTERRUPT CLOCK 

0 
(control bit) 0 0 0 0 0 0 1 0 1 

1 0 0 0 0 1 17 INT 	1 CLK 	1 MASK 1 CLK 	1 
2 0 0 0 1 0 18 INT 	2 CLK 	2 MASK 2 CLK 2 
3 0 0 0 1 	1 9 INT 	3 CLK 3 MASK 3 CLK 	3 
4 0 0 1 0 0 8 INT 	4 CLK 	4 MASK 4 CLK 4 
5 0 0 1 	0 1 7 INT 	5 CLK 5 MASK 5 CLK 5 
6 0 0 1 	1 	0 6 INT 	6 CLK 6 MASK 6 CLK 6 
7 0 0 1 	1 	1 "34 INT 	7 CLK 7 MASK 7 CLK 	7 
8 0 1 0 0 0 '33 INT 	8 CLK 	8 MASK 8 CLK 8 
9 0 1 0 0 1 ' 32 INT 	9 CLK 9 MASK 9 CLK 	9 

10 0 1 0 1 0 - 31 INT 10 CLK 10 MASK 10 CLK 10 
11 0 1 0 1 	1 '30 INT 11 CLK 11 MASK 11 CLK 11 
12 0 1 1 0 0 '29 INT 12 CLK 12 MASK 12 CLK 12 
13 0 1 1 	0 1 *28 INT 13 CLK 13 MASK 13 CLK 13 
14 0 1 1 	1 	0 '27 INT 14 CLK 14 MASK 14 CLK 14 
15 0 1 1 	1 	1 '23 INT 15 A INTREQ MASK 15 RST 2 

I/O 
Ports— 16 1 0 0 0 0 38 PO 	INPUT PO OUTPUT 
Address 17 1 	0 0 0 1 37 P1 	INPUT P1 	OUTPUT 

18 1 	0 0 1 0 26 P2 	INPUT P2 OUTPUT 
19 1 	0 0 1 	1 22 P3 	INPUT P3 OUTPUT 
20 1 	0 1 0 0 21 P4 	INPUT P4 OUTPUT 
21 1 	0 1 	0 1 20 P5 	INPUT P5 OUTPUT 
22 1 0 1 	1 	0 19 P6 	INPUT P6 OUTPUT 
23 1 0 1 	1 	1 *23 P7 	INPUT P7 OUTPUT 
24 1 	1 0 0 0 '27 P8 	INPUT P8 OUTPUT 
25 1 	1 0 0 1 28 P9 	INPUT P9 OUTPUT 
26 1 	1 0 1 0 '29 P10 INPUT P10 OUTPUT 
27 1 	1 0 1 	1 '30 P11 INPUT P11 OUTPUT 
28 1 	1 1 0 0 - 31 P12 INPUT P12 OUTPUT 
29 1 	1 1 	0 1 "32 P13 INPUT P13 OUTPUT 
30 1 	1 1 	1 	0 '33 P14 INPUT P14 OUTPUT 
31 1 	1 1 	1 	1 '34 P15 INPUT P15 OUTPUT 

`COMMON 

A INVERTED FROM INTREO 

Figure 23. 9901 Select Bit Jssignments 
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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 15. 

CLOCK MODE  

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 AND OUTPUTS  

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/O 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 I/O 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 RST2, all interrupts INT1 through INT15 
are disabled, all I/O ports will be in the input mode, the code on ICO -IC3 will be 0000, 
INTREQ will be high and the 9901 will be in the interrupt mode. 

91 
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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 (100 1 , for 9901 on microcomputer board) and set select bit zero to the 
respective value: 

LI R12,>100 
	

LOADS>100 INTO WR12 
SBZ 0 
	

9901 TO INTERRUPT MODE 
SBO 0 
	

9901 TO 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: 

LDCR R2,9 

will do this as shown in Figure 24. The contents of workspace register 2, 0164 16  from bit 
15 thru 7 are read into select bits 0 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 	R12,> 100 

instruction, 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 6 4 

0 0 0 0 0 0 0 0 0 0 0 0 WR2 

WR 12 

>0100I 

CRU OUTPUT 0 0 0 0 0 0 0 0 0 0 

9 15 	14 	13 	I 2 	11 	10 	9 	6 	7 	6 	5 	4 	3 	2 	I 	0 SELECT BIT 

ENABLED 	 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, 6  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 P,, (the 0 
in the LDCR R2, 0 means all 16 bits will be written to the output). WR12 has 
previously been loaded with 0120, 6 . 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 FE00 (CR) 

ADDRESS OP CODE MNEMONIC COMMENT 

FE00=XXXX 02E0 (SP] LWPI >FF20 ;WP = >FF20 
FE02=XXXX FF20 (SP) 
FE04=XXXX 020C (SP) LI 	R12,>120 ;9901 SOFTWARE BASE 

ADDRESS = >120 
FE06=XXXX 0120 (SP) 
FE08=XXXX 0200 (SP) LI R0,›FOF0 ;CRU DATA 
FEOA= XXXX FOFO (SP) 
FEOC= XXXX 3000 (SP) LDCR R0,0 LOAD 9901 I/O 

PORTS WITH RO 
FEOE= XXXX 3400 (SP) STCR R0,0 STORE 9901 I/O 

PORTS IN RO 
FE10=XXXX 0460 (SP) B g> 80 ;RETURN TO TIBUG 
FE12 = XXXX 0080 (CR) 

41.-  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. 

94 
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BIT NO 	0 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 

0 4 

0 0 0 0 0 0 0 0 0 WR2 

WR12 

>01201 

CRU OUTPUT 0 0 0 0 0 0 0 0 0 

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

9901 OUTPUT 	P,, 	P,, 	P,, 	P„ 	P,, 	P, 	P, 	P„ 	P, 	P, 	P, 	P, 	P, 	P, 	P, 

Figure 25. Output From WR 2 with LDCR Instruction 

PROGRAMMING THE 9901 CLOCK  

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 (INT 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(4))/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 16 . The least significant bit of 
the register value must be a 1 to set the control bit, therefore 0494 16  is moved over a bit 
position and the register is loaded with 0929 16 . 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 
LI R1,>0929 
LDCR R1,15 

;SET 9901 ON MODULE SOFTWARE ADDRESS= >0100 
;LOAD CLOCK VALUE INTO R1, SET CLOCK MODE 
;MOVE TIMER VALUE AND CONTROL BIT TO 9901 
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0 9 

12 
	

3 
	

15 4 
	

7 

2 

8 
	

10 
	

1 1 3 

9 

R1 N 	0 	0 	0 	1 	0 	0 	1 	0 	0 	1 	0 0 	0 	1 >0929 

CLK1 TO CLK14 = >0494 = 1172, o 

 1172/46,8751-Iz — 25ms 

CRU 	TMS 9901 	HEX 
ADDR ASSIGNMENT VALUE 

80 1 = CLOCK MODE 

81 	CLK1 

82 	CLK2 

CLK3 

4 

0 • 

9 

0 

0 

0 

0 

	 /• 0 
NOTE: 
THE FIRST SERIAL INPUT FROM CRU (A ONE IN BIT 15 OF R1) SETS CLOCK MODE. 	0 
LAST INPUT TO CLOCK REGISTER (CLK14) STARTS THE CLOCK. 

4 

8E 	CLK14 

8F 
WR12 

>0100 

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 to a "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. 

The software is: 
9I 

LI R12,>0100 
SBZ 0 
SBO 3 
LIMI 3 

;SET BASE ADDRESS TO 9901 ON BOARD, >0100 
;9901 TO INTERRUPT MODE 
;ENABLE INTERRUPT 3 AT 9901 
;LOAD 9900 INTERRUPT MASK 
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PUTTING SOME PIECES TOGETHER  

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

LI R12,>0100 
CLR RO 
LI R1,>0929 
LDCR R1,15 
SBZ 0 
SBO 3 
LIMI 3 

LOOP 2 CI RO, >FFFF 
JNE LOOP 2 

;SET SOFTWARE BASE ADDRESS OF 9901=0100 
;INITIALIZE INTERRUPT INDICATOR, RO SET TO ZERO 
;CLOCK COUNT 0494 AND CLOCK MODE IN R1 
;SET CLOCK COUNT ENABLE TIMER 
;9901 TO INTERRUPT MODE 
;ENABLE INT 3 AT 9901 
;LOAD 9900 INTERRUPT MASK 
;HAS INT 3 OCCURED? 
IF NO, GO TO LOOP 2 

When the timer gives an interrupt 3, a context switch occurs; the interrupt 3 vector PC 
points to FF88 16  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 RD 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, G  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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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, I/O positions 0 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 
Ll and L3 represent industrial dc loads; L2 and L4 represent industrial ac loads. 

-12V, ±12V, 5V 

TM990 /310 

TM990/100M 
MICROCOMPUTER 

P2 	GND 

P4 

P1 P1 

 

P2 

 

I/O 
EXPANSION P3 

P4 

TM990/503 

  

	  / 
TM990 /507 	..\( 

INPUT 
MODULES 

OUTPUT 
MODULES 743 

KSR 
TERMINAL 

0 I 1 	2 	3 

Si S2 I S3 I S4 

MODE I. READ AN INPUT AND SET A 
CORRESPONDING OUTPUT. 

tow MODE 2. TURN ON LIGHTS IN SEQUENCE. 

MODE 3. TI BUG MONITOR FOR DEBUG 
EDIT AND NEW PROGRAM DATA. 

COMMAND MODE 

SELECT THE MODE DESIRED 

INTERRUPT MODE 

INTERRUPT MODE 1 AND MODE 2 
BY PRESSING KEY ON TERMINAL 

dc 
PS 

O 
O 

110Vac LINE 

+ 112Vdc 

cT, 

L2 

L3 

L4 

 I/O 
POSITION 
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1 	COMM 

Figure 27. Concept Flow Diagram 
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FLOW 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 off 
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 

9 	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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Figure 28. Function Level Flow Charts 
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WRITING 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 FC0016  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 16 . This memory location must be referenced when returning to the 
TIBUG Monitor in Mode 3. The TIBUG workspace located at FFB0 16  has already 
been discussed. This space must be reserved. 

One more point — the second 1K of EPROM starting at location 0800 16  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 U45 
and the product number is TM990/402-1. Normally, the LBLA would start 
assemblying at address FE00, 6 , however, by using a /FC00 command the start location 
is changed to FC0016• 

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. INPUT1 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. 

■ 9 
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BYTE 0000 

BYTE 0001 

FF68 

FF88 
FF8C 

FFA 
FF80 
FFFE 

MEMORY 

ADDRESS 

0000 
INTERRUPT VECTORS 

003E 

XOP VECTORS 
0040 

k 007 E 

TIBUG 0030 

MONITOR 
07FE 

0800 

} INT 3, 

}

INT 4 ".• 
WP AT FF8C 

WP AT FF68 
2-WORD INST AT FF88 

2-WORD INST AT FFAC 

	

OFFS 

1000 

• 
FBFE 

FC00 

USER 

AVAILABLE 

RAM 

FIRST 
1024 

WORD 
EPROM 

SECOND 

7 
1024 
WORD 
EPROM" 

MEMORY 

S EXPANSION 

SECOND 
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DEDICATED MEMORY 

ADDRESS (HEX) 	 PURPOSE  

0000-0003 	 Level zero interrupt vector (RESET) 
000C-000F 	 INT3 vectors (TMS 9901 timer) 
0010-0013 	 INT4 vectors (TMS9902 timer) 
0040-0047 	 Vectors for XOP's 0 and 1 (Microterminal I/O) 
0060-007F 	 Vectors for XOP's 8 to 15 (TIBUG utilities) 
0080-07FF 	 TIBUG monitor 
FFBO-FFFB 	 Four overlapping monitor workspaces 
FFFC-FFFF 	 Restart (load) vector 

Figure 29. Memory Map with Fully Populated 990/100M--1 Module 
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The Command Mode program is as follows: 

COUNT 	 ;SET UP 9901 CLOCK 
BASE1 	+>100 	 ;SET UP 9901 CRU BASE 
BASE2 	+>120 	 ;SET UP 9901 I/O BASE 
START 	LWPI >FF20 	 ;SET WP AT FF20 

LI R1 , > 1E00 	 ;SBZ OP CODE TO R1 
LI R2,>1000 	 ;SBO OP CODE TO R2 
LI R3,>1F00 	 ;TB OP CODE TO R3 
XOP @MSG1 , 14 	 ;PRINT HEADER IMSG1 

COMODE 	XOP @MSG2, 14 	 ;ASK FOR MODE WITH MSG2 
XOP R7, 11 	 ;READ CHAR FROM TER TO R7 
CI R7,> 3100 	 ;IS CHAR A 1? 
JEQ INPUT1 	 IF YES GO TO MODE 1 
CI R7,>3200 	 IS CHAR A 2? 
JEQ BLINKR 	 IF YES TO TO MODE 2 
CI R7,>5100 	 ;IS CHAR A Q? 
JNE COMODE 	 IF NO KEEP LOOPING 
B p›Eio 	 IF YES GO TO TIBUG 

To initialize registers, the values for the TMS 9901 clock interval, TMS 9901 CRU 
software base address and TMS 9901 I/O software base address are loaded directly into 
memory spaces by using a ( + ) in front of the data. 092916 is placed in the 9901 for a 
25ms interval. Recall that the module 9901 has a base address of 0100 16  for select bit 
zero and 0120 1 , 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 FF2016. 

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 
MSG2 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 16  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 

■ 9 

	

	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: 

INPUT1 	RSET 	 ; PUT 9901 INTO INPUT MODE 
LIMI 4 	 ; ENABLE 9900 INT1-INT4 
LI 912,>80 	; LOAD R12 W/9902 BASE ADDR 
STCR R7,0 	 ; CLEAR 9902 RCV BUFFER 
SBO 18 	 ; ENABLE 9902 RCV INT 
MOV @BASE1,R12 ; SET 9901 BASE ADDR TO >100 
SBO 4 	 ; ENABLE 9902 INT AT 9901 

START 

91 

INITIALIZE 
REGISTERS 

PRINT HEADER 
AND 

INSTRUCTION 

PRESS KEY 
ON 

TERMINAL 

CHARACTER 
	YES 

= 

TMS 9902 
INTERRUPT 

NO 
INPUT1 

CHARACTER 
= 22  

YES 

 

BLINKR 

CHARACTER 
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YES 

  

   

    

TIBUG 
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NO 

Figure 30. Command Mode 
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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. 

INPUT 1 

Figure 31. Mode 1 Operation 
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CHECKING 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 "1", then the N +4 bit (I/O bit 4) will be set to a "1" to correspond. One will be 

411•4 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 @BASE2,R12 
INIT1 	CLR R4 

INDEX1 	MOV R4,R5 
SOC R3,R4 
X R4 
JET HIGH 

LOW MOV R5,R4 
Al R5,>4 
SOC R1,R5 

XECUTE 	X R5 
INC R4 
CI R4,>3 
JGT INIT1 
JMP INDEX1 

HIGH MOV R5,R4 
Al R5,>4 
SOC R2,R5 
JMP XECUTE 

; SET 9901 BASE ADDR TO >120 
: R4 CONTAINS CRU BIT TO BE 
;TESTED 
; MOVE CRU BIT TO R5 
; R4 CONTAINS TB INST (R3) 
; EXECUTE TB SPECIFIED BY R4 
; IF CRU BIT=1 GO TO HIGH 
; RELOAD CRU BIT INTO R4 
; SHIFT CRU BIT OVER BY 4 
; R5 CONTAINS SBZ OP CODE (R1) 
; EXECUTE OP CODE SPECIFIED BY R5 
; INCREMENT TO NEXT CRU BIT 
; IS CRU BIT >3? 

IF YES REINITIALIZE 
; START TESTING NEXT CRU BIT 
; RELOAD CRU BIT INTO R4 
; SHIFT CRU BIT OVER 4 
; R5 CONTAINS SBO OP CODE (R2) 
; 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 R5 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 R5 with the original value of the select bit 
to be tested, which is still in R5. R5 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. 

94 
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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 R5, and now executes an SOC R2, R5 to set the N + 4 output to 
one when the SBO instruction in R5 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 16  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 5MT 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 
FFFF16 . 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 9901 TO THE INPUT MODE 

LIMI 4 	 ; ENABLE 9900 INT1-INT4 
LI R12,>80 	 ; SET UP 9902 BASE AMR 
STCR R7,0 	 ; CLEAR 9902 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, 6 and 7. 
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Figure 32. illode 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 
INT2 	 LI R4,>5 
LOOP1 	MOV R4,R5 

SOC R1,R5 
X R5 
INC R4 
CI R4,>8 
JNE LOOP1 

; SET 9901 BASE ADDR= >120 
; R4 CONTAINS CRU BIT POS 5 
; MOV POS 5 TO R5 
; R5 CONTAINS SBZ OP CODE (R1) 
; EXECUTE SBZ SPECIFIED BY (R5) 
; R4=R4+1 
; HAS CRU BIT 7 BEEN SET=O? 
; IF NO 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. 

LI R4,>4 	 ; SET OUTPUT BASE BIT 

Timing I ,00p  

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 I/O 
bit dictated by R4 is turned off. R4 is incremented and checked to see if it is equal to 8. 
If not, the I/O 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. 

■ 9 
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The software looks like this: 

INDEX 2 	LI R6,>4 	 ; OVERALL LOOP COUNT=100ms 
TIMER 	MOV gBASE1,R12 	 ; SET CRU BASE ADDR OF 9901=>100 

CLR RO 	 ; INITIALIZE INT3 INDICATOR 
LDCR gCOUNT,15 	 ; LOAD TIMER AND START COUNT 
SBZ 0 	 ; 9901 TO INTERRUPT MODE 
SBO 3 	 ; ENABLE INT3 AT 9901 
SBO 4 	 ; ENABLE 9902 INT AT 9901 

LOOP2 	CI RO,>FFFF 	 ; HAS INT3 OCCURRED? 
JNE LOOP2 	 ; IF NO GO TO LOOP2 
DEC R6 	 ; R6=R6-1 
JNE TIMER 	 ; IF R6=0 GO TO TIMER 
MOV gBASE2,R12 	 ; SET 9901 BASE ADDR = >120 
MOV R4,R5 	 ; MOV CRU BIT TO R5 
SOC R1,R5 	 ; (R5)=SBZ [R5] 
X R5 	 ; EXECUTE SBZ SPECIFIED BY (R5) 
INC R4 	 ; R4=R4+1 
CI R4,>9 	 ; IS R4=9? 
JEQ BLINKR 	 ; IF YES RESTART SEQUENCE 
MOV R4,R5 	 ; R4=R5 
SOC R2,R5 	 ; (R5)=SBO (R5) 
X R5 	 ; EXECUTE SBO SPECIFIED BY (R5) 
JMP INDEX2 	 ; RESTART TIMING CYCLE AT INDEX 2 

9902 Interrupt Service Routing 

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,,, the reserved space, where it finds an instruction 
directing it to INTREC. This instruction looks like this: 

ADDRESS 	INSTRUCTION  

FFAC 	 B gINTREC 	 ; 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 gBASE1,R12 	 ; SET 9901 BASE ADDR=>100 
SBZ 3 	 ; DISABLE INT3 AT 9901 
SRL R12, 1 	 ; SET BASE ADDR =>80 FOR 9902 
SBZ 18 	 ; DISABLE 9902 INT 
STOR R7, 0 	 ; READ 9902 RCV BUFFER (CLEARS) 
LI R14, COMODE 	 ; LOAD ADDR OF COMODE INTO PC 
RTWP 	 ; RETURN TO 5MT ROUTINE 

9900 FAMILY SYSTEMS DESIGN 	 9-55 



FROM BASIC CONCEPTS 
TO PROGRAM 

A simulated 
industrial control 
application 

■ 9 

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, 6  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 16 , INT3 is disabled and 
RO of the previous workspace is set to FFFF 16 . A RTWP instruction then returns the 
processor to the interrupted routine. 

The software is as follows: 
CLKINT 	LI R12,>100 	; SET 9901 BASE ADDR 

SBZ 3 	 ; DISABLE INT3 AT 9901 
SETO *R13 	 ; SET PREVIOUS R0=>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 S 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 ODOA,, 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 I/O DEMONSTRATION ROUTINE 
+>ODOA 
$MODE 1 — INPUTS 0-3 SWITCH OUTPUTS 
$4-7 RESPECTIVELY 
+>ODOA 
$MODE 2 — OUTPUTS 4-7 ARE SWITCHED SEQUENTIALLY 
+>ODOA 
$A Q RETURNS CONTROL TO THE TIBUG MONITOR 
+>ODOA 
$A CARRIAGE RETURN DURING MODE 1 OR 2 
SOPERATION RETURNS THE USER TO THE 
+ >ODOA 
$CONTROL MODE 
+ >ODOA 
+ > 0000 
+ >ODOA 
$SELECT MODE 1, 2 or 
+>ODOA 
+ >0000 
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SYSTEM OPERATION  

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 I/O expansion board. However, for now, operations will be only 
with the microcomputer and the 5MT I/O modules. Connection to the modules is made 
through the cable of Figure 4 and P4 on the microcomputer and P1 on the 5MT43 
module base. There is a separate wire from the J1 connector to provide +8 volts to the 
5MT modules. This + 8 volts must supply 0.6A worst case if all the positions in the 
5MT43 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. This must have 
a minus terminal free of chassis ground, otherwise its case will be at ac line voltage when the 
5MT I/O  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 5MT43 base for the ac power. The industrial level power (both dc and 
ac) is and must be isolated from the dc power for the microcomputer module and low-level logic 
+ 8V power source of the 5MT interface modules. 

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

SYSTEM PARTS LIST  

• TM990/100M-1 board 
• TM990/310 48 I/O board (optional) 
• 5MT43 base* 
• 2 — 5MT11-A05L AC input modules* 
• 2 — 5MT12-40AL AC output modules* 
• 2 — 5MT13-DO3L DC input modules* 
• 2 — 5MT14-30CL DC output modules* 
• 5MT interface cable-TM990/507 
• 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 I/O Expansion (TM990/518) 

Voltage 	 REG 	 /100M Current 	w / 310 Module Current 

+5V 	 ±3% 	 1.3A 	 2.1A 
+12V 	 ±3% 	 0.1.1 	 0.1A 
— 12V 	 3% 	 0.2A 	 0.2A 

• Industrial Control Level Power Supplies 

Voltage 	 REG 	 Current 

+8Vdc 	 ± 5% 	 0.6A 
+12Vdc 	 ± 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 12 and 13. Make sure of the following 
jumper connections. 

JUMPERS 	 INTERCONNECTION 	COMMENT 

J15 	 Disconnected 	 Power for TM990/301 
J14 	 Disconnected 	 Microterminal, not 
J13 	 Disconnected 	 required for 743 KSR 
J12 	 N.A. 	 For multiple boards 
JII 	 Disconnected 	 For ASR 745 
J10,9,8 	 N.A. 	 For multiple hoards 

J7 	 EIA position 
j6,5 	 N.A. 	 For multiple hoards 
J4,3,2 	 In 08, or 2708 Position 	 For 2708 EPROMS 
J1 	 9902 	 This will likely need to 

be positioned 
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.11111.. 

Step 5 — 

Step 6 — 

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 LBLA which is in two TMS 2708 
EPROM's should have also been inserted in U43 and U45 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 5MT modules in the 5MT43 base as shown in Figure 33. 
Be sure modules are in the proper order. This arrangement will show 
de 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 5MT 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 5MT43 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 5MT modules are connected correctly. Use J4 for test 
voltages. 

Plug-in the ac power cord for the 5MT modules and verify that the 
ac input and output modules are interconnected correctly. The 
LED's on the modules will be useful for this. 

Step 7 — 

Step 8 — 

Step 10 — 	Unplug ac cord, turn off + 12V and + 8V supplies. 
	 9i 

Step 11 — 	Connect J4 of the cable from the 5MT43 base to P4 on the TM990/ 
100M module. 

Step 12 — 	Turn on the power supplies for the microcomputer in this order: 
—12V, + 12V, + 5V. 
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MODULE 
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5MT14 30C L 
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120 Vac 

0 

e 

Figure 33. 5MT I/O Module Wiring 
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Step 13 — 	Turn on the terminal. Make sure it is "ON LINE." 

Step 14 — 	Turn on the + 8V supply for the 5MT 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 I/O pins on the microcomputer in 
the "1" state. 

The microcomputer system is now ready to be programmed. 

LOADING 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. 

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 16 * 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 16  into the PC looks like this: 
?R 	 [CR) 
W=FFC6 	 (SP) 
P =01 A6 	09E6 	(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 
changed to the starting address of the program by typing a slash (/) and the new address 
and a CR. 

?E 
FE00 	 / FC00 	 (CR) 
FC00 

*This value may change depending on the version of LBLA. Early versions had 09E8, 6  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. 

MEMORY ADDRESS OF ASSEMBLED MACHINE CODE 

FE00 
FE02 

02E0 
FE80 

LWPI 	>FE80 SET UP WORKSPACE ADDRESS 

FE04 0200 LI 	RD, 10 SET UP COUNTER VALUE 
FE06 000A 
FE08 0201 LI 	R1,>FEA0 , ADDRESS OF VALUES IN R1 
FEOA FEAO 
FEOC 0202 LI 	R2,>FEBO ADDRESS OF STORAGE AREA IN R2 
FEOE FEBO 
FE10 CCB1 MOV *R1 +,*F12+ MOVE VALUES TO STORAGE AREA 
FE12 0600 DEC 	RO DECREMENT COUNTER 
FE14 1301 JEQ 	>FE18 EXIT IF COUNTER =ZERO 
FE16 10FG JMP 	>FE10 LOOP BACK UNTIL 10 VALUES MOVED 
FE18 

Figure 34. LBLA Format 

Only one space is used between 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. If 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 carriage 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 
terminal. 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 
	

Comments 

	11■11111111■11 

,4111111■ 

?R 
W = FFB0 
P-0168 09E6 
?E 
F000 
FC00 0929 
FCO2 	0100 
FC04 	0'120 
FC06 02E0 
FCOB 	FF20 
FCOA 	0201 
FC00 	1E00 
FLOE 	0202 
FC10 	1D00 
FC12 	0203 
FC14 	1F00 
FC16 	2FAO 
FC18 	FCF2 
FC1A 2FAO 
FC1C 	FEOO 
FC1E 	2EC7 
FC20 0287 
FC22 	3100 
FC24 	1308 
FC26 	0287 
FC28 	3200 
FC2A 	1325 
FC2C 0287 
FC2E 	5100 
FC30 	16F4 
FC32 0460 
FC34 0080 
FC36 0360 
FC38 0300 
FC3A 0004 
FC3C 020C 
FC3E 0080 
FC40 3407 
FC42 1012 
FC44 C320 
FC46 FCO2 
FC48 1D04 
FC4A C320 
FC4C FCO4 
FC4E 	04C4 
FC50 	C144 
FC52 	E103 
FC54 0484 
FC56 	130A 
FC58 	C105 
FC5A 0225 
FC5C 0004 
FC5E E141 
FC60 0485 
FC62 0584 
FC64 0284 
FC66 0003 

/FC00 
+>929 
+>100 
+ >120 
LWPI >FF20 

LI R1,> 1E00 

LI R2,> 1 000 

LI R3,>1F00 

XOP @>FCF2,14 

XOP g>FE00,14 

XOP R7,11 
CI R7, > 3100 

JEQ >FC36 
CI R7,> 3200 

JED >FC76 
CI R7,>5100 

JNE >FC1A 
B g>0080 

RSET 
LIMI 4 

LI R12,>0080 

STCR R7,0 
SBO 18 
MOV g>FCO2,R12 

SBO 4 
MOV @>FC04,R12 

CLR R4 
MOV R4,R5 
SOC R3,R4 
X R4 
JED >FC6C 
MOV R5,R4 
Al R5,>4 

SOC R1,R5 
X R5 
INC R4 
CI R4,>3 

SBZ OP CODE TO R1 

; SBO OP CODE TO R2 

; TB OP CODE TO R3 

; PRINT HEADER gmsGi 

COMODE 	; ASK FOR MODE WITH MSG2 

READ CHAR FROM TER TO R7 
IS CHAR A 1 ? 

IF YES GO TO MODE 1 
IS CHAR A 2? 

IF YES GO TO MODE 2 
IS CHAR A 0? 

IF NO KEEP LOOPING 
IF YES GO TO TIBUG 

INPUT1 	; PUT 9901 INTO INPUT MODE 
; ENABLE 9900 INT1-INT4 

LOAD R12 W/9902 BASE ADDR 

CLEAR 9902 RCV BUFFER 
ENABLE 9902 RCV INT 
SET 9901 BASE ADDR TO >100 

ENABLE 9902 INT AT 9901 
SET 9901 BASE ADDR TO >120 

INIT1 
	

R4 CONTAINS CRU BIT TO BE TESTED 
INDEX1 
	

MOVE CRU BIT TO R5 
R4 CONTAINS TB INST [R3] 
EXECUTE TB SPECIFIED BY R4 
IF CRU BIT=1 GO TO HIGH 

LOW 
	

RELOAD CRU BIT INTO R4 
SHIFT CRU BIT OVER BY 4 

R5 CONTAINS SBZ OP CODE [R1] 
XECUTE 
	

EXECUTE OP CODE SPECIFIED BY R5 
INCREMENT TO NEXT CRU BIT 
IS CRU BIT >3? 

COUNT 
	

SET UP 9901 CLOCK 
BASE 1 
	

SET UP 9901 CPU BASE 
BASE 2 
	

SET UP 9901 I/O BASE 
START 
	

SET WP AT FF20 
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FC68 
FC6A 
FC6C 
FC6E 
FC70 
FC72 
FC74 
FC76 
FC78 
FC7A 

15F2 
10F2 
C105 
0225 
0004 
E142 
10F5 
0360 
0300 
0004 

JGT >FC4E 
JMP >FC50 
MOV R5,R4 
Al 	R5,>4 

SOC 	R2,R5 
JMP 	>FC60 
RSET 
LIMI 	4 

HIGH 

BLINKR 

IF YES REINITIALIZE 
START TESTING NEXT CRU BIT 
RELOAD CRU BIT INTO R4 
SHIFT CRU BIT OVER 4 

AS CONTAINS SBO OP CODE [R2] 
GO EXECUTE SBO INST 
SET 9901 TO INPUT MODE 
ENABLE 9900 INT1-INTO 

FC7C 020C LI 	R12,>80 SET UP 9902 BASE ADDR 
FC7E 0080 
FC80 3407 STCR 	R7,0 CLEAR 9902 RCV BUFFER 
FCB2 1D12 S80 	18 ENABLE 9902 RCV INT 
FC84 C320 MOV 	@>FC04,R12 SET 9901 BASE ADDR=>120 
FC86 FC04 
FC88 0204 LI 	R4,>5 INT2 R4 CONTAINS CRU BIT POS 5 
FCBA 0005 
FCBC C144 MOV 	R4,R5 LOOP1 MOV POS 5 TO AS 
FCBE E141 SOC 	R1,R5 R5 CONTAINS SBZ OP CODE [Al] 
FC90 0485 X R5 EXECUTE SBZ SPECIFIED BY [R5] 
FC92 0584 INC 	R4 R4 = R4 + 1 
FC94 0284 CI 	R4, --->E3 HAS CRU BIT 7 BEEN SET=O? 
FC96 0008 
FC98 16F9 JNE 	>FC8C IF NO GO TO LOOP1 
FC9A 0204 LI 	R4,>4 SET OUTPUT BASE BIT 
FC9C 0004 
FC9E 0206 LI 	R6,>4 INDEX2 OVERALL LOOP COUNT=100MS 
FCAO 0004 
FCA2 C320 MOV 	@>FCO2,R12 TIMER SET CRU BASE ADDR OF 9901=>100 
FCA4 FCO2 
FCA6 0400 CLR 	RO INITIALIZE INT3 INDICATOR 
FCA8 33E0 LDCR 	@ -›FC00,15 LOAD TIMER AND START COUNT 
FCAA FOOD 
FCAC 1E00 SBZ 0 9901 TO INTERRUPT MODE 
FCAE 1D03 SBO 3 ENABLE INT3 AT 9901 
FCBO 1D04 SBO 4 ENABLE 9902 INT AT 9901 
FCB2 0280 CI 	RO,>FEFF LOOP2 HAS INT3 OCCURRED? 
FCB4 FFFF 
FCBE 16FD JNE 	>FCB2 IF NO GO TO LOOP2 
FCB8 0606 DEC 	R6 R6=R6-1 
FCBA 16F3 JNE 	>FCA2 IF R6=0 GO TO TIMER 
FCBC C320 MOV @>FC04,R12 SET 9901 BASE ADDR=>120 
FCBE FC04 
FCCO C144 MOV 	R4,R5 MOV CRU BIT TO R5 
FCC2 E141 SOC 	R1,R5 [R5]=SBZ [R5] 
FCC4 0485 X 	R5 EXECUTE SBZ SPECIFIED BY [R5] 
FCC6 0584 INC 	R4 R4=R4 +1 
FCC8 0284 CI 	R4,>9 IS R4=9? 
FCCA 0009 
FCCC 13D4 JEO 	>FC76 IF YES RESTART SEQUENCE 
FCCE C144 MOV 	R4,R5 R4=R5 
FCDO E142 SOC 	R2,R5 [R5]=SBO [R5] 
FCD2 0485 X 	R5 EXECUTE SBO SPECIFIED BY [R5] 
FCD4 10E4 JMP 	>FC9E RESTART TIMING CYCLE AT INDEX2 
FCD6 C320 MOV @>FCO2,R12 INTREC SET 9901 BASE ADDR=>100 
FMB FCO2 
FCDA 1E03 SBZ 3 DISABLE INT3 AT 9901 
FCDC 091C SRL 	R12,1 SET BASE ADDR= >80 FOR 9902 
FCDE 1E12 SBZ 	18 DISABLE 9902 INT 

4111116, 
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FCEO 3407 STCR 	R7,0 ; READ 9902 RCV BUFFER [CLEARS] 
FCE2 020E LI 	R14 , > F C1 A ; LOAD ADDR OF COMODE INTO PC 
FCE4 FC1A 
FCE6 0380 RTWP ; RETURN TO 5MT ROUTINE 
FCE8 020C LI 	R12, > 100 	CLKINT ; SFT 9901 BASE ADDR 
FCEA 0100 
FCEC 1 E03 SBZ 	3 ; DISABLE INT3 AT 9901 
FCEE 071D SETO 	*R13 ; SET PREVIOUS R0=>FFFF 
FCFO 0380 RTWP ; RETURN TO INTERRUPTED ROUTINE 
FCF2 /FF88 
FF88 0460 B g>FCE8 ; GO TO INT3 SERVICE ROUTINE @CLKINT 
FF8A FCE8 
FFBC /FFAC 
FFAC 0460 B @>FCD6 ; GO TO INT4 SERVICE ROUTINE @INTREC 
FFAE FCD6 
FF80 /FCF2 
FCF2 354D $5MT I/O DEMONSTRATION ROUTINE 
FCF4 5420 
FCF6 492F 
FCF8 4F20 
FCFA 4445 
FCFC 4D4F 
FCFE 4E53 
FD00 5452 
F002 4154 
FD04 494F 
F DO6 4E20 
F008 524F 
FIDOA 5554 
FOOD 494E 
F DOE 4520 
F010 ODOA + >ODOA 
FD12 404F $MODE 1 — INPUTS 0-3 SWITCH OUTPUTS 
FD14 4445 
F016 2031 
F018 202D 
FD1A 2049 
F01 C 4E50 
F01 E 5554 
F020 5320 
FD22 302D 
FD24 3320 
FD26 5357 
F028 4954 
FD2A 4348 
FD2C 204F 
FD2E 5554 
FD30 5055 
FD32 5453 
FD34 2020 
FD36 342D $4-7 RESPECTIVELY. 
FD38 3720 
FD3A 5245 
FD3C 5350 
FD3E 4543 
F040 5449 
FD42 5645 
FD44 4C59 
FD46 2E20 
FD48 000A + >000A 

94 

9900 FAMILY SYSTEMS DESIGN 	 9-65 



SYS'I'EM OPERATION 
	

A simulated 
industrial control 
application 

FD4A 4D4F $MODE 2 — OUTPUTS 4-7 ARE SWITCHED SEQUENTIALLY. 
FD4C 4445 
FD4E 2032 
FD50 202D 
FD52 204F 
FD54 5554 
FD56 5055 
FD58 5453 
FD5A 2034 
FD5C 2037 
FD5E 2041 
FD60 5245 
F062 2053 
F064 5749 
FD66 5443 
F068 4845 
FD6A 4420 
F1060 5345 
FD6E 5155 
FD70 454E 
FD72 5449 
FD74 4140 
F076 4059 
FD78 2E20 
FD7A ODOA + >000A 
FDIC 4120 $A Q RETURNS CONTROL TO THE TIBUG MONITOR 
FD7E 5120 
FD80 5245 
FD82 5455 
FD84 524E 
FD86 5320 
FD88 434F 
FD8A 4E54 
FD8C 524F 
FD8E 4020 
FD90 544F 
FD92 2054 
F094 4845 
FD96 2054 
FD98 4942 
FD9A 5547 
F090 204D 
FD9E 4F4E 
FDA0 4954 
FDA2 4F52 
FDA4 ODOR + >000A 
FDA6 4120 $A CARRIAGE RETURN DURING MODE 1 OR 2 OPERATION 
FDA8 4341 
FDAA 5252 
FDAC 4941 
FDAE 4745 
FDBO 2052 
FDB2 4554 
FDB4 5552 
FDB6 4E20 
FDB8 4455 
RIBA 5249 
FDBC 4E47 
FOSE 204D 
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FDCO 4F44 
FDC2 4520 
FDC4 3120 
FDC6 4F52 
FDC8 2032 
FDCA 204F 
FDCC 5045 
FDCE 5241 
FDDO 5449 
FDD2 4F4E 
FDD4 5245 $RETURNS THE USER TO THE 
FDD6 5455 
FDD8 524E 
FDDA 5320 
FDDC 5448 
FDDE 4520 
FDEO 5553 
FDE2 4552 
FDE4 2054 
FDE6 4F20 
FDE8 5448 
FDEA 4520 
FDEC ODOA +>000A 
FDEE 434F $CONTROL MODE. 
FDFO 4E54 
FDF2 524F 
FDF4 4C20 
FDF6 4D4F 
FDFB 4445 
FDFA 2E20 
FDFC ODOA + >000A, 
FDFE 0000 + >0000 
FEDO ODOR + >ODOA 
FE02 5345 $SELECT MODE 1, 2 OR 
FE04 4C45 
FE06 4354 
FED8 204D 
FEOA 4F44 
FEOC 4520 
FEOE 312C 
FE10 2032 
FE12 204F 
FE14 5220 
FE16 5120 
FE18 ODOR + >000A 
FE1A 0000 + >0000 
FE1 C 
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RUNNING 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: 

?R 
W=FFFE (SP) 
P=006C FC00 (CR) 
?E 

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. 

I/O 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. 

9-68 	 9900 FAMILY SYSTEMS DESIGN 



A simulated 
industrial control 
application 

I/O EXPANSION 
WITH THE TM990/ 310 

Table 5. 9901 Pin-Outs on TM990/ 310. 

P2, P3, P4 Pin Number 	Signature 

20 

4  

16 
18 
10 
12 
24 
26 
28 
30 
32 
34 
36 
38 
40 

6 
8 
1 

3 
4 

All remaining pins  

PO 
P1 
P2 
P3 
P4 
PS 
P6 
INT15 /1'7 
INT14/Pli 
INTL; /P9 
INT121P10 
INT11 /P11 
INT10 /P12 
INT9/P13 
INT8/13 14 
INT7/ P15 
Neg. Edge Triggered INTS 
Pos. Edge Triggered INT6 
+12V 
— 12V 
+5V 
Spare 
Ground 

Figure 35. TM 990 / 310 I/O Expansion Module 
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Table 6. P1 Connections 

P1 
PIN SIGNAL 

P1 
PIN SIGNAL 

P1 
PIN SIGNAL 

33 DO 71 A14 12 INT13 
34 D1 72 A15 11 INT14 
35 D2 22 91 14 INT15 
36 D3 24 q, 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 
41 D8 80 MEMEN 75 + 12V 
42 D9 84 "ICYC 76 + 12V 
43 D10 78 vvt 73 — 12V 
44 Dli 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 IAO 23 GND 
57 AO 94 PRES 25 GND 
58 Al 88 IORST 27 GND 
59 A2 16 INT1 31 GND 
60 A3 13 INT2 77 GND 
61 A4 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 INT9 99 GND 
68 Al 1 7 INT10 100 GND 
69 Al2 10 INT11 93 RESTART 
70 A13 9 INT12 

.9 
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USING THE TM990/310 BOARD 

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 36. 
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 16  to the 
addresses of the first TMS 9901. The addresses for the third TMS 9901 are obtained by 
adding 8016  to the addresses of the second TMS 9901 (or 100 16  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 16  to access the first TMS 9901, 0880 16  to access the second TMS 9901, or 

090016  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 11. The third 9901 will be used so the software base 
address to be loaded in the program will be 0300 16  and the I/O software base address will 
be 032016 . The connection to the 5MT I/O 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 PROGRAM 

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 FCO2 and FC04. The TIBUG monitor 
mode is obtained. A memory inspect/change (M) command to address FCO2 will allow a 
change of the contents at that address to 0300 16 . A space obtains address FC04 and its 
contents can be changed to 0320 16 . 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 16 , FCA2 16 , and FCD6 16  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. (SP) ; OBTAIN PROGRAM COUNTER 
4. 09E6 (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 

9901 ON MODULE 

91 
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On the terminal the routine looks like this: 

VV = FF20 
P=FC1A 09E6 
?E 
FE00 	/FC44 
FC44 	020C 	LI R12, > 100 
F046 W00 
FC46 

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 16  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 5MT I/O to the microcomputer module connector P4 is to change the original 
software base addresses at FCO2 = >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 R6 
b. Changing the value loaded into the clock register 

2. Add more modules to the 5MT43 and program a different input-output relationship. 

3. Reprogram so that the program itself shifts the 5MT I/O to the /310 module if a /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. 
do., 	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 is a real advantage. 
It's built into the 9900 family, so build on it. Good Luck. 

. 9 
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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 TI 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. 

► 9 

9-76 	 9900 FAMILY SYSTEMS DESIGN 



X
 o

p
e

ra
to

r  
V

 

a 

A Low Cost 
	

MICROCOMPUTER 
Data Terminal 	 ARCHITECTURE 

94 

41 \  • 4 	 

0 

O 
0 

a 

IN
S

T
R

U
C

T
IO

N
 R

E
G

  

  

r2\ 
O 

O .•\ 

Figure 1. TMS 8080A Functional Block Diagram 

9900 FAMILY SYSTEMS DESIGN 	 9- 77 



T3 
	) 

MICROCOMPUTER 
ARCHITECTURE 

A Low Cost 
Data Terminal 

TMS 9940 MICROCOMPUTER 

The TMS 9940 is a 16-bit general purpose, single-chip microcomputer (Figure 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/O 
(expandable to 256 bits), and is housed in a 40-pin package. 
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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 

CONTROL 
ELECTRONICS 

LINE FEED 
DRIVE 

BELL DRIVE 

MECHANISM 
DRIVE 

LINE FEED 

BELL 

MECHANISM 

PRINTHEAD 
DRIVE PRINTHEAD 

94 KEYBOARD 

Figure 3. Model 745 Data Terminal Functional Block Diagram 
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KEYBOARD  

The Model 745 keyboard is a TTY33-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 

►  9 

	

	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 control 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 de current required by the motor. 

9-80 	 9900 FAMILY SYSTEMS DESIGN 



Note 

This view shows the printhead 

as it rests on the paper (from 

heatsink side of printhead). 

Y D6 

YD5 

Y D4 

VD3 

YD2 

YD1 

XD1 

X D2 

X D3 

XD4 

XD5 

MATRIX 
ADDRESS 

LINES 

/ YD7 

COLUMNS 

TEMPERATURE- 
COMPENSATING 

DIODE 

ROWS 

OW. 

A Low Cost 
	

HARDWARE DESIGN 
Data Terminal 

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. 

Figure 4. Printhead Matrix ilddress 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 Parity 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. 

CONTROL ELECTRONICS 

The control electronics function is performed by an interrupt driven, stored program 
microcomputer. As aforementioned the system requirements for the microcomputer I/O 
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: RC VD,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/O 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 74S138, 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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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/O 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 high (with the others being held low) while switching P14 through P20 
to the output mode and outputting high signals, isolates P1 through P10 so that they can 
be used for other purposes. The LDPRHD signal is divided into two signals 
(LDPRHD1 and LDPRHD2) 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. 

KEYBOARD ROUTINE 

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- 

■ 9 	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. 

9-84 	 9900 FAMILY SYSTEMS DESIGN 



0 

O) 
Q) 

cn 
2 

T
M

S
  9

9
0

2 

(fa CC) v- 

a. 	ul 

a. 

• 

o 
O. N O 	 O. 1- 

O. N CO 	 O. 	 CO 

O. N 	 0 

6 N 10 	 a 	 N 0 

C) 
• N 

N 

O. N 

U. N 

O. N 

A Low Cost 
Data Terminal 

FIRMWARE DESIGN 

„ „ 

c,7 t 1 E 	11:1, 
do 

2 I— 

0 

ly 

;31--AN-1-1(-111 111 

Figure 6. TMS 9940 Microcomputer System 

91 

9900 FAMILY SYSTEMS DESIGN 	 9- 85 



BELL 
SUBROUTINE 

CARRIAGE 
RETURN 

SUBROUTINE 

	h LINE FEED 
SUBROUTINE 

POWER-UP 

DATA CONTROL 

KEYBOARD 
SCANNER 

RECEIVER 

CHARACTER 
ANALYZER 

ROUTINE 

BACKSPACE 
SUBROUTINE 

PRINT/STEP 
SUBROUTINE 

TRANSMITTER 

FIRMWARE DESIGN 
	

A Low Cost 
Data Terminal 

PRINTHEAD 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. 

■ 9 

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 

ab. 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. 

FIRMWARE 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 

Routine 

TMS 8080A 
Microprocessor 

TMS 9940 
Microcomputer 

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 
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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 
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SECTION I 

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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SECTION II 

SYSTEM DESCRIPTION 

Figure 1 illustrates the relationship of the system 
elements. Commands are entered by the user at the 
terminal. These commands are serially transmitted 
to the controller. The controller interprets the 
commands and performs the operations specified, 
such as stepping the read/write head of the drive to 
a particular track, and reading or writing selected 
data. 

Figure 1. TMS 9900 Floppy Disk 
Controller System 

2.1 DATA TERMINAL 

The terminal used in this design is the Texas Instruments 733 KSR Silent Electronic Data Terminal (see 
Figure 2). Slight modifications to the software will allow the use of virtually any RS-232 terminal. 
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Figure 2. TI 733 KSR Terminal 
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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. 

'44-3 	 I EVEN 
LSB+1 LSB+2 

I  AasBT I MSB— 21IMSB-1 I MSB PARITY 
1 

1 

—I. 3.3 ms. 

A0001279 

Figure 3. Data Transmission Format 

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) until 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. 

Figure 4. Terminal Interface 

 

LSB 
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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 I . 

Table 1. RS -232C Signal Levels 

Voltage Level 
Data 

(XMTDE,RCVDE) 

Control 

(DTRE,RTSE) 

—25 to —3 VDC 

+3 to +25 VDC 

1 

0 

OFF 

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 floppy-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 
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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Figure 5. Floppy Disk Drive 

DISKETTE ENVELOPE 
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Figure 6. Diskette Envelope and Diskette 
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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 I 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 ps after the clock bit. 
If the data bit is a zero, no pulse occurs in the middle of the bit period. 

BIT PERIOD 

1 

1..5- 2 gs 

	  4µi 

A0001283 

    

I 	 I 
c 	i 	c 	i 

I 	 I 

 

     

     

   

LP_1 

 

     

     

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 C716 rather than FF 1 6. 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 + X5 + 1. Before generation of the CRC begins, 

■ 9 	the initial value is FFFF 16 • 

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. 

0"` 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 1 6, data = FE 1 6)• 

2. Read the next four bytes to determine if the desired sector has been located. If not, return to I . 

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 = C716, data = F1316) or the 
deleted-data mark (clock = C716, data = F8 1 6). 

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 ID gap, the data field 
complete with CRC, and a pad byte (data = 0, clock = FF 16 ) 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 
Track-to-track stepping time 
Settling time (before read/write) 
Rotational speed 
Head load time (before read/write) 

250,000 bits/second 
10 milliseconds 
10 milliseconds 
360 RPM ±2% 
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 III 

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 03 
TTL-level output is used in the synchronous disk read/write control logic. 

01 02 03 04 

A0001286 

0.1-0.5 ph 10 F 

1 
0 
T  
48 MHz 

T1 

T2 

Y1 

Y2 

OSCIN  

i 
+5 

TIM 9904 

Q 
01 

02 

03 

04 

0.1 

03— 

RESET 

4.7 K 

+5 
	 94 
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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 
logic, eliminating the need for buffer registers. The 
HOLD, LOAD, and interrupt functions are not 
used in this design and are tied to their inactive 
(high) level. 

3.3 MEMORY CONTROL 

Memory control logic, shown in Figure 12, consists 
of a simple decode of the high-order address lines, 
enabled by MEMEN. Memory enabling signals are 
generated for EPROM (ROMSEL—), RAM (RAM-
SEL—), and the disk interface (DISKSEL—). Table 
2 shows the memory address assignments. 

74LS139 

Figure 12. Memory Control 
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Figure 11. TMS 9900 CPU 
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Table 2. Memory Address Assignments 

Signal AO Al 
Address 

Space 
Function 

Actually 

Used 

ROMSEL— 

DISKSEL— 

RAMSEL— 

0
 
0

 ,
-
 .-

 

0
  
,-

  
0

  
,-

  

000-3FFF 

4000-7FFF 
8000-BF FF 

C000-FFFF 

EPROM 

Disk 
RAM 

Not Used 

000-07F F 

7F8E-7FFE 
8000-81FF 

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 	 74LS139 
different addresses, and are selected only when the 	DISKSEL— 	 DISKRD- 
DBIN signal is at the proper level for the direction 
of transfer (see Figure 13). This is required because DBI N-
of the sequence of machine cycles performed by 
the TMS 9900 when performing a memory-write 
operation. In the MOV instruction, the CPU first 
fetches the contents of the memory location to be A0001289 

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. 

DISKWT- 
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HARDWARE DESCRIPTION 

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-BEEF, 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 8000-81 FF. 

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 (OE) 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 

D0-015 

ROMSEL ROMSEL- 

A0001291 

Figure 15. Program Memory 

Two TMS 2708 erasable programmable read-only memories (EPROMs) 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 I/O 

All of the control and status signals which require 
individual testing, setting, or resetting are imple-
mented on the CRU, the bit addressable I/O port 
for the TMS 9900. 

The benefits of using the CRU for these functions 
is twofold. First, eight bits of input and eight bits 
of output can be implemented with two 16-pin 
devices, which are substantially smaller and lower 
in cost than if these functions were implemented 
on the parallel-data bus. The second benefit is 
increased software efficiency, Control and status 
testing operations can be performed with single 
one-word instructions, rather than the ORing, 
ANDing, and maintenance of software images 
necessary when performing single-bit I/O on the 
memory bus. 

Eight bits of output are implemented with the 
TIM 9906 8-bit addressable latch. The CRUCLK 
line must be inverted for input to the TIM 9906. 
The eight input bits are implemented using the 
TIM 9905 8-to-1 multiplexer. Individual I/O bits 
are selected using the three least-significant address 
lines, Al 2—A14. The control I/O is illustrated in 
Figure 16. Figure 16. Control I/O 

3.8 FLOPPY-DISK-DRIVE INTERFACE 

All outputs to the drive are 7406 open-collector, high-voltage and current drivers. 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. 

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

RDY — 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). 

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

TRK00 — 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 gs 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. 

3.9 INDEX PULSE SYNCHRONIZATION 

Since the index pulse is a term in some of the 
expressions that are sampled by the CPU, it must 
be synchornous to the CPU. The circuit shown in 
Figure 18 generates a signal one 03 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 
transfer. Figure 17. Floppy-Disk Drive Interface 

9, 

A0001294 +5 

	

Figure 18. Index-Pulse Synchronization 
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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 

+5 
A0001296 

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 ps 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 ps 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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Figure 21. Bit Detector 

74LS163 
incremented. The two key outputs are BCNTA and 
BCNT = 15. BCNTA is the least-significant bit of 
the counter and is used to alternately select clock 	 BITTIME 

(BCNTA = 0) and data (BCNTA = 1) bits as the 
counter increments. BCNTA = 15 is active when a 	 BITIN 	 BCNTA 

complete byte has been read or written. This signal 
establishes byte boundaries for the data and is used 
to synchronize the parallel data from the CPU to 
the serial-bit string and from the disk. 

3.13 WRITE CONTROL AND DATA 
A0001298 

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 
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 (D0—D7). The data shift register is device type 74LS299. 

9• 
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Figure 23. Write Control and Data 

3.15 CLOCK SHIFT REGISTER 

The clock shift register, Figure 25, is used for accumulation 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—A1 1, 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 
parallel outputs (CLKO-CLK7) are used to detect mark clock patterns during read operations. 41111111,„ 

A0001300 

Figure 24. Data Shift Register 
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Figure 25. Clock Shift Register 
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SECTION IV 

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 Al 3 = 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 0. 

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

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

As the data byte is loaded into the data shift register, address lines A9, A10, and A 1 I select the clock 
pattern to be loaded into the clock shift register (see Table 3). 

9 i 
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Table 3. Write Clock Patterns 

A9 A10 All Clock Pattern 

0
 
0
  

,-
  

0 0 C7 (ID and Data Mark) 

0 1 D7 (Track Mark) 
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 Al3 = 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) [(A 1 3) (BCNT = 15) + INDSYN) J + 

While WTMODE = 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 = 1, 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 ps by loading the counter with 10 10  each time TCNTCY = 1. 

BITTIME = (WTMODE) (TCNTCY) + 

TCNTLDD = TCNTLDB = WTMODE + . 

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

DTASH = (DISKWT) [ (A13) (BCNT = 15) + (A13—) (INDSYN)1 + (WTMODE) (BCNTA) (BITTIME) 

WRTDTAD = (WTMODE) (BITTIME) [(CLKO) (BCNTA—) + (DTAO) (BCNTA)] 

On even bit counts (BCNTA = 0) clock bits are shifted, and on odd bits (BCNTA = 1) data bits are shifted, 
.9 	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 ps). Under ideal circumstances, detection of zero bits could be achieved 
by simply measuring the time between pulses. If tp 2 —tp 1  = 2 ps, no zero bit is present; and if tp 2 —tp 1  = 
4 ps, a zero bit occurs between the two pulses. 

READ DATA 

tp2-tpl 

tpl 	 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: 

 

1•--  2 NS 

 

4 ps 	  2 xis —NH 

 

ENCODED PULSE STRING 

  

        

        

READ PULSE STRING 

0 

BIT 
r1 	 r-1 SHIFT 

    

          

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. 

„ow.. 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 = 1 
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 ps, 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 
— tp i ) is less than 3.0 ps, and a zero will always be detected if tp2 — tpi > 3.333 ps. If 3.0 ps < tp 2  — tp i 

 < 3.333 ps, 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 tp 2  — tp i  < 2.667 ps, a zero bit will be 
detected if tp2 tpi > 3.0 !Is, and the result is indeterminate if 2.667 ps < tp 2  — tp i  < 3.0 ps. 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 ps, and two 1 bits separated by a zero bit may shift 
toward each other to result in a minimum separation of nearly 3.0 ps. The combined distortion of 
consecutive I bits never fully reaches 1 ps, 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 1 bits affect the direction of distortion of a particular I 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 

n-2 

Bit 

n-1 

Bit 

n 

Direction of 
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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 	1 	1 	1 	I 	0 	, and 
Pattern B 	 1 	0 	1 	1 	0 	1 

The worst case 101 occurs in the patterns 

Pattern C 	 0 	1 	1 	0 	I 	1 	, and 
Pattern D 	 1 	1 	1 	0 	I 	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 tr, — tp i  < 3.0 its, the logic always 
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indicates that no zero was detected; when the worst case 101 can occur and tp 2  — tpi > 3.0 ps, 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 
n-2 

Bit 

n-1 

Bit 

n 

Bit 
n+1 

Bit 

n+2 

Bit 

n+3 

Load 
Value 

Q
 C

0
0

0
  

O
r
-
O

r
-
 

0
 

0
0
  

0
1

--  

h
h
C

O
C

O
  

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 C  

\".1 	1 	1 \ 1 	1 	1 

Data 	 0 	0 	 1 	1 	1 
Mark Byte 	

0 	1 \  1 i 

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 0 is a data bit, and with pattern C, the first 0 is a clock bit. 
BCNTA selects whether the current 1 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—) (DTA7)1 + . 

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. 

Pattern A 

Clock 	1 	1 

9 
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Table 7. Bit Detector Counter Load Values 

BCNTA CLK7 DTA7 Load Value 

c
:, .

-
 .
-
 0

 0
 .
-
 .-- C

) 

Illegal 

8 

8 

0
 7 

7 

8 

7 

Illegal 

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—) (CLKS—) (CLK6—) (CLK7—). 

When this signals becomes active, the bit counter is cleared to zero, and remains cleared until the next 1 bit 
is detected. This 1 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 all 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) (CLK I ) (CLK2 —) (CLK3—) (CLK4—) (CLK5 ) (CLK6) (CLK 7) 
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DTASH 	 I 	1 	  

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 until MRKDT = 1 and BITTIME = 1. After the mark is read, byte 
synchronization is established and subsequent disk reads are performed with Al 3 = 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 7FF816 for reading marks, and 7FECI 6 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) 

O." CLKSH 
CLKSH = (DISKWT) [(A13) (BCNT = 15) + (A13—) (INDSYN)] + (WTMODE) (BCNTA—) 

(BITTIME) + (RDMODE) (BCNTA—) (BITTIME) 
= (DISKWT) [(Al 3) (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 = (CLKO) (CLK I ) (CLK2—) (CLK3—) (CLK4—) (CLK5) (CLK6) (CLK7) 

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

[(Al 3) (BCNT = 15) + (INDSYN) + (A13—) (MRKDT) (BCNTA) (BITTIME)] 
= (DISKWT—) (DISKRD—) + (A13) (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) [(CLKO) (BCNTA—) +(DTAO) (BCNTA)] 

= (WTMODE) (TCNTCY) [(CLKO) (BCNTA—) + (DTAO) (BCNTA)] 

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

(INDSYN)] 
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SECTION V 

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 

Bit 

Address 
Output Input 

0
 ,-

  C
N

  C
O

  
,l-  I

n
  
0
  N

 
XMTOUT 
RTS- 

SEL 

STEP 

STEPUP 

RCVIN 

INDEX 

TRK00 

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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0 0 4 0 1 l0 0 3 E  

I 

TMS 9900 
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Controller 

ADDRESS FUNCTION 	 ARRAY 

RESET VECTOR 

TEXT STRINGS 

XOP VECTORS 

TEXT STRINGS, CONSTANTS, 
INSTRUCTIONS 

NOT USED 

WRITE ID OR DATA MARK, BYTE SYNC 

NOT USED 

WRITE TRACK MARK 

NOT USED 

READ DATA, MARK SYNC 

WRITE DATA, INDEX SYNC 

READ DATA, BYTE SYNC 

WRITE DATA, BYTE SYNC 

WORKSPACES, DATA BUFFERS 

NOT USED 

PROGRAM MEMORY 

DISK I/F 

STORAGE 
MEMORY 

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 = ct st, SECTOR = cs ss, NUMBER = sn 

?WH TRACK = ct st, SECTOR = cs ss, NUMBER = sn 

?AD TRACK = ct st, SECTOR = cs ss NUMBER = sn 

?.13.8 TRACK = ct st, SECTOR = cs ss, NUMBER = sn 

?fE 
?EM 

?MD 

?ME 
?MX 

 TRACK = ct st, 

TRACK = ct st 

sadd eadd  

sadd 
sadd 

SECTOR = cs ss, 

END TRACK = st et 

NUMBER = sn 

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 default 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 ( 26 10) 
ss Starting sector number cs 01 <ss < 1A 
sn Number of sectors 01 01 < sn < FF(25510) 
et Ending track number st st < et < 4C 
sadd Starting address 8000 0 .4. sadd < FFFF 
eadd Ending address sadd 0 <eadd < FFFF 
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Table 11. Command Summary 

Command 	 Description 

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

WH 	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. 

WD 	Write Deleted Data. Same as WH command, except the Deleted Data Mark (Clock = C716 Data = F 8 16) 
rather than the Data Mark (Clock = C716, Data = F1316) is written at the beginning of the Data Field. 

RA 	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 ASCII character is encountered. When more than 80 characters are printed, the controller 

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. If 

a Deleted Data field is encountered, it is reported, and normal operation continues. 

RH 	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. If a Deleted Data field is encountered, it is reported and normal operation continues. 

FM 	Format Track. The specified tracks are completely rewritten with gaps, Track Marks, ID fields, and Data 411111' 

fields. All zero data is written into the 128 bytes of the data field. 

MD 	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. 

ME 	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. 

MX 	The CPU begins execution at the selected memory location. 

Figure 32 shows the control software for the system described in this application report. 
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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 M 2FM require changes in the bit detector and data-separation 
logic. Higher throughput can be achieved by using an LSI terminal interface such as the TMS 9902 
asynchronous communication controller and hardware CRC generation. Controlling multiple disks requires 

QM,  only the addition of drive select control lines. In short, variations on this design are easily implemented 
through slight hardware and software modifications. 

► 9 
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SUMMARY 

FLOPPY DI :SK CONTROL PROGRAM PAGE 	0001 

nn02 IDT 	- EPCTRL 
111111 

CI 114 • 

0005 • FLOPPY DI:1 	COHTPOL PROISPAO 
Huut. • 

0007 • DECEMBER 	21. 	1976 
• 

1.100 • THIS PROGRAM CONTAINS 	THE CONTROL ::OFTHARE FOP THE 

0010 • S -(1.TEM DESCRIBED 	IN THE 	"TMS 9900 FLOPPY DISK 
0011 CONTROL :YITEM" APPLICATION REPORT. 	THE PROGRAM 

0012 • HLLOW 	THE USER TO READ. 	SPITE, 	AND FORMAT DATA ON 

0013 • FLOPPY DISK. 	ADDITIONALLY , 	THE I.J::ER MAY ENTER, 
0014 DI:PLAI , 	AHD 	INITIATE EXECUTION FROM 
0015 • Aft.' LOCATION 	IN MEMORY. 	IT 	1 7 	AS S UMED THAT 	THE 
001b • CON SOLE USED FOP COMMAND ENTRY AND DATA DI:PLAY 
0017 • A 	300 BAUD, 	R-232C TYPE TERMINAL. 	THE COOMAND: 
0018 • U:ED IN INTERFACING THE TERMINAL OPERATOR 
0019 INTERFACE TO THE CONTROLLER APE FULLY 
uu,H.1 • DESCPIBED 	IN 	SECTION 5.1: OF 	THE 	"TM:7, 991I0 
0021 • FLOPPY DISK 	CONTROL ':r:- TEM" 	APPLICATION 
uu2 • PEPOPT. 

00e4 
0025 • 
UUdt • DIS1 	TRANSFER ADDPESSES 
0027 • 
002S 7F8E MP,uKT E00 	SFSE 	 DATA mARK MP1TE 

71-9E TI MIdT ESL' 	7E9E 	 LEACI 	11A44 	idPJTF 
HH-HI 7FFA IHD 	1,11  n0 	SFFA 	 INDE 	:YNC 	,dRITE 

SERE IITALIT ECU 	7FFE 	 :INC 	WRITE 
0032 M , E ELI r_C■ LI 	7FF:E: 	 MARi. 
0033 SFFC DTAPD EOU 	.7FFC 	 BYTE 	5YNC READ 
0034 
'III :1 • 

• P411 E004TES 
0037 • 
00,:6 HIII 	H ,-LBuF Fill 	III II 	 CPC 	BUFFER 	FOR 	FORMATTING 
003,,  80E7 IDELD EOU 	-.80E7 	 ID FIELD 	IMAGE 
(11:1411 80FS TI 	11111 Bou 	.30E8 	 TRAC F 	HUMBER 
1.11.141 80E3 7ECNuM EOU 	SOFA 	 SC TIlE 	NUmBER 
0 042 SOFC 1E00 	, 'SOFC 	 CPC 	FOP 	ID FIELD 
04 3 911FF DTARLD ECU 	-80RE 	 DATA FIELD IMAGE 
044 S100 DTABOF E00 	-8100 	 128 :YTE 	DATA BUFFER 

0 045 ,31:30 DTACPC EAU 	-81811 	 CPC 	50 13  DATA FIELD 
0 04 ,, 
u0.4T 

5:170 irDwF5 
RDWP4 

EOU 	31711 
ECU 	S1.30 	 ,i0Pr 

FACE 5 
PACE 4 

04:E: =AA0 FDIdP3 EOU 	..31411 	 10431 PALE 	3 
si 	II 1=111 E011 	,:110 PALE 2 

01_10 I1-lIlpi EOU 	:31E0 PIRCE 

Figure 32. Floppy Disk Control Program (Sheet 1 of 28) 
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.,-LOPPY 

0052 

CONTROL PPOGPOM PHH, 

0053 • 
n054 • CPU EOURTE: 
0055 • 
0056 0000 P'IM EOU 	0 RECEIVE 	IN 
0057 0004 IHDE EOU 	4 INDEX PULSE 
0058 0005 TRK00 EOU 	6 TRACK 00 INDICATOR 
0059 0007 RDY EOU 	7 DRIVE READY 
0050 0000 ,OUT EOU 	0 TRANSMIT OUT 
0061 0001 PT: EOU 	1 REQUEST TO :END 
0052 0004 :EL EOU 	4 DRIVE 	:ELECT 
0063 0005 STEP EOU 	6 HEAD STEP CONTROL 
':054 0007 STEPUP EOU 	7 STEP DIRECTION CONTROL 
0065 
0055 + 
0057 • ::OR 	EOUATE: 
0058 • 
0059 ICOR EPPT , 1 ERROR PEPOPT 
0070 D'.0R 	IDRD.E READ 	ID FIELD 
0071 Ic:OP 	TI..:1-, 3 :ET TPACr 
0072 ICOR 	:IHC , 4 INCREMENT SECTOR 
0073 'COP ICON'S SELECT DRIVE ON 
0074 DXOP AXMT.5 ASCII 	DATA TRANSMIT 
0075 ICOR CRCI.7 ID FIELD CPC CALCULATION 
0075 [COP 	':PC P.1: DATA FIELD CPC 	CALCULATION 
0077 ti 	op 	TIHC,q ImCPEMENT 	TPRIC 
0078 DOP 	4P55.  11' PECEIVE HE:: 	EYTE 
':079 o .0P 	r-LM2 , 11 TPAHTMIT AEX 	BYTE 
Lity,:0 ICOR 	OLIN. 13 MEm LINE 
utr,A. D:OP 	PECV , 13 
1.106,2 

 RECEIVE CHAPACTEP 
['HOP 	.:MIT, 14 TRAH:MIT CHAPACTEP 

01.19:: ['HOP 	DLAY,I5 -AFTwARE TIME DELA'y 
0084 
0085 • 
0086 • TIME COH:TAHTS 
0087 • 
008 00FRI HEDLY EOU 	250 HALF PIT 	(1.667 MS.) 
0 1E7:9 01F4 FEDLY 501_I 	500 FULL 	FIT 	.3.333 	m:.. 
00F, 0 03E'D E2DLI EOU 	100n M :., 
0091 7530 F3OD LY 51,_I 	30000 EO RRIAGE CA 	RETURN 

%EcI I II T:m :6,.667 

0092 • 
05DL-  H_DLY HI  U 	VU,, HEAD 	:TER 	, 10 	M7. ,  

0094 1485 HDLDLI' EOU 	5250 HEAD LOAD 	f35 M:. ,  
0095 
':095 • 
0097 • POIdER ON RESET VECTOR 
0098 • 

I'll'':' *1E0 PSETVC DATA 	FrimR1,:TAPT 
0002 ---- 

Figure 32. Floppy Disk Control Program (Sheet 2 of 28) 
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FLOPPY DI:* CONTROL PROGRAM PAGE 0003 

0 1 01 
0102 • 
0103 • ERROR ME=.:AGE: 
0104 • 
0105 0004 49 NIDMEG TEXT 	'ID NOT FOUND' 
0106 0010 00 BYTE 	it 
0107 0011 44 MDMMD) TEXT 'DATA MARK NOT FOUND' 
0108 0024 00 BYTE 0 
0109 0025 44 NRDYM'S; TEXT 'DPIVE NOT READY' 
0110 00)4 00 BYTE 0 
0111 0035 43 CPC:MSG TEXT 'CReC ERROR' 
0112 00.3F 00 BYTE 0 
0113 
0114 • 
0115 • XOP VECTOR: 
0116 • 
0117 0040 FFFF DATA -1,-1 

0042 FFFF 
0118 0044 81E0 DATA FDWP19EPPTPC 

0046 ---- 
0119 0048 81C0 DATA FDIAP2,IDPDPC 

004A ---- 
0120 004C 8180 DATA FDIAP4,TW::TPC 

004E ---- 
0121 0050 81C0 DATA FDNA2, :ANL:PC 

0052 ---- 
0122 0054 8180 DATA FDWP4,DSONPC 

0056 -- 
0123 0058 81C0 DATA FDI ,P2,AXMTRr 

005A -- 
0124 0051: :F.1 1 AO DATA FDIAP3.cPCIPL 

005E -- 
0125 0060 81A0 DATA FD6P3.CRCDRC 

0062 -- 
0126 0064 21A0 DATA FDWP3,TINCRC 

0066 -- 
0127 01168 81A0 DATA FDWP?,NRC2PC 

006A ---- 
0128 006r :=MR0 MATH FDmP3.1-C<M2PC 

006E ---- 
0129 0070 81A0 DATA Ft,WP:3,NLINPr 

0072 ---- 
0130 0074 8180 DATA FDWP4,PECVPC 

0076 -- 
0131 0078 8150 DATA 	FDIJP4.::riITP,: 

007A -- 
0132 007C :3170 DATA FDWP9.DLAYPC 

007E ---- 

Figure 32. Floppy Disk Control Program (Sheet 3 of 28) 
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FLOPPY DI74 CONTROL PPOGPAM PAGE 	0004 

U134 
0135 • 
0136 • VALUES 
0137 
0132 1,1,311 41 H_LIIA TET 	ft 
0139 0081 4E. RLCIIF TE::T 
014n rin:2 4D A:CIIM 
0141 00:83 1B E:C BYTE 	1B 
0142 0084 20 ELAM BYTE 	3 
014 7: 0085 3F nUE:T BYTE 	3F 
0144 0086 07 BELL BITE 
0145 01y27 OS PAC 	SP BYTE 	'OS 
0146 0088 OD CARPET BYTE 	'OD 
0147 009. 9  OA LIHEFD BYTE 	OR 
U148 
1,149 • 
015u • ADDITIONAL TEXT riP'RGF3 
0151 • 
3152 0084 20 Tr-.11=1-1,  TET 	TFEIC 	= 

009:: 00 Bri- E 	Ii 
01=4 00 9 4 20 EHDM:G TET 	END  
ci 155 Aft=; 110 
015E 009H 2 1 _ 1: 1=TM - G 

BITE 	0 ,  
:ECTOP = 

0157 00A4 00 BI TE 	0 
0158 nnA 5  2C HUNm:G NUMPEP = 
0159 00HF 00 P,',1- E 	Ii 
0160 00E0 20 ADDN=G TEXT 	ADDPE::_ 	=' 
0161 0031: 00 BYTE 	u 
0162 003C 44 DLDM:G TEXT 'DELETED DATA FIELD' 
016 -:: 00':E 00 BYTE 	0 
0164 
01E5 • 
0166 • MAP 	COHITHHT= 
0167 • 
('1 ,1P:  00LP FS DLDMF1 BI TE 	FS 
0169 00110 FE IIIMPF B - TE 	FE 
0170 00D1 FP DTMPF P TE 	FP 
0171 00D2 PC -NMPJ BITE 	FC 
017,2 EVEN 
0173 
0174 • 
0175 - NFpOUTIHE: 	DLIII 

0176 
0177 • CALLING 	:EOUFHCE: 	DLAY :PCOUHT 
017S • 
0179 • A SOPTmAPE LOOP WILL BE EXECUTED THE NUMPFP 

• OE 	:PECIFIED BY THE CALLING PROGRAM. 
0121 • EACH ITERATION OF THE LOOP PE2ULTS 	IN R 
0182 • DELAY OF 6.67 MICPOECONR:. 
01,; • 
3124 00D4 060B 0LAYPC DEC 	P11 	 DECREMENT COUNT 

007E**00D4' 
0125 00E16 	1 ,1,.FE JriF 	DLRYFC 	 L001- 	IF HOT 	0 

.--;'PH ,-;JWP 	 ETU  

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

0 1 :38 

DID' CONTROL PPOGPAM PAGE 0005 

0189 • 
0190 • :UBPOUTINE: 	PECV 
0191 • 
0192 • CALLING SEOUENCE: PECV i,LOCATN 
0193 • 
0194 • AO H:C11 	CHAPALTEP YITH COPPECT FOPMATTING 
0195 • IS RECEIVED AHD THEN RETPANSMITTED 
0196 • AT 300 BAUD. 	THE RECEIVED CHARACTER IS STORED 
0197 • AT THE 	SPECIFIED LOCATION. 
0198 • 
0199 OODA 04cr 'E':.P': CLF' 	P12 :ET CPU BA:E 

0076++00DA' 
0200 (ADC 1F00 RCV TB 	PIN TEST RECEIVE 	INPUT 
0201 ':'ODE 13FE JEC' 	PC'.' LOOP UNTIL PIN = 0 
0202 00E0 2FE0 DLAY ilHEDLY DELAY HALF BIT TIME 

00E2 00FH 
0203 00E4 1F00 TI: 	PIN TEST RECEIVE 	INPUT 
':704 00E6 13FA JEO 	RCV IF PIN = 	0. 	VALID 	'TAPT BIT 
0205 00E8 1e02 LI 	P10. M IITIgLIZE ACCUMULATOR 

'TI 	 EH 
021-1,-; 2FE0 PCVLP ['LAY 	.i1 FEDL .0 DELAY FULL PIT TIME 

0'TEE 01F4 
020: OOPO 1P- 00 TB 	PIN TEST 	PECEI'.'E 	INPUT 
0208 110F7 16-- JHE 	PCVOFF SET p1 3: OP ACCUMULATOR 
0209 00F4 026A DPI 	P10.8000 IF 	PIN 	= 	1 

0E6 8000 
0210 00F8 0912 PC-OFF SRL 	P10 , 1 SHIFT ArcHmULATOP 

00F2+.1602 
0211 00PA 18P8 JOC 	PCVLP IF 	CAPPY, 	PECEI•E 	NE:-J 	BIT 
0212 00PC 2FE0 DLHY .3B2DLY DELAY 7 BIT TIMES 

00FE ODES 
H11111 1E00 TB 	PIN TE:T PECEIVE 	INPUT 

0214 0102 10-EC JNE 	PC", IF PIN = 	O. 	FRAMING ERROR 
0215 0104 Dt.LH 113vB 	P10.+R11 MOVE RECEIVED CHARACTER 
u216 • TO SPECIFIED LOCATION AND 
0217 • PETRANSMIT. 

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

0219 
0220 
':231 
0222 

LI 33 CONTROL PROGRAm 

• 
• 
• 

- NT.,RoNTIHE: 

RAGE 	000, 

0223 • CALLING .:EOUENCE: 	31111 	PLOCRITN 
0224 • 
0225 • RH 4:CII 	CHHPACTEP NI TA CORRECT FORMATTING 
0226 • AND EVEN RARITY I: 	TPAKE'MITTED AT 	300 	BAUD. 
0227 • THE LOCATION OF THE CHARACTER TO EE TRAN- 
0228 • MITTED 	I: 	LPEC1FIED A: 	THE CALLING PARAMETER. 
0229 • 

010t. 6'4LL :MITPC CL R 	R12 INITIALIZE 	CPU 	RASE 
0u7A.•010, 

0231 010!E: 0204 LI 	R10.3 INITIALIZE ACCUMULATOR 
010A 0003 

0232 010C 0219 LI 	R9. .8000 INITIALIZE PARITY 1143k 
010E 8uuu 

0233 0110 D291: MOVE'. 	•R11.P10 FETCH CHARACTER 
0112 JOP 	PAPADJ IF ODD PARITY 	INVERT 

0235 0114 04C9 CLP 	F9 ELSE. 	CLEAR PARITY MA -:K 
0236 0116 2489 PAPRIU —OP 	Pe.plo :OP PARITY MA: 

0112**11:01 
0237 • ,IITH CHARACTER 
u238 0118 1E01 :EZ 	PT: TURN DO PT= 

9  011A 0B8A =RC 	R10.8 ROTATE CHARACTER 
0240 011C 18-- .:MTLP1 JOC 	.:OUTON TEST 	TRANSMIT 	BIT 
0241 011E 1E00 :BZ 	.OUT IF 	0' 	RESET 	:•OUT 
0242 0120 10-- YIP 	,:FF:DLY Aril! 	=vIP 
034_:: 0122 1o0':' ::DUTOO :1;] 	TuT EL:E. 	:ET 	.:OUT 

011C+.1802 
1,344 0124 2FE0 FELL [LAY DELAY FULL BIT TIME 

012, 01E4 
0120..1001 

024" 0128 0914 R10.1 _HIRT 	Acc- NONLATOR 	1 	BIT 
0245 012H 1,R8 J3 	:MTLR1 IF HOT 	ZERO. 	TRANSMIT OF 1-  BIT 
0247 012C 1D01 :BO 	PT: TURN ORE PT: 
0242 012E 0 ,:80 R -Tm PETuRN 

Figure 32. Floppy Disk Control Program (Sheet 6 of 28) 
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FLOPPY 

02 5 0 

0251 
0252 
0253 

DISK CONTROL PPOGRAM 

• 
• 
• 

PAGE 	0007 

IUBROUTINE: 	DION 

0254 • CALLING 	IEOUFNCE: 	DION 	0 

0255 • 
THE FLOPPY DI :v CRIVE 	IS 	:ELECTED AND 

0257 • THE 	:ELECT DELHY PERIOD 	IS EXECUTED. 	IF 	THE 

0258 • DEVICE IT NOT READY. 	AN EPPOR MESSAGE IS 

0259 • PRINTED AND THE OPERATION IS ABORTED. 

0250 • OTHEPoISE. 	CONTROL RETURNS TO THE CALLING 
':25.1 PROGRAM. 

0252 
0263 0130 	04CC DSONPC CLP 	P12 	 INITIALIZE CRU BASE 

056••0130' 
02E4 0132 	1D04 ;BO 	;EL 	 SELECT DRIVE 
02E5 0134 	2FE0 DLAY .11 HDLDLY 	 DELAY FOP HEAD LOAD 

0135 	142 
0266 0138 	1E07 TB 	PDY 	 TEST DRIVE STATUS 

0257 013A 	13-- JEO 	D:SONPT 	 IF READY. 	NORMAL RETURN 

0268 013C 	21:60 EPPT 	, r4P1r0,11- 	 ELIE. 	AROPT 	AND 	PPINT 

01::E 	002 -' -  
0269 • ERROR 	riEfAISE. 

0270 01411 	n390- 1 DSONRT RP*. 	 HORMAL RETURN 
013A**1303 

0271 
0272 • 
0273 • SUBROUTINE: 	HPC2 
0274 
0275 • CALLING 	SEOUENCE: 	HPC2 .DLOCATN 
0275 • 
0277 • A BLAIW IS TPANJUTTED AND 2 CHARACTERS 
0278 • APE RECEIvED. 	IF EITwEP CHARACTER 	I 	A 
0273 • PLANK. 	HO OPERATION IS PERFORMED AND 	THE 
0280 • NORMAL RETURN 11 EXECUTED. 	IF TOO HEXADFC- 
0281 • IMAL VALUES APE ENTERED. 	THE HE!%FiDECIMAL 
0282 • BYTE 	Ii 	STORED HT THE LOCATION SPECIFIED 
[333 • AS 	THE CALLING PARAMETER. 	IF EITHER CHARACTER 
0284 • I; 	AN ESCAPE. 	CUNTROL 	I'S 	RETURNED TO THE MAIN 
0285 • PPOGRAM AT THE POINT THERE OPERATOR COMMAND; 
0226 • ARE PEOUESTED. 	IF ANY OTHER CHARACTER IS 
0287 • RECEIVED. 	NO OPERATION IS PERFORMED AND THE 
0283 • RETURN PC VALUE Ii  ILL SE THE CONTENTS 	OF PEG- 
0289 • ISJER 	10 OF THE CALLING PROGRAM. 
02?0 • 
0291 1,142 	81E0 PTRNVC DATH FrimPlgTOP 	 RETURN VFCTOP 

0144 
0146 	2PAO HPC2P(_ ,J1IT 	jELAlIF 	 TPAH:NIT 	FI_ANF 
0i49 	0094 
00,A4•014 ,, 

011 9 2 0140 	04C0 CLP 	P10 	 CLEgP HE:: ACCUMULATOR 
0294 014C 	0709 :ETO P9 	 INITIALIZE CHAPACTEP COUNTER 
0295 014E 	2E49 HPC2LP RFCV ;9 	 FETCH CHAPACTEP 
03';.; 0150 	q30;,  FF; 	 COMPARE TO EICHRE 

94 

Figure 32. Floppy Disk Control Program (Sheet 7 of 28) 
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SUMMARY 
	

TMS 9900 
Floppy Disk 
Controller 

FLOPPY D15 	1=ONTROL 

11113: 

0154 	15-- 

RROGPAm 

i,i NOTE:C 

P4i3E 	131r1,'2 

IF HOT.CONTINUE 
0:9,2 0155 	04 ,3 0 BLidR ,DRTRHVF EL :E 	ABORT COMMAND 

015H 	['1 45 
(115A NOTE rE: COMPAPF TO FLAW 
n15i 	11114 
01544.+1502 

0 -30u 015E 	13-- JF0 HRCPRT IF = BLANK. 	RETURN 
0301 • EL:E. 	CONVERT TO HEXADECIMAL 
0302 0150 	0229 A/ R9.--3000 :UBTRACT ASCII 	BIAS- 

0162 	D000 
0303 0154 	11-- JLT HRO2AB IF LEI,: 	THAN 	30, 	HPORT 
1,31,4 0165 	Uee.71  CI P9. , 4011 TEST FOP HOMERIC 

0155 	OR 00 
0305 016A 	11-- JLT HOAR! IF NUMERIC, 	:JAR 
0305 0150: 	0229 AI R9.-700 ELSE. 	DA:TRACT ALPHA PIK,' 

015F 	- 91:10 
0170 	0589 CI P9.400 IF LESS THAN 	', 41 	ABORT 
0172 	I1H 

0311.3 0174 	11-- !LT HPC.-.:HB 
0309 0176 	0289 CI 29. >FFF COMRAPE TO A:CII 

0178 	OFFF 
0310 017A 	15-- !GT HRC2AP IF OPEATER THAN, 	ABORT 
0311 017C 	F289 HOHAJ :OCB P.:4.610 :TORE HEX VALUE IN 

015A**1108 
0312 ACCUMULATOR 
0313 017E 	0588 INC P:P. INCREMENT CHARACTER COUNT 
0314 0180 	16-- YAP HRC2ND IF NOT 	0. 	:TIP 
0315 0182 	0444 :LA R10.4 :HIET HEX ACCUMULATOR 
0315 0184 	10E4 JOE' HRC2LR FETCH SECOND CHARACTER 
0317 01:3 ,; 	DSCA mOvE P10..p1i :TOPE HE,1 	VALuE 

0180401602 
031 • AT 	:PECIFIED LOCATION 
0:::19 0135 	0350 APC2PT RTIdP 1:prupH 

015E**1314 
0320 015A 	C3AD HPC2AP NOV .1, 21131 -f..P14 OODIFY PETUPH PC 

0014 
0154..1112 
017444.110A 
0174+4.1507 

03,31 018E 	10FC JHR H72P.T 

Figure 32. Floppy Disk Control Program (Sheet 8 of 28) 
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TMS 9900 
	

SUMMARY 
Floppy Disk 
Controller 

FLOPPY 

032:: 

0324. 
0325 

DI:r. 	CONTROL PROGRAM 

• 
:UPPOUTIHE: 	H J.12 

HH5E 0009 

• 
0327 • CALLING .:EOUENCE: 	HXM2 PLOCATN 

0328 • 
0329 • THE HEXADECIMAL EDUIVALENT OF THE VALUE CONTAINED 

0330 • IN THE LOCATION '7PECIFIED EY THE PARAMETER 

0331 • TRANMITTED, 	PRECEDED EY A ELArW 

0332 • 
0333 0190 	2EA0 HXM2RC XMIT TRANSMIT PLANK 

01•,■ 2 	u 

0334 0194 	D29E MOVE 	.0011,010 FETCH BYTE 

0335 0196 	06E10 EL 	•i1HP-:MT TPANMIT FIP3T CHARACTER 
0198 	-- 

0336 0194 	044A ::LA 	P10.4 :HIFT BYTE 

0337 019C 	0640 EL 	iiHEXXMT TRAW:MIT 	:ECOND CHARACTER 

019E 	---- 

0338 01A0 	0380 RThIP RETURN 

0339 0142 	C24A HEXXMT NOV 	R10.P9 MOVE CHARACTER 

0198**0142 
019E.0.001A2 

0340 01H4 :1;1_ 	H9,4 :HIFI RIGHT 	4 	PIT: 
0341 0146 	0289 CI 	09.'1A00 TEST FOR NUMERIC 

01A8 	0400 
0342 0144 	11-- JLT 	NHADJ IF 	SO , IF 

5, 343 1146 	0229 Al 	09. 	?0i, ALPHA 	ETA: 

OIHE 	07011 
0344 01E0 	0229 HHHDJ HI 	59. 	uuo HIDE 	AICII 	EIR: 

01E2 	3000 
01RA* 4.1102 

0345 01E4 	2F89 X0IT R9 -I- Pt:hi:01T 	HEX FCYCII 	CHARACTER 

0346 01E6 	0452 PT ETUPr 
01'.47 

• 
0349 • :I_IPPcjI_ITIHE: 	H_Ili 
0350 • 
0351 • CALLING =.EOUENCE: 	HLIN 0 
0352 

• 
• 

THE PPIHTEP 	I_ 	HINAHCED 
D' 	THE HEHT LINE 

TO 	THE 	PEGINHIHE,  

0::55 • 
':355 01P3 	2PRO NLINRC ,PCRPPET 1:ARRIA6E RETURN 

011:4 	003:3 -  
0072.4.01BE, 

0357 niEF 	,DRE'' I, 	ri 	E 	IDE HPPIHGE PETUPN 
OIEE 	7530 

0358 u1C0 	2F40 ,PLINEFD LINE FEED 
01C2 	0089' 

0::59 01:4 	03:30 PThIP HETUPH 

Figure 32. Floppy Disk Control Program (Sheet 9 of 28) 
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SUMMARY TMS 9900 
Floppy Disk 
Controller 

FLOPPY TI! .l. 	CONTROL PROGRAM PAGE 	0010 

0361 
0362 

• :UBPOUTIME: 
0364 • 
0365 • LHLLINI; 	- EuHEHIE: 	IDPD 	u 
036., • 
0367 • EACH ID FIELD OF THE CURRENT DISKETTE TPACK 
0368 • IS READ UNTIL THE 	ID FIELD 111TH THE CORRECT 
0369 • TRACK. 	'SECTOR. 	AND CPC 	IS 	FOUND. 	AT WHICH 
0370 • TIME THE ROUTINE 	IS EXITED. 	IF THE CORRECT 
0371 • FIELD 	IS NOT FOUND WITHIN A COMPLETE DISK 
0372 • RFVOLUTION 	(IE BEFORE 2 INDEX PULSES APE 
0373 • DETECTED). 	THE OPERATION IL ABORTED AND AN 
07,:74 • ERROR ME 	:AGE 	I: 	PEPOPTED. 
0375 • 

0106 21150 IDRDPC CRCI 	0 	 UPDATE ID FIELD IMAGE CRC 
004A+•0106' 

0377 01C8 2140 ['SON 0 	 TURN ON DRIVE 
0378 01CA 0209 LI 	P9.2 	 INITIALIOE 	INDU PULSE COUNT 

OICC 0002 
0379 ulLE MUH IDMPD LI 	P10.IDPLD 	 LET POINTER TO 	ID FIELD 

01D0 's':'7 
01D2 
u1D4 

SEAS' LE 	.E , mc.p11.4.p10+ 	fOMPAPE 	E:', -TE 	TO 

0381 • :19P ■ 	CHHPACTER 
0382 01D6 _153 	MArEND 	 IF OAP*, 	CONTINUE 

1F04 FE 	IHDE 	 EL:E. 	TE:T POP 	INDEX 	:IGnAL 
03E:4 01 DA 16E9 !NE 	IDOPD 	 I  P 	NO 	INDEX. 	PEREAD DI34. 
0385 01DC 0609 DEC 	P9 	 IF 	INDE,....DECRMENT 	INDEX COUNT 
0386 OIDE 16P7 JOE 	IDORD 	 IR NOT 	U, 	REPEAT' DISK 
0357 01E0 2C60 EPPT 	3NIDM:G 	 ELE-E. 	REPORT 	ID READ ERROR 

01E2 00oa' 
u1E4 ualyE. OPrFOD LI 	 LINE' 	EH-rF: 	COUNT 
01E6 0003,  
01D64..1306 

0.. ,=H 015:E: 
ulEA 	7FFC 

IDPIILP CB 	*Fln+..;JEIT.=[i....D 	, .[IMPURE 	DI:i 	DATA 

0390 • Ti) 	ID 	FIELD 	IMAGE 
0391 01EC 16F0 JIS 	IDMFD 	 IF NOT EOWAL. 	START OVEP 
03:42 01EE 0E09 DECREMENT  DEC P9 	 EMENT BTE COUNT 
0393 01E0 16PB JOE 	IDDLR 	 IP NOT 	O. 	;E_AD NEXT BYTE 
0394 ulF2 03A0 RT'I' 	 ELSE. 	ID 	FOUND , 	R-ETURN 

Figure 32. Floppy Disk Control Program (Sheet 10 of 28) 
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TMS 9900 
	

SUMMARY 
Floppy Disk 
Controller 

FLOPPY 

II 396 
0397 

DI D< CONTROL PROGRAM 

• 
• 

PAGE 	0011 

:UBROUTINE: 	EFT 
11399 • 
0400 • CALLING 	:EOUEHLE: 	ERRT ,PME:=AGF 
11401 • 
0402 • THE MEAGE WHOE ADDRES.S: 	CONTAINED 	IN R11 
0403 • ',NEN THE ROUTINE 	I 1 	ENTERED 	I 3 PRINTED' 
0404 • POLLOWED BY THE CURRENT TRACK AND 7:ECTOR 
0405 • MUMPER. 	THE DRIVE IS TURNED OPF AND CONTROL 
0406 • 13 RETURNED TO THE COMMAND ENTRY PROGRAM. 
0407 • 
0403: 01E4 2F00 ERPTPL HUH 	0 	 riEld 	LINE 

004t.+.001F4 
0409 01E6 A.:MT 	*P11 	 PRINT 	:ELECTED 	ME:SAGE 
0410 O1FI: 2DRO PINT 	 PRINT TRACK ME::AGE 

01FA O ,::Ri 
0411 lIFE 3EEII ri212 	 PRINT TRACK NUMBER 

01FE BOF8 
0412 0200 2100 .;1 17:CTW2G 	 PRINT 	:EC TOR 	MF:1:2=IGE 

0 	0 2 0 0 9 H 
0413 0204 2EE0 1-UM2 .P=ECHUM 	 PRINT 	SECTOR NUMBER 

'6UFA 
0414 11211: 1E04 :P.= 	:EL 	 TUPH 	OFF 	DID.: 	DRIVE 
0415 020A 0420 BLwP .PRTPHVC 	 RETURN TO COmMRIID 

020C 0142' 
• .a- riTPY 	Pr;OGP ,'IM 

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

TMS 9900 
Floppy Disk 
Controller 

FLOPPY 

0418 
':419 
0420 
0421 
0422 
0423 

DI :v CONTROL PPoGpAm 

• 
• 
• 
• 
• 

001,-2 

:UBPOUTINE: 	A;.;MT 

CALLING 	.TECHJENCE: 	AXMT .PMF':=FIGE 

0424 • THE 9:CII CHAPACTEP SJPING. 	THE 
0425 • BEGINNING FIDDPES 	OF wHICH 	II CONTAINED 
0426 • IN P11. 	I 	TPANMITTED. 	THE END OF THE 
0427 • L; INDICATED BY A HON-PPINTABLE 
0428 • CHAPACTEP 	(IE LE 	THAN HEX 20:. 
0429 • 
0430 020E 020A HXMTPC LI 	P10,30 	 LORD 	hi=::': 	CHAPACTEP:: 

0210 0050 
005A+.020E 

0431 • PEP LINE 
0432 0212 D272 FWMTLP MOVE: 4.P11+.P9 	 FETCH CHAPACTFP 
0433 0214 LE 	i="7..ELJ:(m 	 PR'IMTAFLE 	CHAPACTEP .7  

0216 0084 0  
0434 0218 11-- JLT 	ASMTPT 	 IF NOT, 	PETUPN 
0435 021A 2F89 EL::E. 	PRINT CHARACTER 
0436 021C 060A DEC 	RIO 	 DECREMENT MAX CHAR COUNT 
0437 021E 16F9 L IE 	1=CMTLP 	 IF NOT 	1,. 	FETCH NEJ CHAP 
1_14 02,0 LB 	4.P1 1 	 EL:E. 	I: 	NEJ 	CHAP 

0222 0084 
0439 • ,-,PINTABLE 7  
0440 0224 11-- JLT 	Fc:MTPT 	 IF MDT. 	PETUPH 
0441 0226 2E00 OLIN 	0 	 III 	LINE 
0442 0228 10E4 JMP 	axMTLP 	 PPINT PE11-  OF 	TRING 
0443 022A 0350 PTmP 	 F,PINTED, 	PETUPN 

0214.4.110E: 
ue24..110E.  

Figure 32. Floppy Disk Control Program (Sheet 12 of 28) 
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TMS 9900 
	

SUMMARY 
Floppy Disk 
Controller 

FLOPPY 

0445 
044E 
0447 
U44'2 
0449 

DI:F COMTPOL PROGRAM 

• 

• 
• 

:UBPOUTINE: 	CPCI 

CALLING 	_EUUENLE: 

PAGE 	0013 

CPCI 	0 
0450 • 
0451 • THE CRC 	I: 	CALCULATED FOP THE 	ID FIELD 	IMAGE 
0452 • CONTAINED 	IN MEMORY E.ND 	:TOPED 	III THE 	LAIT 5 
045G • D,•TE: 	OF 	THE 	FIELD. 
0454 • 
0455 0221: 020A CPCIPC LI 	PlO.IDFLD ;ET LIP 	ID FIELD POINTEP 

OSSE E:OF7 
005E++022C 

045E 0230 0209 LI 	P9.5 ;ET UP ID FIELD COUNT 
0232 0005 

0457 0234 0530 EL 	•ICPCALC CALCULATE CRC 
0236 -- 

0455 0238 0380 'TOP PETUPH 
0459 
0460 • 
04E1 • =OFPOUTINE: 	CPCD 
04E2 
04E5 CALLING 	:FOUENr_E: cpcp 
04 ,=.4 • 
0465 • THE CFC I: CALCULATED POP THE DATA FIELD ImHGE 
':455 • CONTAINED IN MEMOPY AND 	-1:.TOPED 	IN 	THE 	LFrIT 
i41.7 • BITE: 	OP 	THE 	FIELD. 
04E:G 
0469 023A 020H CPCDPC LI 	P1O.DTAPLD :ET JP DATA FIELD POINTER 

02GC 80Fr= 

1.1470' U,:E LI 	P9 	129 :ET 	LIP 	IIHTA 	FIELD 	COuriT 
0240 0081 

0471 0242 06E10 Pt_ 	DCPCALC CALCULATE CPC 
0::44 

0472 024 ,8 0380 PTIdP 

Figure 32. Floppy Disk Control Program (Sheet 13 of 28) 
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SUMMARY TMS 9900 
Floppy Disk 
Controller 

FLOPPL 

0474 
0475 
0476 

DISI 	COHTPOL PROGRAM 

• 
• 

PAGE 	u014 

SUBROUTINE: 	CP!ALL 
0477 • 
0478 • CALLING 	:EOUENCE: 	LI 	4'10.FLDADD 
0479 • LI 	P9.FLDCNT 
n4so • BL 
U42A. • 
0423 • THE CY C LIC 	REDUHDANCY CHECI 	CHAPACTER 	, CFC , 	FOP 
0483 • THE 	FIELD ADDPESSED 	PIO 	I: 	CALCULATED 
0484 • AHD 	:TOPED 	IN THE LA :T 3 BYTES 	OF THE 
0425 • FIELD. 	THE LENGTH OF THE FIELD 	(E.CLUDING CPC) 
0436 • IS 	:PECIFIED El P9. 	THE CPC POLYNOMIAL 	IS 
0487 • ..:••16+X*•12+••5+1. 	BEFOPE CPC 	CALCULHTIOH 
0488 • BEGIN{ 	. 	THE PARTIAL CPC 	I: 	PPE:ET TO ALL ONE 
0429 • P7. 	P:2. 	P9. 	AND P10 APE DESTROYED. 
0490 • 
11491 0246 0708 CPCALC :ETO 	PS: 	 RPESET 	PARTIAL 	r_PC 

0236.4.0248 
0.7244••u4:,: 

0492 024A 04C7 CPCLP CLP 	P7 	 CLEAR 	SCRATCH REGISTER 
0498 024C DIFA MOVE •P104-,P7 	 FETCH MEXT BYTE 
0494 024E 2407 R7.ps 	 iOP HEm 	mITH CPC. 
1,495 
04', 6 

n2501 
11353 

3I38 
0947 

PR. P7 
F'7.4 	

MOVE 	TO 	7:CPATCH PEG 
:HIFT 	_Lr'ATLA 	FIGHT 	4 

':497 n , 54 33P 	p8.  p7 	 '.OP 	CPC 	1 1 1TH 	_LR'ATCH 
1149 1,355 0247 AmDI 	F, . 	FFOO 	 :14SF 	OFF 	LOHEP 	E'rIE 

0258 FFuH 
0499 
05011 

025A 
11251 

0947 
E1,107 

:PL 	P7.4 	 2HIFT 	SCRATCH RIGHT 4 
p7.ps 	 :CPATCH 	' , PITH 	CPC 

0501 1.1355 11E77 :hC 	F7.7 	 poTATE 	SCPRITCA RIGHT 	7 
0502 0260 2Au7 SCPATCH WITH CPC 

0,72td PE•ERSE EYTES 	IN Cpc 
11504 H264 Or: .0 .-' DEC 	 DECREMENT ECTE COUNT 
0505 16FI !HE 	CPCLP 	 IF 	NZIT 	ii. 	FETCH 	NE::T 	BYTE 
0506 0258 11E88 00VE P8.•410+ 	 ELSE. 	TPAN:'PEP 
0507 
050S 

0254 
025C 

05C8 
D588 

SMPB PS 	 CPC TO THE END 
oovB Pa..Plo 	 OF THE FIELD 

0509 025E 045P PT 

Figure 32. Floppy Disk Control Program (Sheet 14 of 28) 
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TMS 9900 
Floppy Disk 
Controller 

SUMMARY 

FLOPPY DISK CONTROL PROGRAM PAGE 0015 

0511 
0512 • 
0513 • :UEROUTIr1E: 
0514 • 
0515 • CALLING 	=EOUENCE: 	=INC 	0 
051t • 
0517 • THE SEC TOP NUMBER IS INCREMENTED BY 	1. 
0518 • IF THE NEW VALUE IS GREATER THAN 26. 
0519 • THE SECTOR NUMBER IS SET TO 1 AND 
0520 • THE TRACK NUMBER IS INCREMENTED. 
0521 • AND THE HEAD IS STEPPED TO THE NEXT TRACK. 
0522 • 
0523 0270 	D2R0 SINCEC MOVE @SECNUM.R10 	FETCH SECTOR NUMBER 

0272 	80FA 
0052..0270' 

0524 0274 	022A AI 	R10.100 	 ADD 1 	TO SECTOR NUMBER 
0276 	0100 

0525 027::: 	028H CI 	P10.27. , 100 	COMPARE 	TO 27 
027A 	1E00 

0526 027C 	14-- JHE 	SECNXT 	 IF HIGH OR EOUAL, 
0527 • INCREMENT TRACK 
0528 027E 	D8OR SECXIT MOVE R10..DSECNUM 	RESTORE SECTOR NUMBER 

Ode, U 	'SOFA 
U5e71  133 1! PIMP 	 RETURN 
0530 0284 	2E40 SECHXT TI NC it 	 INCREMENT TRACK NUMBER 

027C.4.1403 
0531 0201 LI 	R10 , 	1UU 	 LOAD NEM 	=ECTOR NUMBER 

1,23:3 	nj,jj 

1,333A 	10P9 JHR 	 :TORE 	:EC TOR HUMBER 
0533 
0534 • 

• SUBROUTINE: 	TF-:T 
0536 • 
053T • CALLING 	:EOUENCE: 	TK:T 	.DTPACP 
0538 • 
0539 • THE READ/idRITE HEAD OF THE DISK 	DRIVE IS 
0540 STEPPED TO THE TRACK. NUMBER :SPECIFIED BY THE 
0541 • LEFT BYTE OF R11, 	UNLESS: THE DISK 	11 	NOT 
0542 READY. 	IN WHICH CASE THE OPERATION IS ABORTED. 
0543 • IE THE SPECIFIED TRACK IS OUT OF RANGE 	IE 
0544 • GREATER THAN 76. 	THE HEAD IS STEPPED TO TRACK 
0545 • O. 	THE NEW TRACK NUMBER REPLACES THE OLD 
0546 TRACY 	NUMBER 	IN MEMORY. 	IF THE HEN TRACk: 
0547 • HUMBER 	I: 	TO 	FE 	O. 	THE 	TRACE 	I: 	:TEPPED 
0548 • UNTIL THE TRK00 STATUS SIGNAL 	IS DETECTED. 
0549 • IF THE OLD TRACK NUMBER IdAS 	O. 	THE HEAD 	IS 
0550 • STEPPED TO TRACK 0 BEFORE THE NEW STEPPING 
0551 • OPERATION BEGIN. 
0552 • 
0553 028C 	04C5 TKSTF'C CLR 	R12 	 INITIALIZE CPU BASE 

0046..028C' 
0554 n28E 	1D04 SE0 	EL 	 SELECT DRIVE 
0555 0290 	2FE DLHY •11 HDLDLY 	 HEAD LOAD DELAY 

0292 	14:32 
94 

Figure 32. Floppy Disk Control Program (Sheet 15 of 28) 
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SUMMARY TMS 9900 
Floppy Disk 
Controller 

FLOPPY DISK CONTROL PROGRAM PAGE 	uniE 

0556 u294 	1F07 TB RDY CHECK DRIVE 	STATUL 
0557 0296 	13-- JEO TKCNTU IF READY, 	CONTINUE 
055:5 EPPT V4EDYM: EL: E' 	REPORT ERROR 

029A 	0025' 
0559 029C 	C24E TKCNTU MO. P11,R9 SAVE MEW TRACK NUMBER 

02964, 4, 1302 
0560 029E 	0989 :PL R9.8 TO RIGHT BYTE OF R9 
0561 02A0 	13-- JEO TKTOO IF 0, 	CLEAR TRACK 
0562 02A2 	0289 CI P9.76 NEw TRACK NUMBER IN RANGE? 

02A4 	004C 
056:: u206 	12-- I: 	:OR 	:KIP 
0564 02A8 	04C9 CLR R9 ELSE. 	CLEAR NEW TRACK NUMBER 
0565 02AR 	06R0 TKTOO EL :i1- KCLP ETEP 	TO 	TRACI- 	00 

11 dHL 	---- 
02A0•4, 1304 

0566 02RE 	10-- JMP TKSTFT RETURN 
0567 02E0 	D200 TKNZRO MOVE iiTKMUM.R10 FETCH OLD TRACK NUMBER 

02E2 	80E8 
0c2H6**1204 

0568 02E4 	098A :PL P10.8 MOVE TO RIGHT BYTE 
0569 02E6 	16-- JME TKN2R1 IF NOT 	00. 	CONTINUE 
':570 02B8 	06A0 EL i'TKCLP ELSE, 	STEP TO TRACK 	00 

02BA 	-- 
0571 ( , BBC 	8289 - 1.7P1 C P9. Fir, COMPARE HEM TRACK 

02B6**1602 
0572 • TO OLD TRACK NUMBER 
0573 02BE 	11-- JLT STROUT IF LESS: THAN. 	:1- EP OUT 	1 	TRACK 
0574 02C0 	13-- JEO TLSTPT IF EOURL. 	RETURN 
0575 02C2 	1 D''7 :E0 STEPLIP EL SE. 	STEP IN 	1 	TRACK 
0576 02C4 	058A INC R10 IMCREMENT OLD TRACK 
0577 02C6 	10-- JMP TKGO : TER HEAD 
0578 02C8 	1E07 STROUT :BZ STEPUP SELECT STEP OUT 

02BE4.0.1104 
0579 02CA 	060A DEC P10 DECREMENT OLD TRACK 
0580 02CC 	06A0 TKGO EL ,PTK.STEP STEP HEAD 

02CE 	---- 
02C6* , 1002 

u531 10F5 JOR -1- ,4 .42R1 PEPEAT FOR NE:cT STEP 
0582 0202 	06C9 TKSTRT DARE P9 MOVE NEW TRACK NUMBER 

ueHt**1011 
02C0.4.1303 

0583 • TO LEFT BYTE 
0584 02D4 	11809 MOVE R9.itTKNUM UPDATE TRACK NUMBER 

02D6 	SOF8 
0585 0208 	0380 RI3IP RETURN 

Figure 32. Floppy Disk Control Program (Sheet 16 of 28) 
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TMS 9900 
	

SUMMARY 
Floppy Disk 
Controller 

FLOPPY DISK CONTROL PROGRAM 	 PAGE 0017 

0587 
rj,SS • 

• :OPPOUTINE: 	TI CLR 
0590 • 
0591 • GALLING :EOUENCE: 	EL .DTKCLR 
0592 • 
059:3 • THE READ/NRITE HEAD IS. STEPPED OUT UNTIL 

0594 • THE TRK00 STATUS SIGNAL BECOMES ACTIVE. 

0595 • THE CONTENTS OF R8 AND R11 ARE DESTROYED. 

0596 • 
0597 OETA C209 TICLP MOV 	R11 .R8 =.AVE RETURN LIN K AGE 

02AC , 4 02DR 
02BA••029A' 

0593 020C 1F07 THILP Ti: 	PIG TEST 	DRIVE :=TATU3 
0599 021E 16-- JHE TKCRET IP HOT READY. 	ABORT 
0600 02E0 1E06 TE 	TPk00 TET TRACK 00 STATIJ 	SIGNAL 

0601 02E2 16-- JOE 	TKICOT IF NOT ACTIVE.COOTIOUE 
0602 02E4 0458 F 	•P8 ELSE, 	RETURN 

0603 02E6 1E07 TKICNT SB7 	STFPUP :'ET 	TO STEP OUT 

02E2++1601 
0604 02E8 06A0 EL 	.DTf:TEP :TEP HEAD 

02EA 
02EC 10F7 YIP 	FE': LP CONTINUE LOOP 

060s 02EE 04C9 Tf.CABT CLP 	RS ;FT 	TREIC 

02DE*4.1607 
0607 0.,2F0 9808 NOVF: 	PS..DTtNUM NUMBER 	TO 00 

,, 2F2 SOFS 
0608 02E4 2C60 ERPT 	.iitiRDYMS REPOPT ERROR AND ABORT 

02F6 0025' 

':6 ii:' • 
0611 • IIJEPOUTIHE: 	T 	STEP 

0612 • 
061.3 • CALLING SEOUENCE: 	FL @TKSTEP 

0614 • 
0615 • THE STEP PUL::.E 	IS GENERATED FOP 	11.3 

0616 • MICPCEECONDS AHD THE HEAD STEP DELAY 
A617 • II 	OE:EPVED. 
0618 • 
0619 02E8 1D06 TKSTEP SBO 	STEP SET STEP SIGNAL 

02CE..02F8' 
02ER.4.02r8 

0620 02FA 1uou HOP DUMMY DELAY 
0621 02FC 1E06 SBZ 	:TFP RESET STEP SIGNAL 

0622 02FE 2FE0 PLAY DELAY FOP NERD :TEP 

0300 05DC 
': 623 1145E PT ;'ETUPH 

Figure 32. Floppy Disk Control Program (Sheet 17 of 28) 
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0625 

DISK CONTROL PROGRAM PAGE 0018 

0626 • 
0627 ♦ DJB•OUTING: 	TINC 
0628 
0629 • CALLING 	=,EOUENCE: 	TIN' U 
0630 • 
0631 • THE HEAD IS MOVED TO THE NEXT CONSECUTIVE 
0632 • POSITION. 	IF ON THE 	INNERMOST TRACY. 	(76), 
06:7:3 • THE HEAD IS MOVED TO TRACK 00. 
0634 • 
0635 0304 D2E0 TINCPC MOVIE .PTKNUMNR11 	FETCH TRACK NUMBER 

0306 SOFS 
0066••0304' 

Ht..s, 0308 0228 AI 	R11. 	1 i' 0 	 ADD 	1 	TO 	TPACi, 	NUMBER 
030A 0100 

0637 0300 2CDB TK:1-  ♦R11 	 MOVE HEAD 
0638 030E 0380 RTWP 	 RETURN 
06:39 
0640 • 
0641 • COMMAND CHARACTER LIET 
0642 
0643 0310 57 CMDL T TEXT '0AU0dDRARAFMMDMEMX' 
0644 • 
0645 • COMMAND ENTRY POINT TABLE 
0646 • 
0647 0322 ---- CM DENT DATA WTHSCINWPTNEXOARTDEL,RDACI,RDNEX 

0324 -- 
0326 

---- 
032A ---- 

06.48 032C ---- DATA FORMAT,DUMP.ENTER.EXECUT 

Figure 32. Floppy Disk Control Program (Sheet 18 of 28) 
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FLOPPY DISK CONTROL PROGRAM 	 PAGE 0019 

0650 
0651 
0652 
0653 

• 
• 
• 

POWEP-ON RESET ENTRY POINT 

0654 0334 	04CC START CLP 	P12 	 INITIALIZE CPU EASE 
0002..0324' 

0655 0336 	020B LI 	R11.'., 300 	 LOAD CPU 	INITIALIZATION VALUE 
0338 	0300 

0656 033A 	320B LDCR R1198 	 AND OUTPUT TO CPU 
0657 033C 	020E LI 	P11, IDFLD 	 SET 	ID FIELD 	IMAGE POINTER 

033E 	80F7 
0658 0340 	020A LI 	R10'>100 	 SET 	INITIAL 	SECTOR VALUE 

0342 	0100 
0659 0344 	DEEO MOVE @IDMRk..R11+ 	ID MARK DATA PATTERN TO 

0346 	OODO" 
0660 • FIRST BYTE OF ID FIELD IMAGE 
0661 0348 	DECC MOVE P12,*R11+ 	 0 TO SECOND BYTE 
0662 • .TRACK NUMBER) 
0663 034A 	DECC MOVE P12.4.p11+ 	 0 TO THIRD BYTE 
0564 034C 	DECA MOVE Rio, ,w11+ 	 01 TO FOURTH BYTE 
0665 • e:SECTOR NUMBER) 
0666 034E 	D6CC MOVE R12p.P11 	 0 TO FIFTH BYTE 
0667 0350 	2CDC 1- 3T •R12 	 SET READ/WRITE HEAD TO TRACK Cl 
0668 0352 	1E04 SE Z 	SEL 	 TURN OFF DRIVE 
0669 
0670 • 
0671 • OPERATOR COMMAND REQUEST ENTRY POINT 
01;72 • 
0673 0354 	2E00 TOP NLIN 0 	 NEw LINE 

0144..0354' 
0674 0356 	2FAO XMIT @QUEST 	 PRINT PROMPTING MESSAGE 

0358 	0085' 
0675 035A 	2FAO @BELL 	 (OUE -:TION MARV' 	BELL') 

035C 	0086' 
0676 035E 	2F4A FE' V RIO 	 READ FIRST CHARACTER 
0677 • OF COMMAND 
0678 0360 	06CA SIFE PIO 	 SAVE 	IN RIGHT BYTE 
0679 0362 	2F4A PECV R10 	 READ SECOND CHARACTER 
0680 • OF COMMAND 
06:D1 0D64 D64 	06CA :upp. 	F10 	 FEVEP:E CHAPACTEF.E - 	IN P10 
0622 0366 	0208 LI 	P8 , CMDLST 	 :ET COMMAND LIST POINTER 

0368 	0310' 
0683 036A 	0209 LI 	P90SMDENT-c, 	SET COMMAND ENTRY POINTER 

036C 	0320' 
0684 036E 	C1F8 CMDLP MOV *P8+,P7 	 FETCH COMMAND IN LIST 
0685 0370 	13F1 JEO 	TOP 	 IF LIST VALUE = O. 	NOT 
0686 • A LEGAL COMMAND 
0687 0372 	05C9 INCT P9 	 INCREMENT ENTRY POINTER 
0688 1374:3 1CA PlO.R7 	 COMPARE ENTERED COMMAND 
0589 • TO LIST 
0690 I-J76 	16F1: INC 	CMDLP 	 IF HOT EQUAL' 	REPEAT 
0691 02:78 	5.359 MOV 	•A9.P9 	 EL:E, 	COMMAND FOUND. 
0692 
0693 0 37A 	020A 

• 
R10.TOP 	

FETCH ENTRY POINT 
COMMAND PROGRAM RETURN 

Figure 32. Floppy Disk Control Program (Sheet 19 of 28) 
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037c: 	0354' 

PAGE 0020 

0694 ADDRESS 
':695 037E 9807 CB 	P7R.3A9CIIM TEST FOR lit', ME, 	OR 

0380 0082' 
06.96. • MX COMMANDS 
0697 0382 13-- JEO 	HDDFCH IF SO, 	FETCH ADDRESS ENTRY 
069:3 0384 2DA0 AXMT PRINT TRACK MESSRGE 

0286 008A' 
':699 0388 0220 MOVE .PTKNUM.R8 FETCH CURRENT TRACK 

0 3 8 A 80R 

0700 • NUMBER 
0701 038C 2E::8 HXM2 R8 PRINT TRACK NUMBER 
0702 038E 2E88 HRC2 RE: READ NEW TRACK HUMBER 
0703 0390 0288 CI 	R8,77.256 NEW TRACK NUMBER LEGAL? 

0392 4000 
0704 0394 14DF JHE 	TOP IF NOT. 	RBORT 
0705 ':396 2CD8 TKST •R8 STEP HERD TO NEW TRACK 
0706 0398 1E04 SBZ 	EEL TURN OFF DRIVE 
0707 0.39A 9807 CP 	R7. ,PRSCIIF FORMAT COMMAND 

039C 0081 ,  
0708 ,::39E 16-- JNE 	SECFCH IF HOT 	CONTINUE 
0709 03A0 0459 •R9 EL: ER 	EXECUTE COMMAND 
0710 03A2 2D0O 1ECFCH RXMT .PSCTMSG PRINT SECTOR MESSAGE 

03A4 009A' 
039E..1601 

0711 03R6 
03 198 

MAO 
80FA 

 MOVE iiSECNUM.R6 FETCH CURRENT SECTOR 

0712 ':300 2ECS RLA2 PS PFINT CUPPENT SECTOR 
0713 03AC 2E86 HPC2 FE. READ MEW SECTOR NUMBER 
0714 03AE 0286 CI 	P6.100 LESS 	THAN 1 

03E0 0100 
0715 0332 11DO JLT 	TOP IF SO, 	ABORT 
0716 0384 0286 CI 	RS927.256 GREATER THAN 26? 

0336. 1300 
0717 0338 14CD JHE 	TOP IF 	SO. 	ABORT 
0718 033A D806 MOVE R6R.PSECNUM UPDATE SECTOR NUMBER 

03BC 80FA 
0719 03BE 2DRO AXMT .PNUMMSG PRINT NUMBER MESSAGE 

03C0 0011:15' 
0720 03C2 02115 LI 	R5.100 LOAD DEFAULT NUMBER 

0 3C4 0100 
0721 03C6 2E85 HRC2 P5 READ NUMBER 
0722 03C8 0985 .RL 	P5.8 MOVE TO RIGHT BYTE 
0723 03CR 13C4 JEO 	TOP IF NUMBER = OR 	ABORT 
0724 03CC 0459 EXECUTE COMMAND 
072F. 03CE 0208 ADDFCH LI 	P8.>8n00 LORD DEFAULT ADDRESS 

03DO 3000 
0382..1325 

0726 0.302 2E88 HC2 P9 ERD FIRST BYTE OF ADDRESS 
0727 03D4 
0723 

 SRVE IN RIGHT BYTE 
C' 305 2FRO 311T 	.;, P.FiCFCF E:AitSPACE FPINTER 
0308 0087 -  

0729 03DR 2E:38 HRC2 R8 READ SECOND BYTE OF ADDRESS 
0730 II 	fl ,  061:8 SWPB F ORRECT ADDRESS BYTES 
0731 03DE 0459 EI,ECUTP COMMAND 

Figure 32. Floppy Disk Control Program (Sheet 20 of 28) 
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0733 

DISK CONTROL PROGRAM PAGE 0021 

0734 • 
0735 • COMMAND CONTROL PROGRAM: 	RDASCI,PDHEX 
0735 • 
0737 • THESE COMMANDS ENABLE THE OPERATOR TO ACCESS 
073? • A SPECIFIED NUMBER OF SECTORS BEGINNING AT THE 
0739 • CURRENT TRACK AND SECTOR LOCATION' 	PRINTING 
0740 • THE CONTENTS OF EACH SECTOR IN EITHER ASCII 	RA) 
0741 • OR HEXADECIMAL FORMAT 	(PH). 	IF A DELETED DATA 
0742 • FIELD IS DETECTED' 	IT IS REPORTED AND READING 
0743 • CONTINUES. 	IF THE ID FIELD OR DATA MARK ARE 
0744 • NOT FOUND, OR IR A CRC ERROR OCCURS, 	THE ERROR 
0745 • IS REPORTED AND THE COMMAND IS. ABORTED. 
0746 • 
0747 • ENTRY PARAMETERS: 	R10 = RETURN ADDRESS 
0748 • P7 = COMMAND CHARACTERS: 
0749 • R5 = HUMBER OF SECTORS 
0750 • TO PRAD 
0751 • 
0752 03E0 RDAS:CI EDO 	$ 	 RA COMMAND ENTRY POINT 

0328**03E0' 
0753 03E0 RDHEX EOU 	'E 	 RH COMMAND ENTRY POINT 

0754 
032A.0.0 .71En , 

 0 3E0 	05C7 :mpB 	R7 	 7:1.1A ,' 	COMMAND 	CHAP 	BYTE': 
0755 03E2 	0205 READ LI 	P6-DTAFLD 	 LOAD DATA FIELD IMAGE 

03E4 	8OFF 
0755 • POINTER 
0757 03E6 	0208 LI 	P8.DTAPD 	 LOAD DISK DATA READ 

03E8 	7FFC 
0758 • ADDRESS 
0759 03EA 	2C80 IDPD 	it 	 PEAD 	ID FIELD 
0750 03EC 	DDA0 MOVE .;IMPKRD,*P5+ 	READ DATA MARK 

03EE 	7FF8 
0761 03F0 	0200 LI 	P0.130 	 REPEAT NEXT INSTRUCTION 

03F2 	0082 
0762 • 130 	TIMES 
0763 03E4 	DD98 RDLPL1 MOVE *P8. 4.P6+ 	 mOVE DISK DATA TO 
0754 • DATA FIELD IMAGE 
0765 03F5 	0500 DEC 	PO 
1,755 03r8 	15FD JOE 	RDLPL1 
07b7 liF1-1 	1E04 11:2 	:EL 	 TURN 0 ,- F 	DRIVE 

076s 03FL CD 	,DDIRFLII.:iTTNP 	NORMAL 	DATA MARK 
03FF 	SOFF 
0400 	00D1' 

0759 0402 	13-- JEO 	DMRKOK 	 IF 	SO , 	CONTINUE 
0770 0404 	9820 CB 	,DDTAFLD,J.IDLDMP4 	DELETED DATA NAF*7 

0406 	8uFF 
040S 	OuLF .  

0771 [4TH JEO 	[,[IH-HT 	 IF 	SO, 	aIP 

0772 04 uC 	2560 EPPT iINDMMD .5 	 PRINT ERROR MESSAGE 
040E 	0011' 

,177: 0410 	2F00 DIMMT OLIN 	0 	 NEIl 	LINE 
0401-14■ 4, 1302 

0774 0412 	2DA0 AXMT .i, DLDMSG 	 REPORT DELETED DATA 

Figure 32. Floppy Disk Control Program (Sheet 21 of 28) 
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0414 	OuBC' 
0775 0415 	C220 DMF1OF MOV .i, DTACRC.R8 FETCH READ CRC 

0418 	8180 
0402++130s 

0775 0410 	SE 03' CRCD 0 RECALCULATE CPC 
0777 041C 	8220 C 5'tITACPC.R8 CRC 	COPRECT .7  

0415 	8180 
0778 0420 	is-- JR0 F'DPFT IF 	.1:0 	CONTINUE 
0779 0422 	2C50 ERRT .DCRCM 'SG ELSE. 	REPORT ERROR 

0424 	0035' 
0780 0426 	2F00 RDRRT ML IN 0 NFH LINE 

0420**1302 
07:31 0428 	04E0 CLR •PDTACPC CLEAR END OF DATA 

042A 	8180 
0782 • FIELD 	IMAGE 

042r 	0203, LI RE-DTADJF LOAD FIELD IMAGE 
0425 	8100 

07:34 • POINTER 
0785 043:9507 CP P7-3ACCIIA PR COMMAND' 

0786 0434 	1.3-- JEO A:CIRD IF 	CO. 	PRINT 	IN ACCII 
0787 • FORMAT 

0433. 	0209 LI LOAD LINE COUNT 
UUU6 

0789 043A 	0208 HXPTLP LI P8.15 LOAD 	B4-1- E COUNT 
043C 	0010 

0790 043E 	2F00 NLIN 0 HE , 	LINE 
0791 0440 	2E1,6 H3.'PLP1 HXr12 •R5 PRINT DATA BYTE 
0792 0442 	0585 INC PS INCREMENT DATA POINTER 
0793 0444 	0508 DEC PS DECREMENT BYTE COUNT 
0794 ':445 	15FC JNE HXRLP1 IF NOT 0, 	PRINT NEXT BYTE 
0795 1, 445: 	1F00 TI: PIN OPERATOR 	INTFPR3tP1-7  
0795 044A 	15-- !NE READPT IF 	:O. 	ABORT 
0797 044C 	0509 DEC 49 DECREMENT LINE COUNT 
0798 044E 	16F5 JNE HXPTLR IR HOT 	O. 	PRINT NEXT LINE 
0799 0450 	10-- JmP WT:CT CONTINUE 
0800 0452 	21,96 ACCIRD AXMT 4, P5 PRINT DATA FIELD 

0434..1'30E 
0801 • IH 
0802 0454 	2D00 NXTCCT .CIII C 0 URDATF izEl TOR NUMBER 

0450..1001 
05113 0455 	IF':'':' TI: PIN OPERATOR 	IHTERPuRT: 
0804 0455: 	Is-- JNE READRT IF 	:O. 	FIEURT 
0805 045A 	0605 DEC P5 DECREMENT SECTOR COUNT 
0806 045C 	1652 JNE READ IF NOT 	O. 	READ NEXT :ECT0P 
0807 045E 	1E04 READPT SE: 2 :EL TUPH OFF DRIVE 

0440..1509 
0458401502 
u4s0 	0454 •R10 RETURN 

Figure 32. Floppy Disk Control Program (Sheet 22 of 28) 
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0810 
0811 • 
0812 • COMMAND CONTROL PROGRAM: 	WPTHEX,wTASCI,WTDDTA 
0813 • 
0814 • THE]:F. COMMANDi ENABLE THE OPEPATOP TO WPITE 
0815 • A SPECIFIED NUMBER OF SECTOPS OF DATA BEGINNING 
0816 • AT THE CURRENT TRACK AND LECTOP LOCATION, 	IN 
0817 • EITHEP ASCII 	(WA) 	OP HEXADECIMAL 	(WD,WH , 	FORMAT. 
0818 • THE WO COMMAND CAUSE'S: A DELETED DATA MAPK TO 
0819 • PRECEDE THE, DATA, 	AND THE WA AND WH COMMANDS 
0820 • WPITE THE DATA MARK. 	IF THE ID FIELD OF 
0821 • ANY SECTOR IS HOT FOUND, 	AN EPPOP IS 
0322 • REPORTED. 
082? • 
0824 • ENTRY PARAMETERS.: 	P10 = RETURN ADDRESS 
0825 • P7 = COMMAND CHARACTERS 
0 .:26 • SECTORS 
0827 • 

P5 = FgrI  TOF 

0828 • 
0829 0462 	D320 WPTDEL MOVE .i.IDLDMPK..pDTAFLD 	LOAD DELETED DATA MARK 

0464 	00CF' 
0466 	8OFF 
0326..0462 ,  

113311 0468 	10-- jr,IF 	wPITE 	 CONTINUE 
0831 046Ae WPTHEX EOU 	1 	 wH COMMAND ENTRY POINT 

0324..046A' 
0832 046A 	D820 wTASCI MOVB WITMPK,•1DTAFLD 	LOAD DATA NAPE 

046C 	00D1 
046E 	8OFF 
0322••046A' 

0833 0470 	06C7 wPITE SwPB P7 	 MOVE SECOND COMMAND 
0468..1003 

0834 • CHHPACTEP TO LEFT BYTE 
0835 0472 	0208 hIPITLP LI 	P8,DTABUF 	 LORD DATA FIELD 

0474 	8100 
• IMAGE POINTER 

0837 0476 	0200 LI 	P0.54 	 D'EF'EAT 64 	TIMES 
0478 	0040 

0838 047A 	04F8 wTLPL1 CLF' 	•p8+ 	 CLEAR' DATA BUFFER 
0839 047C 	0 E. 00 DEC 	PO 
0240 047E 	16F D JNE 	wTLPL1 
0841 0480 	0208 LI 	P8.DTABUF 	 —DAD DATA PUFFER POINTER 

0482 	8100 
0842 0434 	9807 CB 	P7 , 4ASCIIA 	 1,11-1 	OmNAND 7  

0486 	0080 
0843 0488 	13-- JEG' 	WPTA:C 	 IF 	SO, 	PEAD 	ASCII 	7,- TPING 
0844 048R 	C10A 10• 	PIO , P4 	 SR,'E RETURN ADDPES:' 
0845 048c 	2 LI 	P10 , 1aTE:PDY 	LOAD HPC2 	:UPPOUTINE 

048E 	---- 
0846 • PET' PH ADDPE:: 
0847 0490 	0209 LI 	 LORD LINE COUNT 

0492 	0008 
0848 11494 	0206 oITHLP1 LI 	P6 , 16 	 LOAD BYTE COUNT 

0496 	0010 

Figure 32. Floppy Disk Control Program (Sheet 23 of 28) 
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0849 0498 	2F00 HLIN Ii HEN LINE 
0850 049A 	2E98 NTALP2 HPC2 •P8 READ BYTE 
0:351 049C 	0588 INC pa INCREMENT BUFFER POINTER 
0:352 o49E 	0605 DEC 75 DECREMENT BYTE COUNT 
0:353 0440 	16FC JNE NTHLP2 IF NOT O. 	READ NEXT BYTE 
0854 04A2 	0609 DEC P9 DECREMENT LINE COUNT 
0855 04A4 	16F7 JNE WTHLP1 IF NOT 0, 	READ NEXT LINE 
0856 04A6 	C284 WTERDY MO'... R4.P10 RESTORE RETURN ADDRESS 

048E.. 04A6' 
0857 04A8 	10-- JMP NTCRCD CONTINUE 

04RA 	0206 NRTASC LI P6.128 LOAD CHARACTER COUNT 
04AC 	Ou'clu 
0488..1310 

oa59 04AE 	2F00 HLIN HEN LINE 
0860 0430 	2F58 NTASLP PEE".' •R8 READ CHARACTER 
0861 0432 	9818 CE •P8.5lESC ESCAPE CHARACTER? 

04E4 	0063' 
0862 1,43.6 	13-- JEO NRITPT IF 	O. 	RETURN 
0863 '5438 LB *R8+..DBLANK NON-PRINTABLE? 

04BH 	':084 - 
0864 (143f 	11-- JLT NTCRCD IF 	SD, 	END OF 	SECTOR 
0865 048E 	0606 DEC R6 DECREMENT CHARACTER COUNT 
0865 04CO 	16F7 JNE WTASLP IF NOT 0! 	READ NEXT CHAR 
0867 04C2 	2E00 NTCRCD CRCD 0 GENERATE DATA FIELD CRC 

04A8**100C 
04BC...1102 
041_4 	0209 LI 79.DTANT III SF 	DATA 	WRITE ADDRES: 
04C6 	7FFE 

0869 04L8 	020:71 LI PS.DTAFLD DATA FIELD IMAGE POINTER 
04CA 	8OFF 
041c 	2C80 ID.;'D 0 READ 	ID FIELD 

0871 04CE 	0200 LI R0.16 REPEAT 16 TIMES 
ADO 	0010 

0872 0412 	04119 WTLPL2 CLP *P9 NPITE LAST 16 BYTES OF 
087.3 • ID GAP 	FIRST BYTE SKIPPED FOR 
0874 • BYTE 	SYNCHRONIZATION )  
oa75 u4D4 	0500 DEL Ru 
0876 0416 	16FD JNE OTLPL2 
0877 04DA 	DS*38 MOB 4, Ps+—ilmPphn wRITE DATA MARK 

04DA 	7F8E 
0878 04Dc 	020 CI LI 'I:'• 	11I REPEAT 	130 TIME: 

04DE 	0082 
0879 04E0 	11678 OTLPL3 MOVE .p.8+.4.1 WAITE DATA FIELD 
0880 04E2 	06110 DEC RI' 

0881 04E4 	16FD JNE oTLRL3 
0882 04E5 	04D9 CLP 4, R9 pEwRITE FIRST BYTE OF 
0.383 • DATA 'SAP 
0884 04E8 	2D00 ;INC 0 UPDATE SECTOR NUMBER 
835 04EA 	1E04 SE.: :EL TUPH OFF DRIVE 

0886 04EC 	0605 DEC 55 DECREMENT SECTOR COUNT 
0887 04EE 	16C1 JNE wRITLP IF NOT 0. 	NiITE NEXT SECTOR 
oaaa 04F0 	045A NRITPT B .R10 EL:E. 	RETURN 

Figure 32. Floppy Disk Control Program (Sheet 24 of 28) 
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0890 
0891 • 
0892 • COMMAND CONTROL PROGRAM: 	FORMAT 

0893 • 
0894 • THIS COMMAND ENABLES THE OPERATOR TO FORMAT 

0895 • A NUMBER OF TRACKS BEGINNING AT THE CURRENT TRACK 

0896 • AND SPECIFYING THE LAST 	TRACK. 	ALL GAPS, 

0897 • TRACK, 	ID, 	AND DATA MARKS, AND TRACK AND 

0898 • SECTOR NUMBERS APE WRITTEN. 	THE DATA IN THF 

0899 • DATA FIELDS 	IS ALL "ZEROES. 
0900 • 
0901 • ENTRY PARAMETERS: P10 = RETURN ADDRESS' 

0902 • 
0903 04F2 23A0 FORMAT AXMT PENDMSG PRINT END MESSAGE 

04F4 0094' 
032C••04F2' 

0904 114F6 2DA0 AXMT .PTKMSG PRINT TRACK MESSAGE 

04F8 008A' 
0905 04FA D260 MOVE PTKNUM,A9 FETCH TRACK NUMBER 

04RC 80F8 
0906 04FE 2EC9 HXM2 R9 PRINT TRACK NUMBER 
091,7 0500 2E89 HPC2 R9 READ LAST TRACK NUMBER 

0 9 0'.; 0502 0289 CI 	P9.77•256 LEGAL VALUE? 

0504 4000 
0909 0506 14-- JHE 	FRMTPT IF NOT. 	RETURN 

0910 0508 0208 LI 	P8,DTAFLD LOAD DATA FIELD POINTER 

050A 80FF 

0911 0500 DE20 MOVE: •lDTMPK.•R8+ LOAD DATA MARK 

050E 00111' 
0 9 1 ,' 0510 0200 LI 	P0,54 REPEAT 54 TIME: 

0512 0040 
0913 0514 04F8 FFLPL1 CLP 	•P8+ CLEAR DATA EUFFEP 

0914 0516 0600 DEC 	PO 
0915 0518 16FD !NE 	FFLPL1 

0916 051A 2E00 CRCD 0 CALCULATE THE CRC FOR THE 

0917 • DATA FIELD 

0918 051C 9809 FPMTLP CB 	P9.,PTVHUM LA:T TPAC 	LE:: 
051E 80F8 

0919 • THAN CURRENT TRACK? 

0920 0520 11-- !LT 	FPMTPT IF 	:O. 	RETURN 

0921 0522 0208 FPMT1 LI 	P8. 	11111 LOAD 	INITIAL 	:;ECTOP 
0524 0100 

0922 • VRLOE 

0526 UdU; LI 	P7.:EcEup LOAD =EC TOR BUFFEP 

0528 8000 
0924 • POINTEP 

0925 (1524 3308 FRIDEL MOVE R_',:i1-ECHUM UPDATE _ESTOP 
0520 80FA 

0'9 28 • ;ALINE:EP 

11927 1172E eDCIJ U CALCULATE CPC 	FOP 	ID FIELD 

19::: 0530 LDEO MOV 	ilIDCPL.*P7+ :HV2 	LL;' ,.= 	IN 	PIJEFEP 

05::2 SOFC 
0929 0534 022:3 AI 	P8,%100 IHCPEMENT 	TECTOR NUMBER 

0100 

Figure 32. Floppy Disk Control Program (Sheet 25 of 28) 
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TMS 9900 
Floppy Disk 
Controller 

9 

FLOPPY 

1,930 

0931 

DISK 

0538 
05361 
053C 

CONTROL PROGRAM 

0288 	 CI 	P8.27.256 
1E00 
15F5 	 JNE FRIDEL 

PAGE 0026 

LA3T 	SECTOP? 

IF NOT, 	REPEAT FOP 
0982 • HET .SECTDP 
0733 053E 0207 LI 	P7.SECBUF LOAD .1, ECTDP BUFFER 

0540 8000 
0934 • POINTER 
0935 0542 0208 LI 	R8,>100 LORD INITIAL SECTOR 

0986 
0544 01 00 

• NUMBER 
0937 0546 2D40 03:0110 TURN ON DRIVE 
0938 0548 0206 FMINDX LI 	R6.DTRWT DISK 	DATA WRITE 

0544 7FFE 
0939 054C 04E0 CLP IPITE 	0 AT 	IHDE 	PULSE 

054E 7FFA 
0940 0550 0200 LI 	R0.45 PEPEAT 45 TIMES 

0552 0020 
0941 0554 0406 FFLPL2 CLP 	•R.6 hIPITE PE;T OF ROST—INDEX 
0942 • GRP 
0943 0556 0600 DEC 	PO 
':944 0558 16F0 .JNE 	FFLPL2 
0945 0554 D820 MOVE I'TKMRK,.DTKMWT WRITE TRACK MARK 

055C 00D2' 
055E 7F9E 

0946 0560 ;ECTLF LI 	P0.82 PEPEAT 	32 TIMES 
0562 0020 

0947 0564 0406 FFLPL3 CLP 	•R6 WRITE 32 BYTE GRP 
0948 0566 0600 DEC 	RO 
':949 ':563 16FD JNE 	FFLPL3 
0950 056A D820 MOVE 	.PIDmPk.MPridT WRITE 	ID MARK 

056C 00D0' 
0566 7F:3E 

0951 0570 D5R0 MOVE .PTKNUM,*R6 WRITE TRACK NUMBER 
0572 80F8 

':952 0574 D58C MOVE R12..R6 WRITE SECOND BYTE 
0953 0576 0538 MOVE P8, .P6 mRITE 2ECTOR NUMBER 
0954 0578 0228 Al 	R8.>100 INCREMENT SECTOR NUMBER 

0574 0100 
0955 057C D58C MOVE. P12 .F:6 mPITE FOURTH BYTE 
0956 057E ['SE? MOVE: •R+ •R5 WRITE CRC1 
0957 0580 D5B7 MOVE •R7+. •P5 wITE CRC2 
0958 05:32 0200 LI 	R0.17 PEPEAT 17 TIME 

0584 0011 
0959 0586 '34(16 FFLPL4 CLP 	•P6 IdPITE 	ID 	GAP 
0960 0588 0600 DEC 	PO 
0961 058R 16FD .JNE 	FFLPL4 
0962 058C 0204 LI 	P4.DTHFLD LOAD DATA FIELD 

053E t:uFF 
0963 • IMAGE POINTER 
0964 0590 D834 MOVE 	.P4+..iiMPKmT oPITE 	DATA 1,119Pk 

1,532 7FSE 
u':+t5 0574 0200 LI 	R09180 REPEAT 	130 TIMES ■••■■... 

0596 0082 
0966 0598 D5B4 FFLPLS MOVE •P4+, •P5 idRITE DATA AND cpc 
0967 0594 0600 DEC 	PO 

Figure 32. Floppy Disk Control Program (Sheet 26 of 28) 
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096 
0969 
0970 

0971 
0972 
0 9 7'': 
0974 
0975 
0976 
0977 

0590 
059E 
0540 
0542 
0544 
0546 
11598 
05AA 
05AC 
05AE 
0580 

16FD 
04D6 
0288 
2700 
16DD 
04115 
1F04 
16FD 
2E40 
1086 
1E04 

PREILP 

FRMTRT 

JNE 	FFLPL5 
CLR 	•P6 
CI 	R8127•256 

JNE 	:ECTLP 
CLP 
TB 	INDEX 
JNE 	PREILP 
TINS 	0 
IMP 	FRMTLP 
SEC 	SEL 

WRITE PAD BYTE 
LA=T BYTE? 

IF HOT. 	FORMAT NEXT 	=EC TOP 
WRITE PPE-INDEX GAP 
UNTIL 	INDEX 
PULSE OCCURS 
STEP HEAD TO NEXT TRACK 
FORMAT NEXT TRACK 
TURN OFF DRIVE 

0506•.1454 
0520••1147 

0978 0582 0454 R 	•R1 0 RETURN 
0979  
09610 • 
0981 • COMMAND CONTROL PROGRAM: 	EXECUT 
0992 • 
099.71 • THIS COMMAND ENABLES THE OPERATOR TO BEGIN 
0984 • EXECUTION OF A PROGRAM AT ANY LOCATION 
0985 ♦ IN MEMORY. 
0986 • 
0987 • ENTRY PARAMETERS: R8 = ENTRY POINT 
0988 • 
0999 0584 0458 EXECUT B 	•R8 BRANCH TO ENTRY POINT 

0332••0584' 
0990 
0991 • 
0992 • COMMAND CONTROL PROGRAM 	ENTER 
0993 • 
0994 • THI: COMMAND ENABLE:E .  THE OPERATOR TO ENTER 
0995 • DATA INTO :EOUEHTIAL mEMORY LOCATIONS. 
u??6 • 
0997 • CALLING PARAMETER: 	RS = BEGINNING MEMORY 
0998 • LOCATION 
099? • 
luuu 0586 udu? ENTER LI LOAD BYTE COUNT 

0588 0008 
0830..0586 

1001 
100d 

0584 
u581.„ 

2E00 
2E1=8 

NLIN 	0 
H::(12 	R8 

HEM LIME 
PRINT FIRST BYTE OF ADDRESS 

1003 05BE :mPB R8 R, EVERSE BYTE: 
11104 1151:11 2FA0 ,11:AOSP BACKSPACE 

11502 11087 .  
111115 ii554 2EC8 PRINT 	SECOND BYTE OF ADDRE SS  

RESTORE PYTEE 
1007 05C8 ZEDS ENTLP HXM2 •R8 PRINT MEMORY CONTENTS 
1008 05CA 2E98 HFC2 •R8 READ AND STORE NEW '.ALOE 
1009 05CC 0588 INC 	P';: UPDATE ADDPES: 	POINTER 
10111 1151=:E is 119 DEC 	R9 DECREMENT BYTE COUNT 
lull u5DO 13F2 JEO 	ENTER IF 	O. 	NEm LINE 
1u12 05D2 luFH EHTLP EL:E. 	FETCH NET BYTE 

Figure 32. Floppy Disk Control Program (Sheet 27 of 28) 
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Floppy Disk 
Controller 

FLOPPY DISK CONTROL PROGRAM 

1014 

PAGE 0028 

1015 • 
1016 • COMMAND CONTROL PROGRAM: 	DUMP 
1017 • 
1018 • THIS COMMAND ENABLES THE OPERATOR TO 
1019 • DISPLAY THE CONTENTS OF MEMORY IN 
1020 • HEXADECIMAL FORMAT. 
1021 • 
1022 • CALLING PARAMETER:: PS = BEGINNING 
1023 • ADDRESS 
1024 • 
1025 05D4 0248 DUMP NOV P8. P9 LOAD DEFAULT END 

032E••05D4' 
1026 • ADDRE:I.S 
1027 05D6 2E89 HPC2 P9 READ FIRST BYTE OF 
1028 • END ADDRESS 
1029 05D8 11609 SWRB R9 SAVE IN RIGHT BYTE 
1030 

1031 

USDA 
n5Dr 
05DE 

2FAO 
nnR7 , 

 2E89 HRC2 

iJBACK 	P 

P9 

BACKSPACE 

READ :ECOMD BYTE OF 
1082 
1083 USED 06C9 

• 
INPB R9 

END ADDRESS 
SWAP BYTES 

1034 05E2 2E00 DUMPLP NLIN 0 HFW LINE 
1035 05E4 1207 LI P7,16 LOAD BYTE COUNT 

05E6 0010 
Iii 	r, USE? 2EC8 I-LM,S P:3 PRINT FIP:T EWTE OF ADDRE": S 

1037 05EA 06C8 IldPB R8 REVERSE BYTES 
1038 USEC 2FAO 51BAUSR BACKSPACE PRINTER 

05EE 0097--  
1039 05E0 2EC8 H: MB RS PRINT SECOND BYTE OF ADDRESS 
1040 05E2 06C8 SWPB P8 CORRECT ADDRESS 
1041 05F4 2ED8 DMPLP1 1-NM2 •Pe PRINT MEMORY CONTENTS 
1042 05E6 8209 CURRENT ADDRE 	= LAfl- 
1043  • ADDPEI: 
1044 05F8 13-- JEC DUMPRT IF 	;D, 	RETURN 
1045 05FA n5c: INC P!E: INCREMENT 	ADDRE -: -:-  
1045 05FC 0607 DEC PC DECREMENT BYTE COUNT 
1047 U5FE 16FA INF DMPLP1 IF NOT 	0, 	PRINT NEXT 
1048 • BYTE 
1049 0600 1E00 TB PIN OPERATOR 	INTERRUPT:-  
1050 0602 13EF IEC' DUNPLP IF HOT: 	PRINT NE X T LINE 
1051 0604 0458 DUMPPT E: .R10 ELSE, 	RETURN 

05E8••1305 
1052 END 

0000 ERROR] 

A=m TERM T 

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