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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.



SECTION I

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.

2.1 DATA TERMINAL

733 KSR

AD0001277

Sahis
= 00600
0000000

TMS 9900 — BASED
FLOPPY DISK
CONTROLLER

#

FLOPPY DISK
DRIVE

Figure 1. TMS 9900 Floppy Disk

Controller System

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.

A0001278

Figure 2. TI 733 KSR Terminal




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.

LSB+3 EVEN

0 LsSB oy — —
LSB+1 | LSB+2 MSB_3 MSEB-- 2 [MSB-1 MSB PARITY 1

—* 33ms.
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.

TERMINAL CONTROLLER
DTR -~
DSR DTRE
RTS -
CTS
DCD |- : RTSE
XMTD - RCVDE
RCVD XMTDE
A0001280

Figure 4. Terminal Interface



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

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

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

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

Table 1. RS-232C Signal Levels

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

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

2.2 FLOPPY-DISK DRIVE

The 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
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Figure 6. Diskette Envelope and Diskette



2.2.2 Physical Data Structure

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

2.2.3 Encoding Technique

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

|t———— BIT PERIOD ———e{ |

l_ruw_rtgfmuigur
|

b2 s ] |
H——'—-— 4 us —_—‘ '
A0001283

Figure 7. FM Data Pattern 1011

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

2.2.4 Track Format

Each track is formatted to provide 26 “soft” sectors. The term soft sectoring means that the beginning of
each sector is encoded on the medium through a unique bit sequence. Each of the sectors is separated by a
gap of dummy data. Each of the two fields (ID and data) in each sector are also separated by a gap. The
first byte of each field is a mark in which the clock pattern for the byte is C7, ¢ rather than FF¢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 perforniing modulo-2 division on the data portion of the entire
field (including the mark) by the polynomial x16 4+ x12 4+ x5 + 1. Before generation of the CRC begins,
the initial value is FFFF o.

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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FORMAT
h ¥

POST 1D DATA ID DATA ID DATA PRE

INDEX| Lﬁ:‘:‘" GAP 1{FIELD LDAP FIELD 2:;“ FIELD lc[lp FIELD GD::A FIELD '(;P FIELD g::A INDEX
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POST INDEX GAP — 46 BYTES, DATA = 00, CLOCK = FFqg
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F816

DATA GAP ~ 33 BYTES, DATA = 00, CLOCK = FFqg
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Figure 8. Track Recording Format




DATAIN

LSB ,
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N\ v
— % v
CRC1 CRC2
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Figure 9. Hardware CRC Generation




MSB is exclusive ORed with the new input bit to generate a feedback term. This feedback term is stored in
the LSB of the register, and is also exclusive ORed with other terms of the CRC. After all data bits of the
field have been shifted in, the value in the register is the CRC. The most-significant byte is CRC1 and the
least-significant byte is CRC2.

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

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

2.2.6 Reading Data
The procedure for reading diskette data is as follows:
1. Search the serial-bit string for the ID mark (clock = C7, 6 data = FEl 6)'
2. Read the next four bytes to determine if the desired sector has been located. If not, return to 1.

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

4. Search the serial-bit string for either the data mark (clock = C7¢, data = FB16) or the
deleted-data mark (clock = C7 4, data = F816).

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 ¢) 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,



and the first byte of the data gap are altered when updating sectors. The number of bytes in the pre-index
gap will possibly vary slightly, due to variations in the speed of revolution of the diskette.

2.2.9 Floppy-Disk Timing

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

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

Head load time (before read/write) 35 milliseconds

Thus, data is transferred at a rate of 250K bits/second, or 31.25K bytes/second +2%. Stepping the head
each track position requires 10 ms. An additional 10 ms delay must be observed after the final step before
reliable data may be written or read. A delay of 35 ms must occur after the head is loaded (RDY = 0)
before reliable data may be written or read.

10



SECTION 111

HARDWARE DESCRIPTION

A complete logic diagram of the system is contained in the center of this report. The operation of each
section is described separately.

3.1 CLOCK GENERATION AND RESET

The TIM 9904 is used to generate the 4-phase MOS clocks for the TMS 9900 (see Figure 10). Ten ohm
resistors are connected in series to the clock lines for damping. The TIM 9904 should always be located
physically close to the TMS 9900 to minimize the length of the conductor run for the MOS clocks. The ¢3
TTL-level output is used in the synchronous disk read/write control logic.

10 #1
AAA"

10
A MW\—§2
10
AMNV—$3

10
——AAA—— 34

orosmiope | 0 0 P | pemer
= 1 oQfb——
91

TIM 9904 62
¢3 93—
Y1 o4

T2

]

Y2
48 MHz OSCiN

+5

A0001286

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

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

3.2 CPU

The TMS 9900 requires a minimum of exXternal 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
MEMEN = o | ROMSEL—
7 | DISKSEL—
A0 |B 7 | RAMSEL—
A1 |A 5 b
1/8 74L$240
DBIN Dﬁ;m_
WE
A0001287

Figure 12. Memory Control

12

Figure 11. TMS 9900 CPU

MEMEN | MEMEN _
TMS 9900
cPU
DBIN
DBIN
WE WE
AO0—-A14
AO-A14 ——
D0-D15 ,_D.:DE;_
READY
—READY
+5
+—QINTREQ
C0-I1C3
CRUOUT
CRUOUT +————
o1
$2 CRUCLK | CRUCLK
|63 CRUIN
24 CRUIN [——
RESET
RESET T
A0001288



Table 2. Memory Address Assignments

" Address . Actually
Signal A0 A1 Space Function Used
ROMSEL— 0 0 000-3FFF EPROM 000-07FF
DISKSEL— 0 1 4000-7FFF Disk 7F8E-7FFE
RAMSEL— 1 0 8000-BFFF RAM 8000-81FF
1 1 COOQO-FFFF Not Used

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

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

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

Disk read and write operations are specified by % 74L$139

different addresses, and are selected only when the DISKSEL— DISKRD—
DBIN signal is at the proper level for the direction —qs 0

of transfer (see Figure 13). This is required because DBIN— TP

of the sequence of machine cycles performed by T‘B H DISKWT—
the TMS 9900 when performing a memory-write A I p———

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

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

A0001289

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.

13
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Figure 14. Storage Memory



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

Access times for the TMS 4042-2 are sufficiently fast to allow the TMS 9900 to access RAM without any
wait states, thus READY will always be true when RAM is addressed. The output enable (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-D15 h

ROMSEL ROMSEL— )

mgzms m?l@zms,
\_A5 fa CF \_A5 [, CF
A€ a8 D8 [30_—5 L. PP ps |28
N_A7__ a7 p7 21 N—A7 a7 p7 22—~
A8 |as o622 4 NAB |6 pe 210/
A9 a5 ps| 23 4 N-A% s ps 211
\_A_m_A4 D4 _D4+/ K_‘ML,A4 D4 | D12/
L‘_\L‘A:; D3 | D5 4 Léll__Aa D3 | D13 /4
\_5&4\2 D2 | D6/ Nﬂ-z—rl\z p2 D14/
A3 s ;122  NAB . p1 218
Al4 A0 \_ A14 A0

PROG PROG
< L

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.
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3.7 CONTROLI/O

+5
All of the control and status signals which require |
individual testing, setting, or resetting are imple- CLR Q0| XMTOUT
mented on the CRU, the bit addressable I/O port CRUOUT | a1 RTS
for the TMS 9900. 1/8 7415240 a2
CRUCLK {>Ggaucu(5 c P
The benefits of using the CRU for these functions Q4| SEL
is twofold. First, eight bits of input and eight bits A12 c Qs
of output can be implemented with two 16-pin A13 g a6 | STEP
flev1ces, wh1cl:1 are substant.lally smallf:r and lower Al4 A a7 | STEPUP
in cost than if these functions were implemented
on the parallel-data bus. The second benefit is
increased software efficiency. Control and status TIM 9905
testing operations can be performed with single
one-word instructions, rather than the ORing, CRUIN | Y 0 | RCVIN
ANDing, and maintenance of software images —adw 1
necessary when performing single-bit I/O on the 2
memory bus. ’ 3
4 |/NDEX
Eight bits of output are implemented with the _51_2_0 5
TIM 9906 8-bit addressable latch. The CRUCLK _AB g 6 | TRK00
line must be inverted for input to the TIM 9906. A14 A ;| RDY
The eight input bits are implemented using the S
TIM 9905 8-to-1 multiplexer. Individual I/O bits i
are selected using the three least-significant address A0001262 =
lines, A12—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 us pulse causes the read/write head to move one track position in the
direction selected by STEPUP.

16



STEPUP — When STEPUP = 0, the read/write head moves in one track position. When STEPUP =1,

the head will move out (toward track 00).

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

INDEX — As the diskette rotates in the drive, the index pulse occurs once per revolution, providing a

reference point for the beginning of each track.

WRITE ENABLE - This signal must be active a minimum of 4 us before a write operation begins, and

must be maintained active during the entire write operation.

WRITE DATA — This signal contains a series of pulses representing the data to be written to the disk

in the FM format previously described.

READ DATA — This signal contains a series of pulses representing the data to be read from the disk in

the FM format previously described.

Figure 17 illustrates the floppy-disk-drive interface. SEL E SEL

3.9 INDEX PULSE SYNCHRONIZATION STEP " : STEP
Since the index pulse is a term in some of the &_{DQM’;

expressions that are sampled by the CPU, it must % 7406
be synchornous to the CPU. The circuit shown in
Figure 18 generates a signal one ¢3 clock cycle
long at the beginning of each index pulse from the
drive. RDY will be inactive when the drive is
turned off or the door is open, thus connection of
RDY to the preset input of the flip-flop shown
causes INDSYN to be active as long as RDY =0
(see Figure 19). Forcing INDSYN to be one when
RDY = 0 prevents the CPU from remaining in a

INDEX % 74L.S240

wait state when the drive is disabled during data A0001293
transfer. Figure 17. Floppy-Disk Drive Interface
RDY
% 74LS74 :
1/8 741524 ¢L % 74L8175
% o PR o] woxa |, | INDSYN
X
TNDEX INDE S a 3 S -
CLR »
150
*5 - » -
" A0001294 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.

RDMODE

4
% 74157 % 74L8175

1/8 741824

D a IT1

E%b a _._..¢..3——> Q

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 us spacing between clock bits and data bits. During read
operations the bit detector is used to determine the time interval between successive read pulses. The key
signal generated by the bit detector is BITTIME, which is active for one clock cycle every 2 us during disk
writing, and which is active each time a one or zero bit is detected during read operations.

3.12 BIT COUNTER

The bit counter, Figure 22, isa 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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————E D3 c Q¢
ks |- i >°
BCNTA | D Qp,
|G 3= K cy
H
! 1/8 74LS240 l—(F
TCNTICY TCNTCY
A0001297
Figure 21. Bit Detector
74L5163
incremented. The two key outputs are BCNTA and g__m.l.ﬂ:_
BCNT = 15. BCNTA is the least-significant bit of
the counter and is used to alternately select clock BITTIME, e CLR
(BCNTA = 0) and data (BCNTA = 1) bits as the ET
counter increments. BCNTA = 15 is active when a BITIN R 0. HECNTA
complete byte has been read or written. This signal il 8 QA
establishes byte boundaries for the data and is used c 02
to synchronize the parallel data from the CPU to o a
the serial-bit string and from the disk. 03— N c: BCNT=15
LD
B8CLD— ?
A0001298
3.13 WRITE CONTROL AND DATA Figure 22. Bit Counter

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

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

storage of data bits to be shifted out during write operations. Data is transferred to and from the CPU via
the eight most-significant data lines (DO—D7). The data shift register is device type 74L5299.
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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—-A11, are connected to the parallel inputs.
As data is loaded into the data shift register during write operations, these three address lines select the
clock pattern for that byte (i.e., C7 for ID and data marks, D7 for track mark, FF for normal data). The

parallel outputs (CLKO-CLK?7) are used to detect mark clock patterns during read operations.

BITIN 74L5289
DTA7 , 07
Qg D8
ac | D6
Qp D4
DISKRD- D
Qe 3
af |02
+5
—cLR Qg o1
DTAO o, oy |20
93—
$1 80
DTASH
REGLD
A0001300

Figure 24. Data Shift Register

74198
BITIN
R
+5 A Qa CLK?
8 ag | CLKE
c ac CLKS
A10 D Qp CLK4
Al £ Qg CLK3
A8 E Qf CLK2
G Qg CLK1
H ay CLKO
CLR
$3—
—_ 0
$1_S0

ReGLD | '[

CLKSH

A0001301

Figure 25. Clock Shift Register



SECTION 1V

DISKETTE DATA TRANSFER

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

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

4.1 DISK-WRITE OPERATIONS

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

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

The preceding equation indicates that the disk write must be performed with A13 =1 for data transfer on
byte boundaries. When formatting a track, the write operation must be synchronized with the index pulse,
-and the bit counter must be cleared regardless of its current state. When this type of write operation is to be
performed, A13 must be 0.

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

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

As the data byte is loaded into the data shift register, address lines A9, A10, and Al1l select the clock
pattern to be loaded into the clock shift register (see Table 3).
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Table 3. Write Clock Patterns

A9 A10 A11 Clock Pattern

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

1 1 1 FF (Normal Data)

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

WTMDD = (WTMODE) (BCNT = 15—) (INDSYN—) + (DISKWT) (A13) (BCNT = 15) + (DISKWT)
(Al13—) INDSYN)

BCLR— =INDSYN +...

READY = (DISKWT) [(A13) (BCNT =15) + INDSYN)] +...
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 us by loading the counter with 10 each time TCNTCY = 1.

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

TCNTLDD = TCNTLDB = WITMODE +. ..

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

DTASH = (DISKWT) [(A13) (BCNT = 15) + (A13—) (INDSYN)] + (WITMODE) (BCNTA) (BITTIME)
+...

WRTDTAD = (WTMODE) (BITTIME) [(CLKO) (BCNTA-) + (DTAOQ) (BCNTA)]

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

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

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

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

4.2.1 Clock and Data Bit Detection

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

READ DATA U u

|- tp2-tp1 - |
tp1 tp2

Three phenomena make zero-bit detection more complex:
1. Variations in rotational speed of the disk;
2. Uncertainty of measured delays when using synchronous counters;

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

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

ENCODED PULSE STRING

N
1
T
T

READ PULSE STRING

A0001303

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

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

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

Detection of zero bits is accomplished by measuring the time between successive pulses. When TCNTCY = 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 us, a zero bit is present; otherwise, no zero bit is present. Since the read pulse is asynchronous to the

system, the time between pulses can only be measured to an accuracy of 333 ns (1 clock cycle). For exam-
ple, if the counter in Figure 28 is loaded with seven, no zero will be detected if the time between pulses (tpP2
- tPl) is less than 3.0 us, and a zero will always be detected if tpy — tpy > 3333 us. If 3.0 us < tpy — tpg

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

floppy-disk drive manufacturers specify that the maximum shift for any bit is 500 ns. Thus, two

consecutive 1 bits may be separated by nearly 3.0 us, and two 1 bits separated by a zero bit may shift

toward each other to result in a minimum separation of nearly 3.0 us. The combined distortion of
consecutive 1 bits never fully reaches 1 us, but the 667 ns margin provided by loading the counter with

either seven or eight does not provide for reliable, accurate reading of data. (See Figure 28.)

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

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

Table 4. Bit Shift Direction

Bit Bit Bit Direction of Bit Bit

n-2 n-1 n %g:oBrit;onn n+1 n+2
0 1 1 - 0 1
0 1 1 - 1 0
0 1 1 « 1 1
1 0 1 - 0 1
1 0 1 <+ 1 0
1 0 1 « 1 1
1 1 1 d 0 1
1 1 1 - 1 0
1 1 1 — 1 1
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Figure 28. Bit Detection Timing and Logic

The most difficult detection probiem 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 1 0 ,and
Pattern B 1 0 1 1 0 1
- <
The worst case 101 occurs in the patterns
- <«
Pattern C 0 1 1 0 1 1 , and
Pattern D 1 1 1 0 1 1

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

Table 5. Worst Case Pattern Load Values

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

A 0 1 1 1 1 -0 7

B 1 0 1 1 0 1 7

C 0 1 1 0 1 1 8

D 1 1 1 0 1 1 8

When bit n is detected, the counter is loaded with the value shown, dependent upon the data pattern.

Accommodation of patterns B and D are simple, since bits following that being sampled don’t matter.
Patterns A and C present the problem that, as the serial pulses are being read, the logic does not know what
bits n+1, n+2, and n+3 are going to be.

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

Table 6. Data Mark

Pattern A Pattern C

N VAN

Clock 101 1]1 Yo E }1 1
Data 0 0 0 1 1I

Mark Byte

Pattern A can only occur at the beginning of an ID, data, or deleted data mark, and pattern C can only
occur in a data mark. With pattern A, the first O is a data bit, and with pattern C, the first O is a clock bit.
BCNTA selects whether the current 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) ](CLK7) (DTA7) + (BCNTA-) (DTAT)] +
TCNTLDB = (RDMODE) [(DTA7—) + (BCNTA) (CLK7-)] +

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

BCNTA CLK7 DTA7 Load Value
0 0 0 lllegal
0 0 1 8
0 1 1 8
0 1 0 7
1 1 0 7
1 1 1 8
1 0 1 7
1 0 0 lllegal

4.2.2 Clock/Data Separation

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

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

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

BCLD— = (CLK4-) (CLK5-) (CLK6—) (CLK7-).
When this signals becomes active, the bit counter is cleared to zero, and remains cleared until the next 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 C7;¢4 which occurs only in ID and data marks. The mark detect signal is expressed by the

equation:

MRKDT = (CLKO) (CLK1) (CLK2-) (CLK3-) (CLK4-) (CLK5) (CLK6) (CLK7)
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Figure 29. Clock/Data Separation Timing

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

4.2.4 Reading Disk Data

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

READY = (DSKRD) [(BCNTA) (MRKDT) (BITTIME) (A13—) + (BCNT =15) (A13) + INDSYN]+..
The addresses for the two types of disk reads are TFF8¢ for reading marks, and TFFCy g for reading

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

4.3 READ/WRITE LOGIC COMBINATION

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

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

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

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

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

MRKDT
MRKDT = (CLKO) (CLK1) (CLK2-) (CLK3-) (CLK4—) (CLK5) (CLK6) (CLK7)

READY
READY = (DISKWT) [(A13) (BCNT = 15) + (INDSYN)] + (DISKWT-) (DISKRD-) + (DISKRD)
[(A13) (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—-) +(DTAOQ) (BCNTA)]
= (WTMODE) (TCNTCY) [(CLKO) (BCNTA-) + (DTAO0) (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 XMTOUT RCVIN
1 RTS—

2

3

4 SEL INDEX
5

6 STEP TRKOO
7 STEPUP RDY

5.2 CONTROL SOFTWARE

Rather than providing individual examples of each individual control and data transfer function, all of the
functions are combined to demonstrate complete system operation. The control software is modular, and
the various subroutines may easily be adapted to different configurations of a TMS 9900 floppy-disk
controller.
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5.2.1 Floppy-Disk Control Program

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

5.2.2 Operator Commands

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

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

Table 9. Operator Commands

WA TRACK =ctst, SECTOR = cs ss, NUMBER = sn
?WH TRACK =ct st, SECTOR =cs ss, NUMBER = sn
WD TRACK =ctst, SECTOR =cs ss, NUMBER = sn
?RA TRACK =ctst, SECTOR =csss, NUMBER = sn
?RH TRACK =ct st, SECTOR =cs ss, NUMBER = sn
?EM TRACK = ct st END TRACK = st et

?MD sadd eadd

?ME sadd

MX sadd

Underscored characters are entered by the user. All others are supplied by the controller. The lower case
fields are hexadecimal values. If the users enters a blank into these fields, the 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 (7619)
st Starting track number ct 00 <st<<4C
cs Current sector number - 01 <cs<1A (2610}
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<sadd < FFFF
eadd Ending address sadd 0<eadd < FFFF
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Command

WA

WH

WD

RA

RH

FM

MD

ME

MX

Table 11. Command Summary

Description

Write ASCII. The ASCII character strings entered by the user are written sequentially onto the diskette.
Each sector may be terminated, filling remaining bytes with 00, by entry of any non-printable character
{ASCII code < 201g) other than ESCape. Entry of ESCape aborts the command.

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

Write Deleted Data. Same as WH command, except the Deleted Data Mark {Clock = C71¢ Data = F81¢)
rather than the Data Mark (Clock = C71g, Data = FB1g) is written at the beginning of the Data Field.

Read ASCII. The specified sectors are read and printed out as ASCI! 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 ASCH 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.

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.

Format Track. The specified tracks are completely rewritten with gaps, Track Marks, 1D fields, and Data
fields. All zero data is written into the 128 bytes of the data field.

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

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

The CPU begins execution at the selected memory location.

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

SUMMARY

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

It is likely that the designer using this application report will have requirements that are not addressed in
this design. Variations in the sector length are accommodated with slight software modification. Higher
density recording formats such as MFM and M2FM require changes in the bit detector and data-separation
logic. Higher throughput can be achieved by using an LSI terminal interface such as the TMS 9902
asynchronous communication controller and hardware CRC generation. Controlling multiple disks requires
only the addition of drive select control lines. In short, variations on this design are easily implemented
through slight hardware and software modifications.

36



FLOPFY

aons
aons
oo
nons

[RERR AT
noors
aons
(IR
naian
noi1l
nulg
01z
antd
noLs
nole
naiy
nois
=

ang1
g

nogdd
004S
[RIE Y
nagay7
nogs
aonga
nasn

DIZE CONTROL PROGRAM

LR I 2 IR IR 2N IR R B 2R 2 2R SR B 2 BE 2R 2R 4

FHEE OO0

IDT  “FOECTRLS

Ty e e e e R S TR S S S S S LSS ST S 22 a2 2 2 2 L2 dd

FLOFFY DIZK COWMTREOL FEOSRAM
DECEMEER 21 1375

THIZ PROGRAM COMTRIMT THE CONTROL ZOFTWARARE FOR THE
STEM DESCRIEBED IM THE "TMIZ 2300 FLOFPPY DIZE
COMTROL E¥STEMY APPLICATION REFORT. THE FPROGEARM
SLLOWE THE UZER TO RERDs WRITE. AMD FORMAT DATA OH
FLOFFPY DIZE. ADDITIOHALLY. THE UIER MAY EMTER
DISFLAYs AMD IMITIATE E<ECUTION FROM

AMY LOCATION I MEMORY. IT IZ aX3UMEDRD THART THE
COMZOLE USED FOR COMMAMD EMTREY AMD DRTR DIZFLAY IZ
200 BAUD. RI-2322C TYPE TEEMIMAL. THE COMMAMDE
USED IN IMTERFACING THE TERMIMAL OFEFRTIOR
IMTERFRCE TO THE COMTROLLER ARE FULLY

DEZCRIERED IM ZECTION 5.3 OF THE "THZ 33040

FLOFRY DIZK COMTROL 2YETEM" APPLICATION

EFOFRT.

CEPL PP PLBLPPPLPPPPPPPIRPLPPPP PP 2P PP DB L0202 9 20049

L

*

*>
MERT
TEMWT
IMD=WT
TTAWT
MEERD
DTARD

LIZE TEAMZFER ALDREZEIEE

all rFEE ATA MARK WRITE
Eal »TFIE TREACK MARE WREITE
EQl =TFTFFA IMDE: VHZ WRITE
Eat *VFFE BYTE HC WRITE
Eol »VFFS FERR - READ
EMl  *FFFC EvTE Z%HL READ

PELBPBLPPPPPL P08 0 0482030005500 00 0920000050000 00020000004

*

»*
LECERUF
IOFLD
TE MM
ZECMUM
IDCRC
ITRFLD
DTREUF
DTRCORC
FOuFS
FDidF4
FLOnF:
FIFe
FTihiF1

RAM EQUATEX

B =20cn o CRC BUFFER FOR FORMARTTIHG
gl SOFT Ih FIELD IMRGE

B i TRACK MUMEBER

ERLl 1FH SZECTOR MHMEBEFR

Bt E CRIC FOR ID FIELD

EQid FF UHTA FIELD IMAGE

el 100 122 BYTE OARATAR RBUFFER

Evil 120 CRCOFOR RTR FIELD

el 170 WOREZFHCE 5
Eil 21 WOR HCE
B Wik ZFACE
Ednd

EIL

WR "HCE
WORKZFRCE

= oy Ja f
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Figure 32. Floppy Disk Control Program (Sheet 5 of 28)
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*
* ZUBROUTIME: HECZ
*
* CAHLLING SEQUEMCE:  HRECZ JLOCATH
*»
- H BLAME 1% TEAMIMITTED AHD 2 CHARRCTERT
* HREE RECEIVED. IF EITHER CHARACTER IZ A
* BLAME s MO OFERATION IZ FERFORMED AMD THE
* HORMAL FRETLRM 13 EXECUTED. IF Tuwd HESARDEC-
- IMAL YALUEEZ pRE ENMTERELs THE HE=RDECIMAL
* EYTE I% ETORED AT THE LOCATIOMN ZFECIFIED
* A% THE CALLIME FPARAMETER. IF EITHER ZHARACTER
* IZ AM EZCAFPEs COMTROL IS RETURMED TO THE MAIHM
* FROGEAM AT THE FOINT WHERE DRERATOR COMMANDS
+ HRE REQUIEITELD. IF ARY JTHER CHARACTER IX=
. RECEIVEDs O OFERATIOM I3 PERFORMED AMD THE
+ RETUREH PO YRLUE WILL BEE THE COWNTEMTE OF REG—
* IZTER 10 OF THE CZRLLIMGE FROGRAM.
+»
4142 S1E0 RTENHYWC DRTH FOWRL.TOF RETURM WECTOR
nid4d4 —-—-—-
222 O1dé  ZFAD HRCOZPD =MIT QEBLAME TREAMZMIT ELAME
0143 nosg -
ODEHee014e 7
014/ 040/ CLe E1O CLEAR HE: ACCUMULATOR
014c Qa7Fos ZETO RE IMITIALIZE CHARACTER COUMTER
014 &SF43  HRCZLF RECY R9 FETIZH CHHARACTER
H1Sa a0 wE R RETT COMRARRE TO ESCRFE

Figure 32.

Floppy Disk Control Program (Sheet 7 of 28)
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FLOFFY DISK COMTROL PROGREAM F

I
bl
imn
I?:

1Sz N
3T 1154 1E—— JHE HOTEZC IF HOTCOMTIMUE
s n1sa D40 ELWP RTRHWC ZiLZEy AEORT COMMAMD
015 oid42”
233 01SH 205
n1sC [NV
01SdeeleiZ
115e - JEQ HRCZRT IF = EBLAME.s RETURHM

* ELIZEs CONVERT TO HE<ADECIMAL

alen azes AT F'Se —==2000 SUUBTEACT REICITI EBIARE
g1es Doon
nie4 1i1-- Jo T HROZAE IF LEZE THRN >20s AERORT
N1Es 122 . R =H00 TEZT FOR MUMERIC
nies DHEO0
H1aH
niec
nickE
=07 iy =
17 NHEO0
1174 11—- JLT
a1vea nzas oI
aivz OFFF
0z10  J17A
0z11 iy J

OiEAee1 103

HMOTE=ZC CE RS B BLAMNE COMPREE TO EBLAME

JLT HOHAL IF HUMERIC, =ZwIF
HI Ry =700 CZLIEs EZUETRACT ALFHA BIARE

I FSe 2RO IF LEZE THAM >41s SEORT

COMPARE TD AECIT F

13T  HRCZAE IF SREATER THAMs HEORT
MOHA  Z0CE RI.R10 ETORE HEX WHLUE IH

* ACCUMULATOR
= Inz: R2 IMCREMENT CHARACTER COUMT
HHE  HRICZHD IF HOT 0. ZEIF
H LA FEl1d.4 ZHIFT HEX ACCUMULRTAR
4 AP HECZLP FETCH =ZECOMD CHARRRCTER
H

HI7E 05
IR ] 1e
nizz

nis4 140
g1 De
N1Znesls

(W Y]

|T. |T o I

o
-
¥

HRCEZHD MOYE Hli.eR11 ZTORE HEX WALUE

+

AT SFECIFIED LOCATIONM
ETHF SETURM

[ 1]

I
A
=
s
£
—

o132 R
D1SE+e]
nzan ni=A C2AD0
n1=c oot g
icdeeiilc
117d4ee110AR
O17HRee 1507
nzz1 H1i2E 10FLC AME HROZET =ETURM

I
KA
-
(X1
I
[ax]

LMY RSOCR1IEYAR14 MODIFY RETURM FC

Figure 32. Floppy Disk Control Program (Sheet 8 of 28)
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FLOFFY LDIZE COMTROL FROGRAM FRGE Q009

et T2 TS T R L R Yy Yy
SUEROUTIME: H=MZ

CARLLING ZEQUEMCE:  HEMZ LOCATH

THE HEAADECIMAL EQUIVALZHT OF THE “ALUE COMTAINED

IN THE LOCATIOM ZFPECIFIED BY THE PARAMETER I3
TERMZMITTEDs FRECEDED BY A EBLAMK

I+ 44446444+ 9

oiso 2 AMZPC HMIT BLAMHE TRAMZMIT ELAMK
013z 00
DUSE+e

0194 D23k MOYE #R11sR100 FETCH EYTE

119 1] BL AHEHEMT TEAMEZMIT FIRZT CHARRACTER
n13a —_——

TLA R10.4 ZHIFT EvTE
BEL PHEHEEMT TRAMZMIT ZECOND CHARACTER

1RO
n1AZ
1195+
N19Ese
oz4an 01AR4
s34l 01Rs
Hina
1ARA
D18
N1ARE
n=44 niEQ
1ez
OU1AA+e1 102
0i1B4 ZF33 wIT = TREANZMIT HEX RICII CHARRACTER
1Ee 045E ET RETIIRM

[ L S T RS T TR RR SR R e Y Y Y N R R Y

RThiFP RETLIEM
ExsMT MOY  R10:RD MOYE CHARACTER

=

TR EHIFT RIGHT 4 EBITS
RS =H 00 TEZT FOR HUMERIC

]

= =
£
—t A

ALT HHADL IF =0s. ZEIFR
AI RSy 0 cLEZESADD ALFHA EIAE

e Tl

MHADS Al Feds 23000 ADD AZCII BIARE

SUEBROUTINE: MHI_IM

CRLLIME ZEGUEMCE:  MLUIM O

THE FPRIMTER IX ADWAMCED TO THE BEGIMMIMG
aF THE NE®T LINE

L R K R B K B B

01ES  ZFARO HUIMPD HEMIT #CPRRET CHREEIARCE RETURN
01 ER [KEXB :
DOTZesI1ES"
0237 Q1B ZFED DAY FBZODLY CARRINGE RETURM DELRY
O1EE  7PS20
0252 0120 2FRAO “MIT sLIMEFD LIME FEED
e nQsss
0353 0icd 0320 RTuF =eTURM

Figure 32. Floppy Disk Control Program (Sheet 9 of 28)
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FLOFFY DISKE COMTROL PROGRAM FRZE 0010
Iy
SUEROUTINE:  IDED
CALLIMNG ZEQUENCE:  IDRD 0

+

+

*

-

*»

* EACH ID FIELD OF THE CURFREMT DIZKETTE TRACK
* IZ READ UMTIL THE IL FIELD WITH THE CORRECT
* TEACK . ZECTORs AMD CRC IE FOUNDs AT WHICH

- TIME THE ROUTIME I EXITED. IF THE CORRECT
* FIELD I% WOT FOUMD WITHIM & COMPLETE DIk
* REVOLUTION CIE BEFORE 2 IMDEX FULZEE ARE
* DETECTEDY» THE OFERATION I: AEBORTED AMD AN
* ERROR MEZIZAGE I% REFORTED.

+

I

1 R (I T LDRIOFC CRCI O UPTIRTE ID FIELD IMAGE CRC
NNEES SRR
nics 2040 DE0OM 0 TideH OM DRIVE
1A o0 LI 2Ty 2 IHITIARLIZE IMDEX FULIZE COUNT
Hco anng
H1CE nzoA IDMRED LI R10.IDFLD ZET FPOIMTER TO ID FIELD
o100 S0FV
oins RERDN R AMEERD s oF 1 0+ COMPARE TLIZK BYTE TO
‘O10ng  TFFS

» MARE CHHERCTER
aine 132-- JEQ MREEFHD IF MRREs COMTIHUE
n1p= 1F 04 TE IMDES cLZEs TEET FOR IMDEX ZIGMAL
01DA 1eF3 A IDHMED I MO IMDEXs RERERD DIZK
H1pc e DeEC R3 IF IMDEE DECEEMENT IMDER COUNT
H1D0E 1aF? dHE 10MRED I MOT 0. REREAD DIZE
o1l 2Can ERPFT aMHIDMES EILLZEs *EPORT 1D REQAD ERROR
HiEZ aong -

nzss 01E4 0203 MREFMD LI R s LOAD BYTE COUNT

a1es oone
OlDcee1 3005
niez 9 IDFRDLF CE *R 10+ QDTARD COMFARE DIZE DATH
mleER ¢

- Tl ID FIELD IMRABGE
N1EC 1&eF 0 JHE I LRI IF HOT EcdiRLs ZTART OYER
NiEE a0 TEC RS GECREMENT EBYTE COUNT
iFn 1&FE Jiie IDRDLF IF MOT 0. READ HE=T EBYTE
N1Fz a0 = ThiF ELZZs ID FOUMDs RETUREHN

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

46



FLOFFY

400
[IEN1RE
ndnz
N3 oz
RIS
0405
G YIS
a4 07
[P

[N
nd410

0411
nq1z
1341z

414
Ld41s

od41e

DIEE

n1F4

COMTROL FROGRAM FR:E 0011

ZFOou0

PLLPPPLPPEPPPLP PP PP P P22 0000500000220 0PPH P00 PP 05000000000

ZUBROUTIME: ERFT
CALLIMG IEQUEMCE:  ERPT IMEIZEIAGE

*
»
*
.
*
- THE MEZZARE WHDZE ALDREZE I COMTRIMED IH R11
* WHEH THE ROUTIME IS ENTERED IS FRIHTED.
*
-
.
*
E

FOLLOWED EY THE CLRREMT TRERCK AWD ZECTOR
MUMEER, THE DRIVE IZ TURMED OFF AHMD COMTROL
IZ RETURMED TO THE COMAAMD EMTRY FPROGRAM,

EFTFC MLIN 0 HEW LINE

Nog4seelFg4-
N1Fe
niFs
OiFA
O1FC
OiFe
nEnn

cD2E
DR D
ansER
ZEED
20Fa
chiRn
cEEN
S0FA
1E04
adzn

aMT «R11 FRINT ZELECTED MEZIRGE
“MT FTEMIE FRINT TRACK MEZIZAGE

I I

-

12 #FTEMUM FRIMT TEQCE HUMEBER

I
1,

AT ASCTHIG FREIMT SECTOR MEZIRGE

HiM2 3 ZECHUM FRINT ZECTOR HUMEER

“RZ ZEL TURM OFF DIZE LDRIVE
BLWF FRTEMYC FETURM TO COMMAMD

014z

. ENTRY PROGRAM

Figure 32. Floppy Disk Control Program (Sheet 11 of 28)
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FLOFFY DIZK COMTROL FROGRAM FARGE 001&

BE SR PPLPPLPLBPEPPEPEPPPPP 0002009000000 0000080000009 0000000084
041
a4z
HE ¥
g2
04z
o4z
04z
a4z
a4z
nge
faz
[N 3¢

s W)

SUBROUTIMHE: AXMT

CALLIMG SEQUEMCE: AXEMT IMEZIAGE

THE AEZCII CHARARCTER ITRIMS. THE
EEGIMMHIMG % 0OF WHICH I% CONTAIMED

I R11s IZE ! ITTED. THE &EHD OF THE
ETRIMG I% IMDICATED BEY A HOM-FRIMTRELE
CHARACTER <IE LESE THAMN HEX 203

WD ) e L e G T e

I ® 4 % 444 4444+

D20E D20A AMMTPC LI Fi0s30 LOAD MAY CHARACTERS
21 l:l QoS

OOSAes 2 0E 7

FER LIMNE

I+

21z =MTLFE MOVE #R11+R% FETCH CHARRCTER

n=14 CE R dBLAME FRIMTAELE CHRREACTERT

O21E

nzis AT AHEMTRT IF MOTs RETLRH

021/ HWMIT E9 SLEZEs PRIMT CHARACTER
nz1c DEC Rin DECREMENT MAX CHARR COUNT
nZiE JME AEMTLF IF HOT 0Os FETCH MEXT CHAR
n2zn ZE *F 11+ dBLANK ELZEs IZ MEAT CHAR

nzze

0439 ) . PRIMTAELET

440 0224 11-- LT REMTET IF HMOTs RETURHN
0441 sSe  SFod HLIM O Hew LINE
0442 o282 10F4 JHE /EMTLP FRIMT REZT OF ZTRIMG
0442 022A 0320 AXMTRT RTWP ZTRIMG PRIMTED. RETURH
NZ1ces11 03
nZc4eel1 02

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

1445
0445
447
0445
0443
n4s0
n451
0452
B
0454
N455

045

0457

na53
453
NEA)
0dal

0dee

DIEK

04e4
- 04e3
EIY
UL S
N4es
g

COMTROL PROSRAM

PARGE 00132

PSP E PGP PGP PPCPPS 0P EPP P PP PIPPPPPPP PGPS PPPPPPP PP 2P0 05004

K N K R BE B K 2R 2R J

R CRCIPC

ZUERROUTINE: CRCI

CALLIMG SERUEMCE:  CRCI 0

THE CRC I3 CALCULATED FOR THE ID FIELD IMAGE
COMTRIMED IM MEMORY RHD ZTORED IM THE LAST &
EYTE=T [OF THE FIELD.

LI F10. ITFLD ZET UF 1L FIELD FOINTER

LI RS IET UP ID FIELDN COUMT
EL PCRCALE CAHLCULATE CROC

RTWF RETURM

A e S22 AL 2l A i 22 222 2322222222222 22322 2222222222222 2 2 22

*
*
*
*
»
*
*
»
*

CROTFC

SUEROUTIME: CRCD
CRALLIMG ZECHIEMCE:  CRCD O
THE CRC IE CALCULATED FOR THE DATA FIELD IMAGE

CONTAIMED IW MEMORY AMD STORED IM THE LAZT 7
EYTEZ OF THE FIELD.

LI #10sDTRFLD ZET JF DATA FIELD FOINMTER
LI o129 SET UFR DATA FIELD COUMT
BL FORCALC CRLCULATE TR

ETuF RETUAM

-Figure 32. Floppy Disk Control Program (Sheet 13 of 28)
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FLOFFY DIZK COMTROL FROGRAM

n474
n475
[ )
47
n47v
047
N4z
TR

T .1'.: DO O e BN R Y R |
(B I N R L K K B R B B R B K B AR J

RICHLE

n431

1

Hz4A CRCLF
g
TS
s

n2se

Pt B o e R v B
RN

g i
PO B SR I O I A 1)

q

PR R T o
4!

)

T
e M

P}
)
=

EF O R IR S | IS R TN N

TR IA
[

[ XD

v

15
47
A0V
nEyV
AODY
SoE
3

.
e T

b

o

3

ZIUIBROUTINE: CRCALLC

LI
LI
EL

CRLLING ZEQUEMCE:

THE CYCLIC REDUMDAMCY
THE FIELD ADDREZZED
HHD STORED
FIELD.
1% EZRPECIFIED EY R3,
“eelE+Eeel Z+eeS+]
BEGIMZ
R7Te RS

e

AT

ZETO RE

CLFE
MOVE
=R
IRINEY
ZRL
=OR
HHDI

SR
A
7

Mav'E
TP R
MOWE
T

EY R1D
IH THE LRET
THE LEMGTH OF THE FIELD
THE CRLC
BEFORE RO
THE FARTIAL CRLC

FREE

notg

F1O-FLIDRDD
Bay, FLDCHT
FTRICALC

CHECE
Iz
= EVTE

1=

FREZET

CLERR

——i

CHARACTER

CCRCY
CHRLCILARTED

= OF THE
CEECLUDING CRCH
FOLYMGMIAL IZ
CRLCULATIAON
FREZET TO ALL OHEZ.
F1id ARE DESTROYED.

FRETIAL CRC

FETCH HEXT EBYTE

=0OF

HEW EBYTE

MWE TO ZCRATICH REG

THIFT
WO

METE
IHIFT

ROTHTE

IF
SLEE

HOT

cRCOTO
OF THE
RETIIRH

R

REMEMT EYTE

TCRATCH RIGHT 4
ZCRATCH

WITH

SCRATCH RIGHT 4
AR TICEATCH WITH CRO
ZCRATOCH REIGHT
SCRATCH WITH CRC
IM CRiC
COouMT
FETCH HEXT BYTE

BYTES

e
TRAMIFER
THE EHND
FIELD

Figure 32. Floppy Disk Control Program (Sheet 14 of 28)
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FLOFPY DISK COMTROL PROGRAM FARGE

1

A

511 CPOLPPPPPPPPPLPRPPPPPPPIPPPP PP P PSPPI P PP POPPPPPPPP 0900000
ns1z
nS1z
0514
s1s
ns1a
017
o1a
013

0S2a

SUEBROUTINE: =ZIMC
CALLING SEQUEHCE: ZIMC 0

IT INCREMENTED EY 1.
IF THE MEW YALWE I%T GRERTER THAMN Z&»
THE ZECTOR HUMEER IX ZET TO 1 AND

THE TRACK HUMBER IT INCREMENTED.

THE ZECTOR MUMEBER

14 ¢ & 4 46649449

1521 AHAD THE HERD IZ STEPFED TO THE HEST TRACEKE.

nsze

0522 0270 D2R0 SIIMCPC MOYE aZECHUMLR1O FETCH ZECTOR MUMEER
nzye 20FAR
GOSZee 1707

nSzd 0274 1122A AHI R10s=100 ADD 1 TO ZECTOR WUMEER
N27e  aton

0525 027s 025A | Ei0:27e>1010 COMPRREE TO 27
a2v¥A 1EQO

0see 027C 14-- JHE  ZECHET IF HIGH OF EGUALs

nsz7 * IHCREMENT TRACK

0522 N2FE  DSOR ZECHKIT MOYE R1Ox3ZECHUM REZTORE ZECTOR HUMEER
0220 S0OFR

0se3 0 sl TP RETIRM

030 0 2E40 ZECHET TIMC 0 IMCEEMENT TERCK MHUMEBER

nzuR LI R10«=100 LOARD HEW ZECTOR MUMEBER
oo )
10F3 JAF ZECKIT ETORE ZECTOR HUMEER
CELEPB PP EPPP LS LD P20 0040800000000 0408000400005 00400000

SUEBROUTINE: TEET
CRHLLIMG ZERUENMCE:  TEIZT 3TRRACK

*

+

*

-

*

* THE RERD-WRITE HEAD OF THE DIXE DRINVE 13X

* ZTEFFED TO THE TRARCK HUMEER EFECIFIED EY THE
* LEFT BYTE OF RIl» UMLEZE THE DIZK IX nNOT

+ READY. IHN WHICH CHEE THE OPERATION I3 ABORTED.
. IF THE EZPECIFIED TRACK IX OUT OF RAMGE (IE

* GREATER THAM F&s THE HEAD IS ETEFPED TO TRACK
> 0. THe HMEW TEHRCE HUMEER REFLACEZ THE OLD

* TRACE HUMEER IM MEMORY. IF THE HEW TRACK

* =ZTEFFED

- DETECTED.

* HUMEER WAZ O THE HEAD IZ

- 0 EEFORE THE HEW ZITEFFIHMG

* .

»

T

HIMEBER I3 TO BE 0. THE TRACK IZ
UHTIL THE TREQOD STATLS ZISHAL IS
IF THE OLD TRAC
ZTEFFED TO TRACK
OFERATION EBESIMZ,

0543
1SS0

ns=1

n5s2
NSS2 023C b KEITPC CLRE RI1Z INITIALIZE CRU BAZE

0554 1004 RO SEL ZELECT DRIVE
0555 ZFED DLAY SHDLDLY HERD LOAD DELAY

1458

Figure 32. Floppy Disk Control Program (Sheet 15 of 28)
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FLOFFY DISkK CONTROL PROGRAM FAGE O01E

0556 1FO7 TE ROV CHECK DRIVE STATUS
0SS7 13— JER TECHTU IF READY, CONTIMUE
0SSS 0238 ECED ERFT SHRDYME ELIEs REFORT ERROR
nzs angss
nS59 = B TECHTU MOV R11sR3 TAYE HEW TRACK HUMEER
-5 "
E ZRL TO RIGHT BYTE OF R3

IF 0. CLERR TRACK
HEW TRACK HUMEER IN FAMGE?

u"u

=J 2 o

T

R
JER TE
=L

LI
.r
[ .

[
1
-
1
1

num
12~ JLE TEMZRO ’ ZEIP
4o LR Ro ELZEs CLERR MEW TRACK HUMEER
DeRd TETOD  BL FTECLE ZTER TO TRACK 00

o) 204
10—— AMP TEZTRET RETUREM

0 DeAf TENZRO MOYE PTENUMSRELD FETCH OLD TERRCK NLMEBER

S0FS

P Mo F0 PO Do Fo F 0 Fo Mo Fo o e i oo r

IlU’.ft':‘IlIlInI:InIl_‘[nII.

o T
+

*

1 b
]

P Y

=15 =ZRL SQIERS MOYE TO RIGHT EBYTE
- dHE  TEMER1 IF HOT 0os COMTIMUE
EL PTECLE ELZE» EZTEF TO TRRCK a0

0571 HLE TEMHERT RIaR1D COMPARE MEW TREACE

+ TO OLD TRACE HUMEER
OB 11-—- JLT O ETROUT IF LEZE THAM. ZTEF OUT 1 TRRACK
nsci 3= JEQ TEETRET IF EGUAL. RETURM
g2t 10o7 SED ETERLUF eLZEs ZTEF IM 1 TERCK
nzZod D32A IHC R1D IHCEEMENT OLLDT TRACK
o2ce 10—- AP TEGD ZTEF HERD
nzce 1EGY ZTPOUT ZEBEZ  ETEFRUP SELECT =TER DUT
N=BEe+1104
O2CR 0 DS0R n=c Ri0 DECREMENT OLD TRACK
G2CC DeAdo TEGO EL ITEETEFR ZTEF HERD
U2CceE  —-——-

- NZCesel 0z

DE[U 10FS JrFE TEMZRL REFEAT FOR HEXT ZTEF
12 O0ED3 TESTRT ZWPE RS MOVE MHEW TREACE HMUMEER

|:::| -:.j -:'r-. |_I‘| 4‘.. (] r;ln

0
DY |
35}

UtL_ool-n-
- TO LEFT EYTE
MOYE R« 3TEMLM UPDATE TRACK HUMEER

nzhg

n=Tie
0535 0208 R ThF RETURH

Figure 32. Floppy Disk Control Program (Sheet 16 of 28)
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FLOFFY DIZK COMTROL FROGRAM FREE 0017

L2 TR AL LTRSS 22222 2222 22222 2222222222 22 TS 2 2 2 LT g
SUBROUTIME: TECLR

CALLING ZEGUEMCE: EL  aTKOLR

THE READ-WRITE HEAD IS STEFPPED OUT UNTIL

THE TREQD ZTATUZ ZIGHAL BECOME: RCTIVE.
THE COMTENTE 0OF R2 AND R11 ARE DEZTROYED.

L0 BB 2R IR R R 2R BN

nz2pR C2oE TECLRE  MOY  R11SES ZAVE FETURN LIMKASE
NZARCe+02DR" ’
OZER+e02DA -7
nehC 1IFOF TKCLP TR rRDY TEEZT DRIVE ETRTUE
nzheE 16— JAHE TKELCAET I MOT READYs REORT
OZED 1FD0s TE TREOD TEEZT TRACKE 00 ZTATUS IIEMAL
e 16~—— e TEICHT IF HOT ACTIVE.COMTINUE
02ed  n45= E L aut= ELZEs RETUEH
02ES 1EOF7  TEICHT IZEZ  STERUP ZET TO ZTEFRP OUT
NZECee 1501
ne0d4 02ES MSAD BL PFTEZTEFR ZTEF HERD
NZER ———-
0ae0s  aZEC 1OF7 JMP TELCLP COMTINUE LDOF
ge0e  O2EE 0402 TECORET CLE  EE ZET TRACK
NZLEee 1507
De07 02F0 DE0s MOWE RS R TEHLUM HUMEBER TO 00
ozZFe  20F2
ez 0zF4 2Can ERFT aMRDVMZ REFORT ERROR AMD REORT
U2Fes Of ’
TR B T Y Y Y Y N T I Y T TRy
[RE=R R
sl -
nelz »
a1z *
ae1g *
0e1S * THE =TEF PULZE IZ GEMERRTED FOR 11.3
-
»
*»
T

-

SUBROUTIME: THETEF

CALLIMG ZEQUENCE:  EL FTESTEF

OEl1s MICROZECOMDE AMD THE HERD ZTEF DELAY
me1v I% OBZERVED.

nEl1s

0e12 0EF2 1D0s
EseCF2
OZERAeeNZFS
gzFA 1a0na HOF nidrMY DELARY

1E05 ZRE  ETEF REZET ZTER ZIGHMAL
N2FE ZFED DLAY aHZDLY DELAY FOF HERD =ZTEF

EZTEP ZEBO EZTEFP ZET ETER ZISHAL

ot Mo o
iy =
]

]

T
-

nz00 oS
OeZ3 a0z 045E mT ~ETUREM

Figure 32. Floppy Disk Control Program (Sheet 17 of 28)
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FLOFFY DISE CONTROL PROGRAM PARGE 001

Lx)

neas CELECPPPPPLPPPEPPPPPLPPP PP P00 0004000000005 0 000060050000 0009
052 *
0227 * SUBROUTINE: TINC
523 *»
Os23 * CRHLLIM ZEIENCE: TIHG 0
DE20 *
M3 » THE HEAD I: MOVED TO THE HWEXT COMSECUTIVE
0832 * FOZITION,. IF OM THE IMHMERMOEZT TRACK (7R
0533 * THE HERD I% MOWED TO TRACE 00,
0a3g *
3835 0304 DERED TIMCPC MOWE 2TEMUMsR11 FETCH TRACK NUMEBER
3 03 S0FS
Cooan a4
36 0302 a2k HI Fils=100 HDD 1 7O TRACKE HUMEBER
ozZof 0100
0837 D30C ZCDE TEET #R11 MOWE HEAD
ge38 0308 0330 RTulF -RETURHM
0e3 T Y Y T 2T TP TR RE R Y Y Y YTy
aedn *
SR * COMMAMD CHRRARCTER LIET
nagz *
Jed3 0314 57 CHMIOLET TEAT “WAUHWORARHFMMDMENS -
usdg *
=45 * COMMAND ENTREY FOINT TARELE
LS 1 *
oed? 0 ———=  CHMDEMT LATA WTARICIs WRTHEX»WRTOEL » RDAZCT s RIKHEX

03 —_——
0 -——
] -——

i ———
nsd42 0 -—— TATA FORMAT » DMF« ENTER s EHXECUT

Figure 32. Floppy Disk Control Program (Sheet 18 of 28)
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FLOFFY DIZE CONMTROL PROGRAM FRGE 0019

eSS0 PPPPPPPPPPCLPIBPPPPPREP 5002022004500 0 00000040000 0000000000

eSSl *

eSSz * FOWER-0OH REZET EMTRY POINT

] *

eSS4 0 04CC  ETART CLR  R1E IHITIRLIZE CRiJ BAZE
] tef

nsE5s 0 a2 0R LI R11ls 300 LORD CRL IMITIALIZATION “ALUE
i 200

NeSe 033 2Z0EB LDCR Rils3 AMD QUITFUT TO CRU

nes¢ 02EC 020E LI Fi1s IDFLLD ZET ID FIELD IMAGE FOINTER
O22E  S0OFT7
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Figure 32. Floppy Disk Control Program (Sheet 19 of 28)
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Figure 32. Floppy Disk Control Program (Sheet 20 of 28)
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COMMAMD COMTROL PROGRAM:
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CURRENT TRACE
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HMHD

Or HE=ADECIMAL FORMAT
IT 1=
FIELD

FIELD I=
COMTINLUES,
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DETECTED.
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TO RERD
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Floppy Disk Control Program (Sheet 21 of 28)
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Figure 32. Floppy Disk Control Program (Sheet 22 of 28)
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FLOFPY DIZK COMTROL PROGRAM FRIGE 0023
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0313 * A SPECIFIED HUMEER OF ZECTORE OF DATA BESIMMING
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0217 . EITHER RZCII <WR» OFR HEXADECIMAL «Wls WH» FORMAT.
nz1a - THE WD COMMAND CRLOEZEZ A DELETED DRTR MRREK TO
=5 B * PRECEDE THE DRTA» RAHD THE WA AMND WH COMMANDS
s20 - WRITE THE DATH MARK. IF THE IT FIELD OF
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nazs * FEFORTED.
a2z *
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045A° WRETHE= EQU & WH COMMAND EMTRY POINT
Jeeidnf”
La20 MTAZCI MOYE SDTMRESFDTHFLD LAORD TIATR MARE
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Figure 32. Floppy Disk Control Program (Sheet 23 of 28)
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Figure 32. Floppy Disk Control Program (Sheet 24 of 28)
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FLOFFY DISE COWMTROL FROGRAM FAGE

PLPLLPL00000089 0009585040800 4 4000000000000 0600044
COMMARMD CONTROL FPROGRAM:  FORMAT

»

»

-

* THIZ COMMAND EMRELEZ THE OFPERATOR TO FORMAT

A A HUMEBER OF TRACKZ BEGIMMIMG AT THE CURREMT TRACK
* AMD SPECIFYIMG THE LAST TEACK. ALL GAFPZ.

hd TRACKs ID: AMHD DATH MARKZ. AND TRACK AHD

* ZECTOR MHUMEBERZ ARE WMRITTEM. THE DARTA I THE

- DATA FIELD:Z I3 ALL ZEROEE.

*
*
*
E

EMTRY PRRFAMETERI: Fl10 = RETUEH ADDREZE

04F2 2DAD FORMAT AXMT FENDMES FRIMT EMD MEZIAGE

N4F 4 ansg -
U:;r¢¢n4FJ'

a0gd 04FE SDAD A=MT FTEMIE FRIMT TRACE MEZIAGE
IE Y] goER-

0305 O04FR  Dasn MOYE #TEMIM.FE3 FETCH TRACEKE MHIUMEER
n4FZ S0OFS

o PRINT TRACE HUMEBER

020:s  D4FE ZECS s
0307 NS00 2ES- R REARD LHAIZT TeACE HUMEER
0 nsaz R F7e255 LEGAL YRLLIET
(=LY Duu
0E03 Ns0s 14-—- JHE FEMTET IF HOTs RETURN
00 002 G2os LI RESsDTAFLI LOARD DRTH FIELD POINTER

IS0/ S0FF
311 oSos DEZD MOYE FDTHEE . eRZ+ LORD DIIRTA MARE
DS OE oont -
wais [l=3 1] oz o LI Fils5d FREFEAT A4 TIMEZ
as1e 040
a1z =14 H4Fs  FFLFL1 CLE eRES+ CLEARR DRTR EBLUFFER
314 0S1e nenn DeEC RO
021s 0512 1eFD JdHE  FFLPL1
031s 0s1A ZEQD CRCD 0 CALCULATE THE CRC FOR THE
03y * DARTA FIELD

o021z 051C 3209 FREMTLF CE By @ TEMUM LAZT TRACKE LE:E
0S1E  S0FE

31 * THAM CLUREEHT TRACKT

azzn 0320 11-- JLT  FEMTRET IF =0y RETUREHM

02321 0522 og0E FEMTL LI FEy 100 LOARD INMITIAL ZECTOR
0524 0100

+ YRLUE
0207 LI F7 s ZECERUF LORD ZECTOR EBUFFER

- FOIMTER
Danz FRIDEL MOWE RSy @ZECHUM UWFDRTE ZECTOR

* HLUMEBZR
b CRCI 0 CHALCULATE CRC FOR ID FIELD
ChED MOy FIDCRC: «RV+ TAVE CRC INM BUFFER
EDR

AI RSy >100 IMCREMENT ZECTOR MUMEER

Figure 32. Floppy Disk Control Program (Sheet 25 of 28)
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FLOFPY DIZK COMTROL FPROGRAR FAGE O

12

CI RSy 27e256 LAZT ZECTORY

AHE FRIDEL IF o07s REFERT FOR
+ HEST =ECTOR
ZE D207 LI R7 s ZECEUF LOARD ZECTOR EUFFER

- FOINTER
02 LI Foax100 LOARD IMITIAL ZECTOR

- MIIMEBER
[T == (- Y1 ] L=OM o0 TieH OH DRIVE
as42 020s FMIMDE LI FEs DTAWT ODIZK DRTA WRITE
ns4R  FFFE .
0S4 04ED CLE  3IMD=EWT MRITE 0 AT IMDEX PULEE
NS4E  FFFHR

039

0340 0SS0 0200 LI Risg3 REFEART 45 TIMES
IS5z anzh

0941 0S54 04D FFLFLZ CLR +Re& WRITE REZT OF FORT-INDEX

034z > FRF

343 0SS T=A111] DEC RO

radd 055 15FD JHE FFLFRLZ

0345 0S5 izzn MOVE FTEMREEs JITEMWT WRITE TRACE MAREK
nss ooz
nss TF3E

n3g4s 055 azon  ZECTLR LI Fils 22 REFERT 22 TIHMEZ
NSe nozo

R RN
[ O O 8

04DE FFLPLZ CLRE  *RE WRITE 22 EYTE GRF
gean nDEC RO

- JHE  FFLFLZ

MOVE SIDMRE  MEEWT WRITE ID MARK

[}

T T

SRS |

03

ChoJi R On Onon Ono

T o 00 o B P M o 00T

MOYE ITEMHUM eRE WRITE TRRCEK MUMEER

MOYE
MOVE
HI

WReITE ZECOHD EYTE
WRITE ZECTOR HUMEBER
IMCREMEMT ZECTOR HLUMEEFR

[

MOWE R1ZseRE WMRITE FOURTH EYTE
MOVE eR7+.eRE WRITE CRCH
MOVE #R7+yeR5 WRITE CRZZ2
azon LI EOa 17 REFEAT 17 TIMES
a1l

04Ds  FFLRFLY CLE  *RE WMRITE 10 SAF

(N I:I l:l DE l:Z = l:l

1eFD JHE FFLFL4

az0g Ll Fds« DTAFLD LOAD DATA FIELD
SOFF

R R R R R R I I Ol

DTS N ¢ N e B 1 2 I M € I B O N A

SR R ) B R I O IR A A I

* IMAGE POINTER

as3n DEzg MOVE eRd+ 3MEKIMT MEITE DATAH MARK
0532 YFSE

0355 NS94 0z00 LI Els 130 =EFEART 120 TIMER
0%3e ooz

a5 0S32 DSE4 FFLFLS MOYE eRd+.eRGC WRITE DATA AMD CRC

DT 0539 = LEC RO

Figure 32. Floppy Disk Control Program (Sheet 26 of 28)
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FLOFPY

DIzE

ﬂS?- 15FD

FE 0408
USHU nIas
0SARZ 2700
0%A4 1&0D
USRS D4Ds
0SAZ 1F 34

0SAR 1&FD
0SAC ZE40
0SHE  10B&
03B 1E04

CONMTROL FROGRAM

JAHE
CLE
CI

AHE
PREILF CLE
TE
AHE
TIHC
AMF
FEMTRT ZEBZ

*RS
IHDE=
FREILF
1]
FEMTLF
SEL

FREE 0027

WRITE FAD EYTE
LAZT EBYTE?

IF HOT. FORMAT MEXT ZECTOR
WRITE FRE-IMDEX GRP

UNTIL IMDEX

PULEZE OCCURE

ETEP HERD TO HEXT TRRACK
FORMAT HEAT TRACEK

TiURM OFF DRIVE

0505+41454
N3z 0++1147

0SE2 045A E *=10 RETUREH
SEPBLLL208P0 0008080020880 00000 0800003000000 0000400603004004
+
* COMMAMD COMTROL PROGRAM:  EXECUT
.
- THIZ COMMANMD ENHELEE THE OFERRTOR TO EEGIN
+ EXECUTION OF A PROGREAM AT AMY LOCATION
* IN MEMORY.
-
. EHTRY PRRRMETERE: RZ = ENTRY FOINT
.
0SB4 0452 ERECUT B *R2 EFRANCH TO ENTEY POINT
N322¢+0SE4

CELPPPPPPPEPEPEPPLPLP PP LPPPPPLPP PP P02 4099092400900

]
5D
)

I
5]
LR 1 I O N W,

COMMAND CONTREDOL PROGRAM:  EMTER

THIZ COMMARD EMRELEE THE OFERATOR TO EMTER
DATA INTD ZEGUENTIAL #MEMOFY LOCATIONZ.

CARLLING PREAMETER%: EZ = BEGIMMIMG MEMORY

LOCATION

Iﬂ LR R K BE B B R 2R J

OSES 0203 HTER LI Fas 2 LORAD BYTE COUNT

OSES noos

] HeeITER"
1001 ﬂEEH ZF0o HLIM 0 HEW LIME
1002 SEC  ZECES H=Me Ra FRIMT FIFZT BYTE OF ADDREZS
1003 USBE eos IWPE RE REVERZE EYTESZ
1004  gscn 2FAG MIT FERCKEEP

O5Ce G027
1005 0so4 2E FEINT ZECOMD EYTE OF RDDORESS
1008 NSo6e  F 3 REZTORE EYTEX
tany  nsca 2 EHTLF : eRE FRINMT MEMORY CONTERTS
1002 nscR 2 c k= REARD AMHD ZTORE HEW “WALUE
1003 0sSco Qe RZ UPDRTE ADDREES POINTER

1010 0SCE (=
1011 asnn 13
11z nsSnz 1

Fa DECREMENT EYTE COUNT
ENTER IF (s HEW LIME
EMTLF ELZEs FETCH MEXT BYTE

Figure 32. Floppy Disk Control Program (Sheet 27 of 28)
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FLOPFY DIZK COMTROL PROGRAM PRGE 0023

1 I:I 1 4 YIRS 222322 22 S22 22222 222222222222 2T 22T YR e e Ly
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1nie
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1012
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1020
1021
1pze
10232
1024

1025

CcOMMAND COWMTRDL FROGRAM:  DUMF

THIZ COMMAMD ENMABLEE THE OFERRTOR TO
DIZPLAY THE COMTENMTE OF MEMORY IN
HEXADECIMAL FORMAT.

CALLING PARAMETERE: F2 = BEGIMMIMG
: AUDRE=E

LR 2R BN IR K BE R R BN

DLIMF MOy RS«E3 LOAD DEFAULT EMD

]

a0 o

mla
ny e

fane I ¥
P ]

4
Eee

* ADDRE=E
HRCZ B3 READ FIREZT EYTE 0OF
. END ARDDRERE
ZhFE B3 FAVE IH RIGHT EYTE
“MIT PBACKEF BRCEZPACE

nahe

T
f
m
ERA

L

W ) T

(RO R

nsbs
nSnA
asnC
0STE

QRN

[
= =
=

o
=

[ I i ()

o -.:J

me Tt

n
(]
e

L

HRECES READ ZECON
+ EHD ADDREZEE

TWFE R ZWAP EYTES
DUMPLFE MLIH 0 HEW LINE

LI EYs 15 LOAD BYTE COUMT

)
3
L

ot G 0 00 G

iy I PSP (T

nSen
0sER
NISE4
NSES

—_ e e
P
W ) =

3 [0«
L0 1 4

e B B R E I R B O e B R ]

10326 0SES = H=EMZ B2 FRIMT FIRST EVTE OF RDOREEE
1037 0SER - = ZWPE R2 REVEREZE BEYTEZ
1033 03EC 0 “MIT SFEBRCEEF BACKZPRCE FRINTER

0SEE
1023 03F0
1040 osFz2

Ha=MzZ
PR
DMFPLF1 H=aMS

FRIMNT SECOMD EBYTE OF RDDREZE
COFRRECT ADDREZE

1041  0O5F4 FRIMT MEMORY COMTENTE

1042 NSFeE M= CURRENT ADUREZE = LAET
1043 » RODRESS

1044  OSF2 : JEQ DUMPET IF Z0s RETURHM

1045 0 = IHC RS IHCREMENMT ADDREEE
1048 0 1 LEC  RY DECREMEMT EBYTE COUNT
1047 O0SFE  15FA JHE  DIMPLF1 IF HOT 0y FRINT HEXT
1043 » EYTE

1043 0500  1F00 TE  ®IN OFERATOR IMTERRUFTT

= T T s T
mmdxms g m
IF I R R s R |
A I ce o]

D A IV AR

O (K

= e
b L

L}

1050 e 02 1ZEF Je DUMPLF IF MOTs PRINT HEXT LINE
1051 a5 0g 45  DUMFET E o101 ELZEs RETURH
NEFZe+ 1205 :

1052 END
noonn ERRORE

HEM-TERMT T

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