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ABSTRACT 

The purpose !of the thesis 
i 

is to design and realize 

disk controlle~, in order to extend" 
I 

a single density floppy 

and increase the capacity and capabilities of a M6800 b~sed 

microcomputer system. In order to create a powerful micro-

computer, an operating system software is adopted to gain 

the features of a development system. 
I ' 
I 

The floppy disk controller can'be ' .... ieved as a module 

for an existing system; however, the aim of the thesis is 

not only to add a module, but to integrate ihe controller, 

the central processing unit, and the operating system to 

achieye the full microcomputer. A memory module is incor-
. I, ' 

porated to incre:~se Ic·apacity , and group memory elements on 

a single board. To lower component cost the hardware is 

minimized and all possible controls are left to the software. 

I The development system can be used for editing and 

entering programs, converting assembly or high level lan­

guage programs to mJchine code by ~s ing as semblers and conr~' 
. I 

pilers, running these' machine code programs, and linking 

separate programs to create the software of different· kinds 

f . I d o mlcroproces~or pro ucts. 



, , 

OZETCE 

. GunGmuzdi' ~ikrOi~lernCil~ri ~O~ daha gil~lu duruma 

get1rmek ancak yaz111m yoluyla olmaktad1r. Merkezi i91em 

biriminin bellek s1~as1 ne kadar geni9 olursa olsun, her 

ge9it program1n: i91emci sisteminin iginde durmas1, sistemin 

v 

esnekligi ve kullan1m1 ag1s1ndan sak1ncalar yaratmaktad1r. 

Bilha~sa besleme ge'rilimi kesildig-inde programlar kaybolmak-
. ,I . 

ta, dolaY1s1yla tum iyaz111m bilgisinin salt 0 ku belleklerde 
Ii' 

saklanmas1 gerek~ek~e, bu da yaz111m1n'degi 9tirilmesini 

engellemektedir. Bu tezin amaC1, bir sistemin yaz111m1n1n 

ta91nabilir bir' ortama aktar11ma~1 ve gerekti~i zaman kul-

lanmaY1 saCJlamak igin bir esnek dBner manyetik hellek de-
i 
I 

·netleyicisini tasarlaY1p gergekle9tirmektir. Bunun yan1nda,· 

eldek~M6800 mik~oi9!lem~isine daya1.1 sis'temin bellek s1~a-
. I I . 

S1n1 artt1rmak ve bellek elemanlar1n1 bir yerde toplamak 

am~c1yla bir 'unite geli9tirmek, ve bir i91etim yaz111m1n1 

uyarlayarak bir! yaz111m geli9tirme araC1 gergekle~tirmek 
esast~r. 

I Ge li~tirl"e + a~lan nda, progra~lann de\ii~ tir ilrnes i 

ve girilmes'i, algak ve yuksek duzeyli dildeki programlar1n 
I 

gevirici ve derleyiciler vas1tas1yla makine diline gevril-

mesi, bu progra~lar1n dener..mesi, ve her ge9it mikroi 91emci 

mamuluigi~ yaz111m gergekle9tirilmesi olas1d1r. 
1 

I 

o 
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. CHAPTER 1 

I 
THE M6800 SYSTEM AND . 

I I 
THE NEED FOR THE 

FLOPPY DISK CONTROLLER 

I 
I . 

Although the! MC6800 was the first of the Motorola 

MPU family it still remains as a highly cost effective pro­

cessor for a great number of process control and data­

communications applications (2). Its instruction set and 

1 

addre~sing modes give it a powerful capabilit~, and a full 

range 1.0£ compati~le reriPheral chips offer the widest possi­

ble latitude in systlem implementation. The floppy disk 
: . I ' . 

interface is in fact the result of such an extendable and 

flexiBle system, designed previously (9). 

I 
It should be kept in mind that the family of parts 

surrounding the M680

1

0 is not a chip set in the sense that 

the .MPU .operation is dependent upon. other family elements. 
, 

The M6800 is a self-contained microprocessor capable of 

operating with ~irtually any MOS or standard TTL device. 

The significant
l 
point is that the other family members merely 

add additional capability and/or flexibility .. They provide 
i 

excellent tools in oonfiguring a full microprocessor 

I . system (19). 



The sta~ting point of this thesis was a readily de­

signed M6800 based extendable, general purpose microcompu­

ter (9). This sy.stei as all micr..ocomputer systems is cen­

tered around an MPU unit which handles the four functional 
I , 

categories: data, address, control and superVisory. For 

communication with the outside world serial and' parallel 

Input/Output channels are incorporated together with memory 

which makes the system a microcomputer. 

I ! 
Formini~um ~ost, an 8 bit instruction format for 

2 

the data bus is choosen which makes the architecture simple 

and flexible. The address bus of the system not only ~peci­

fies memory, but it becomes a tool to specify 1/0 devices'. 
I 

By means of its connections to the data and control buses 
i ' 
i ' 

and se[~cted add~essllines, the I/O interface is allocated 

an area of memori. As a result; the user may converse with 
'i, 

I/O such as PIA, ACIA using any of the memory reference 

instruttions; selecting the desired peripheral with a memory 
! 

address (19).The resident program,such as the system moni­
i 
I 

tor program is kept in ROM. However, the RAM sections can 

be used to execute, debug or enter programs; another need , 
for the RAM is that tt can store the program variables and 

all kinds of data. 

In sUCh!a' system only small, self-operable programs 

can be: entered,. debugged' and saved on paper tape using the 
i 

TTY in'terface. When I the program becomes a little "~a~.sy'l 

the saving and reloading operations takes too much {i~e. ~ .,. 
I 

i 
. I 



" 

, . 

Also there is no possibility to keep ,the source forms of 

programs, but the direct instruction code has'to be entered 

in order to execute fhe program. _ 

By using the floppy disk interface together with a 

sOfficiently po~erful operating system and its support pro­

grams the following are possible: 

Saving an1 reloading of programs to/from a 
! I . 

magnetic media called "diskette". 

Entering programs in assembly lariguage to get 

the source and code in for~ of a list file for 

a printer or in direct hexadecimal form to pro-

gram the EPROM. 

Possibility of bringing together many different 

, I d f . 'h· d 11 h programs ,n ormlng t elr co e a toget er 

(linkage of programs) . 

Editing source programs - that i? changing 'any 
I 

partiof a diskette file by using an editor 
I 

program. 

Locatihg rrogram c~de and da,ta to any desired 

place. I 
Usage of high level languages, ,compilers, dis­

assemblers and all kinds of support software. 
I 
! 

3 

I 
I 

Although all this software support and the operating 

. system need direct ute 

communication has been 

of the diskette contents, an easy , , . 
q '. .established between the controller 
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4 

and the user programs. The controller can be easily instal-

led and tested separately, then the operating system activa-

ted. Only entry pOi1ts 
I 

,there is no interest Iby 
I 

for the cgntroller are fixed and 

the user of howl the firmware achieves 

the desired diskette input/output. In this way, the control-i 
. , 

l~r software or hardware can be changed anytime with6ut af-

fecting the operating system at all. 

I 
I 
! 

• 
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CHAPTER 2 

INTRODUCTION 

The floppy disk is fast becoming an important storage 

media. The promise 1f low ~ost and direct access has en­

.couraged microcomputE1r users to select the floppy disk for 

mini-mass storage requirements. As microporcessing sy~tems 

enter the market ~lace, proposed application~ for the floppy 

disk broaden to include the following: 

Program l~aders for intellige~t terminals and 
I 

larger; sy1tems 

Key to disk key punch replacement 

Price look-up and credit card verification 
! 

'Message buffers for communication systems 
I 

Word processing systems 

Minicimpufer programs and aUXiliarYd~ta storage 

Smallbuslness systems and batch termlnal data. 

storage 

Mitr1program loading and errcir logging. (19, 30) 

t 

In these applications, the floppy disk ,will contend 

wi th cassettes and paper tape. 
. I 

The attractivenes~ of.floppy . 
I 

disk over other means of mass storage rests in: 
q t 



Cost per bit of usable storage 

Cost of the floppy disk sub-system 

i-Reliability and maintainability 
. ) i -

Ease of media handling and transportability 
I 

6 

Compat~bil~ty of recorded da~a with other systems,' 

large or small. (19) 

The floppy disk itself (referred to as a diskette) 

is a temovable magnetic storage media which is permanently . I 
contained in a paper ¢nvelope. The diskette drive is a low 

i . 

'cost, random access storage device, which performs ~he electro-

mechanical and read/write functions necessary to record and 

recover data on the diskette. Data is recorded serially·6n 

the floppy disk. Due to the high serial data rates, it is 

necess~ry to use auxiliary, logic .for the serial/parallel_con-

o d ; I d d . h k O h 0 versl~n, ata rec?verr' an ata error c ec lngs w en lnter-

:facing the floppy disk ~o the M6800. system. The hardware 
I 

[which Ilerforms this function is usually called a formatter. 
i 

The formater also serves as a buffer between the M6800 .system 
I 

and th~disk. I~ sh6uld be noticed that without the MPU'unit 

no control is possible so that the formatter together wi th 

the ~U forms the~con~roller (19, 30). 

I 

------------, 
FLOPPY DISK CONTROLLER I 

I 
I I 

I 
I M6800 
I I MPU Forma,tter 
I Unit I 

. I I L _______ "-- _______ I 

M6800/Floppy 
Disk­

Subsystem 

Diskette 
Drive 
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I 
I" 

f-

As used here the term "controller" includes not only 
,-- , 

the system hardware, but also those microprocessing system 

programs ~hich directly or indirectly control the diskette 
. \ . .. . 

driv,e. The program routines for the floppy disk are often 

referred to as flOPPY! disk drivers or cJn~rol modules. 

Before describing the system it is of interest to 

discuss the trade-offs invol~ed in microprqce~s?r based flop­

py disk controllers. The decision to design a floppy disk 
I 

controller using the ~6800 depends upon: 

The way the disk system will be used in the 

overall sys tern. 
, 

The cost difference between the alternative de-.' 

sign methods (such as hardwired logic) . 

Both the 
I 

and with short term long term goals re-
I 1 

I 
spect to the use of the disk subsystem. 

i 
Dtie to the high data rates of the floppy disk, the 

microprocessor i~, in effect, busy 100% of the time during 

da~a handling. This means no other peripherals can be ser­

viced while in a disk Iread/write operation. This constraint 

is not too much important for a laboratory system, however, 

for a dedicated mUlti-purpose system Direct Memory Access 

I 
(DMA) should be used. 

Since no other peripherals can be serviced, allowances 
I . . 

must be made in the ~ystem design to permit 100% syft~m dedi-, • 
i 
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cation to floppy disk during read and write ope,-ations. To 

use i.I serial non-overlapping task system or to cedicate an-

othe processor can be a solution. However, these are cost 

'effeftive solutiohs a~d in addition to that, as mentioned 
I I 

befo re, thesystein in' hand has only the purpose of debugging 

and developing of software and hardware for the final pro­

duct, so that the design is held at the minimum cost. 

Only two new boards will be ~dded to the system. 
I 

These are the contro~ler module which contains the formatter 

hardware ard the dynamic RAM and EPROM module. The board 

contuins all the system resident software which is the sys-

tem ponitor and the floppy disk firmware. Also 32K dynamic 

RAM :i.s included pn the same board which serves as a buffer 

for thq CODOS operating system, itself being 8K. 

The syste~ consists of four modules; two of them are 

the previously built MPU module which has CPU, clock genera­

tor, single inst~uction hardware for step by step operation, 

bus drivers, and the asynchronous serial input/output (ACIA) 

moduIe holding 4 

The TTY is of low 

AcrAl,s which provides the TTY interface. 

~peek and not much suitable fo] editing 
I 

functions so that it can be replaced by intelli~ent CRT ter-

'mina! whenever one is available. This replacement would 
I 

affect a little ~it the Input/Output software of the monitor 

but would provide m3ny advantages to the user. 

The controller module has a built in clc.:k i/cn'erator 



MPU 
MODULE 

I 

ACIA 
(Serial 

I/O) 

32K 
RAM 

i I 8K 

i' ~ EPROM -' 

1 i-. ---+-r~=-=-I ' Floppy 

'-----''----'-~-, .J.=-~~_"--_ C on ~ ~ ~ r 1 e r 

T--
16 Bit' ,I 
Address' 8 Bit Con1jrol 

Bus i Data Bus: BLls 

" 

SYSTEM BLOCK DIAGRRM 

i 

TTY 

9 

Floppy 
Disk 

Drives 
(Max 4) 

for data synchronization, a PIA for drive selection, 256 bytes 

. of RAM for the Operajin g system use, the floppy disk control-, 

ler chip~ and the data recovery circuit. A 40 pin connector 

should be ,provided for the interccnnection Hi th the diskette 

driv~. Up to 4 ,drives can be attnched in the so called 
I 

"dai:-y chain" c9nfiguration. in this configuration some of 

the lihes are shared and so~e are dedicated (such as the drive 
i 

select line). Its dfsadvantage is that only one driv~ can be 
I I ... 

·operc~tional at onetime. On the o1her hand, in the f' r adia1 11 
.:J-

• 
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I 

int'erface, all in terconnections are dedicated to specific 
: , 

driveslwhich isolates all drives but uses much more hardwar.e. 

The disk :~ri Je , I 
the Siemens ,FDD tOO-8. 

used for the 'design developped was 
I 

The double sided, removable disk car-

tridge will store up to 256 Kbytes for single-sided and 512 

Kbytes for double-sided diskettes using the compatible IBM 

system 3740 format. The power requirements are as follows: 

I 
230V AC (1,,80V to 253V) - 50 Hz _+0.5 Hz, for the 

I i 
I ! 

diskette motor. ,Motor current at start: max 0.4A 

Motor current at run: max 0.2A 
i 

+24V+5% DC, Z.OA max for stepper-motor, read/~_=-

"Hi te' head. 

+5V +5% DC, ,l.OA max for logic circuityy. 

! 

I \ 
The +24V!supply should be provided separately since 

! no +Z4Y supply exists on the microcomputer system. However, 
I 

+5V can be supp~ied from the built-in +5V, supply. 

The RAM and 

. of the o:ld desig~. 

EPROM board, in effect replaces 9 boards 
I ' 
(8 x 4K state RAM modules + one 8K EPROM 
I 

module) ... The RAM's used are the very low cost 16K x lbi t 

4116 dynamic RAM's so that 16 of them are used. These RAM' 5 

I 
have the extra disadvantage of additional circuitry for re-

freshi;ng and the need of 3 supplies. However, ,whatever is 
! 

the pdint of view there is at le~st a cost reduction of a 
I 

factor of four-£ive tf the usage of a single +5V zKibjte Z716~ 
! 
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EPROM's are considered instead of the three supply 2708's. 

In addition to all that hardware the software support 

should be given. I'Th~S software which should be referred as 
II 

the resident driver firmware has to contain various fixed 

entry points (addresses) available to the user to perform 

specific operations, some of whose are listed:' 

Bootleade, for the operating system 

Hardware ilni tialization of the con troller 
I 

Error checking routines 

Error printing routines 

Read routines 

Write routines 

Cyclic redundancy checking routines 
! I 

Head movement controlling routines 
I I 

I I 
Write test routines. 

These rohtines will be contained :in an half 2716 so 
I 

that they will b~ of lK byte length. These routines may be 

modified at all times but the operating system will not be 

aware of it since: the inputs and outputs and even the call 

address will not be changed. Whenever this is~laied lK pro-, 

g.ram operates 'vi th the system hardware there is no chance 
I 

that the operating system is inoperable, provided that all 

the user routines meet the parameter requirements. 

. 
q • 



CHAPTER 3 

SYSTEM LAYOUT 

12 

, 
! 

Some arrangements have been made on the system's al~ 

locatio~ of memory sPfce (memory map). As mentioned before 

the sy~tem uses m~mor* mapped I/O so that some place should. 

be reserved to I/O devices in the memory space. Also some 
I 

restrictions should be considered because of Motorola's flop­

py disk I/O and firmware location and the ma~ has to be·rea--
I 

lized accordingly. 

\ 

I I 
The larges1t mimory space is occuppied by the _ 32K -RAM. 

But it'_s placement is not so difficult since you have only 
I 
two 'alternatives: , I 

either lower memory locations (AI5=0) or 

higher memory Iodations (AI5~1). There are too many reasons 
I 

to plac~ it at the lowest me~ory loc~tions; these can be men-

tioned as follows; 

- -Direct addressing mode which saves one byte, or 

33% oJ the program memory space, in each'instruc­

tion (9). 
I 

Allocation of the 0000 to OOIF addresses to the 

standard Mltorola floppy disk firmware vaii~bles 

to communicate with the operating system. 
I 
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i 
Program allocation of the CODOS operating system 

starting from 0020 with a length of about 8K bytes. 

I Taking into account 
I 

\ these reasons the RAM is put from 

0000 to 7FFF. Another I restriction is brought by the CODOS 

operating system which requires a RAM area at locations EFOO 

to EFFF. This 256 bytes of RAM consists of two 2112 static 

RAM chips arid.is located on the controller board since this 

board and the·· CODiOS IS completing each other. 

also used as the ~cr~tch pad for the monitor. 

This area is 

In the M6800 syst~m, an interrupt sequence may be 

generated by the three hardware signals: reset, nonmaskable 

interr*pt (~), interrupt request (IRQ) or by the software 
i 

interr~pt (SWI). These events obtain the address of the 
i 

interrupt routine; in locations FFF8-FFFF; That is why EPROM 
I 

addresses should be placed in the highest memory location (9). 

The EPROM's are thus in the range EOOO-FFFF. 
/ 

I 
i 

i One should immediately notice that in the range EFOO-

EFFF 256 bytes of RA1 and the last 256 bytes of the second 

EPROM overlap. Of c9urse, this does not occur since care has 

been taken so that the second EPROM behaves as a lK EPROM if . 
the appropriate harware setting is made on the EPROM board. 

I 
'This lK EPROM wHich ranges from E800 to EBFF contains the lK 

floppyidisk software. 
1 

! 
. . 
~ ~ 

In fact, the total EPROM is of 7K'byte size~because ~. 
, 

of this arrangement. However, if one does not use the flop-
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py' 'disk controller so that the 256 byte RAM is out of the 

system1the board could be easily modified for 8K byte EPRON. 

Th I :~ I . 
e ast ~te~s that have to be placed are the floppy 

,I J 1 

disk controller and the drive select PIA. These are placed 

on ,the region ECOO to EC7F since ECOO, EDOO, EEOO and EFOO 
, 

had been alreadi decoded on the same board. Next with a 

minimal hardware ECOO is decoded to EC3F and EC40 to EC7F. 

In this way the FDC is at ECOO to EC3F and the PIA at OC40 
. I . . 

to EC7F. Howeverl, tHe PIA' needs four locations and it is 
'I·, , 

I '! ! ' I 

; given here 64 loc~tions; similarly the FDC needs 8 locations 

and it is given 64. The reason is that full decoding 

done, in other words A3, A4, AS are not used for the 

A2, A3 ! 

r 
A4, AS are not used for the PIA. In this way 

PIA ha$ 64/4=16 images and the FDC has 64/8=8 images. 

EC08, EClO ... e~c, Jre the-same location~ of th~ ~DC 
i I 

is not 

FDC -and 

the 

ECOO, 

and 

EC40, EC44, EC48 ... are the same locations of the PIA. 

I 
I 

As a ;general result it is observed that. the loca-

tions E800 to EFFF contains all needs of the floppy disk con-

troller including thj firmware 

'. , scratch 1?ad RAM. i FO~O to FFFF 

EPROM, the I/d ports and the 

could be, assigned to a well 

. sophisticated monitor and EOOO to E7FF will be a general pui~ 

pose EPROM for further expansion. The buffer will occupy the 
I lower half of the memory and the I/O modules could be loca-

ted between this RAM and the EPROM. 



MICROCOMPUTER ADDRESS DECODING CHART (MEMORY MAP) 

Connected to the Device Address or Register Select Lines 
x Not connected 

A131 A12 
, 

A51A4 A3lA2 Device A15 A14 All A10 A9 A8 A7 A6 - I , 

· I 
I I 

16K RAM 0 0 . . . · · · · · · · · 
} r:.!( RAM 0 1 . . . · · · · · · · · · 
Reserved 

for 
Other 
Devices I 

I I 
I I l I 

, 
1 

__ Fi rs t EPROM __ ~_1_1 1 1 0 I 0 · · · · · · . . · ; r- - --+- -
: 1 I · l . 1 1 ·1 0 0 · · · · · · Second EPROM . - ~- - -- ~-'-

.-~ ----- -r- ----

·1 · 1 1 1 0 1 · · · · · · · 
Floppy Disk 1 1 1 0 1 1 0 0 0 0 x x x · Controller 

--

-t-- · 
Drive Select 1 I 1 

1 0 1 1 0 0 0 1 x x J( x PIA 

- I 1 
- --

256 Byte RAM 1 1 0 1 1 1 1 · · · · · · I 
, I 

Third EPROM 1 1 1 1 0 · . · · • • · · · 
'; 

.. - - 1---
Fourth FPROM 1 1 ! 1 1 ) · . · · · • · · · 

Al AO 

· · 
· · 

· · 
i · · 

-- -~ ----· · 

· · 

· · 

· · 
· · 
• · 

From To 

0000 3FFF 

4000 7FFF 

8000 DFFF 

ECOO E7PF 

E800 EBFF 
-or if wan ted 

~ 

E800 EFFF 

ECOO EC3F 
But used as 

ECOO EC07 

EC40 EC7F 
But used as 

EC40 EC43 
.. --

EFOO EFFF 

FOOO F7FF 

F800 FFFF 
--

-

--

..... 

I-' 
U1 

• 
./ 



FORMAT NECESSITY' 
i 

CHAPTER 4 

I 

DISKETTE· RECORD I NG METHOD 

I 
The data qn the diskette is recorded on 77 circular 

I I 
, r i 

the read/write head has to move back and tracks, so that 

16 

'forth to find a specified record, which are organized ln the 

form of files and given a name. These file names are saved 

on the: first track (this may depend on the operating system) 
i 

and co~secutively their position on the diskette are recorded; 

in this1way firs~, alsmall sear~h for the file name is made 
I 

on track 0, the file location (track address and location· on 

t'rack)· plus its length taken, and the file is transferred 
i 
I 

to. the computer!s RAM,using the FDC firmware. 
i 
I 

Also trackr should be subdivided into sectors 

since the overlap of a record to the Consecutive track may 

cause the wastin£ of a whole track or any means should be 

found to determine the end of a record, which will cause 
I 

another search operation for the CPU. With sectors only a 
-

few bXtes will be wasted compared to the whole diskette capa-

: 
city .. Also the sector approach will give the 1~ngth of 

I 
f{les in count of se~tors. , 

.. 
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, I . 
! 

As explained, the floppy disk is in f~ct a sequen-

tial access device (SAM) so tha'i the desired location on the 
, 

diskette itself cannot be accessed ditectly. Some searches, 

some movements, such as positioning the head, finding the 

record have to be made .. In such idev~ces th~ access ti~e can­

not be specified but always care has been taken to reduce 

that time to minimum. Some other basic reasons: for the for-
I . 

mat approach is to provide both an interval for switching 
i 

the drive electronics from reading or 'writing apd compensa-
I. 
I , 

tion for rotational speed, and other diskette-to-diske~te, 

. and dri ve -to-drive manufacturing ItolJrances to, ensure 

data wrltten on a dlskette by one system can bel read 

another (11). I 

that 

by 

Together with its advantages the format of a dis-

kette has also many disadvantages: 

About 35% of the 

I . . I 

redordable surface 
i 
I 

ved for the format. 

is reser-

Each diskette should be pre-formatted and a 

format standard should be adopted. 

In the possibility of the format to be damaged 

tbiS sector or tracJ wiil be unusable. 

Controller logic is la little bit more sophis;" 
, , 

ticated since sector, index or tra~k identifiers 

should be found and compared. 
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IBM 3740 FORMAT FOR SINGLE DENSITY RECORDING 

The recording format is dependent upon require-
I 

ments of the controller, that is of the host system. Doubl~-
I 

density or single-dehsity recording sc~emes are possible for' 

~ll drives but the read logic of the. controller prevehts all 

MPU's to handle double-density recording. In effect there 

are great differences between these schemes. The double­

density bit cell is 2~sec compared to the 4~s~c bit cell of 
I -

the single-density; the main reason is that the recording 
i 

encodings are different. MFM is for dduble-density (Modified 

FM) and only FM for single density. It is noted that al­

though tbe minimum pulse. spacihg is 2~sec for each encoding 

- which does not affect the drive read/write logic and elec­

very different troni~s - the decoding and encoding logics are . i . 
which cause use of of her hardware and software for each 

I 
scheme (28) . 

Bit cell + 500 KBS 
12~sec 

I 1 1 a a a 1 1 I a a 1 I· , 

WRT I Clock Clock 
Data 

DOUBLE DENSITY ENCODING 

Bit cell KBS 
·14].lSec 

I I a I 

WRT . I Clockq 
. 

·Clock +2~+ Clock ! Clock ·Clock Clock • Data Bec Data Data 

SINGLE DENSITY ENCODING 
Q 

(j ., 
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The single density is recorded ~n the diskette 

using frequ~ncymodulation as the recording mode, that is, 

each data bit recorded on the diskette has an associated 

clock bit record~d w~th it. A byte when referring to s~rial 
I ' . I 

data, is defined'as 8 consecutive cell~. The MSB is irans- : 

ferred to the drive and from the drive first. The figure il­

lustrates the relationship of bits within a byte and data 

and clock patte~ns. 

c 

1 

is, 

D D IC C C 

1 1 o 0 

1 1 1 1 

D C CDC 

1 o 1 . 0 

1 . 1 1 

C D G 

Data 
bi ts 

Clock 
bits 

Hex data 

Hex clock. 

Th~ IBM 37AO Format is a soft sector format, that 

sectors are!determined by software and not by any other 
. I 

hardware pulses. The only thing that initiates a track ope­

~atio~ (formatting, ~ead/write operation) is the index hole. 
. ,: I' ; 

All tracks on the diskette are referenced to this physical 

index mark and each time the hole passes a photodetector cell 

(one revolution! of the diskette), the index pulse is genera-
_~ I 

ted to indicate: the logical beginning of the track (11). 
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.' 

. i -. 
The: logdcal sequence of the remain~ng sectors 

i I '. 
may be non-sequeriti~l physically. The Ilocation of these is 

determined at initialization by CPU formatting software and 

no problem~ will occur if the controller or CPU is changed 

since a specific search for that sector is made. Each sec-

tor consists of an identification (ID) field and a data field. 

Normally preambl~s ahd postables containing a stream of co-
I I . 
i ' 

, ded bytes are wr~tten at the beginning/~nd of each sector, 

to separate fields and to provide data synchronization. The 

beginning of each field is indicated by .6 bytes of (OO~H~' 

followed by a one-byte address mark. With this format 2S~K 

bytes jof data can be stored to one side of a diskette which 

contains 77 track S~bdivided to 26 sectors (30). This amount 
• 1 (. 

is doubled with a doiuble si"ded diskette. 

Address ~arks are unique bit patterns one byte in 
, 

length which ar~ used in this typical tetording form~t to 

identify the beginning of ID and Data Fields and to synchro­

nize the deseria~iZi~g circuitry with the first byte of each 

field. Address mark bytes are uni~ue from all other data by­

tes. in that certain bit cells do not contain a clock pit 
I 

(all other data! bytes have clock bits in every bit cell)~ 
I 

There are four different types of address marks used: Index 
i 

addre~s mark (Clock D7, Data FC), ID address mark C7clock, . , 

.FE data), 

Data Mark 

i . . . " 
Data Addre1ss Mark. (C7 Clock, FB Data) an4 D.eleted 

(C7 Clock,' F8 Data) to show that, a data field has 

. . 
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Track 

Format 

Post Index 
Field 

Format 

Sector 

Format 

ID Field 

Format 

~. . 166 2/3 Msec " 

ptlcal Index 

Post Sector 1 Sector 2 Index 

73 188 188 

40 bytes 6 bytes 

FF 00 

ID Gap 
Field FF Data Field 

13 11 l~ BX.te~ 
--- --- - -

6 1 1 1 ' 'I 
- --- --

DO FE 00 . 

ID Address MarkC7 ClockJ 
Pattern 

I 
1 

1 

00 

-,-,,--- .... 

Sector 26 Trailing ·Gap (Pre.-Index) 
247·Bytes of Hex FF 

188, 247 (Varies with speed) 

I 
26 bytes 

FF 

Index address mark (FC Data, D7 clock) 

- ---

z ... J 
CRC I 

I Gap· 
FF 

--...J-- _27 __ l 

Cyclic redundancy 
Check characters 

) 

Track Number in Blnary 

:~:~ :ie 1dT""I---o-:----------rI-F~-:--.--' -D::: I.c:c 
'~Data' Address Ma'rk C7 Clock bi t pattern 

'. 

Co 
SINGLE DENSITY IBM 3740 FORMAT (11, 19, 20, 22,30,34) 

N 
~ 
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I 

been deleted (11, 19). 

Each field on a track is separated from adjacent 

fields by a number ~f bytes conlaini~gno,data bits. These 
I 

areas are referred to as gaps and are ~rovided to allow the 

updating of one field without affecting adjacent fields. 

There are four different types 0.£. gaps on each .track : The 

post-index gap defined as the 32 bytes between, the Index 

Address Mark and the ID Address Mark for sector 6~e, the ID 

gap defined as ;pe s!eventeen bytes between the ID field and 
I , 

the data field, the Data Gap defined as the Data Fie14 and 

the next ID field and lastly the Pre-Index Gap defined as 

the three hundred and twenty bytes between the last Data~· 

Fieldion a track and the. Index Address Mark .. Except the 

Post-Index Gap the other gaps' may vary in size after the 
i 

Da ta Fie ld has bren rPdated. The Pre -Index Gap is 320 'bytes 

nominally; however, due to write f!equency. tolerances and 

disk speed tolerances this gap may vary slightly in length . 
I 

in addition to the update of sector 26 (the last one). (11, 

19) 

Each ID and d!ata field is appended by two Cyclic Re-
I 

dundancy C~eck (CRC): bytes which is generated from all cha-

racters (~xcept the CRC itself) including the data in the 
I address mark but not the clocks. During all read operations, 

these ,CRe bits are again generated and compared with ,the CRC 
I 

bits that were appended to the field when it was written (8). 

The CRC bits. may be jgenera ted' by soft\vare or hardw~rei, hO\'/-
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ever, software peneration needs too much time since for each 
I _ 

byte about 550 machine cycles are needed; this corresponds 
i 

to a maximum baud rate of 9600 bauds compared with 31,35 

Kbauds in the f1Pppy disk (2). 
I 

For this reason, fast hardware methods are used. The 

CRC is in fact, capable of detecting multiple-bit etrors, 
1 ' 

unless a repetitive burst of errors. It is the most favorite 

method for error checking since it can easily overcome sim-
, \ 

p1e coding procedure~ like parity checks with minimal waste 

I of bits. 

',' , The bits in any message may be pictured as being~.e­

~resented by the coefficients (0 or 1) 6f a polynomial of 
I 

nth d~gree if there are n+1 bits in t~~,me~sage block. For 

the CRCgenera ti ~n a 16th degree ge'nera'tor polynomial G (X) 
I 

will be used. For the IBM format the CRC-CCITT reVerse ge-

nerator G(x) = X16 + X12 + XS + 1 is used. The whole data . 
stream is of dekree (129 x 8) - 1 = 1031. However, after 

I 
the division, the remainder will be of degree 15 so it will 

contain just 16 bits which forms the CRC. Th~se 3 bytes are 

appended to the data stream and when read back now'being a 
! 

polynomial of 1031 + 16 = 1047'th degree together with CRC 

bytes, th~ re~ainder will be O. Assume R(X) is the remairtder, 

Q(X) is the quotient, B(X) is the 1031th degree polynomial 

then B(X) = G(X)Q(X) + R(X) and B(X) - R(X) = G(X)Q(X) so 
I 
i , 

that the new polynomial B(X) - R(X) is divisible by G(X) 

exactly (35),. 

o 
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The division is performed as data cycles (hence the 
I 

name of eRe) with serial 16 shift r~gisters and ~feedback ex­
I 

clusive OR gates to achieve the substraction of the division. 

The location of fhesr. gates· changes wi ~h the generator poly­

nomial. This ci~cuitry is. generally i~cluded in controller 

Ie's and shifted automatically after the data stream. 

RECORDING THEORY 
II 

I 
Magnetic ,reco,rding which is used in the floppy disk , ' . 

has many advantages such as wide frequency range, wide dyna­

mic range immediate and repeated playback, high density 

storage and low cost. The magnetic recorder/reproducer'c~n-' 
i . . 

sists lof four essential elements which are the head, th~ 
i 

rec,?rding media, the record amp1if~er < ,and the reproduce amp-

lifier (13). 

The recording takes place on a magnetic-oxide coated 
I 

flexible mylar disk sealed within a plastic envelope for 
I 

protection, self-cleaning, and ease of handling. The coating 

materials are pa~ticl1es of the gamma form of ferric oxide, 

Fe
2
0

3
y ~ These par~icles are fixed to the backing material 

! with a synthetic-resin binder. When the magnetic flux pene­

trates into thel coating it reorients the vectors of the mag­

netic domains. ! This alignment has a magni tude and direction 
I 
I 

that is a function of the magnetizing field intensity. To 
I 

have a high-frequendy response a thin coat is needed since 
. ! 

at high- frequencies !penetrationdoesn 't occur. Tht thin coat . 

} ; . 



also provides good signal to noise ratio. Since small par­

ticles can be easily oriented this ~illalso cause high­

frequency response and good signal to noise ratio. The re­

cording densi ty for ~ single den~si ty diskette varies 'from 
, I 

1800 to 3200 bits pet inch (1800 for tr~ck 00, 3200 for trac~ 

76) which corresponds to a recording speed of about 100-200 

inch per second. 

~ -r-Write Current 

Oxide Surface ~ux 
Motion til 11111/ 1// / / / / /~y,\~,i/J}/Cf/S,~'/ / / // /; 

r-----Fringing Flux 
'~--"-'i~=--~ ____ 

Front Gap 

Record 

Current 

Rear Gap 
...... -----/ 

RECORD HEAD 

Generally thelhead consists of two cores and there 

are windings around both the cores~ The rear gap is kept 

minimum to avoid the fringing flux. Also the front gap 

should be kept parallel to maintain the frequency response 
! 

of the head constant. In a record head the gap must be wide 
-

enoug~ to permit the magnetic flux to fringe far enough a~ 

way from the gap to renetrate into the oxide coatin~ ?f·the 
q • 

magnetic tape. On the other hand, during read, the gap mus t tJ· "" 

BoGAw~N'VEiWTES~ KUTUPHANESl 
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b;..=; ~'J'al1 enough so Li'.at s!':Jrp chari!~::'s or gradient· of t-hf:; 

Elm, mel)' be gener:lte,i, to prrmi,.t\Sl1Wl] changes in data l(~vel 

to be recognized (13). 

Fundamentally, the processi of magnetic r~cording is 

the magnetization of the magneticlparticles in the disk. The 

magnetic field intensity produced is proportional to the head 

current. The reproduction from magnetic tape is based on 

the voltage induced in the reproduce h~ad by th~ magnetic, 
, 

flux lines that emerge from the tape surface and pass ~hroughl 

the reproduce Head core. The valLe of this voltage is 'based 

on the rate of change of flux. Ii th~s way, s6mekind of 
I 
i derivative is taken after magnetic recording occurs (13). 

Magnetic recording on tapes had first used the "Non 

return to zero" (NRZ) encoding which was, the most popular 
i 'I, 

recording format before the Phase!Enc~ded (PE) format. For 
, I I 

NRZ recording, the magnetic surfa~e o~ the tape is magneti­
I 

zed to saturation in one direction or the otherieach time a 

"1" is to be recorded. The magnetization remains unchanged 

for a stream of "O"s. In the PE format data is represented 

by transitions occuring in the middle of the data cell; A 

low to high flJx transition is de tined as a,"l" and th~ re-
o I 

verse as a "0". Phase transi tion1 are not required whEm --the 

encoded data consists of 1-0 patterns. The encdding used ~n 

the floppy disk is referred as the Grobp Coded 'Recording 

and it is a high density recording sch~me which use~ the NRZ 

convention for "1" and "O"s but adds the restriction t~at 
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The disadvantage of the NRZ is that a long stream of 

O's may occur; causing the read amplifier's low frequency to 

go to DC so a wide band amplifier is needed. The high fre­

quency cut off will be about the flux changes per inches 

(FCPI) divided by 2. The disadvantage of the PE format is 
I 

that FCPI are doubled compared tq the GCR and NRZ. On the 

other hand, for t~is kind of recording the low frequency cut 

off is at least proportional to the FCPI/4. The GCR is the 

ntost advantageous because of two -factors: the low FCPI com­

pared to the PE, and the reduced FCPI/6 low cut-off frequency 

due to the thrbe bit cell restridtion (12). 

While writing, the incoming data pulses are converted 

to GCR data using a flip-flop and the recording occurs di-

rectly in the form of reversals on the disk. While reading 

a smooth derivative of the incoming pulses is taken, dfe to 
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the differenti~ting effect of the magnetic read/write pro-

cess. ' 

Recorded 
D a t a ---,..---1 

Band Pass' 
Fil ter Differentiator', Comparator 

I 
-V 

T 

i 
I 

, 

Threshold 
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ZCD 
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D 
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The inpui is a high~gain linear amplifier (~bout 100) 

folloy.red by a linear-phase ~andpass filter. The differen­

tiating networ~ provides a 90 0 delay to convert the incoming 
I 

read data signql peaks to zero crossings for the comparator. 

1 1 1 a 1 0 1 
I I, I r 

Input 
'f ' 

Different. 

ZeD 

TD! 

OUTPUT' 
, 
I • 

WAVE FORMq SHOWING DATA DEMODULATION 
fl II .-



) I 
! 

\ ' 

29 

The function of the threshold detector is to avoid 

recovery of dat~ at critical points of the input. The com­

parator in fact detects positive or n~gative peaks: a posi-
. i <-

tive peak correspond~ to a followed high data while a nega-
i : 

ti ve peak to a follo~ed low d'a ta :.-, The I"-one"s canbeconver-

ted to small bits using a bidirectionally triggerable mono­

stable. 

,: I 
I 
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I 

CHAPTER -. 5 

. GENERAL 

The disk drive is comprised of three major assemblies 
I 
I 

being the printed circuit board (Electronics), the maih deck 

assembly and the carrier ass~bl~. fhe electronic circuitry 

required to convert the digital data input and ~utput to, 
. . .' . I 

and from analog data for the read/write heads, and head po-

sitioning information is contained on one circuit board. 

The main deck assembly is the principal supporting assembly, 

and contains t~e spindle drive motor" drive belt and pulley 
I . ' i I 
to rotate the diskette at 360 rp~, the stepping motor, lead 

i '. I 
screw and head assembly to position the ~ead/wr~te h~ads, 

the single-gap magnetic recording heads, the disk cartridge 

. guide and ejector, optical sensing. LED's and phototransistors 

for ind6x, track 00 and write protect sensing. The carrier 

assembly is the secondary frame which pivots from the main 
I I ' 

• i J ! 
deck assembly and includes the dlSk tentering cone, th~ head . I' 
load solenoid together with the head assembly and push but-

ton latch release mechanism. 

Operationnally the disk drive contains three major 

systems being the control, posi t+oning and read/wri te !systems . 
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Con t ro ller-ol--< 
To 

f'-t-Controller 

Control System 
~---tExecute Commands , Commands M . onltor Own 

Circuits 
Send Status 

I I 

Status' 

Positioning System 
'+-- Posi tion Read/WRite 
r--.. Head Over Track 

Generate Track 0 
Status and Index 

DISKETTE DRIVE SIMPLIFIED BLOCK DIAGRAM 

(30) 

The control system provides the interface circuitry 

betwe~n the disk controller and the disk drive., The con-
i' 

troll~raddress9s aldisk dri~efor on-line ,operation byac-

tivating a unique select line. This technique allows mul- '.' 
" 'I,' 

tiple disk drive units to share common interface lines while 

remaihingindiyidually selectable, (daisy-chain operation). 
I 

Commands ar~ received by the drive in the form of 

low level TTL i~~erface signals which designates one of the 

following operat~ons: 

SELECT f Places disk drive on-line with controller 

by ebabling all input/output gates. 

STEP - Enablesread/wri te head positioning .. 

STEP IN - Determines read/write head movement,direc-

tion. 
, ~ 



HEAD LOAD (HOLD) - Places disk surface in contact 
, 
I 

with head. 

SIDE SELECT - Selects the d~sk side for read/write 

operationsl. 
: i 

wwnR~ITmEn-~GA~T~E~ (WRT)- Enables write Icurrent to turn on 

and inhibits read outprit. 

32 

The STEP 'signal moves the read/write heads to ei ther 

a higher or lower track position depending on the STEP IN 

line: Since rel~tiv~ track positioning is used the control-
I 

ler maintains current track position and generates the num:-

bei of pulses tiecessary to achieve a new track position. 

Once 'positioned: and SELECT, HDL'D and SIDE SELECT commatid~_:­

outpu~ed by ~he' controller, a read or write command can be 
I 

I 
initiated. 

i 

Five drive st~tus signals are gated ~o the I/O lines 
l 

When the disk controller selects a drive: . 

. Q 

WRITE PROTECT ~ indicates write data cannot be 

recorded on the disk (if write protect disk is 

used) . i I, 

TRj\CK 00 - Sh'ows that the head is positioned'at' 

: track 00. This sig'nal is used to initialize the 

contr~ller's track address register. 

INDEX - bccurs once ~~r disk revolution and shows 

physical beginning of a track. 

READY- Indic!ates that disk is loaded and uJl$ to 
I 

opera tingspeed . 



DOUBLE SIDED - Optional status showin~ whether the 

inserted diskette is double or single sided. 
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To acc9mpiis~ the positioning of the head in r~sportse 
~ I .. 

toSTEr pulses from the controller thr~e functions are re-

guired: Stepper motor control, stepper motor, and carriage 

assembly. 

~ The stepper motor control converts serial STEP pulses 

to three sequent~al lcontrol signals. Each signal energizes 
I , 0 

one of the three: motor windings, caus ing a 15 rotation , ... hich 

is one track position. The sequentially grounded control 

windings of the: stepper motor causes the rotor shaft to ro­

tate through detent positions. at a maximu~ rate of 333 st~ps 

per s~cond. A lead screw on the exposed rotor shaft con-
I 

movemenlts verts rotary to linear movement, to drive the car-
I 

riage assembly 
I I 

by fixed from skewing. guided a way to prevent 

The readYwrite system records or retrieves data ae-
I 

cording to the ~RT signal from the controller. The read/ 

write head is essentially an electromagnet that can concen­

trate a high magneti~ing force ove~ a very small area of the 

adjacent !ecording stirface. When recording, the flux field 

is alternated to magnetize the disk with the desired bit 

pattern. Each fead/write head contains an addtional elecro­

magnet, the function of which is to erase the edges of the 
! 

recorded track as 
I 

data is being written. The width of the 

track is narrowed 1 tO
I 

0.013 inch so that crosstalk 6be.tween 
! 

tracks. are minimized. 



When reading, the read/write electrom~gnet acts as a 

senSOT. A flux! reversal on the recorded track induces a 

voltage across the electromagnet coils. This. voltage is 

amplified and CO~dit~oned to rec~ver the recorded informa-. . I 
tion. I 

ELECTROMECHANICAL COMPONENTS 

The input AC 

i 

DC power for the drive are supplied 

by the controller. electromechanical elements and their 
I 

interface to the host are shown on the figure. The,drive 

comprises of the following functional systems: 

Spindle drive mechanism 
I 
I -

I _ 
I 

Read/Write Head positioning system 

Head liad fystem. 

'The spindle drive system provides ~6tational movement 

of thi spindle ySinga si~gle-phase, motor. Rotation of the 

spindle is provided by a belt and pulley connected to the 
I 

drive ~otor rotor shaft. 

eithe~ 50 or 60 ~z ifPut 

revolutions per ~inute. 
I , 

I 

The drive pulley is selectable for 

pmver for rotational speed of 360 

A floppy disk is engaged with the 

spindle drive hub by the spindle centering cone. The spindle 

system consists 10f a spindle mounted on the deck and a cen­

tering cone mounted on the carrier. In the unload pos~tion, 

the ce~tering cone carrier is pivoted open creating an ap-
t 

through whicf the floppy disk is inserted. As- the·· perture , 

pivoted 
I the load position, the 

. ~. 

carrier is t9 centerlng cone - .. 
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: DETAILED FUNCTIONAL DIAGRAM 

I 

HMd ,. ... llIon ""'""ator 

ente-rsc ,the~l~p~y disk ;cen.te;r .• , Just prior to the fully' 
I 

3 

close~ position i, the centering cone expander is activated to 

expand the cone which grips and aligns the diskette to the 

spindle. 
i 

The positioning system comprises a carriage assembly 

containing a fi~ed read/write head and a second read/write 

head on ~ sprin~ loaded arm, a bidirectional stepper motor 
I 
i 

and allead screw. The stepper motor rotational movements 

are converted to linlear mo'cion by driving the lead ~sc.Tew 
! 

and carriage as~embly. When the stepper motor is pulsed, 
1/ .. 



the lead screw rotates clockwise or~counter-clockwise, 

moving the carriage in or out respectively. 

36 

The variable !reluctance stepping motor provides pre-
, I i 

cision positioning of the head. It isi energized by +24 Volts 

and operates in either Detent ~r Positioning mode .. The 

stepper motor has three pairs ·bf windings. In detent current 

flo~s in one winding and. maintains the Totor in electro-

magnetic detent. For positioning, the windings are driven 
I 

sequentially, c~usirig the rbtor to rotate through detent 

positions until the step commands are halted. The rotor 

then locks in that position with the last winding being 

driven. The sequence in which the stepper motor windings. 

are puls~d dictates rotational direction (1). 

iOAD ARM 
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I 

The head'load system is basi~a~ly, a solenoid driver 

and a solenoid.. When activated by the HDLD s ~gnal, the 

spring loaded arm is released and brings the recording sur-

37 

'I ~.' 

. face of the floppy disk into conformanc'e with both heads. ' At 
: I : 

the same time a· foam pressure is relealsed exerting a force 

on the disk cartridge again5':t the platen on the deck. The' 
.. ~ 

head load command needs a 25' msec execution time. 

CONTROL LOGIC 
I 

11 

The disk drive uses standard 5-volt logic, where a 

voltage more positive than + 2.4 volts is considered a ~ogi­

cal one, and a voltage more nega ti ve than + 0.4 volts ls,~:'c'on-' 
, 

sidered a logical 0 Interface 10, gics1." gnals are active 10\" , i " . 
and are inverted:bY tine receivers .andline·drivers for use 

by the disk drive an~ the controller, respectively. 

The control logic contained in the disk drive per­
I 

forms four prime functions: 
I 

" 

I 

Accept! cortroller SELECT command and enables all 

interface, logic. 

,Detects and provides index pulses. 

Monit?rs floppy disk rotation to develop a ready 

I 
stat~s for the controller. 

Reports to the controller the type of floppy disk 

in use. . 
6 • 
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The SELECT' line is'used td activate on~y one of the 

drives: connected in the daisy-chain fashion.· . Each drive may 

hav~ a dedicated SELECT line or ! binary selection logic for 
I 

activation. Whe~ SEtECTiS inactive, ~h~. selec,t .logic inhibits 

all interface input ~eceivers ~nd outpu~ drive~s to an~ from , .. 

the disk drive. F6r dedicated selection, jumpers JO, Jl, )2 

or J3 should be'used and only one of them should be strapped 

fo~ each drive., so that when that dedicated line is low the 

drive will be selected. With this feature up to four disk 
, I 

drives can be co~nected. 
i I 
! ! 

SELECT ~ JO 

SELECT I J1 
i 

SELECTi 2 J2 
I 
I 

SELECT 3 
i 

~ J3 
I 
I 
I 

l( ENABLE 

. ...-

13 to 8 

[Decoder 

AD I~ 
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, 
h , 
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r-----<t----.... SELECT to gate other 

J4 

J5 

J6 

J7 

J8 c 

J9 

JI0 

Jll 

logic circuitry 

SELECT LOGIC 

To address more drives an 3 to 8 line decoder ~spro­

vided on some drive 51. In this fashion SELECT 0.line is us ed 
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to, enable the decoder and in this way only one of th'e out-
I 

puts ~ill be low. The decoder accepts a binary coded address 

on the other three select lines. To select a drive where 

JlO is instal1edi~ f~r example, the 0010 pattern should be 

: given, SELECT ¢beiJg the least s~gnifi~ant bit and the 4e­

coder accepting inverte.d addresses. 

, The ind.ex detection logic is comprised of a LED, a 

phototransistor, a comparator and an output line driver., 

Since index holer a~e positioned differently for ouble~ 
. Ii' 

sided floppy disks,two LED/phototran~istor pairs are in-

'. 

cluded. When the media bocks the LED output, the output from 

the comparator is low. For each index hole sensed the c.9m-

paratqr ~utput. goes high for 
i 
I • 

1.7 msec nomlnally. This 
I ' 

comparator output isl then in-
I I 
I I 

verted and sent to the con-

troller. . 

uf.lr 
r166.66jJ· 
:t 3. 33msec . 

1~7"!0.Smsec 
. . 

INDEX TIMING 

The ready logic is used to monitor the INDEX pulse 
, - I· ~ 

for the rotational speed of the floppy:disk. When the re~ 
: I 

quired spe~d is reached the READY status is sent .to .the con-

I troller after receiving two index pulses. Two seconds are 

I required, howev~r, after the AC power is applied, to send 

ihe ready signai. 
I 

Q • 

" 
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. _D_C_p_o_w_e_r ___ -,-.....J11 
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-~I! ___ -Valid Output 
Control Signals. 

SELECT 

READY 
i 

·1 

t~500 ns Max 

II ,L-__________________________________ __ 

CONTROL TIMING 

The control l~gic also l~ghts an activi~y indicator 

LED, mounted in the door open push button, when the SELECT 
! 

line ~s active. This feature may also be used for the door 

lock option to Pfeve~t the operator ~ro~ opening the door 

and removing the·diskette when the drive is selected. 

Another iine used by the controller is the TWO-SIDED 
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I 

line which is attive whenever a dual sided pack is install~d 

READ/WRITE HEAD!POSI~ioNiN~ LOGIC 
~ 

The read/write head positioning logic performs four 

prime functions: I 

.. 



, 

Activa!tes the head load/unload solenoid 

Detects position of rea'd/lvrite heads at track 00 

and signals controller 

Swi t che:~ 1 + wri te current when track 00 is 

encountered 

Activates stepper motor and determines direction 

of r~ad/write head movement, in response to 

controller 'commands. 

The functi'on ~f the head load logic is to accept the 
:\ I 
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HDLD command fro~ th~ controller and energize the head load, 

;solenoid. The ~nergized solenoid releases the spring loaded 

head arm and gen:tly forces the media against the heads ... ~s 

a condition on the loadin~ of heads, the door must be clo~ed. 
i 
I 

A phot?swi tch mounted on 

a tab on the floppy JiSk 
! I 

when the door is ~losed. 

for the head load driver. 
! 

the: ~eck asse~bly is activated by 

carrier blocking the LED output 

This will provide an enable signal 

,Also, 6ptionally the heads can be 

loaded with SELECT only, independently of HDLD. 

\ 

:The track 00 logic monitors the position of the read/ 
. .' I . 

write he~d by mea~s I~ a phOtOSWltch and comparator, and 

lsignals the controller when the head is'at track 00. The 

photoswitch is mounted on the deck assembly and is activated 
.' I ' 

by a tab on the ~arriage blocking the LED output. However 

this is not sufficient since the switch may not be sensitive 
I 

enoughlto strictly determinE~ track 00. For this reason the 
, I . 

swi tch output is gate;d Wl th phase A of the stepper mot'or 
, i 

f· 
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control. The stepper motor is forced to phase A on power ion 
t 

reset ~o ~hat the initial condition -is always th~ head ~eing 

on tr~ck 00 (this sould be done by the operati~g system on 

syste t d I· .1. 1· . ) m rese an 11nl~la lzatlon . 
I - I 

Track 

Swi tch 

i 

00 
I 

! I 
I 

01 
I 

02 
I 

03 

Phase 'A J I 1-1--+-_______ l~ 

Phase B ____ ._! .-I--------.~ ______ '_'"I: 
Phase C 

04 os 

'\r.--
I L..-______ _ 

TRACK pO 

TreK 00 GENERATION· 

The drive positioning logic causes the head to move 

one track distance for each active STEP command, and in a 
! 

direction determined by the high or low. state of the STEP IN 
I 

command. The stepper motor drive logic comprises interface 

active stepper gates,! the s'Eate [courter WhiC~ generate:s 

motor phases and \the, motor drivers'. 
I '. ~ I ~ 

: " 

~he3-st'te counter is triggered by the traili~g edge 

~ pulses which should have a pulse width of at 
I 

i 
least 1011sec. 

I ' 
The STEP IN command should be issued minimally 

lllsec before this trli1ing 

termines whetherthe\track 

edge, The STEP IN lead also de-. 
6 • counter is in the up or down mode ~ . 
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ij , 
".'1 

d 
1 

0 "(. 

I ~ " 
J 
" 

I 
and whether the state counter is in the forward lor reverse 

mode. 

DC Power 

I 
~--------------------------------~---------

SELECT 
I 
STEP IN 

l-_______ .-;. ___ ----JI Rever: s e ;-Forward . 

~ 1 ~se r_c_m_i_n_--'-___ ...... rE: 1 ~ s.-e_C~li _m_i_n 

1\ 

~ 9omse1." 
l mln 

:..- -' 

(2sec if AC'& 
DC applied 
simultaneously) 

, . : 
i 

STEPPER MOTOR TIMING 

! 

~I' 
iy3 .~~sec 

msec' 

min 

i 

, i' 
ishift register only 1., The state counter is infa.j't 

I: 
onepos i tion of which can be actl e concurrentlY

I
• On power 

on reset phase A is forced. If the register is ~n the for-

ward mode it will advance to Phase B 

to C if another occurs, cycling each 

I 
when a 

! 
I 

time. 

pulse occurs then 

In the reverse 

mode the cycling is reversed from C to B to A then to C, again.! 
I 

All three phase motor drivJrs are identical and in-', -" 
I 

dependent circuits. It consi~ts of a driver, a karlington-~ -
~ 

transistor pair and a flyback diode. ~hen the driver input --

is high the transistors are cut off~anJ the winding:not'en-
I . 

ergized. A low input on the driver turns the transisto~s on 
I 

, -
to energize the motor windin~. 

.:. 

I 
I 

In order to diminish current 
I 
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I 

flow to the transistor, due to the back EMF during the off 

switching, the ,diode conducti'on islet ,to a vol tage\ source 

of 24 + l~ = 36V while the voltage at the collector is 

4 8V. (7) 

Phase A,B 
or C from 
, state 
counter 

READ WRITE LOGIC 

,12V 

r---.-----~.>+---i<::!_..,__-- + 2 4 V 

Motor winding 

; 

STEPPER MOTOR DRIVER CIRCUIT 
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iThe write 10gilC concerts digital~y ~ncoded serial data 

from the controll~r tlo analog flux patterns that are magne-, 

;tically recorded on the disk. Th~ recorded data is sensed 

and' decoded duri;ng a read operation and re stored to digital 
I 

read data for the controller (pp 23-28: Recording Theory). 
I 

Tq pe~form a normal write operation the disk cart­

ridge' s write-pro~ectl ,slot should be covered, otherwise' any 

wri te command is disregarded and all wri te logic disabled.' 

For thi~ purpose, again a LED/ phototransistor pair is placed 
I " 

on the write-protect slot so that when the slot is covered, 

that i~ when a non-write prote~t cartridge is used, all write 
I 
J 

logic will be enable,. . 
q • 

I 
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I 

DC 'Power I --
____________ ~~----90msec--------------~~~1 I . 

U 1.5 msec min--i~"1 
15 l!ls ec J 

ml.n ~ WRITE GATE----~------------~~~l 

~! LS 

WRITE DATA 

I 

4]Jse.ch IIr 
max~ L 

IWRITE INITIATE TIMING 
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To begin a write operation the head should be loaded 

and step commands terminated; the contrary will cause the·-. 

disabling of the operation. The WRITE GATE signals that the 

data t9be written will 

I 
be outputed in at least one bit time. 

I I • 
At the same time the WRITE GATE activates the erase 

!logiC to clip the track width to 0~013 i~ches, to prevent con-
I 
i 

tamination to ne1ghbor tracks. If an auto-erase head is 

used a.turn-on 
i delay of 200 ]Jsec and a turn-off delay of 530 

]Jsec is given by using one-shots. In an straddle erase head 
. I' . 

no delaY1 are needed land the WRITE . GATE directly controls the 

erase head current. The SIDE SELECT interface line enables 

'the related side of the head to erase the excess sides of the 

recorded data. I 

!The Hri te 

command, the loW 

curr~nt control logic consists of the write 
I . 

wri tie CUTrent input and the data in7pu\:. The t1 • 

! 
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write input dri~es the emitters of tran~istors Ql and Q2 when, 

a writ~ command is issued. This input is used in conjunction 

with the LOI lead which is used to increase the write current 

when the da~a is ~o 1e written in ~ trac~ greater than 43, 

since the dIameter d~creases and the re~ording density has 

to be increased. The LOI is derived from a track counter ' 

whith is zeroed every time the TRKOO is encountered and in­

crements with step pulses if the direction is inwards, or 

decrements if the direction is, outwards., This 8 bit counter 
i 

is loaded ~ith hex 6~ when TRKOO occurs and the 6th output 
I I .' ,-" 

is used as the LOX leiad since this output is 10\" when the ' 

"count hex 3F or less is reached (6A- 3F = 2B hex =, 43 de'cimal) . 

This, output driv~s Ql arid Q2 additionally with the write 

input, so the write current is increased. 

I 
The write data flip-flop functions as a toggle switch 

for transistors Ql ana Q2. Every time a write pulse arrives' 
I 

:from the controller, the flip-flop's Q qnd ~ output ch~nges 
I 

Ii . • 
state together with transistors Ql and Q2, so that data is 

I 
I 

recorded in NRZ form. The FET switching network determines 
I 

which head is selected and Ql and Q2currentdrive~ switches 

will drive the wrtte ~urrentthrDu~h the 

,ling the magnetization .on the diskette. 

,ted according to the SIDE SELECT input: 

selected path control­

The heads are selec-

,when the SIDE SELECT 

is h~gh (which i~ th~ case, for single sided,diskettes) inver­

ter drivers bias'Q9 on and QIO off. In this way, QSand Q6 
I 

are con:ducting and Q3 and Q4 non-conducting. Wl th WRI GATE-

active Q8 qnd Q7 do nft conduct so that the write cUfr~~t is • 

g~ted to head a and biock'ed from the read amplifier. Similarly 
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head 1 is enabled for flow of write current when side select 

is loW. 

\ For a read opieration the read amplifier' ~ way, towards 
i 1 

the heads will be r~ady when WRIT~~GATE 'is inactive, th~ 

only selection will *-gain be the SIDE SELECT. However" this 

, input has to be re strictedwi th a certain timing for the 

head-amplifier path to settle. 

DC Power 
\ 

HDLD -_-.:.-_......" 

STEP -----:..\-.1.-,1 LrW 
~I _Hea-,--d l-nIHr~~~~:L 
I h.ldOll~ .,' 

RnAn DATA rr 

SIDE SELECT 

--~--~~------~--~~------~~ 

15 
msec 
min. 

25 'mse c ___ ---"~ 
min 

;.of- 9 Oms ec --------~ 
! min 

\ 
READ INITIATE TIMING 

The readl amplifier is a gain of 100 linear amplifier 

cascaded to a 3-pole linear-phase bandpass filter of 800 kHz 
• I, • 

i 
-3dB bandwidth. The decoding is made using a differentiator, 

, ! 
a cross-over detect1ir and a time domain filter (see R~g~ 2&~ . 

,g • 
¥ .;J ~ 

I 
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The' time domainfil ter recovers the obtained NRZ data to a 

serlesof pulses for the controller using a bidirectional 

one-shot providing a positive pulse for each transition. 

The positive edge! of each pulse triggers a· last 'one-shot to 
I . 

output nominal 200 niec pulses. The output is referred to 

as the RAW DATA since it not only contains data pulses but 
-

clock pulses as well. This pulse train should be separated 

by the controller. 
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CHAPTER 6 

i 
THE FLOPPY DISK CONTROLLER IC 

GENERAL DESCRIPTION AND PIN OUTLINE 

E
. . i I 

ssentlally all one chip floppy 'disk controllers will 
I ! 

interface to most drive manufacturers and are naturally IBM 

37~O format compatible. They will provide at least the fol­

lowing: 

AutomaticJtrack:..seek with verification. 

Read oir w i te with single or multiple records, 

automatic sector search and entire track read 

or wiri te. 
i 
i 

Prog~a~abl~ controls such as track to t~ack 
i 

stepping time, head engag~ and settling time and 

three Ph,se or step-Plu~-direction motor control. 

DMA or prqgram transfers. 

The dif4erences between cbntroller chips are generally 

the recqrding density and the level of the number of disk-
I 

drive~ that one chip will control simultaneously. 
, 

I ~ ; 
The MC6843 FPC is a single-density controller which 



I 

is, IBM compatib'le. Data'is clocked into the FDC by an ex-
-

ternal phase-Idck loop oscillator. In ternal synch,roni z a-

tion is handled automatically. A 1 MHz clock is·used as a 

timing signal fo~ tJe internai functions of the FDC, such 
, I 
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.. I 
as head load and step, as well as shifting data serially to 

the drive. Statu~ bits are provided to indicate various 

error conditions and drive status. 

" ..J 
U 

.. 
I-

'" 

Z 
90:: UJ 
>-w U 
Uo z 

~8"~ 
>-w 0 
~o ~ 

I­
U ... 

I INTERNAL BLOCK DIAGRAM 

I- "" I­o U 0 
~ 0 It 
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The operation is based on the function of 4 main sec-

tions:, . 
I 

-, ~he b~r inrerface providing elP"ra tioD wi thM6800 

1S compr1sed of the Databuf~ers, DMAcontrol, and .. I bus which 

register select circuitry. The data buffers are usual bi~ 

directional tri-state buffers enabled when FDC transfers data 

to the bus. The DMA control generally outputs an interrupt 

request together with a transmit request, and transfers data 

to or from the drivel when acknowledged. The registers are 
I ' 

selected using the three select lines, ,the R/W, CS and E 

pins. The BD CBus Direction) lead should be. used in con­

junction with DMA transfers. 

The control and register section is' internally 

~onnected to provide data flow and generates internal timing 
I 

I 
• I 

and control slgnals from the macro instructions issued by 

the MPU. There are twelve user accessible registers for 

controlling the! drive. 
I 

The serializing section handles the serial-to­

parallel and parrll1l-to-serial conversions. for Read/Write 

I operatio~s, as well as CRC gen~rat10n/check1ng and the 

generation/detection of the clock pattern. The Data Output 

Shift Register ICDOSR), Data Input Shift Register ·CDISR), . GRC 

Generator/Checker and Clock_Shift Register CCSR comprise the 
I 

seriatizing section of the FDC. The Data Clock(DCK) inpdt 

serves to clock dat~ from the drive into the FDC 01} bpth 

positive and neg'ati ~e edges.. The Read' Data Input CRDT) is 
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I 

the serial dat~ stream including both the clock and data 

bits and must~e presynchronized to the Data Clock (DCK). 
1 • 

These: two signals (DCK and RDT) are generated from the read 
• I I " 

recovery clrcuit. The write Data Output (WDT) is the double 
" I J 

frequency modulated data from the FDC ~aving a bit time"of 

4/£(f being the CLK £~equency, lMHz for IBM 3740 ~ingl~-i 

densi ty format) and a pulse width of l/f (1~sec for this 

case) :. :;'" 
: .. : 

Th d · I. f h· k e ~lve Ilnter ace section, aVlng the nown 
,I I 

Head Load (HLD),I Step (STP), Head Direction (HDR), Low-

Current Track (LCT may be generated by the drive itself), 

Wiite Gate (WGT) outputs~ and the Index (IDX), Ready "CRD}'), 
.' '. ". - ~' . 

Write' Protect (WPT) inputs. All signals ar~ active high 
i 
: 

and should be inverted and buffered for the d"ri ve interface, 

(see ~haPter 5 for fominal timings-of I/O signals) . 

. 
REGISTER DEFINITIONS AND OPERATIONS 

. i 
I 

Register Select O-Register Select 2 (RSO-RS2) Inputs, 

in conjunction iithlthe R/W and cs- inputs are used to select 

one of the user'accessible registeis in the FDC. There is 

an exception that when TxAK input is active the DOR and DIR 

can be selected without the activation of CS, for DMA trans-

I fers. 

Data Output register (DOR): Write only; information 

contained in DOR iSI loaded to, the DOSR and shifted.out on 
'I • 



the WDT line. 

TxAK cs- RS2 RS1 RSO R/W __ Registers , 

! 0 DOR 
0 0 0 0: 0 I 

I 

" DIR - 1 

0 0 0 .~ 0 0 1/0 CTAR 

0 CMR 
0 0 0 1 0 

1 ISR 

11 
0 SOR 

0 0 0 1 
I 
i 

1 STRA 

0 SAR 
a a 1 a a 

-1 STRB 

a a 1 a 1 1- GCR 

a a I 1 a a CCR 

a a 1 lj 1 a LTAR 

1 X X ~ X ' a DOR 
I 

1 X X X X 1 DIR 

-X: DONT CARE 

ADDRESS CODES FOR REGISTER SELECTION , 

Data Input Register (DIR): Read only; RDT is clocked 

into the DISR and when eight clock pulses have occured the 

eight bits in the bISRare-Ioaded to the DIR where it can 
i 

be read by the ~us interface~ 

Current Track Addreis Register (CTAR): Read/write; 

'Bits 0-6 are used s~nce the track 'address may be ma~xiJ~um 76. 
I ~ -

It shows the addres~ of the track over which the R/W head is 
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cu~;ently positioned. It is cleared when TRkoo is encountered. 

CTAR is a read/write register so that the head posi tiorl·can 

be updated when several drives are connected to one FDC. 

Command 
I I 

R~gister· (CMR)! ., Write 0r1y; the commands that 

control the FDC are loaded into the lower four bits of th~ 

CMR. Information that contr6ls the data transfer mode .arid 
~~<' , 

interrupt conditions are loaded into·,.?bits 4 through 7 .. 
~.~ 

Function 
i Mask i 

1: all intetrupts 
are masked except. 
Status Sense re­
quest which is 
controlled by the 
DMA f1;ag. 

I 

STRB 
Mask 

DMA 
Flag FWF Macro Command 

I 
1 

1 Free Format Write 
flag: this bit's 
state determines: 
what clo~k sourc~ 
will be used. 

1: shows that FDC is in D~~ 
mode; inhibits setting of 
Status Sense request and it's 
interrupt. 

1: inhibits bit 3 :of ISR from being 
set when STRB becomes non-zero, that 
is when an error occurs. The interrupt 
is generated according to the function 
mask. 

Interrupt; Staltus Register (ISR): Read only; Bits 4-7 

are unused an~ O. T:he register is cleared when· RESET occurs. 

ISRO, ISRl, ISR2 are cleared when the ISR is read but ISR3 

is cleared onlYj after STRB has been read. 
! 

,Set-up-Register (SUR): Write only; bits 0-3 deter-

mines the 

tact with 

head sett~ing time after the head is pla~e~' in con­

the disk. i The delay is equal to 4096.B/t~s~ it ~. 



STRB 
Status 

Sense 
Request 

Settling 
Time 

Complete 

Macro 
Command 

Complete 
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Set when aly bit 
of the STRB is s.et. 

sJt ,.,Then any 
command lssued 

Set when the specified 
address'ID field has' 
been detected and veri­
fied by a CRC check. 
This is an indication 
that 'data transfers 
will occur within 18 
more byte times. It 
is not set in DMA m9de. 

I i ., 
'I 

,I, ',by FDC has, 
ended except 
a seek command. 

Set when a seek'command has 
ended, the head leaded, and 
settling time expired. 

varies from 4.096 msec to 61.44 msec for a lMHzclock. Bits 

4~7 determine the frequency of th~ STP pulses. The STP 

period equals A.l024/f witH step pulses of width 32/f.s6 

STP pulses of 32~sec width with period 1.024 msec to 15.36 

msec 
i , 
can be obtcdnej 

! 

with a lMHz clock frequency. 

Sector Address Register (SAR): Write only; the . 
addresi of the :sector oniwhich the operation will be 'per-

l . 
formed should ~e written to the SAR. The sector ~ddress of 

the ID field is compared with the SAR. On multiple sector 

commands, the SAR Wl"ll be incremented forea~h sector. 

Only bit ~-4 are us d. 

r-
Status ~egister A (STRA): Read only; this register: 

consists of ' eight statuses related with the drive and con--, 
I 

'troller. 
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I _.-
Track Data Write Track .Drive Bus~ . Index : not DDM Transfer Protect Zero Ready Detected Equal Request 

I 

. I 

I : 
The data~ra~sfer bit (DTR) sho~s, that the DOR is 

ready to accept the next data to be shifted out in a write' 
/ 

operation, and that the data has been. shifted from the DISR 

to the DIR. The DTR is reset when data has been written to 

the DOR or it has been read from the DIR. The drive ready, 

write protect, trac1 zero, index 

high state input~ £~om the drive. 

signals are direct active 

When a deleted data mark' 
I 

is encountered DDM is set, and when the ID field track ad~ 

dress does not .,match with the logical. track address, t·~ac:k 
~. ---. 

not equal bit is set. When busy is a logic 1 theFDC is' .. 

executing a command and no new commands can be' issued. DTR 
I , . 

and B~sy are th1 LS, andMSB of the registe~ for easy chec-

king.of these statu~es. 

the 

General ICount Register 
I 

destination track address 
, ! 

(GCR): Write only; contains 

on a seek command and its 

contents are transferred to the CTAR at the end of the opera-

tion. In a mul tisel' tor read or write operation the number 

of sectors to b~ re d or written minus, one should be written 

to the GeR. The MSB is not used. 

Status Register B (STRB): Read only; represents pos-
I 

sible' error condi,tions that may occur during execution of 
I 

macro commands. I 



58 

; - I Hard Write File in- Seek Sector . Data CRC Data 
1'1 Error Error operable Error Address - Mark Error Transfe I 

Undetected Undetected Error I 

If ireadY .Dat! 

J 

becomes -" overflo\ " 0 during 
execution 

If Write pro­
tect becomes 
active during 
a \VT i te command. 

Set if file inoper­
able ~nput is used. 

If a seek track ,zer6 never 
receives the tr~ck ~ero 

I 

input. f 

L~gical Track Addre~s: 

, "- or unde 
i' 

I 
flO\\' . 

Unmatched 
CRC' s. ' 

No valid data mark in 
a sector. 

Shows CRC error on ID field if 
Bit 1 is also set. Shows no 
ID field has been encountered 
inthre~ revolutions otherwise: 

Write only; the address of 

the track on which·the operation is to be performed must be 

written into ,the LTAR. The track address in the ID field 

is co~pared wit!;. tht LTAR. 

CRC Control Register (CCR): Write only; it is ~sed 

only in free format commands. Only 2 bits of the register 
I 

is used: CRC enable starts the ,calculation of the CRC and 

stops where all data has expired. Shift CRC is used only in 

free format write 0rerations and is active when CRC has been 

calcul~ted for ~ll hata. After the data this salculated 

CRC will,he,shifted out and CRC'calculation will stop. 

MACRO COMMAND, SET 

The comma, nd ret consists of ten macro command~ and 
'i • 

each is active when written into CMR,0-3 bits. 

" ' 

r-

,'-
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-
I CMR Bits Hex Code 

STZ Seek Track Zero - 0 0 .1 0 2 

SEK, Seek 0 0 1 1 3 

SSR Single sector Ire~d -" 0 1 0 0 4 

SSW Single sector jwrite 0' 1 0 1 5 

RCR Read CRC ; 0 ',; 1 l' 0 6 
, , 
" 

SWD Single sector write with DDM 0 1 1 1 7 

MSW Multi sector write 1 1 0 1 D 

MSR Multi sector read 1 1 0 0 C 

FFW Free format rf· w lte 1 0 1 I B 
I 

FFR Free form~t r~ad ~ 0 I 0 A 

Ona STZ command the FDC issues step pulses on the 

STP output until th~ TRZ input becomes a high level or until 
I ., 

83 pulses have been sent to the drive. If TRZis again in­
I , . 

acti ve an error has occured. After the' 5 ettling time the 

head is loaded and thp busy flag is reset. 

, 

On a SEK command the GCR is the destination and CTAR 

the source address, so that (CTAR-GC~) pulses are issued by 

the FDC and with a dir~ction depending on the sign of the 

substraction. At tfe end of the command busy is reset, the 

head loaded, and the contents of the GCR are transferred to 

the CTAR: 

FFW has 'two modes of operation and is generally used 

for £ormating diskettes. In the first mode data is directly 
, ' I 

i written from the DO, and all clock bits will be onrs; In 



th~ second mod~~ odd bits of the DOR are clock bits and even 

one's ,data bits~ so that the clock ~f the DOSR should be 

twice 'a normal write operation. MCC is never set and only 
• I 

. the user can star tt command by Writi~g a 0000 into the CMR. 

\ 
FFR is used to input all data (including ID marks) '~nd 

should be synchronized with these patterns. This operation 

as in the FFW is stopped by writing a 0000 pattern into the 

CMR. 

i 
The single sector read/write commands (SSR, RCR, SSW 

and SWD) aTe used to read/write data from a single 128.byte 

sector on the disk~ These type of instructions(includi~g 

MSR/M~W since these are in fact mUltiple SSR/SSW commands) 

can b~ divided into two sections. The fitst section, which 
I ' 

is common to all:insfructi~ns, is the address search opera-

tion, while the ~ecohd section is unique to the requirements 

of each instruction. 

In an ad~r~ss search the incoming data is compared 

with ,the ID address mark until a match is found. This search 

is, how~ver, resfric~ed to three disk revolutions 

the ID mark is not encountered the sector address 

set. 

I 
i 

and when 

error ·is 

When the'ID mark is found the track and sector addres-

ses are inputted and compared with the LTAR and SAR respec-
I 

tively. An unmatch ~n the first one sets track not~e~ual 
I 

Q' 



bit and 

I 
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OJ?ERATIONAL FtOW OF THE ADDRESS SEARCH SEQUENCE 

an unmatch in the second one restarts the address 

I 

6i 

search until the wanted sector address is found in three re-

voluti:~ms . When the matcli occurs the 10 .address field CRC 
i 

is inputted and compared against the CRC calculated by. the 
I ' 5 • 

FDC. An unmatch cawres both the CRC error and Sector address<i 

II 



er~or bits to be set; the contrary causes the start of the 

operat~on on the data field. 

The SSW is no{ immediatei'y active after the address. 

search" but 11 
! I 

bytes lof FF inputed and $ix bytes of zero is 

62 

written. After this gap, the Data address mark and 128 bytes 

of data are 'written, ~ogether with the calculated two byte 

of CRC. 'Any delay, in refilling the DOR '''hile wri ting 'viII 

cause the transfer request errDr to be set: 

!. 

The SSR walits 'at mos~ 32 bytes after the address 

search to find the data mark, but a failure causes the:Data 

address mark undetected bit to be set. Whenever the dat~ 

mark is detected the CRC is enabled, and the DDM detectea bit 

is set!if the data pattern is F8. 
I 

After 128 bytes of data 

input the CRC 

If the system 

is rea~ 
is iate 

and checked against the calculated CRC. 

in reading the DIR the data transfer 

error will be set. 

The MSR and MSW command are used for sequential read 

.or write of two or more sectors. The sector read or write 

operations are exactlr the same as .SSR and SSW commands with 

,the difference that the SAR is incremented after each sector 

command is executed. The detection of a DDM in any sector 
I '. 

during a MSR command will cause the DDM bit to be set; ",hen a 

multi sector instruction is issued the sum of the SAR and GCR 

shOUld :be less than 26. 
i 

,head should be moved one 
I 

This overflow "'ill show that the 

track further. 

'. 
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The RCRcommand is mostly used to verify that correct 

data was written on a disk. The operation is the same as 

for t~e SSR command with the exception that the data transfer 
'I -' 

request is not sFt ,nd no data transfer ,occurs., 

of the command,if the CRC error bit i~ not set 

tion will be successful. 

At the end 

the opera-

After the execution of each command the head settling 

time will be checked and if it has expired the head will be 
I unloaded and the; bu1y flag reset unless another command is 

: ' 

issued, within this time. 
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CHAPTER 7 

THE CONTROLLEJ MOtlULE 

. GENERAL 

I: 
The controller module is developped around the 6843 

iFDC according to it'sCreqUiremen~s. iThe modu~e also incor­

porates circuitry to enhance the number of driv~s which can , I 
be connected simultaneously. The decoding is designed to 

- "",fit operating system and disk controller standards of 

Motorola. 256 bytes of RAM is included on the board which 

is shared by the monitor, controller i and operating sys,tem 
! i 

. software. I 

The module is iriterfaced to the processor bus by bi­

directional buffers for the data bus and unidirectional buf-
\ " 

fers for the address bus. The address lines p~ovide the 

decoding of t~e FDC, Parallel Inle~f~ce Adapter (PIA) and 

i the 256 byte RAM. The control llgic! is designed to deter­

mine data flow direction in normal or DMA applications. The 

FDC and PIA provide input and output rignals to the drive 
: 

via compatible.buffers. An optional 1 MHz crystal oscil-

lator is also incorporated into the module for u~e whenever 

the m~1in CPU is running at a frequency di~fferen t than 11MHZ • 
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. , I 
The rest of the board is reserved for the data recovery cir­

cuit consisting of 

trolled oscillator 

zing elements. 

the phase-IQck loop (PLL) , 

(VCO) , reference cdunters, 

i 
voltage con­

arid synchroni-

jTHE DECODE AND CONTROL LOGIC 

As mentioned before all 

such as RAM, ROM should have a 

I/O de~ices , 

I 
. i 

ocatldn on 

or shared devices 

the memory space 
.• . \ i • 

in order to access the device from the CPU. All devices 'oe-
" 

I 
~upy different sizes of addressable area 

function. The devi~es' bri the controller 

I 
according to their 

module are distri-

buted over an area of about one kilobyt~ .. 
I '. 

Howeyer the whole 
I -"", ; 

area is not occuppied by the devices; ,the total area is 256 

:bytes for the RAM, 64 bytes for the FriC and 64 bytes for' the 
! 

PIA. Although the PIA needs 4 bytes and the.FDC 8 bytes as 

~emory locatio~ they both occupy ~4 

I partial decoding u~ed. 

I bytes because of the 
I . . 

. : 
I 

It is always preferable to group devices which have 

near addresses in the memory map~ Th~t is why the 256 byte 

/ RAM is incorporated in the FDC module, since it's base ad­

dress EFOO is.~ery near to the cohtrdller I/O devices' Ibase 

laddress ECOO. i As mentioned, the ~re~ ECOO to EFFF defj:ne-s- -~---
i 

one kilobyte of memory space. The reason to group deviees~ 
I 

to a minimal area is that the decoding becomes easier and 
I 

cost effective. On the controller module first the address 

ECOO to EFFF is decoded. 
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Al5 Al4 Al3 A12 • All AlO Ag AS A7 A6- AS A4- A3 AZ Al AO 

1 l' ,1 0 1 1 X X X X X X X X X X 
V \.. 

~, ) v v 
E C-F O-F O-F 

I 
X: . Dont care condi tion ' 

AIS----------~~ 

A14 ____________ ~ 
AS 
- AO :r EFOO -EFFF 

0---- HAi • .i Qelec t 

Al 3--------1 I 

, A11-------I i 

A IO -------1 

VMA-:-------I 

I Ag Al 1/2 "2 h EEOO-'EEFF 

~ ECOO-EFFF ~ If LS139 1,· EDDO-EDFF 

~ a ECOO-ECFF 

I-~ 

A12~ 
LS04 

LS30 

I , 

L--C E 3 ECBO-ECFF 
; 1/2 

2" ,EC80 -ECAF 
LS139 

A6 AO r EC40-EC7F 
PIA Select 

A7 Al IT ECOO-EC3F 
FDC Select 

CONTROLLER MODULE DECODE LOGIC 

One k 'lb ,If l' ' .. d'd db 1 0 yte 0 memory ocatlonlS a resse y ten 

address lines. The left six address lines should be used to 

enable the decode circuit according to desired address., 
! ' 

Assuming all ten lower add_ress lines bein'g low ~lS' A14 , A13 , 
I 

A11a1d AlO should be high and A12 low to obtain the address 

FeOD. With the ten rddress lines high the maximum qObfainab1ec • 

address is EFFF. As! a result, Al2 should be inverted and 



th;en AND'ed with the other lines, t~gether with the valid 
I 

memory: address !(VMA) line issued by the CPU when addresses 
, 

{ 
6 

had settled. The defined one kilobyte will be divided into 

four sections us~ng one half LS, 139 two~to-four line decoder. 
, 

E AO Al Y1J / IT IT n 

0 0 0 0 1 1 I 

0 1 0 1 0 1 1 

0 0 ~ 1 1 0 1 

0 1 
: ~ -

! 1 I I 0 
: 

I X 
/ X 1 1 1 I 

LS 139 TRUTH TABLE 

If you conne~t AS and Ag to-AO. and Al of the LS139 
, I " . 

ChiP, the YO outp;ut Jill be ,lOW from ECOO to ECFF. Wh~n A9 

'and AS switches to 10 from 00, the second quarter is se­

lecte~ (EDOO~EDFF), the Y1 output being low. The Y3 output 
i 

is low for address area 'EFOO to EFFF so this output defines 
I 

the RAM select Iline. The' 256 byte RAM is itself addressed 

by eight address lines (AO-A7) and selected by using all the 

left eight addre,ss ~ines (A15 -AS) .' Such decodings. which 

use all address lines are referred to as full decoding. 

I The YO qutput of the LSl39 defines 256 bytes after 
i 

the E~OO base address. HOwever, this should be further di-

I 
define the PIA and FDC. The second half of the vided: to 

1 
The YO outpwt .'is 

J ~ 

LS 139 is well suitable for this job. con-
I 

I 
>I . 
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nected to the e~able input of the LS 139't~gether with A7 

and A6 to form four 64 byte areas. The first quarter which 

goes from ECOO to EC3F will define the FDC. The lowest 

three addresses AO' ~1 rind~2 will be connected. to RSO, RSI 

and RS2 of the FDC to access the wanted regi~ters. With thi.s 

configuration, three address lines A3'.A4 and AS are left 

not connected. So whatever their logic value th~ FDC ~ill. 

be selected. 7here is in fact, eightdifferertt combinations 

of AS' A4 and A3 which will select the FDC. Similarly, for 

the PIA the unco~ne~ted address line number is four, so 
I ' 
I 

that sixteen different addresses will ielect the same loca~ 

tion of the PIA. Such a decoding is called partial decoding, 

and with this technique two or more different addresses will 

define the same physical locations of a device, which are 

called the images of t4e device. 

I 
Als A14 A13 A12 

I Ag AS A7 A6 AS A4 A3 'A Al 'A All AIO 2 0 

I !l. I 0 1 1 a a a O' X' X X RS2 RSI RSO 
, 

RSO 1 1 I 0 1 I 0 a 0 I X X X X RSI 

One of the i~portant considerations in a decoding 

circuit is the ~peed, that is the time which will ellapse 
I 

FDC 

PIA 

from the settling of addresses to the selection of the de,­

vices. This delay should be calculated by taking the slowest 
I 

path, in this case for example, the propagation of A12 to 

the s~lection of the PIA or FDC should be found. From TTL 
I 

devicb specifi~atiors 

is about 65 nsec (2 x 
I 
i 

(25) it is found that the tota~ dela~ 
. 

21 nsec for the LS 139 propa~ation de-~ . 
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lay from the enable line, plus 2 x 10 nsec for the LS04 and 

LS 30:gates). This delay should be kept minimum in the de­

sign, since some devices (especially RAM's) add up some 

additional delays c~lled the access time which may force the 

cycle time of the p~ocessor to increase 'because of the slow 
I 

operation of the peripheral. The peripheraf'devices or 

modules have to, finish their fbnctions in the time between 
.! \ 

the address settling till the end of the cycle where the 

data bus should be set ready. 

I 
After the: selection of the device the data bus is in) 

the position to send or receive data to or from the peri­

pheral module. However, since only one device is selected 
.. 

at a time and because all data lines are parallel, the d'ata 
1 

lines! should be isolated from each other on different modu~ 
I " . 

les. '3-state outpu~ devices are used t~ interface a number' 
i I 

of components, which: is advantageous when they must communi-

cate with each other on a common bus. The concept depends 

on the abili ty :of all of the interconnected components to 

be switched to 'a third state that presents a very high impe-

dence to the bus. 'In this way, one, and only one component 

is ~elected to driv~ the bus at one time; all unse~ected 

, components must plade 'their bus drivers in the high impe­

dence state. Simultaneously, one of the other components on 

the bus is enabled to read the data, thus transferring or 
i 

{ . 

transmitting it' in one direction; this 3-state switching is 
i 

contr~lled by the R/W line and the chip-select' lines which 

themselves depend oJ the ~~ and addresses on the ~dd~ess 
I ~ ~ 

bus. All components of the 6800 family include this 3-state 

. ' 
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AR 

L Control I C 
. O:--~ata o:t (READ) 

1: Data In (WRITE) 

FDC SELECT BD 

--
X R/W 
1 0 

0 R/W 

-.---FDC Se 1 ee t 

Tx AK 

f------l-_FDC BD 

R/W 

PIA Select 

RAM SELECT 

DATA DIRECTION 

CONTROL LOGIC 

In modular operation, when none of the devices on the 

module are selected,data flow islet inside since every 

device is in the 3-statemode. This kind of application re­

duces the hardware, but has the disa~vantage that the driving 
I I 

end has to drive all module's buffers. In non-DMA applica-
, . 

tions Tx AK is high so A and C are low, D and g become high 

so that the output is high, and data is left inside. As­

suming non DMA applications when' the PIA or RAM is selected, 

the con trol is on the R/W line, C being high and D being 

th1e can not be I the high, since FDC selected at same time 

with the RAM or PIA. When the FrlC is selected C is low ----

since the RAM and PIA can not be selecte,d, so E is high and 

the c6ntrol is on the FDC's BD line, but BD is the R/W line 

itself on non-DMA applications. On DMA applications, when 

a transmit acknowledge (Tx AK) is given to the FDC, n~ other' 



de~ice can be selected since. the MPU is haliea, so E and A 

are high and the BD output ,which is the inverted'R/W line 

provides the transfer as if the FDC was the MPU. The total 

delay after the BD hias settled is two gate time,' and after 

the devi2e selec~ioJ it is three, gate ~ime, each gate in-

troducing a delay of 9-10nsec. Also the data buffer s'vit­

ching time should tie considered and this is 35 nsec for the 
/' 

LS L242 buffers used. 

, I 
I ' 

THE DRIVING INTERFAdE 
I ! 

For safety of the internal devices on both the con­

,troller and drive electronics~ the interconnection sh~uld be 

. isolated from both sides. This isolation is done by open 
i 

c,ollec~ or, dri ve',rs ,nd compatible receivers" Use of open 

collector gates is ~ndispensable since paralleling of TTL 

gates is only possible by this method. 

LS04 

-(~-----.l.--t>'----
Controller 

Side 

INPUT/OUTPUT 

LS 38 

, Controller' Termination 
(Only One 

Drive) 

: When all LS 38's are in the high position current 
I 

practically flows ttrOUgh the 220/3300 termination.r~sistor~. 

Whenever one of the1drives is selected, and only oneLS 38 ~ 
I 



is :dri ven to low position, all current flows' through the 

output transist~r and the 220 n resis-to,r. In this ,,,aythe 
i 

LS 38 ~s driven to deep saturation by 5/220 = 22 rnA (max. 

74 

s ink current is 24 llllp. For rece'i vers, i LS 04, gates are, used 

• and terminations lare Ion the controller ~oard~ For drivers 

only the last drive should be terminated~with the 220/330 ~ 

network. 

i Similarly, for the select lines, which are'dedicated 

lines, the related d~ive should be terminat~d with the resis-
t I : . 

tot network according to its own select' line. The select 
i ':" \ 

lines are specifically buffered by nonrin~erting 7417 ~rivers, 

becau~e of undesired selection of drives during an MPU re~et 
I 

-
operation. 

I 
When a reset i s given to the sys tern the PIA' ""hl.ch 

controlS the drive selectio~ sets all it's output,regist~rs' 
" I 
to the tnput model by Ipul1i,ng the port 'lines 'up or' putting, 

high impedance state. If the: select lines were, ,them into 
! 1 " 

driven by inverters instead of 7417 buffers all drives would . ~ 

have been selected simultaneously which is undesired, espe7 
, I . 

ciilly, in daisy Ichain operation. Also the DOUBLE SIDE line 
I 

is non'-inverting for single.:..side operation when this line 

is not connected. 
I 
! 

I THE DATA RECOVERY CIRCUIT 

i The data 'recovery circuit is des~gned t~ provide 
I 

mainlyl three goals: separate and recover all recorded,bits 
I . (bothlCIOC~ and datal 1n the form of NRZ data, gene~aie a ~. 



co;ntinuous clock even when clocks are missing (that is ad­

dress marks) and lastly track the long term changes in the 

data rate but not 

MC4044/4024 Phase 

the short term data rate changes.' The 

LO;Ck Loop (PLL) is the heart of the data 
I ") 

75 

recovery circuit'. The analogue Voltag~ eontrolled"Os~illator 

(veO) is phase and frequency locked to sixteen times the 

dat,a rate (8 MHz). Other components of the circuit are -~t'''o 
I 

synchronous 4~bit counters, being the windo~ counter (since 

it provides a window for the data even if the data does not 

exist) and the v~ri~ble frequency counter (sinc~ it divides 

the veo frequenc~), ~wo fl~p-flops to gate the input data: 

and three other flip-flops to divide or shift the" data and 

clock outputs of the recovery circu"it (19). 

format)T:: :a:o::::~:~::a:ff:O:o:h:H:i::o::S:: ~::: ::::al 
with some mtssin~ bits. This signal is ter~in&ted and ap­

plied to an input circuitry consisting of t~o serialli con-
, 

nected flip-flo~s. Flip-flop 1 goes high when a data bit 

occurs and the ~irst positive going veo pulse makes the Q 

output of th."e flip-flop low, thus loading the window counter 

with ~. ,resetting t1e input flip -flOP. and setting the fir.s t 
data flip-flop (fliP-flop 3) to a log~c h~gh level. The 

dura ti on of this Q pulse is" about 1/8 MHz ::: 0.125 llsec no­

minally since ih the next veo pulse the D input of flip-flop 
I 

2 will be low. 

I 
In the data lormat used in the disk system, ith;e in -

. d t clan have only one consecutive pulse cO~lng ata s ream mis-
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, 

sing. By loading the window counter with a 9, it will pro-

duce a positive output transition within 15 veo pulse periods 

(1,.875 llsec), thus generating a clock edge even if the data 
I 

pulse is missing~ 

a carryout on the 

Tpis reference, counter will also produce 
I 
1 ' 

16th Yco pulse. Thiipulse'is then ~om-~ 

pared with the carryout output of the variable reference 

counter by the frequency/phase detector, thus providing a 

reference for the VCO, (26) . 

I The negatfve putput transiti6ns of the window counter 
I i 

are inverted and used to clock flip-flop '3, causing the out'-

put to change to a logic low level. If another 'data pulse 

is present in the incoming data stream, then the flip-flop 

is once again set by the input flip-flop circuit., However, 
I 
I 

if nOldata is present, then the output will remairt low until 

set by a data pu~se~' When the clock input to fli~-flops 3 
I I 

and 4 goes high, the' output of flip-flop 4 will b~in the 

Same ~tate as flip-flop 3 at thit instant. In this way, a 
I continuous dat~ state signal will be presented to the FDC 

I 

which,is synchionized with the output of flip-flop 5. Data 

will be read on both positive and negative transitions of 

the DCK input. ITha~ is why the sao KHz clock is divided by 
I 

two using the toggle-connected flip-flop 5. 

I 
In th~ data recovery circuit care should be taken in 

i 

the PLL, filter and VCO design. The PLL reference frequency 
I 
, 

(R input of the MC 4044) is the carryout of the window coun-

ter. The reference I frequency of the system is beaf ~gainst 

I, 

" 
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, 

the VCO frequency divided by ~ixteen, whi~h "is applied to 

the v~riable V input of the MC 4044.~ 

When the VCO ~requency is too slow, the window coun-
I 
before the VCO ~ l~carry out. This ter carryout occurs 

resul ts in a "pump up" error voltage signal.which causes the 

voltage at the VCOinput to rise and the VCO frequency.to 

increase. Likewise when the VCO frequency is too f~st a 

'''pump down" error vOltage causes the frequency to decrease(19) " 

I , 
The "pump up'" and "pump down" error voltages are fil-

I 

tered before being applied to the VCO input. The filter is 

designed to reduce the effects of the error vOltage and gain 

long t~rm stability. Long term stability is required to en­

able the system to remain in the lock frequency r~hg~ when 
! ' . 

clock bits are miSS~ng. When a missing clock is encountered 

in. the serial data stream, the window counter is not preset 

to 9 so it is not corrected. During this time the window 

counter acts like a flywheel generating the R input to the~ 

MC 4044 from th'e carryout signal. The PLL system tends to 
I 

drift upward in frequency. But, because the active filter 

was designed with a 110w'leakage,' the increase in frequency 

is kept within the lock range. The tradeoff for long term 

stability is a longer capture time. Capture time refers to 

the amount of iime it takes the PLL to lock to the data rate 

from an out of 
i 

floppy disk was 

ceed six bytes. 

! 
i 

lock condition. 

to insure that 

I 
Fall' the wqrst 

I , 
times . is approximately 180 }.Is . 

The design goal faT the 

the capture time did not ex-

read data ra te ~ six byte case 
~ 

, 
Six byte is choosen because 

~ . 



it: is the minimum write gate turn- on time prior to a data, 

~ecord field (19). 

~. 
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detector Me 4044 consists of two 

digital 

The phasejfre~uency 
i 

phase detectors, a charge pump :and an amplifier. The 

circuit as a whole generates an error voltage that is pro­

portional to the frequency and/or phase difference of the 

input signal. 

ratio :may be 

t i on , K 4> ,of 

filtering is 

The output voltage to input phase difference 

spec1fied as the phase detector transfer func­

apPfoXi~atelY 0.12 volt/radi~n if appropriate 
I ' 

used. 

The two phase detectors may be used in dif£erentap­

lications. When phase detector #1 is used; loop lockup oc~ 
, 

curs ~hen both outputs UI and DI remain high. This occurs' 

only ~hen all the nelgative transi tions 'o~ R~ the reference 
I I . 

input, and V, th~ varia~le or feedback input coinciide. The 

circuit responds only to transitions, hence phase error is 

independent of 'input waveform duty cycle or amp Ii tude varia-

tion (23) . 
.------'----.., 

R 
1 13 

V _---. 
3 2 

PHASE DETECTOR # 1 

V..----i 
3 

R r----------+~ 
1 

PHASE ,DETECTOR # 2 

'. q , 

U2 
12 

D2 
6 

" .. 



80 : 

V ,-----'--------------------1 - I 
cc --~----~~----~~------4r------~I--------------~------

PD 

11 

PU 
4 

I ~ 
I 
1 
I 
I 

c 

1-- --- -.:, 8 
R1 A I 

't-t---CJ--+--+-;-t: 
9 Ii 

I 
I 

D1 I 

IUF R1 
I I -- -- - -- - -------- ----- __ --_---_1 

CHARGE PUMP, AMPLIFIER AND FILTER 

I' 
I 

I I L _____ I 

Phase detector #1 consists of [sequentia~ jlogiC cir­

cuitry, therefore operation prior to lockup is determined 
I 

by initial conditions. Three output states can be defined~ 

lockup (high impedence: both PU and PD high), pump down and 

pump up. Considering the present output state, the state 

diagram shows the next output state, lafter a change in- the 
I 

P.V. inputs occur (33). I 

R V U2 D2 

Q PU=O,PD=l 
R V 

PD=1,PU=1 
I 
PU=1,PD=0 

0 

0 

1 

:1 

PHASE DETECTORS LOGIC OPERATION 

0 

1 

0 

1 

-
1 1 

1 1 

.0- 1 

1 , 0 

R3 

i 
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,6 ,~ 
j' i 
I 

In each c th 1 f h ' I , , ase,' e average va ue 0 t e pUl:np up or pump 

down output is proportional to the phase differ~nce between 

the two inputs. In a closed lO~P app~ication, the' error 
I , 

I 

's ignal for the VCO is derived by trans lating and filtering 
. 1. 

:these waveforms.,' Also both the U and D outputs can not be 

s~ate~ 
; 

;lowand is an undefined output the lock up is deter-

mined by b'oth 
I 

U and D being high (inactive for the charge 

pump) . This could be best expalined By an illustration. 
I 

I 

,R-l I I I I I 
. 

I I 'r 
I I 

;v-l I I I Ii I I ( U 
i UflJ I / n I UI u 
,Dl 

'U2 I I U ~ U U ,lr' 
LhJ 'D2~ ~ U I If .U 

PLL TIMING DIAGRAMIDURiNG LOCKUP 

Phase detector #2 consists only of combinational logic, 

therefore its characteristics can be determined from its 

truth table. Since circuit operation requires that both in­

puts to the charge pump either be high or have the same duty i 

; ·cycle when lo·cl occurs using thi1. detector leads to a quadr~_: __ 

ture relationship between R and V Note that any deviation--
i 

from a fifty percent duty cycle would appear as: a phase 
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The oper~tion of the charge pump is best explained by 

considering it in conjunction with the Darlington amplifier 

included in the package. The three possible states of PD 

and PU will be a~alYked for the charge pump operation. When 
I ' 

PD is low and PU'is high,Dl will not cdndu~t, so does Q2, 

since Ql is in normal operation and 'does not supply its base 

current. SO Q3 will conduct forcing'Q4 to conduct which 

will cause the supply of current toQ6 by Q5. This will tend 

to lower the vo1tage,at the collector of Q7, resulting in 

an error si~~a1 tha~ lowers the VCO frequency as required by 
I i 

a "pump down" signal'. When PU is low and PD high D1 is for-

ward biased andQ5 is cut o~f since Q2 is saturated because 

of the reverse ~ode operation ofQ1, thevoltige at the base 

of Q4:bein g VCE sat + VD2 = 0.9V. 
, 

not supplied, the coll~ctor voltage 

in an1increase iri tJe VCOoperating 

a "pump, up:' signal. I If both inputs 

Base current of Q6 is 

of Q7 moves up, resulting 

frequency as required by 

to the, charge pump are 

'high"both D1 and Q5 are reverse biased, and there is no 
I , 

tendency for the er~or voltage to change. The output of the 

charg~ pump var:ies from VBE (if Dl conducts) to 3VBE (i.f Q5 

conducts) as the phase difference ~aries from minus 2IT to 

ZIT so the gain: : 

Kcp = 
Z x 0.75 = 
4 x 3.14 

0.12 V/rad 
4IT 

) I 

One can also easily find the filter transfE:r function 

assuming the amPlifier gain being infinite. 

! 

In this case: . 
~ . 
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= Kp = 
V. 

1 
(a) 

l/SC + RZ 1 + S 1 + RZC ST1 ' .. Kp = = = 
Rl I SCR1 , 

~. (b) 

I 
,I 

I . , 

ST2 

i I 

The equiv~lent Z is 'equal to Rl since in each case 

(UF low, DP high or UP high, DF low) current flows through 

only one of the resistors. Tl is define~ as RZC and T~ ~s 

RIC. 

8i (S) I 8 (S) 8
0

(S) I e . 

I I i:F 

i 
I Kv/sl 

• • K</> 

t I 

I 
Assuming the VCO gain being given in rad/sec/V at the 

i 

operatingfreque~cY'1 with a value KV' the whole circuit 

transfer function can be found. 

. ,8 (S) 
o 

8 (S) o .. 8 (S) e 8. (S) -
1 

8 (S) e (c) = 
N 

(d) . 
~ t. 
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The system's dynamics when in lock are determined by 

the amplifier/filter block. Fundamental loop characteristics 

such as capture rang'e, loop ban~width, capture time, and 

.transient respon~e a~e controlfed primarily by ~he' loop fi1-
: ! '., . 

ter. That is why the loop transfer fuTI'ction should be. anali-

zed after it is incorporated to ihe formula. 

0
0 

(S) N (1 + Tl S) N (1 + T 1 S) 
= = (e) 0. (S) . S2NT S2 2E;S 1 ; 2 + + 1 

1 + T1S+1 w2 
wn fqlv n 

I 

w =~ ~f) E; =~tlJ (g) 
n N'T 

2 N T2 2. 

i Kqlv I 

~ ~l = (h) R2 = (j) 
Nw 2 C wC n n 

. . 

The system is of second order and th~ defined ~n (loop 

bandHldth dr natural frequency) and 'F;' (damping factor) are 

particularly important in the transient response to a step 
I 

,I 

input 'of prase or frequency. w. and F; should be·choosen n 

either fro~ a transirnt basis (time domain response) or 

steady state frequenFY plot. Once these two design goals 

are defined, synthesis of the filter is relatively straight 

forHard. CO,nstrnts KV' Kq, and N are usually fixed due to 

other design co~straints, leaving Tl and TZ as variables to 

i setwiandt;. 
xi 

One can determine the required wn for a given 
I 

E; from plots of the 

the normaltzed time 

o 

j
overshoot and stability as a fu.nc~ion of 

• • 
~ t, wheret is the lock-up tiJe (24). ~ 
, ill 
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, 

Tolerating the system for an overshoot of 40% by taking; 

to be ,0.3, the error is less. than 2% of final value for all 

time greater than wnt = 14. (This result arises from the 

examination of tipe ~ second order step response curves for 

different.;' s.) : Tak!ing the lock-up' time to be 'six byte time. 

(6 x 32 = 192 llsec) the wn of the sprstem j"s found. 
"oj,- .~. 
,," 

= 14, t = 192 x 10- 6 sec = 14 
192x10- 6 = 7. 3x10 4 ' 

nid/sec 
I 

The valuelof b should be'choosen arbitrarely to. find 
I; 1 

the values of R1 and R2. Using (j) and taking eo. 01 llF the 

value of R2 is found: 

2 x 0.3 = 822n 
7.3x10 4 x 1 x 10- 8 so 8200 is taken. 

I 
To find R1,K~ and.KV should be known. Thevalu~ of 

K~ fo~ the 4044 is roughly known to be 0.12 V/rad, but KV 
i 

is not known strictly. A value for KV is assumed. ahd thtim 

the veo is desi~ned and adjusted for the required v~lue. A 

reasonable value for the veo would be12 x 10 6 rad/s/V. 

Using (h) and assume~ values R1 is found: : I 

KcpKV 0.12 6 x 12 x 10 = 1690 so 1k8 is R1 = = 
104)2 10- 8 

Nw 2 e 16 x (7.3 x x 1 x 
n I taken. 

I 

I The reason to force the veo to have a gain of 12x106 

rad/s/V is that the ~wing at the veo input can be a! rost 
I II 11 . 

IV, because of the m'aximum VBE change at the charge pump 
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output .. I A maximum frequency swing of 2 MHz (from 7 to 9 MHz) 
i 

is required for this application which restricts the VCO gain: 

I 

= 2 x 2 xII x 106 
= 12.5 x 106 rad/s/V 

1 
i . 

; 

To realize this req'aired VCO gain a common base oscil-

lator is used, having a varactor diod~ as the vb1ta~e to 
. ! 

frequency' converte,r, since the diode is installed in the 
! 

resonant LC circuit. 

V· 
1 

3K3 

390pF 

+5V 

t 
,3~110VH 
I I I' 
i I ! 

t----!f I _ 

A ..._--.---l 

BB104~ 1~5 

VCO CIRCUIT 

:BF173 
I V 

o 

AC EQUIVALENT OF THE··, 

VCO CIRCUIT 
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"The VCO in;ut consists of an emitter follower for 
I i 

isolation from the filter, and~.the vatactor diode is in 

series with a choke to isolate RF acrJss the varacior from 

reaching the emitter of the BCZ38. 
, 

1 is about one 
i 
lstage~s base 
i 

I ' , ! 

VI3E less .than Vi bectus~ of the emitt. eT f6llower 
. I 

emitter drop. The D analysis of the VCO shows 

'that the quiescent output voltage is about 0.8V~ In the DC 

~nalysis all coils are considered to Je short c~rcuits and 
I 

. ,capacitors open circuits. 
I 

The voltagJ at poitit Ais d~te~-
• 

I 
"mined by the resistor ratio and the output quiescent voltage 

! 

iiS. equal to point A's voltage minrs, .~ne VBE • The quiescent 

'polnt is choosen so low, to obtaih a TTL compatible output 

where lower parts of the sinusoid are chipped ~1f, ~nd ~or 
I 

the VCE of the transistor to be high enough (about ,4V). 

The input voltage varies between 1 and SV, so .the 

,;varactor vo ltage varies between all. an1' 4V approximately ~ In 

!this manner, the c~nter frequency should be at about ZV on 
II 

the diode and the varactor capacitance should be found for 

a :ZV value, and L1 calculated. This frequency is determined 
, 

'from the resonaht requency o~ th~ tan~ circuit which con-

sists of Ll, Cv and Cf., 
I 
I 

.-----.--
i 

l Cf is generaly choosen greater (at least ien 
I 

approXi~atelY equtl to CV; Ll times) than Cv so that Ceq is 

can be calculated since Cv is found to: be about. 40 pF from·" 

its characteristic CV curve. f is taken as the center-fre-

queJ?cy 8MHz. 

, 

) 
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1 1 = 

The outPu~ tol input feedback ratio is choosen quite 
: I , I 

large since the common base amplifier .Joltage gain is not 

very much. The loop gain is equal to BAV where B is the 

feedback ratio and AV the voltage gain. The output of the 

oscillat6r is the collector of the transistor, however, the 

veo output is taken from the emitter for TTL compatibility. 

In fact, when anlAC ~nalYSiS is made the emitter is used as 
I 

the feedback input of the oscillator. Assuming a voltage 

gain of at least ten, the feedback is taken with a turn 

ratio of one to ten to maintain a loop gain larger than one 

for oscillations. This ratio will be valid also for a lar-

ger vqltage gain. The·VCO gain' KV depends directly on the 

varac tor diode char+teriS tic and the output freqJency is 

proportional to the inverse square root of the vaiactor capa~ 

citance. Only a numeric calculation can be possible and 

within 1.S tb 2V this gain is found to be about 7 to 8 Mradj 
I 
i 

sec/V, which is: qui te an acceptable value ,;for the PLL des ign 

steps. 
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CHAPTER~' 8 

THE RAM AND EPROM MODULE 
. 'I 

THE DECODE AND CONTROL LOGIC 
, 

.'j 

The additional RAM and EPROM module is de-signed ,to' 
I 
I 

handle both ,the resident software (in EPROM) and the reload­
I 

able software (in RAM) . of the sysiem. The resident software I ' 
will generally consist of the Input/Output drivelr routines 

.. 1 

for the tape, CRT, TTY, printer or Floppy Disk devices. It 

- 'will .also contain a monitor program to' control the sy-stem ex­

ternally. Any change in the system hardware can affect the 

resident software (for,example substitution of a controller 
',' I I 

by another). The reloadable sOft1are, however, will be hard-

ware independent but will use the I/O routines of the resi-
, ' I 

I 

dent software. These programs are loaded into.the RAM, exe­

cuted in the, RAM but .saved in an external media to the system 

such as paper tape, floppy disk or cassette, and are under 

the control of Ian operating 

face. 

system which organizes the, inter- I 

, 'I 
I 

A monitor program together with a CRT as 11/0 device 

can occuppy up to 4K c byte of'EPROM. The floppy disk driver 
I 

routines generally can go up to IK byte. So the addition 

of other devices may require 6-7 kbyte of EPROM. For lhe 

't 
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f 

future use 8K bo EPROM is incorporated into this module from 

addresses EOOOto FFFF to provide contini uty in the EPl~OM '" 

area up to the restart vectors. However, the use of the 

floppy disk cont~ol~er prevent the access to memory locations 
: i 

ECOO-EFFF since the ,FDC, PIA and scrat<rh-pad RAM are in this 

area. For this reason an9ption is provided to disable this 
.!~~ 

area. EPROM's used ' " are fOl1r 2kbyte 2716 EPROM's since each 

may be modified separately (monitor, CRT contr~ller or FDC 

controller softwares)~ 2716's were selected also because of 

their single + 5~ S~PPlY. Half of the memory space ~s re­

served for the RAM (32 kbyte) since only the operating sys­

tem may occupy 8 K byte. The RAM location is from 0000 to 

7FFF .since high,er locations are reserved to EPROM's, and,its 

assymetric placement would cause more complicated decoding. 
I • 

There: is also the advantage of direct addressing in loca­

O~FF ihiCh reduces the softwa~e. 
I 

tions 0000 to 

! ( 

The RAM selection of the circuit is fixed and pro-

vided only by qne address line, A15, together with the VMA 

line of the CP~, since A15 is the sirigle line which can 

separate the low and high '32kbyte memory. A15 low selects 

TTL 
, 

is the most suitable 

the 
. I 

low[memory ~oca,~ons. TO.deco~e 

decoder 74L8l39 '1S used S1nce 1t 

the EPROM's, again the 

for thisapp lica tion. Whenever the three highest address. 

lines plus the iVMA line is high the highest 8K of the memory 
I 

is'selected (Hex "E") wh~ch is used to enable the decoding. 
I 

The Ai and A inputs are connected a 1 

A12 , respectively,ind the decoder 

to address 'lines All and 

subdivides the 8K .area 
~ . 
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o A 
,a " 

I 
to four 2K portions, each output enabling one EPROM. 

I 

LS02 

A1S 

,A11----.. 
I·.' 
i 
A12----. 

A13 

S32 ' 

LS139 
R/W 

Ao 

EPROM SELECT E IT 

LS02 A1 YO 
, I 

LS20 • 
+SV 

.--.......... __ ---1 .... , . 

1 111 
J9 J 7 6 

LS139 JS I 
I 

AO TI EPROM3 

Al Y2 J4 I 

EPROM2 

RAM SELECT 

IrnAD 

WRITE 

i 

FSOO-FFFF 

FOOO-F7FF 
~- '. A14_"'_-I IT EPROMl, ESOO-EBFF 

E YO 
EPROMO EOOO-E7FF 

J3 

i J2 

AIS' 

.VMA~ LS20 

A10--------------~ 

.' . 
RAM AND EPROM· SELECTION ' 

/ .,. 

Howeve.r l, there is an optidn f6r the IT output which 

; should be installed when the FDC ImodJle is used, to di'sao1.e 

the high lK byte of EPROM 1. The IT output defines the ad::-
I 

dre ss E800 -EFFF, and it is maske~ by' OR ling, wi th AIO, to de--
I 

select the ECOO-EFFF portion. Whenever AIO is high, no mat-

ter what Yl is, EPROM 1 will be deselected and the CPUI can 

, 
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access other devices located at these addresses.J To deselect 
, , ' \ , 

an EPROM completely it's' related jumper at the output should 

be removed, and·a jumper to PUI~ up it~s select line should 

be installed. For example, when EPROM2 is not'used J4 should 

be removed and 'J8 installed. In addition, if EPROMlisi to 

be deselected, jumpers J2 and J3 ~houid he removed and J7, 
i ''-.. 

installed. 'On the other side, if one wants to use EPROMI 
~ 

fully (from ~800 to EFFF) J2 should beliemoved and J3 instal-
! 

! 

, fed. The fast S32 gate is used in thiJ circuit, for the Chip 
! 

selection to be as fast as for other EPROM's. The sele~tion 

time is found to be about 40 nseclin ~he worst case (15 nsec 

for the LS~O, 21 nsec for the LSl~9, ~nd 5 nsec for the S32). 

-... _ ~. . .. [ , . 
The RAM select line 'is active high and has a delay of 

about 2S"'"30nsec from the settling of VMA. Thisli~e, in 

fact, defines the lower half of the CPU memory and is used 

to activate the' refresh timing of ithe I two bank of RAM, 16 

Kbyte each, by using A14 for this !purpose. This line has 

also the purpose of enab1ingthe R/W buffer's to! transfer 

data from or to the module. Also to use in the R/W~buffer 

enabli~g all the EPROM select lines are NAND'ed together to 

obtain an active high EPROM select line. Whenever one of 

the se'lect lines is low, the output of the gate' is high; in 

steady posi tion:all inpu~s are high a~d the output islow-;­

The RAM SELECT and EPROM SELECT lines are NOR' ed to enable-. 

the second half of the LS139, which is :enab1ed whenever one 
I' 

of the lines is high. Ai i~ grounded so that only the IT 

and YO outputs are controlled by the AO input which is the 
\ 
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R/lf line.' YO is low on a: ''1ri te operation and IT (low on a 

read operation. These REAI:f and WRITE 1ines,are used to en­

able in, or out the data buffers. The input buffers, that 
'> 

is the writebuff~rs lare.~ot tied together with. the read 
I . 

. buffers to form a bidirectional internal'bu; 'in the module, 

since the EPROM's have to be read only and, n6 data ~hould 

flow into the module if a write command to an EPROM is is-

sued by the CPU, by accident. That is why discrete buffers 

and a separated R/W control is used. The total delay to 

enable data in or; out from the settling of the VMA is about 
I I 

100 nsec and thi~ delay is not very important, since the 

data settles at the end of ' the cycle, especially on read 

operations. 

REFRE~H:THEORY A1D LfGIC 

The 32 Kbyte RAM section has been choosen to be dyna­

mic be'cause of the large capaci ty required. Dynamic RAM's 

occuppy Ie S5 surface on, the board compared to static ones 

and they are more cost effective, although an additional re­

fresh circuitry is rrquired. For systems requiring more 

than 4 Kbyte memory fhe design can be optimized by using the 

high bit density and low cost/bit offered by the, 4116 l6Kx1 

dynamic RAM. F<;>r this application sixteen 4116's ""ill con­

stitute the two! 16 Kbyte area. 

I, 
I The minimal static MOS memory cell uses about 

transistors. It use~ a flip-flop , which consists ri£ 

six . 
b'lO 
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cross-coupled inverters plus one input and one output tran­

sistor. In the ! dynamic memory cell, theMOS transistor num­

beris reduced to four, the reason being the use of stray 
'i -, 

capacitances to store, the state of the cell. More :developed 
I I , I 

cells use three transistors by storing !thedata on a sin'gle 

input capacitance. However, it should be kept in mind th~t 

if a write operation has not been performed for an extended 

time, the leakage of the capacitor charge may cause the infor­

mation in the cell to be lost. It i~ th~refore necessary 

to perform a refreshi operation periodically so as not to 
! , 

lose the information (32). 

Another difference of the dynamic RAM from the st;;ttic 

ohe is its multiplexed address, lines'. In this way more dense 

storage is obtained using less number of external pins. The 
I 

.two set of addre~seslnamed Rowand Column Addresses are de-

coded separately and l their cross point define a memory cell 

in the mxn matrix. 

The memory cell itself contains three transistors and 

the logic level on the cell depertds on the capacitor C. 

That is why the memory cell should be designed to prevent. 

discharge" of C, especially.during read operations. One way 

is to increaseC, but while charging the capacitance during 
I 

a write operatibn, the interval which needs to be devoted 
! 

wi 11 b,e extended. For this reason separate paths f~r writing 
! 

and r~ading C in addi tion to the refr,esl?- amplifier to update 

the charge on C are ~dded. 
I 
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DYNAMIC MEMORY ORGANIZATION AND THE MEMORY CELL (32) 

To access and write the RAM, the cell is selected by 

putting its row and column select lines high together with 
\ i 

ithe W line so' that C is 
\ ~. 

!through Tl, T4 and T7. 

the data input. To read 

is connected to the Data 

's ince T3 and T8 are on. 

connected! to 'l'the data-in input 
Ii' 

Capacitor, C charges to the state of 
( 

the cell,'R'is set high so that T2 
I 

i 

Out line having T6 as its ,load 
, 

In this way an inverter is formed, 

and the stat~ on C is inverted and read. 
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To refresh the cell only the row ~ddress line is set 

high tog~ther with the R and Ref li~es . The data in and 

out lines are disconnected and the inverted data on C is 

read into the refres~ capacita;'ce,cr,"since T3, T9' are on. 
I I . .' 

·This is called,the p~echarge time since Cr precharges to the. 

complement of the level on C. After this period write is 

set on and read off. The output of the inverter, T10 and 

TIl, then refreshes the charge on capacitor C. This is to 

ensure that TIl does not initially load capacitor C until 
\ ' 

after Cr has bee~ prFcharged to the cor:rect level. ·If this 

precaution were not ~aken,. capacitor C might be discharged 

erroneously. 

The memory cells having the same column address are 

often ;refreshed sequentially so that in each refre~h cycle 
I . 

one row is refre~hedl' in the next cycl'e the following rmv, 

etc. For each column of ce~ls there is a single refresh 
'I 

circuit. In fact T4, T6, T7, T8, T9, TlO.and TIl are shared 

by one column while T5 is shared by one row. If an M bit, 

memory consists: of m row and n columns the total number of 

transistor~ would be m + 7n + 3M ::: m + 7n + 3mn, since M:::mxn 

and there ~re 3 tran~istors per cell. 
I 
\ 

The 4116 is a l6384x1 bit dynamic RAM using an advan-

ced N-channel silicon gate technology with a single transis­

tor dynamic cell, organized in form of 128 x 128 memory 

array so that each address decoder accepts 7 address lines, 

the total peing 14 address lines. The multiplexed addrcs­
~ ~ 
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-
ses permits thei4ll6 to be packaged in a standa~d l6-pin 

DIP. Refresh of the dynamic cell matrix is accomplished by 

performing a memory cycle at each of the 128 row addresses 

',wi thin each 2 ms~c time interva<l (21). 
I 

" . 
. . r . ~ 

Any memory cycle will perform the refresh operation, 

however, this function is most easily accomplished wi th ' 

RAS cycles only, where on}y one row address is given, and 
l~, v 

the whole row refreshed at a time. This feature incorporated 

on most of the dynam~c RAM's results in a substantial reduc-
! I' 

tion in 'operating power. There are three maj 0'1' refreshing 

techniques while using an 6800 family CPU. The first one 

is to stop the system every 2 msec and pe~form the 128 re­

fresh cycles or to distrlbute the 128 cycles over ri 2msec'­

time. ! As suming on~ re fre sh cyc Ie take s 1 CPU cyc Ie Cl ).is ec 
I 

I , 
f~r 1 MHz operatton)I the loss in the CPU time W~l\l'be'_ .. " .. 

l28xl/2000 = 6.4~. ~nother method is to steal the <1>1 time 

by stretching the clock. The <1>1 time of the CPU, sets the . 
address controllsignais in, preparation for the data transfer 

during <1>2' By stretching or lengthening the <1>1 portion of 
I , 

the cycle, program execution is del~yed, allowing memory re-
! 

fresh to take place. 1 If ¢l is stretched by 500 'nsec the CPU 

time will be stoilenlby 3.2%. In most systems the reduction 

in program execution time may not be tolerated because of' 

the real time a~d software require,ments. For these type of 

systems, a "hidden" refresh configuration may be used. 
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.t !J . 
r Refre 5h1----CP~Re fre 5h -t.:..-cPp iRe fre sh 

'~1~---------~ \' I 'L--- __ , 
Cycle I 
Stea~L ____ 1LI--------l fr--I 

--- - -----\L--_ 
-- CPU-_ ...... / .. Refresht-tl' CPy -_J.;'I RefreSh+- CPU-

~1 ~1~L-----,1 . U \----
Stea~2 ~ \L--~/lJJ---\L...--_l\_ 

REFRESH METHODS 

The place to hide or perform the memory refresh in­

dependent of the MPU program exeduti6n time, is during ~1 

as no data is being transferred ~etwlen the MPU and memory' 

or peripherals. This technique places the addi~ional con­

straint on the dynamic memory system of being able to per­

form a complete refresh cycle during <!i 1 (430 nsec minimum) 

and a complete read or write cycle during ~2 (470 nsec mini­

mum) if th,e MPU operates at 2 MH~.Using this concept only 
, 

128 of the ~1 periods every 2 ms~c m~y be used for refre~--hing 

leaving the other ~1 ti~~ periods open for other uses such 

as DMA trslnsfer from external sources. In this'mode, DMA 

and memory refresh would share the~l 'portion of the cycle 

while the MPU would have access to the memory during ~~ por­

tion of the cycle (3). However, :this requires Sln additional 

'\ 
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hardware to determine the refresh time, so that an automatic 

refres~ scheme on each $1 time has been designed which fi­

nishes the whole RAM refresh ,in 128 llsec instead of 2 msec. 
! 

'In this case, again 

for access. 
fMA 
I 

would haVe to halt the processor 

Whatever kind of refresh is used the hardware \"ill 

consist generally of similar elements. The main element for 

128 re fre sh 

the refresh 

fresh cycle 

cyc1es will be 

counter./ This 
I I 
I ' 

to refresh all 

a 7 bit counter which constitutes 

counter increments in every re-

rows sequentially. Also the CPU' 

addresses should be multiplexed with the necessary timing 

. while reading or writing the RAM. In addition the CPU. ad­

drisses should be isolated while refreshing and vice vers~. , . 

. Two fIlip-flops are the main circuitry to generate the Row 
I 

Address Select CrS) I and Column Addr,ess Select (CAS) lines 

of the RAM. Additional circuitry is used to enable the coun­

ter, multiplexers, RAS' and CAS lines. 

The refresh cycle generally mentioned as the. RAS -
I 

only refresh 

First RAS is 

is prepared. 

cycle is accomplished in the most easiest way. 

held hikh ~nd the row address to be refreshed 

Af~erw~rds RAS is lowered to let the address 

in; RAS is held low until the refresh occurs~ then it is 

pulled up at th+ end of the cycle. In a read or write opera­
i 

tion the sequen<;:e is more complicated. Similarly, the ro\" 

addre s:s is prepared and latched in with a RAS 5 i gnal, then 
I 

I 
the column address and R/W line is prepared (if it is:a write I ~ , 

\ 
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cycle the data should also be ready) and all t~e information 
i 

is latched with the CAS line. Here the cAs line acts as a 

_kind of chip select for the RAM. - The~ the CPU must wait 

till the access time expir~s, take~he readidata out i1 it 

is a read cycle and remove both the CAS 'and'RAS. 

I I 
I 

RAS ,---.,..-r---~--tRc-~==='="~l RAS- only' cyc Ie 
,~ ~==t~RA~S~======~~~~-tRP~ WRITE-Dont Care 

l<oI-'----tRAH 
:AO - A6""l"l/ -r7""7"-:-:-n'777n r-'----------.I .... ,.,-;-r~~~_;_;_;_Tr 

ROW-ADDRESS 

: RAS ---r------tRAS ----!~r+---____ I 
_~READ or WRITE i 

I t RP Cycle 
~----------tCSH---~ 

__ -l... ____ ==::::~o!+tRSH----:_I--t-:;;C;..;o.R'-P-__+_-

CAS 

(COMMON) 

, 
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-

Parameter Minimum Maximum Parameter ~hnimum lvlaximum 
(usec) (ns'ec), (ns ec) (ns ec) -

t RC 375 tRAH 25 

t RAC I 200 
~. t ASC 10 

t CAC 
i 135 tCAH 55 
I I -. 

" 

tOFF 0 SO t· ar 120 

t RP 1Z0 t RCS a 
,. 

t RAS ZOO 10000 t RCH a . ._--
t RSH 135 t WCH 55 

-
tCAS 135 ~oooo twp 55 

- .- --. -~~ -I 

tCSH zoo: I t DS 0 
'- .--~. 

t RCD Z5 65 tDH 5S 
-----_. -. 

·,t
CRP - ZO t WCD - ZO . 

,-- -~- .. 

t ASR a tREF 2x10 6 

I 
TIMING VALUEr FO~' THE MK4116P- 3 (250,nsec Acces s, 

I .3 5 nsec Cycle Time) (Zl) , 

'If the timing values are examined it is seen that the , 
I 

slmvest 4116, which is the 4116-4 can be used for the hidden 

refresh application, since its cycle time is less than both 

the minim.um ¢1 amd ¢21 cycles. 

the RAM operations wi~h¢l or 
I 

,The problem is tO,synchronize 

¢Z. All the refresh timing, 

refresh address and CPU address multiplexing will be derive4 

from ¢z. Since' there are 3Z' Kbyte of RAM, ,the circu~ ~ is, 
I . : 

divided into two'banks each having eight 41l6 1 sto form the 

16 Kbyte of one bank . The b-anks are selected by address line 
I . 
I 

, 
/ 

A14 ; when A14 is low Ithe lower bank is se lected, and, w?en :, 

high the higher 'bank is selected. i ~ Q • 
I 
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The aim of the circuit is to perform a RAS cycle 
! 

only;dtiring the <1>1 peri6d-that:is when, <1>2 is low. Whenever, 
•. I a READ or WRITE command is issued thislwill be performed in 

the <1>2 cycle tJ:1at is when <1>2 is high. In this applicat~ion 

CAS can be low lonly during a <1>2 cycle' since this cycle i,is 

!resE;rv.ed to select and read 'or wrtte ~o the ~M. 
All inverters. LS04 
All buffers LS367 

C4 

A~-----\ 

FFI 

E 

i 

r r--f-----f-----lIo-:lD\S'" 

CAS2 
, 400.0-7FFll 

<1>2 

VMA 

. A15 

A14 

S Q 
>-_-------t> C L K 

LS02 S32 

CLK 
I , 

LS393 

D 

OE 

7 bit LS240 
counter 

RAM SELECT 

I A~IO'~'AM6 2xLS257 
DATA ARO -AR6 AO-A13 Selecto 

I 
I • 

I 

HIDDEN REFRESH CIRCUITRY fOR TWO BANK OF 4l16'sl 

I 

, 
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Two CAS 6utputs ar'e given from the refresh circuitry , 

. i . - \ 
for e~ch of fhe' two banks con trolled by AI'4 . There is no 

I 

CPU~ycle where no refresh is performed, even in halt posi: 

ti~. with the efcep~ian that .2-is na~ active .. Every timing 

is based on ~2 and the refresh occurs for the whole RAM area 
( 

having the same Row Address. The ~ precharge time and the 

CAp de lays are arranged by us ing two flip - flops connected 

as monostables ~nd ~nverter-buffers to obtain wanted 'delays. 

The ~2 liAe i1r inverted and buffered separately to II . 
obtain equally d'elayed ~ and (jl lines wtiich control the pri-

mary functions of the refresh circuit. The ~ line increments 
, i I 

. the refresh counter and enables the buffer to drive the RAM . _. ! . 

\ -
address lines.': At the same time the inverse of ~, (jl, dis-

abIes lall the CP~ addresses.' During '~~e ot~er cycle when ~ 
is hig~, f enabl~s tLe output ~£ t~~ 14to 7 line data'se1ec~ 

-' ., I r~ . 
tor. The select6r is additionally:contr~lled by the delayed 

RAp oqtput for CPU address multiplexing. 

I 
i 'On powerlup position, P,PI's output Q assumes either 
! 

a low ror high state. If it assumes a high state Q is low 

so Cl ~~s~hatgesithr~Ugh Rl and the R ~nput goes la~~a re­

s~t the Q;'9ytput~ 'When Q becomes low, 'or it assumes a low 

state initially, Q is high and charges CI to a high state 

PU~ling up the ~ input to prevent continuous reset condition. 

In far FFl is ~ manastable which generates the RASprecharge 

time ~n, positive going f pulses, that is negative goi~g.~2 

pulses. At the high going edge the Q output is· se~ a~d it Q • 
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remains high until Cl discharges through Rl and the Rinput 

becomes logic low. The value of Rl and Cl can,be roughly 

calcurated by using the 4RC constraint for the discharge time 

. and fine adjusted byl experiment. ~. The RAS prec~arge time 
I 

I 
(tRP ) should be greater than 150 nsec a~d the RAS should be 

held low for 250 nsec (tRAS)' Considering that the total 

half cycle can be minimum 430 nsec the monostable should be 

adjust~d to 150-180 nsec. FF2 operates with the same logic, 

however, there are some modifications. The D input of the 

flip-flop is not !alwfsy high, but only when the RAM is selec­

ted, since the RAS and CAS should not be genera ted othenvi ~e . 

The big differen~e is the addition of a delay circuit 

between the Q output and the reset circuitry. The delay ~s 

~btain~d by the slow action of the second inverter which is 
I 

obtained by the parareling capacitor. 

,inverter's outpui is high, than C3 will 

As suming the firs t 

be charged from the 

left. If a transition occurs, C3 will discharge into the 

first inverter clausing a certain delay until the secorid in­

verter accepts· the signal as a logic low. When the second 
. I 

inverter goes high it charges C3 from the right. Now if a 
I 

transistion occu~s Ci will discharge into the second inver-

ter and cause the same delay. The delay introduced can again 

be arranged experimentally. It should be noted that the 

total pulse len9th is equal to the delay introduced by the 

three inverter tircuit plus the discharge time of C2 to the 
! 

third inverter. The third inverter output (C) will be used 
I 

I 
to generate the CAS outputs since it is delayed froJ1l ~AS. 

! f7 ~ .-
J 
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The cAs outputs are enabled only when the appropriate 

bank of RAM is selected. That is why the RAM SELECT line is 
i 

gated ~ith A14 and A14 to select the two ~ outputs separa-
• i 

'tely, producing ~ cxr for ea~h bank ~f ,RA~1, only 

ted from the CPU. A~other slgnal WhlC~ d~sables 

when selec-

the C'7ffi" 

outputs is the delayed <l>Z line, since no CAS can occur during 

the low state of <l>Z' The re~son to delay <l>Z is to prevent 
/ 

theoc,currence <;>f a glitch between the high going edge of 

<l>z and
i 

the low 'going edge of the (C) output. That is, the 

delay introduced1by f4 should be larger than the delay in-
, 

troduced by C3 p~us rhe flip-flop propagation delay. The 

RAS to CAS delay is arranged to be 40 nsec so the delay in­

troduced by C4 should be greater. Also CZ should discharge 

in abo1ut 100 -110 nsec to add up with the delay of the three 

invertiers to form the iD\S'precharge time. 

I 
I 

During a refresh cycle the S input is pulsed since 

this input is in fact the RAS output delayed. However,this 
, 

has no destruct+ve effect, since during the <1>1 cycle only 

the refresh addresses are enabled and no CPU address can 
I 

access the RAM, until the <l>Z cycle, \'Ihere address lines are 

left to the CPU, undrr the control of the S line'. The S 

line is left low durlng the second hal£ of a refresh cycle 

and the low CPU addresses'are directed into the RAM. This 

has no refresh ~r read/write effect since CAS is high and 
I 

the refresh addresses have been latched in the first half 

of thei cycle. 

.' q • 
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, p, 
ji 
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<P2 

A 50 nsec 

'D I 
70 

E 
i, 

25 nsec' , ; 

B 

m ~_--Jr_16O nsee .... ~====_2_5_0_-3_2_5 __ --'--t--_----1,~-~--'1 
,CAS 1·-r:h,-,-:--;--;-r-;'-;-;-:-~----------;H--~5})----'-----

. CAS"2 ~L-!-L-L-!-'--'-'-'-'-' 

<P2 

"!A--+, 
" 

REFRESH ADDRESS 
ARO-AR6 

REFRESH ONLY CYCLE .. (RAM NOT SELECTED 
CPU CYCLE, D=O) 

-t------1~/====' i 
,; D ~..;.,:,.~ -'-'-"'-'~-'--'-'-''-'-'-'-"'-'-''-'~ 
E' 

25ns \ 
15,0 -16QL-n-:'s_e_c ___ --'-___ _ 

c 
I 

'; ; , ! 

:- -~-- ~ 

20nse'c 

'::~1 
-----------------------+~ 

or (depends on A14 

CAS2 

REFRESH ADDRES AMO-AM6 
ARO-AR6 ROW ADDRESS COLUMN ADDRESS 

I I 

REFRESH AND ~EAD/WRITE CYCLE 

, 
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-
During a ,read/write pl~s refresh cycle the S line be~ 

c'omes active on the second cycle sinc'e a cxs- output occurs. 
! 

The S line delay should be well arranged since the row ad-

. 'dresses should be' held for at least 35 nsec. For this reason 
iii' 

the switching of 'the row address to column address should 

be delayed by this same amount. The address hold time \vill 

be equal to the ;LS257 propagation delay plus the introduced 

LS367 buffers (the sec~nd LS367 is optional if the delay is 

insuff~cient). The address hold time may even overlap 20nse~ 
_ ... 1 

after the ,CAS activation according to the 4116-4 specifica~ 
I I. ' 

tions. The column address is held until the end of the CPU' 

cycle. The RAS output goes high about 25-30ns after ¢2's 

low going edge since gate delays are introduced (2 Schottky 

gates ~nd one low power Schottky· gate delay, assuming l5nsec 
! 

for LS; gate s, 6 for S gates). The high going edge of CAS 

is controlled by!th~ E or D output. The'D output goes low 

if either VMA goes low or AIS goes high, that is after 30-

50 nse.c from ¢Z' s low going edge since the CPU holds the 
i 

VMA for about this period. The E delay is about 60-70 nsec 
, 

so the control of CAS for the low to high transition is on 

the VMA line. In this way CAS goes high about 10-20 nsec 

after RAS goes high ror precharge. The refresh addresses or 

column addresses are held until the end of each half cycle. 

The ~ output is held low for more than 250 nsec and CA~ 

for about the same time (this time depends on <1>2 pulse width, 

assuming a minimum ¢z pulse of 430 nsec); in this way the 

timing will be enough for the access time ox the 41J6. 'n. 
i 

:.ii~;ad.vantage of the ~ead/Wr.i..te cycle I.S thae the l:'i'''l~-;'; 0: \\11\ 
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which is not sel~cted is ~ubject to a refresh cycle since 

the ltAS is 
i 

common to both. banks. Supposing A14 is 10\v, the 
: 

first !bank is pulsed with RAS and CAST but the second bank 

only with RAS", since A14 is low and CAST high. . In this way . , 

bank 1 is accessed and bank 2 refreshed with the row address. 

of bank 1 during the second half of the cycle. 

,It should be noted that only Schottky TTL devices are 

used for 
I 

lays are 

sing the 

the input, RJ\S,and CAS circuitry .since no big de­

permittrd fbr the refresh logic, these delays cau­

decrease of/the access time. Also only a Schottky, 

gate co'uld drive the sixteen RAS inputs of the RAM's. In 

the design, attention is 'given to the fan outs of LS and S 

gates~ that is a reason for buffering ¢1 to be capable of 

driVi~g the Schottky flip-flops~ Also the D output is buf­

fered ~ith a OR gate to be able to drive, the three Schottky 

gates. The E output is also buffered in the same manner for 

, the same reason . . 
I 
I 

The big ~ifficulty to design the circuit is that the 

resistor and capaci tor values can be determined only by ex-
i 

since the d~layS introduced may periment even depend on the 

chip used and a new calibration could be required if the 

chip is replaced~ However, it is possible to design a re­

liable circuitr} considering reasonabie tolerances. 

, . 
~ , 

o 
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CHAPTER 9 

I 
ITHE FDC FIR~1WARE 

FIRMWARE ORGANIZATION AND ENTRY 

I , 

i The firmware lontains fifteen subroutines where four 

of these performlsom, special functions, and the other eleven 
i I : 

perform the basic disk operations, according to the para-

meters set by the user (the CODOS operating system for this 

case). The special four routines are the operating syst~in 

loader~ the hardware initi~lization (PIA and FDC), the error 
I 
I , 

chec~ihf routine~ ant t~e error display rou~ine. These fOU~ 

rout1nes have no ipar,meter to be p~ssed by the user; however 

)~he diskette rouiine~ need some parameters to perform the 
I • 

operations on these indicated variables such as track, sector 
I 

or . RAM address. ! The parameters are passed to thefi rmware 
I 

by a firmwar~-o~erating system shared RAM area, consisting 

of nine bytes as ,exprined below: 

$0000 

$0 001-
0002 

'. 

DRIVE 

.1 
BEGSCT 

I 

This byte contains the' drive number 
where the operation has to be performed 

(0 to' 3) . 

These two bytes contain the physical 
sector where the operation .has to begin 

to to $7D2 for single sided, a to );F,A4 

for double - sided. diskettes) . i'~ 
I 



~f0003 -
0004 

$0005 

~0006-
0007 

~0008 

NUMSCT 

SCTCHR 

BEGADR 

ERSTAT 

110 

These two bytes contain the number of 

sectors where the operation will b~ per-
formed (the sum-of BEGSCT and NUMSCT 

cannot exceed ~7D2 for single and $FA4 

for .double s~ded diskettes). , 

During ~ead intO me~ory operations, this 
byte contains the ,number of bytes to be 

read from the last se~tor used, since 
file ~ay not fill all of the ~28 bytes 
of the last sector. The firmware may not 
stop on the byte specified since it seg­

rents the last sector into 8-byte blocks 

fnd stop~ loadin~ after reading the block 
containing the last byte requested. If 
this numbe,r is greater than 128 an error 

will occur. 

These two bytes contain the first address 
from/to which data is to be read/written 

during disk read/write operations. The 

firmware' updates this entry after each 

rector is read/writt~n. 

Whenever the firmware sets the carry 
bit of the condition· code register (CCR) 

this byte will contain an ASCII number 

(~3i to $39) indicating the error type. 
If no error occurs, then the carry is 
reset and this byte contains $30. 

, 
In addition to the shared RAM the firmware has also 

its' own RAM, consisting of 18 bytes. This area is used to 
I 

f h i • h h k' save some 0 t ~ user reglsters suc as t e stac' pOlnter 

Some of these variables are (SPRSAV), NMI v~ctor (NMISAV). 
I 

LOGSC~ which shows 

shows the track on 

the physical track sector, TRKADR which 

WriCh the head is positioned, REpE~T 
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which shows the number of sectors left for operation, DBLSDF 

which shows whether the diskette is double or single sided, 

RTRIAU which shows the number of retrails for the operation. 
, • I 

There is also a blOCr' of four by!es (CRTRKO-3) which saves 

the head posi tion of each drive, since le'ach drive is accessed 

at separate times, and the last position of the head should 

be known on each track (the operating system is not aware of 

the head poSitions, it only gives commands to position the 

head on a specified track). The most important byte in 
I 

this ,area is FRMfAR rhiCh saves the firmware subroutine 

parameter. The ~irmware dedicates an hex byte to the diffe,­

rent 11 subroutines (thi~ is reduced to'lO subroutines since 

the basic read and partial read can be di£ferentiated from 

the parameter SCTCHR). The basic read routine immediately 

loads iSCTCHR with 128 so that these two routines are iden-
I 

tifiedby setting FiMPAR to O. The other commands are dIf-

ferentiated by s~me of the bits of FRMPAR. 

Write routine 

Read CRC~------~ 

Track 

Dummy timing routine 

Seek Track 0 

Deleted 
Data mark 

Routine 

For Seek Track, Seek Track 0, Read CRC, Basic Write 
I . 

and the dummy t;iming routine, only one of the related bi ts 
I 

should be set. ! However, itis possible to set two or three 

bits !hen the routi1e is a write routine. Setting b~t 7 

and 0, means write 1ith deleted data mark, setting~bJt 7 • • 
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and 1 means perform a' write· tesL. (to chec;:k write protec tion 

for example), s~tting bit 7 and 6 means write then check CRC, 
I 

and l~stly setting bit 7, 6 and 1~ perform a write and read 

CRC test. The firmw~re is so or-ganized that, as an example, 

the read CRC routinel is a subprogram o:fja write and check 

CRC routine. 

Upon each entry to one of each FDC firmware disk rou­

tines :the B accummulator is loaded with the related control 
I 
I 

word FRMPAR which. isl saved later. All routines are activated I . . 

by a branch or jump ~o subroutine command after all para-

meters are stored to the shared RAM area. The entry points 

are organized in a different form to avoid vastage of EPROM 

area: 

E886 C6 40 REDC+ LDA B #:340 READ CRC Entry 

E888 8C FCB $8C WRITE AND CHECK CRC 
ENTRY 

E889 C6 C2 WTHENR LDA B #:3C2 
I 
! 

E8A8 D7 OE STA B FRMPAR STORE FIRMWARE 
PARAMETER 

If an entry to WTHENR is made, the B accummulator is 

loaded wi th $C21' and assuming the B accummulator is not al-
I 

tered .later, thls parameter is stored to FRMPAR. If an 
i entry loccurs to REDCRC, the B accummula tor· is loaded \vi th 

$40 and then, a ~C ~6 C2 is encountered which mean~ crX' 
. I 5 • 

#:3C6C2, so the Index' Register is compared immediately wi th 

I,' 

., . 



,sC~C2. At that!'point the B accummulator contains ~40 and 

FRMPAR is stored wi th this same value since the program' in 
I 
I 

between is similar after the WTHENR point. In this way a 
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branch or jump ifstrrction after the lqading of the B accum­

mulator is avoided, ithat is at least oIte byte (two bytes if 

an extended jump is needed) is saved for each entry, with 
., 

the disadvantage of dummy "compare immediate index register" 

in'structions which increases execution time. The same rea-

soning is found on error exit operations which has to store 
I 

I . 

the error number10n fRSTAT. and set the ,carry bi t of t,he con-

dition code regi!?ter i
• These error e:xit: points 'load,st~e ~c'-, 

cummulator with the error number, .performs: a series of"'BIT" 

inrt-ructions and ends with a "STA ERSTAT, SEC" instructJQ~. 

, 

I After the en try is performed an~ the fi rmware para-

meter i~ saved, ~he rlxecution begin~ by looking if th~ co~­

,mand was to pass Ithe timing par~meter toCODOS, since this 

routine does not activate any drive hardware. If the command 

is,a drive oper,tion the drive is selected, the double side 
Ii' 

input is read t~ ~dentify the diskette type, the stack poin-
I 

ter saved, error conditions cleared, the track where the 
! I ' 

head of the related 
I 

,rive is positioned is fOun~" and a 

signal from the drive is made . • check for the ready 

l 

If the o~eration is not a seek track zero command; 
I 

immediately a se,ek operation is performed to the track which 
I 

contains the sector number "/ri tten in BEGSCT. This opera-
I 

tion is performed at 
~ 

lall times since the head need to ~e 
I v 
! 

I ' • ~ 
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/ 

Save Parameter 

Command initialization, drive 
selection. Double or single 

sided recognition 

N 

Y 

1 

3 Perform seek opera1 
t-----'t----'----~-___j t ion acco rd i ng to . 

BEGSC . 

Save Current 
track,dese­

t dive 

Y 

Any error 
uring see 

N 

Wascomman 
a seek· only 

command 
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COMMAND 
END 

Y 

I 

'\ 

N This point 
shows a I 
seek command 
has ended 

Y 

Was 
command a write 2 

command Send 
'---~'-i----' Th i s po i nt 

shows a CRe or 
READ routine has Y 

Reset write command ended 
bit 

Is it 
a CRC command. Y 

N 

Is 

Is it 
write with deleted· 

N.-._-\ data mark 

Y 

test 

MOVE HEAD 

GO TO 
EXECUTE 4 
IF ANY N 
OTHER 

COMMAND 

TO NEXT 
TRACK 

write~~~--------~-~-----~--------~ 
~--------------' 

FIRMWARE CONTROL PROGRAM FLOW~HART 
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positioned for all operations. The seek track zero command 

is mainly used for initialization. Whenever an only seek 

icomm?-nd is issued (bi t 3 or 4 is set) the command ends after 

the seek, otherwi~e ~he sector count is decremented to find 
i 

if the command has ended. Whenever theisectors are finished , 

bit 7 is tested to see if the command included a write opera-

tion. If so the eRe bit (bit 6) is tested and the write bit 

resetted. This reduces the write and check eRe operation to 

a single read eRe operation and the exit will occur in the 

previous check of bi~ 7 after the read eRe is performed. If 
I I 
I . 

the eRe bit is not s~t at that point this means that only 

bit 7 was set and a basic write or a write test occurred. 

To perform the secondary eRe operation the seek operation is 

repeat~d. During an operation if the sector number exceeds 

26 fori single sided or 52 for double sided the head is moved 
! i 

to the next track. ,efore a write operation the write pro-

tect input is checked and an error occurs if the 'vri te pro-

tect input .is active. 

If the co1mmand is a write command it is executed in 

three different forms: write with deleted data mark, writ~ 

test and basic write 128 bytes intb sector. 'The' read opera­

tion is also divi,ded ,to read eRe, re'ad 128 bytes and partial 

,read operations. If an error occurs' after a disk operation 

and the error is! recoverable a retry is made up to five 
i 

times. If the e~ror is not recoverable or five retries are 

made the command ends by writing the error type and setting 

the carry bit. 
I (J • 
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FIRMWARE. SUBROUTINES 

The firmware routines occupy about 750 bytes beginning 
• I 

. from the address: E80f". It also uses about 32 bytes of RAM 

and 20 bytes of inpuit/output registers.1 A brief explanation 

of each routine and some flowcharts are given in the following 

section: 

FOSLOD 
~E800 

, I 

" 

FDHWNI 
, ~E039 , 

FDFMER 
$E86A 

Thi~ routine initializes the driv~ electronics, 

calcu~ate~ the timing parameter, puts the head 

of drive ~ero on track zero and loads sector 23 
i 

and 24 into memory beginning at $0020, The check 

for any error is made and if an error occurred 

the error is printed on the system console or 

TTY. After the loading, control is given to the 

boot-loader by jumping to that' location. It, in 

turn, loads the rest of the operating system into 

memory. f~iS function does not return control to 
the calli~g program. At least $120 bytes of me­
mory are ~equired starting at location 0 for 

execution of this entry. 

This subroutine initializes the PIA and FDC, It 

first initializes the set up and interrupt status 

registers of the FDC; then the A output register 

of the PI~ is initialized with SFF to prevent se­

lection ~f any drive when the register is swit~hed 
to output mode. 

This! subroutine checks for a disk error if called 

immedia te ly after return from a disk operation 

by checking the ~arry flag. The subroutine just 

returns to the user if no error occurred (carry 

clear). IIf an error did occur the subrqut,ine 
prints an E followed by the ASCII c:hara{t.ety in .., 

I 
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ERTOCO 

$E871 

SKTKOO 

~E88C 

SEEKTK 
$E88F 

o· 

lIT 

h i. d ERSTAT and two spaces to t e system console an 

disk operation is stopped. i 

~. I 
This routine sends an E, the contents of ERSTAT 

and two spaces and is used by FDFMER. The only 
'. 

parameter to be passed, is ERST AT.. No other! para-
I 

meter is modified. 

I 
This entry causes the head of the DRIVE location 

I 

to be' restored to track o. I The drive must be 
ready or an error will occu~. The subro~tine 
loops around the settling t1ime compl~te' bi t,' con-

I . 

trolling the error status at the same time.! If I 

the track zero input is no~ active after 83'pulses l 
. I I 

a seek error occurs. rhe ~ead is loaded after 
the command has ended k.nd remains loaded until a 

. I . . 
new command is issued or the drive d~selected. , 

All parameteri'~re left unchanged with the excep­

tion o£ ERSTAT, in ~ase of an erroroccur~ence. 

This routine causes the head of DRIVE to be posi­

tioned at the track containing BEGSCT and waits 

until the settling time is\'complete. Before the 

command is issued, BEG~CT ~nd NUMSCT .are added 

to find'if the sector is in an allowdd track (less 

than 77). The residue sector (betwe~n 1 and 26 

for single, 1 and 52 for double sided) is stored 

to LOGSCT. 0 The c~rrent track position is taken 
from the drive's CRTRK and stored. to the FDC's 

CTAR. The wanted track iS I stored to the FDC's 
I I I 

GCIU When the command j ends without error, CRTRK 
is updated and the FDC,s GtR is transferred to' 

i 

CTAR. The routine does not cnange any parameter., 
except ERSTAT in case of any error. ~he head is 

. I 

in loaded position at the end of the command. 
The track number is found b~ dividing the given 

sector number by 26 for singled- sided and 521.for 
double-sided diskettes~ 



BSCRED 

~E880 

END 

N 

lIt) 

This routine reads the number of sectors contained 

in NUMSCT, beginning with BEGSCT from DRIVE into 
memory starting at the address contained in 

BEGADR.· BEGADR is updated to the next addres s 
that i~ tol be written ~nto, after e~ch secior is 

read.Thi~ entry .sets StTCH~ ·tol28 since it reads 
the whole sector, and accordingly the basic rea~ 
~outine is separated from the partial read routine 

which has to compare the number of bytes read 'vi th 
SCTCHR. The read loop is a critical loop, and 

. should be capable of handling all the operation 

for one byte in.32 ~sec. 

I 
Begin Command 

SSR bit s et;>--~_--4. 

MCC: Macro command 
complete 

SSR: Status Sense 

Request 
DTR: Data Transfer 

Request 

OF COMMAND 

N 

y 

Store read data 
increment data pointer 

F'LO\llCHART FOR BASIC READ LOOP 

The first event that a read sector c0TIU11and encoun­

ters, in a: normal operation is the s~tti~g .of the 

SSR bit wJich shows that the address ID li~ld has 
I 



REDLST 

$E884 

REDCRC 

$E886 

o 

! 

! 
I 
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been !detected and verified by a CRC check.' During 

the ~earch for SSR, DTR can not be set since data 
arrives after the ID field. If MCC is ~et before 
SSR, probably a sector address or CRC error occur­
Te~ . 'In 1hiS way a lQ)Jsec loop searches for SSR 
and when found the first dat~'transfer will occur , " 

after 18 byte time (S76)Jsec). The SSR bit service 
only checks for any hard error or the detection 

of a :deleted data mark. When the SSR is serviced 

the ~earch for any DTR begins, and when found, 
including the DTR bit test, it is serviced in 

27)Jsec, which is less than one byte time, that 

is. 32~secJI As noticed there are'two loops in the , , 

read ~per~tion. The 28)Jsec ~oop occurs when DTR 
is not set consecutively. If DTR is found set 

it is immediately checked again so as to not loose 
the ~ext data by making a'28+27)Jsec loop. When 

all the 128 bytes are transferred, the MCC bit -is 
set and a check for any errors should be made. 

(' 

This ~ntr~ is very similar tO,the previous,BSCRED 
entry Mit~ the exception that not 128 bytes but 
a multipl~ of 8 bytes are read into the memory 
and BEGADR updated.' If 128 is written into SCTCHR 

this !routine is exactly the same as the BSCRED 
routine. The exception, in point of view of the 

softJare is that a comparison for SCTCHR is intro­

ducted which increases the 27)Jsec loop to 30)Jsec, 

which is Jgain less than 32)Jsec; also when SCTCHR 

is reduceJ to 0, dummy read operations should be 

made and not placed into the RAM to prevent the 

data transfer error to be set. 

i 
I • 

This ;entry pOlntreads the number· of sectors con-
taine'd in NUMSCTbeginning from BE GS.CT to check 

their CRC ,without reading the contents of the 
, I 

sectors. IThe only thing checked 
is issued~ is the MCC bit. When 

after t~e .command 
I( d • 

MCC is set the 



BSCWRT 

$E89B 

WANDRD 
. $E898 

WRCHEK 

$E892 

" " 

I 
errors are checked and in case of a CRC error 

i 
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the operation is repeated five times 'for one sec-

tor. 

This routine writes NUMSCT of sectors beginning 

at BEGSCT from memory location contained in BEGADR. 

BEGADR is updated to tUe address of the next byte 

to be read from memorylafter eachsestor is written. 

The software logic is completely the 'same as the 
. I 

basic read loops, but .data is transfe'rred from 
I 

memory into the floppy diskiDOR, instead! of the 
I . 

trans fer from th,e DIR to the memory .• The bu'sy 
J I 

bit is checked and the STAB O,X instruction iin-

creases the loop by one cycle and 28~sec is in-
i ' 

creased to 29~sec for the write loop. 
\ I I 

This en try is the combination of the tBASWRT and 
REDCRC routines.' First a basicwrite i for all the 

sectors specified is performed, when all sectors 
i 

are written the control program resets the write 

bit in FRMPAR and the operati~n is reduced to a 
read CRC operation. The control program jumps 

! I 
to the beginning of th~ program to perform a seek 

a command if necessaryJ fO~lowed by t;he CRC read 
command' execution, and then the exit loperati~n 

of the command occurs. 

This entry point writes, the two bytes located at 

the address contained in BEGADR into alternating 

byte!s of NUMSCT sectors beginning wi th BEGSCT. 
Th~ iaddres s in BEGADR {s nbt' updated. The routine 
is us ed to check if a Jri t~ operation on the', dis~. 

i 
, ket te is permi s_si ble. . I "'. 

I 

The wri teo test loops are, in! fact two 'wri te loops, 

one to write even locations~ the other for odd 

locations. These loops are the same as the ~asic 
write loop with the exception that the incrementa-

I 



ERROR EXIT Issue Wri teConunand 

y 

r--,Y 

'-'----4 GET (BE GADR r--~r-----------. 

I.COMMAND 1--____ ---<. 
. END 

23~sec 

I . Y 

Write (BEGADR) to 
disk. Get (BEGADR 
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END OF I 
N COMMAND! Set j 

Write (BEGADR)+lto disk 
/.-------/ 

Get (BEGADR 

, ,I· . 
. BEGADR: Address storrd in the two locations of BEGADR. 

(BEGADR): ,Contents of memory location pointed byBEGADR. 

i 

I 

WRITE TEST FLOWCHART 

tion of the index register is omitted so that the 
-

service routines are 23~sec. The search for MCC 
and DTR ltsts at most 29~sec as in the write loop. 

, ~ . 
The even loop gets the odd data to be.stbred and 

I 
" . 
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,! 
! 

WRWDDM, 

~E89S 

i 
I 

WTHENR! 

~E889 

i 
TIMINGi " , ' !' " 

~E89E r" , 
" 

i: 

, ,122 

jumps to the odd wri te loop. T,he odd, loop gets 

the ~ven data, and jumpst6 the even loop. In this 

manner the loops and the written data are changed 

conse~utilelY after 

This rout~ne w~ites 
to the beginning of 

each byte write operation.~ 

a delete~data mark pattern 
I 

the data field. The data 
written are the two consecutive bytes of the ad­
dress shown by: BEGADR. This routine is used t:9 
omit theus~ge of a specific sector. 

This routi,ne'is a combination of the WRCHEKand 

the' read {RC routine." First' consecutive twobytes 
are wJi t t$n, to the number of, sectors specified:. 

! . . ' . '. . 

Then the written sectors ,are read back to check 
,. . ". ~ 

theirCRC's. Since the entry is a test entry 

the parameter BEGADR is not updated. 

Th{s entry point saves a timi?g parameter as a 

function, If the sys tem clock frequency -for ,~he 
operatjing system routines. This is, done automa-

j 1 I ' 

tically i the system is started at the FOSLbri" 

poirit .' 'The' number for' a 1 MHz c~ock value is 
equal to'3 and it is stored into the memory lo~a~ 

• i' , 
t~oll'!TIMPAR. 

ERROR CONDITIONS: 
I 
1 

The ,error conditions are saved in the ERSTAT output: 

parameter:~ ILan error occurred during a disk operation, 
, "I : '.' , ' ' ,",," 

the~arry bit will be set, on return to the caller, and this 

byte W~ll contain a number indicating the type of error in 

ASCII bode. If no elror,occurs, then the carry will ~e re-

set and this:byte wi 1 contain ASCII O. Some errori dre ~ • 
I 
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i 
suqmitted to re~rials before they ar~ written into this lo-

cation. In multi-sector operations the ;operation is aborted 

when an error occurs and the number 0'£ the sector in error 

can be calculated by the following formula: 

PSNE = BEGSCT + NUMSCT - RESECT - 1 
I 

i 
Where PSNE is the number of the sector in error, and RESECT 

is the! number of sectors left until the en4 of the operation. 
I 

Initially RESECT is tet equal to NUMSCT, and it is immedia-
I 

tely decremented at the starting point of the operation; 

that is why a 1 should be subtracted in addition to RESECT. 

The value of ERSTAT and their meaning are given belo\\'. 

~31 iDATA CRC ERROR: This error occurs when CRC ERROR 

(STRB1) iS
I 

sei and Sector address undetected (STRB3) 

is reset qsee IChapter 6).- It shows that the data 
field CRC .Iis incorrect because 'of a possible mis.,. 

writing or misreading. This error will occur after 

the last !sector byre is written in memory, but. the 
BEGADR parameter will not be updated to the next 

. address. I If the error occurred during a write test 
I 

or check, data should be rewritten. The firmware will 

atte~pt to.re1d the sector CRC-five times- before re-
t¥rnlng thlS ~rror. . 

. • I 

~32 WRITE'PROTECTED: This status is returned when the 
write .protect hole1of the disk envelope is not coVered . I .... .... . . . 

~33 

o 

wlth an opaquematerlal. A wrlte operatlon to such 
I _ 

ia diskette is not permitted by the firmware. 

DISK NOT READ~: A possible cause for such aIle,rrOr 
include the d~iveunit door not being closed! ;nd the" • 
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diskette ,not being up to speed. 

~34 DELETED 'DATA MARK DETECTED: This error is set when 

the data field address mark contains a deleted data 

mark. The BEpADR paramete-r is not updated and the 

sector numberl can be found from ,the given general 
PSNE formula. Any operation is 'aborted \',Then this 

error occurs, except a CRC check and WDDM. 

$35 , TIMEOUT: This error occurs \',Then a bad track, or sec­
tor, or.unformatted disk is read since the sector 

address mark is not detected. An overrun error while 

reading o~ Wrj"ting may also cause- a time-out to occur. 
The operation is retried five times. 

~ ! ~ -

$36 INVALID DISK ADDRESS: This error occurs when the 

sum of the BEGSCT and NUMSCT parameters is greater 
than the number of the sectors on the disk. 

$37 SEEK ERROR: This error occurs if a SKTKOO is not 
i 

completed. on frack 0, 

head on atra~k where 
not equal to the LTAR 

or a seek operation puts the 

the ID field track address is 

of the FDC. 

$38 DATA MAR~ UNDETECTED: This error occurs \',Then a data , 

mark is not found after a status sense request. Data 

can not be \',Tritten into memory and the sector is not 
read. The firmware attempts five times before re­

turning this rrror. 

I 

$39 ADDRESS MARK CRC ERROR: When both a CRC error and 
a sector address undetected error occurs simulta­

neously,! this means that the CRC of an address mark 
is incorrect. The firm\vare attempts five times, for 

this error to be valid. 

" .. 
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After each disk operation is ~xecuted, a check for 

errors should be made and if possible, the error type, the 

erroneous sector or track should_be displayed on the system 
i . 

console. Generally errors occurs because of bad formatting, 

the destruction of t~e format by magnetic fields', or because· 

of bad handling of diskettes. 
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CHAPTER 10 

I 
i , . 

THE OPERATI NG SYSTE~1· 

OPERATING SYSTEM FEATURES 

The term oper~ting system denotes those program modu-
I • 

: I . 

les within a computer system that govern the control of 

equipment resources, such as main storage, I/O devices, and 

information. The operating system can also be viewed as a 

collection of utility routines, like peripheral handlers or 

compilers under the control of an executive often called the 

kernel ~ that supe,rViJes resou~ce allocation '(31). In multi­

us~ systems, the ma~n function of the operating system (OS) 

:becomes to resolve conflicts among the users and to see that 
• 

the resources a~e used efficiently. For these reasons, .it 

has to determine who gets what, when and how much, allocate 
i 

and reclaim the resource when needed (15). 

For a single user system, which is the case for the 

Codos operating sys~em used in the project, the as merely 

converts the sn~rc~ language program into machine language, 
i . '-

assigns storage ,allocations to program and data, and makes 
; , 

sure the user retains control over execution. The as has 
! 

also to provide an etvirOnmp.nt in which particular io~t,""are 

packages can execute; such as a compi ler, \vhich is a program 
1(1 • 
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that translates a source program in a high-level language to 

a corre,spond ing machine language program, or obj e t program. 

Most c6mpilers interact closely with the operating system, 

both during the, c~mpi~ation of so~rce programs and the execu-
, I . , 

tion of the object co8.e. During compilation the compiler 

needs the operating system to read the source program, print 

its listing and punch its output 'decks (15). 

,The as provides a simple command language that allows 

the user to statewha~ he wants done and what device or file 
I 

he wants it done to. I For example a disk drive and a 'line 

printer have very little in common, however, the as lets the 

user to copy data to either one with the same command. Pro-

grams to perform specific functions remain on·the disk until 
I 

a comm,nd that calls them is ' entered. The as is itself 

stored rin a floppy disk and loaded on the system reset. That 

is, only required programs are loaded into the memory and' 

execut~d. This technique gives the full capabilities of the 

operating syste~ and lets the user to reserve the majority 

of the ,memory space for his work. 

The Codos OS inCludes a I set of utility programs and. 

commands; to manipulate data: on diskette, process data, exe­

cute utility programs,.acti'vate user-developed functions. 

Compilers and as:semble~s may eas ily be incorporated into the 

as. To manage user programs, functions to create and change 

files, delete files, copy files, change name of files, list 
I 

all files, combine p~ogram parts, convert obj ect cOl}e ;to and 
'J • 
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fro~ hexadecimal formats are provided by Codos, including a 

job control facility to enable~. the sequential execution of 

cOITL'TIands automatically. I 

'. 

FILE AND DISKETTE ORGANIZATION 

~A file· is a set of related information that is recorded 
I 

on the disk or diskette. This information can be the actual 

machine instructions that make up a command or program; this 

information can also be a textual data~ object program! data, 
I 

or any of a number of other forms:. Each fi Ie on a disk has 
. .' I 

a name. Each file created is na~ed by'the user, or by the 
I 

os commands. The file is created on the indicated drive; 

if the drive is not specified, the appropriat~ default values 

are used in operating the file (generally drive ~). Existing 
! 

files are unaffected by the creation of a new file. File ! 

deletion is ex~licitly controlled by!the operator using the 
I I 

"DEL" command. Some commands create an intermediate work 

file to perform the command's function; these intermediate 

~iles are then deleted by the command as a clean-up processeS) . 

The operating syst~m keeps a di~ectory of all files of 

a disk. Thed!irectory is necessJry to know the file's posi-

tion on the disk. 
i 

To access a file,. only it's name is given; 

the OS finds t~e entry on the directory, gets the beginning 

address of the file and loads it on an empty location of 
I 

the memory space. A "DIR" command is'supplied.to list the 

names of all.files on a specified disk. A "DEL" command 
I 
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- only lemoves the file from the directory; actually the file 

resides on the disk and is not destroyed until a new write 

command is issued. All files can be ~pecified with delete 

protection, write protection, or no protection. Write pro-

tection prevents any command from writing to that file as 
I 

well as preventing deletion of tHe file. The "NAME" command 
I· 

can be used to set or change a file'i protection. 

A file name s~ecification ln Codos consists of three 

parts: A file name,. a suffix, and a logical drive number. 
i 

File names can be ftom one to eight alphanumeric characters 
! 

in length, the first of which mu~t be alphabetic. In most 
I I 

cases the suffix and the logical drive number ~re usually 
i 

gi ven appropriate de faul t values by the various: commands .. 

Some commands, however, require the full name of the file. 

The suffix can be'either one or two characters in length. 

Like file names, suffixes must bt::gin,with an upper case al-
I 

phabetic character. Some suffixJs have specific meanings 
! 

and they are required to be so. The most frequently used 

one's are listed below: 

.AL Assembly listing -file 

.CM Co:dos I;:ommand file ! 
I 

.RO ReI oca table object file 
[ 

.SA Ascii source file (text file) 

.SY System file 

.LO Loadable object 

·1 



Codos commands usually suppiy an appropriate default 

suffix when dealing with specific files. If specified the 

logical drive number must be separated from the file name or 
I 

from the suffix by a colon (:). The equal (=) sign shows 

that Codos is ready to accept commands from the operator. 
I 
I 

The command line entered by the operator must indicate which 
I 

command is to be executed, and the file names that may be 

required by the command must be specified. The options that 

are allowed by. some commands should a~so be entered on the 

command line and separated by a semi colon (;): The command 
, 

name is separated from the file names by a space and each 

file name is separated from each/other by commas. The ~om-
, 

mand line should be terminated by the' "RETURN" [key (S). 

A Codos diskette has some reserved sectors, especially 

for the directory and system functions. In a Codos diskette I 
the first three sectors are reserved, as the identifier of 

, I 
I i 

the diskette. The next corning tyenty sectors keeps the di-

rectory entries. ·Each entry uses sixteen bytei so a total 

of one-.hundred-sixty entries are possible. If the diskette 

is a system diskette containing the Codos as itself, the 

portion after the directory is reserved for the as, and con-

sists of abou~ one-hundred sixty: sectors. Then comes other 
. I 

files with order of entry to theldis.kette. New files ar.~ 

created by finding and reserving enough unused .blocks to 

contain the data in the file. Two file allocation methods 

are currently in widespread use. The, first method, partly 
I 

used by Codos, allocates blocks for a file from a sequential 

I 
I ., 
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, e 
" 

blocks on the disk. ! 
Unfort~nately, as files are created, 

I 
I 

updated, and deleted, these free block pools become frag-
I 

I 
i 

mented. When this fragmentation occu~s, it often becomes 

impossible, for the OS tocrea te a file even :though there is 

a sufficient number of free blocks on the disk. At this 
I Ii, 

point, special programs must be rjun to squeeze or compact 

the disk, in order to re-create a single contiguous free-

plock pool. 

i 
The second file allocation method uses a more fl~xible 

, i 
technique in which individual da~a blocks may be located any-

where on the disk.' With this teclhniq'ue, a file directory • 
, I, 

entry contains the disk address of a file pointer block rather 
I 

than the disk address' of the first data block of the file. 

"This file pointer block contains pointers for each :data block 
, I 

in the file. Some files may require multiple pointer blocks.1 
, . I 

For this res on' each pointer block coritains the disk address 

of the following pointer block wJenJecessary. 
I 

I 

Although the second method uses all blocks of the dis-

kette effectively, the read and search operations may take 

/ time since files will be spread allover the diskette. Codas, 

uses a combin~k method where eacH file contains a header sec-
~ , I 

I 

tor which gives the last sector ~eng~h, the execute address, 

the number of sectors to be loaded. Only the address of 



The directory entry contains only the eight character name, 

the two character' extension, the two byte sectdr address of 

the header and the attribute of the file. If the first byte 

of the entry is 00 the entry has never been used; the value 

of FF at that location indicates1that the file has been de­

let ed ;, an Ascii character indicltes the presence of a file 
i 

name (29). 

File name Extension J · Beginning 
, 

(18) sector: 

PSN=0004 
i 1 /ttribute 

00 43 4F .44 4F 53 20 20 20 53, 5~ 00 18 72 00 00 00 CODas 
10 46 4F 52 54 20 20 20 20 43 4D 02 94 72 00 00 00 FORT 
20 FF FF 4D 55 4C 32 20 20 53 41 06 FC 05 00 00 00 • . MUL2 

, 

SY 
CM 
SA 

30 po 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 · . . . . . . . . . 
40 00 00 

. 50 00 00 
60 00 00 
70 00 00 

Deleted 
·File 

Beginning 

00 
00 
00 
00 

00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 

00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 

I 
I 

DIRECTORt 

Sector/4 iNUffiber of ·full blocks 

~PSN=OO18 
00 00 00 00 00 40 06 801 40 00 00 00 00 OCr 00 00 

10 00 00 00 00 00 00 00 00 00 00;00 00 00 00 00 
20 00 00 00 00 00 00 00 00 od 00,00 00 00 00 00 
30 00 00 00 00 00 00 00 00 00 00· 00 00 00 00 00 
40 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
50 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
60 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
70 00 00 00 00'00 28 00 41 01 00 66 46 00 00 00 

Last sector 

· . . . . . . . . . · . . . . . . . . . 
· . . . . . . . . . 
· .... " . I ... 

I 

00 
00 
00 
Oe) 
00 
00 
00 
00 

address lengthJ ·1 
Number of sectors i 

~LExecute 
. . Loading addresJ 

HEADER 
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The attributes are saved on a single byte and three 

different bits are reserved; one for ~rite prote~tion, one 
~. I 

I 
for delete protection and one for system files. The begin-

ning sector address is obtained from the first two bytes of 

the header by shif~ing them leftlcir~UlarlY. 

= $1~$$~$~$$$$$11$ '. 

So 

= $ $~ $ $ $ ~ $ ~ $ ~ 1 t $ $1 '7 19 i 

I 
, 

In this examp Ie the fi Ie begins jus t after the header .. 

I 

. Another method used by Codos tb speed up especi~ily 

directory searches for a file naJe, is to use a hashing func-
. I 

J , I 
tion to map a file's name into one of the directory sectors. 

I 

As a result, the number6f sectors that has to ~e read bef~re 

a match is found or not found is minimized. All then bytes 
I 

of the file name and suffix are used by the hashing function~ 
. I 

The function c:omputes a number whichi.when added to the phy­

sical sector number of the start\of ~he directory is the 

sector number of the first sector used in a liI"t!ear search of 

the directory. A directory search begins in the sector iden­

tified by the hashing function .. If no entries within this 

sector contain zero in their first byte, and if no match is 

found, the neit sector in the directory is searched. The 
. I . 

sectors are s~arched in this rouAd-r~bin fashion untii ~­
I" 

match or an entry with a -first byte of zero is ifound, or 
I . 

until all sectors have been examined.! The only time all 

sectors of the directory are searchedl is if every ~ntry con-

tains a valid file name or a deleted file name (5). 

, 
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OPERATING SYSTEM RESIDENT SOFTWARE INTERFACE 

The OS uses the monitor also, r~ther than duplicate 
I 

functions that already exist there. These functions are in 

general the Input/Output routines to the teletype and some 

other. monitor functions. Other Junctions used by the OS are , 

of course the diskette I/O functions. These routines were 

explained in detail in the previous chapter. A slight dif-

ference while using the monitor routines occur, since the 

user (in this case the OS) can not give the direct ro~tine 

address of the monitor. 

1 
~~~~ I o.s. i 

0 
I 

7FFF 
, 

1/0 

~ 
E8~~ 

I 

r4 DISK ROUTINES 

'" 
, 

EC~~ , I 
'.~~ DISK I/O .' 

~ EF~~ 

INTERFACE RAM 
, 

F~~~ 
~ 

JUMP TABLE 
I I 
I I 

i 

~ 
I , 

F~7S - i 

--

...... F8~~ 

MONITOR 

FFFF 

INTERFACE OF SYSTEM PROGRAMS 

, 
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, I • 
The monitor program is subject to changesiwhlle new 

routines are added or updated; the monitor program itself 

may be changed or rearranged. ~'With t~ese modifications the 

addresses of the routines used by the as will shift every 

time, and the as would have to be· updated at all times~ To 

prevent thi~, a jump table is prov~ded at locations FOOO to 

F075 where a jump operation to the specified routine is per­

formed. The as calls thi s fixed addre!ss, jump s from thi s 
, , 

location to the monitor routine and rJturns from the monitor 
I 

when it encounters an "RTS" instruction. In this way ~n 

update of the monitor will force ~he :modification of the 

jump table. but not- the" as. Howe~er, lin contrast to this 

flexibility, the disk routine beginning address~s can not be 

changed since a jump table for the disk I/O is not provided. 

'Some flags or. data are transferred between.the as and the 
. I 

monitor using the interface RAM area located at EFOO-EFFF. 
I 

I 
I 

The most important r.outines used by the as, their in-

put and output coriditions are listed below: 

FOOO START 

F015 INCHNP 

Restarts the monitor by jumping to the 

warm start address of the monitor. 

Receives one cparacter from the system 
console and maisks ithe parity bit. A re­

turn to the cJller is made only when a 

key is -pressed from the console, and the 

inputted character lis kept in accummulator 
A. The inputted character is echoed to 
the console if the 'ECOFLG (EF99) is equal 

~o zero, otherwise it is not. 

,/ 

I -
I 



FOl8 OUTCH 

FOZl PCRLF 

FOZ4 PDATA 

FOZ7 PDATAl 

I 

Sends an Ascii character contained in 
I 

accummulat6r A to the syste~ console . 

. I 
Displays a CR and LF to the system con­
sole. 
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Displays a CRJ LF and a string pointed by 

the index register, until an; EaT (04) 
I 

character is encountered. 

Displays a data string pointed by the i 

index register until an EaT is enco~ntere~. 



CHAPTER~- 11 

DISCUSSION 

i 

The di~k interface software is a major contributor to 

the efficient and reliable operation df a floppy disk sub­

system. This software must be a well-'designed compromise 

between the needs of the application software modules,i often 

re ferred to 'as the "logical 

bilities of the floppy disk 

"physical interface level". 

interiface level" and the capa-
I ' 

controller, referred to as the 
I 

System and application software 

modules often specify disk operation ~arameters that are not 

directly compatible with the FDCdevice. These software 
. 

and hardware incompatibilities were caused and may be caused 

in the future by the following: 

The change from an existing FDC to a f6nctionally, 

equivalent design: this caused to locate the soft­

ware in a fixed area of the ~emory map (both the 

ROM and EPROM sections). This restriction was of 

course a consequence of th~ Codos OS which has al­

ready predefined the di~k routine addresses. As 

mentioned in -the pre~idus chapter the'monitor pro­

grams are not subject to thi same restriction be-

cause of the jump table incorporated. This jump 

table has in fact a disadvantage too; it ju~t re-



• # . 
I 

sides between the monitor and the disk routines, 
I 

because again the OS~. restric:ts the jump table ad-

dress. 

The upgrade of the FDC. s~bsystem to a higher capa­

bility design: the c~paLil{ty of the system for 

138 

that instant is four single-sided or three double­
t 

sided drives. The expansion for the future may 

be possible only by increasing the used pins of . 
the PIA.which is actually four. 

• I 

i i. 

The expan~i~~' from a sin~le idensity to1double den­

sity, or from floppy to hard disk is Aot possible, 
i 

because nf the controller specifications. The re-

striction stands on the recording format, since 

all ID marks, ga~s are different in a MFM recorded 

surface compared to the! 
I 

only handle FM data andl 

FMlformat. 
I 

the format 

, 
The 6843 can 

is compatible 
, 
! 

with the IBM 3740 format. In fact, i~ many systems 

th~se parameters are never changed ~uringthe lif~ 

of the system. 

Besides.111 these restricti!ons :and disadvantages: often 
I l 

encoun tered in· floppy disk system's, the system contains the 

capability for DMA. The DMA mode has the capability of per-

mitting the processor to continue executing instructions 

while a disk transfer is in progress. This capability is 

• especially useful in multi-programming when the operat1ng 
! 

, 
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system' is designed to permit ~ther tasks to exe~ute while 

a program is wai ting for 1/0. ~, In po1~ing or interrupt 
i 

driven modes, referred to, as non-m.1A modes, there is the 

139 

advantage of significantly lower system cost, but these modes 

are performance limited for double-density systems where 

data bytes must' be ,transferred tJ/fr~m the FDC ~very sixteen 

micros,econds'. 

i 
One of the largest portion of the access .time in' a ' 

! 
floppy system is covered by the seek operations, espec1ally 

on the head settling time which ~ake~ 12 msec when the head 

is loaded' on a. speci fic, track. tme I sy~tems rirer U~loads 
the head and performs the, seek command 1n that Pos1t10n; in 

! . 

this way the sett1i'ng time problem is removed,. However, 

this kind of applic'ation. may be hazardous for the disk su~- I 
seek operat10n,' 

I 

face. The 6843 never loads the head during a 
, i 

but only when a read or wI~ite coriunand is issued, and the 

head is raised whenever there is Ino ~ther command issued. 
.. I 

I 
Another timing factor is the track to track seek time, which 

can be only minimized by the performance of the,drive's 

stepper motor. In any case the t~ack access time can not be 

specified strictly because of the initial head position. In I 

I I i 
some sys terns,. lafter all opera ti oris, the head is pos i tioned 

at the middle of the disk for eaJya~cess to both directions. 
, 

In a system that directory searches 
i 

are importart at the 

initiation of the command, the head is positioned on the 

track which contains the directory, 
i 

as it is for the Codos 

as. 



CHAPTER~' 12 

CONCLUSION 

I 
With the design of the floppy disk controller module 

I 
, I 

and the memory module the system has become more compact . 
. ' I . , 

Four boards constitute the microcomputer, the two other 
I 

140, 

, i 
boards being the ACIA and MPU boards. These two boards may 

I i 
be reduced to a single board by ~ncorporating an ACIA, to the 

MPU board'or using another M6800 Ifam~lY MPU such as the M6803 

which contains serial and parallel I/O lines. ~n this case 
! 

the minimum system will be only three 'boards put with great 

software capability similar to that of a development system. 

To reduce cost the hardware is kept minimal and espec~ally 
I 

interrupt or DMA modes are OIni tt~d arid replaced by software 

polling and transferring methods}- I 

Using the adopted operating system the following soft-

ware applications could be realized: 

i, I 
High-level and low level language programming- using 

assemblers, compilers, Icross-assemblers. 

I 

Writing programs an~'debugging on the same machine 

by using the generated object codes bf a~semblers 

and compilers and converting them to progra~'the 



code in EPROM. 

Editing, linking files togetner and developing of 

a system software in the form of different modules. 

I 

The folLowing hardware chaJges may be done to lncrease 

the user facilities: 

Interchanging the system console, which is a TTY, 

with a CRT device. 
\ 

I 

Addi~ion of an EPROM prdgrammer module to.easily 
i 

program the developed software on the:· system. 

This could be a direct module or a communication 

module for an already existing programmer using 

the ACIA module hardware. 

I 

Addition of a line prin~er. This will need only 

to writ~ the interfa~e software routines since a 

PIA module already exists to perform the hardware 

functions. 
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APPENDIX A 

1. Components 

2. Film and Printed Circuit Costs 

3. Disk Drive (Approximate Cost; two are 

needed for the full system) 

4. Engineering Cost 

5. Miscellaneous 

TOTAL 
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42, ° ° ° . -. 
100,000.-

500,000.-

600,000.-

10,000.-

1,252,000.-



A P PEN D I X' B 

Function Characteristics 

Disk Type 

Sto rage Capacity 
(Unformatted) 

Per Disk 
Per Data Surface 
Per Track 

Tracks 

Track Densi.ty 

Recording Density 
T r a c k 00 (0 ut sid c ) 
Track 76 (Inside) 

Recording Ivlethod 

Rotational Speed 

Rotational Latenc y 
Average 
Maximunl 

Access Time 
Track-to-Track 
Track 0 - Track 76 
38-Track II/love 
Settling Time 

Head Engage Time 

Data Transfer Rate 

Erase/Write Recover~ 
Time 

TU!lnel-Erase 

Straddle-Erase 

Read/Write Head 

Single -Density Double -Density 
, 

ANSI Standa ~d I 

6. 4 megabits 
3. 2 megabits 

41. 7 kilobits 

154 

48 Tracks Per Inch 
! 
I 
I 
! . 

iS36 bpi (3672 Ifci) 
3268 bpi (6536 fci) 

FM 

360 rpm±2.57o 

83.33 milliseconds 
175. 6 millis eC,onds 

! 

3-6 millisecoJds· 
228 milliseconds 
III milliseconds 

12 millis econds 

25 milliseconds 

250 kilobits/sec 

580 microsecdnds 
(req'd for read to . 
stabilize cifte r write 
completed) 

50 n1icroseconds 

ANSI Standard 

12~ 8 megabits 
6.4;megabits 

83. 4 'kilobits 

154 

48 Tracks Per Inch 

3672 ppi (3072 fci) 
6536 bpi (6536 fci) 

JvlFM 

360 rpm ±2. 5% 

83.33 milliseconds 
175. 6 mill iseconds 

3-6 milliseconds 
228 milliseconds 
111 milliseconds 

12 milliseconds' 

25 milliseconds 

500 kilo bits/sec' 

580 microseconds 
(req'd fo r read to 
stabil ize after write 
comple"ted) 

50 rnicroseconds 

Single-gap with tunnel-erase or straddle-erase 



Function 

Read/Write -to":E rase 
GapSpacing 

Track Width 

E ra.s e Width 

Spacing Between Tracks 

T rack Centerline Radius 

Logic Levels 
._-. Disk Drive 

Interface 

A C Input Power 
Standard 

Optional 

Voltage'Dropout 

'Motor Current (Max) 

Start 

Run 

, DC Input Power 

_,')-':ominal1 y 1.4 amperes 

C ha Jacteristtcs 

Single-Density Double-Density 

0.035 inch (TJ.nnel Erase) 
I . 

0.013 inch 

O. 006 inch (on eithe:r side of track) 

O. 02083 inch 

76 - N 
2.029 + 48 inch Side "0", 

, i 
76 -IN : 

1. 9457 + 48 i inc h Sid e "1" 

where N = track number 

Logical 1 (True) = '+2. 5V tot 5. 5V 
Logical 0 (False) = O.OV to +0. 4V 

Logical 1 (True) ,- O. OV to +0.4V 
La gical 0 (False) = +2. 5V to +5. 5V 

i 
I , I 

J '5V (90-127"1> 60Hz ±l0. 5 Hz 

115V (90-127V) 50 Hz ± O. 5 Hz~ 
230V (180 to 253V) 60 Hz ± 0.5 Hz 
'230V (180 to 253V) 5q Hz ± 0.5 hz 

148 

100%, 10 milliseconds once each 600 seconds 

O. 8 ampere for 115 volts A C ' 
O. 4 amperes fa r 230 volts A C 

I , I 

0.4 amperes tor US volts AC 
0.2 amperes for 230 volts AC 

+24 volts ± 5%; 2.0 amperes maximum':' 
+5 volts ±, 5%, 1. 0 'ampe res maximum 



Function 

Reliability 
MTBF 
MTTR 

Read Errors 
Recoverable 
Non- recoverable' 

(after 10 tries) 

. Environmental 

Tempe rature 

Relati ve Humidity 

Altitude 

Hea'f Dissipation 

Dimensions and Weight 

Dimensions 

Weight 

Characteristics 

6000 hours (after initial 200 hours) 
Less than 20 minutes 

Less than 1 in! 109 ' 
Less than 1 in 10 12 

Operating 

400 to 1150 F 
(4. 4° f~ 46. 10~) 

i 

Non-Operating 

320 to .l500 F 
(00 to 650 C) 

149 

20% to 80% widhout 
condensation ! 

5% to 90%, without 
conde1nsation 

-1000 to 
+ 10,000 feet 

300 BTU/Hour 
(worst case) 

See Figure 1-? 
12.5 pounds 

, 
-1000 to 
+ 45,000 feet 

NA 

, 

j 



A P 

I 
PEN DI ~ c 

JJ 
SELECT 0 ,...-

-;;;::::;:::;::;:;::--""""'.\26 
SELECT 1 ~'. 

.. 18 
SELECT2 

-:::::::::;::::;:::;:::::::--~.. 30 
SELECT 3 ... 

-.' 32 
IN US£: 

OPTION-'-;;";';;~--"'~bo. 16 
SHP IN 
'~----""'r> 34 

"'", -:..S:.;.T_;..F-=P= __ ~~~ 36 

HOLD 
-=====--~ 18 

S'DE SELECT 

-=~~~--"I>'f 104 -
~H1T DIITA. 
-----...... t> 38 

WRITE 
~ 40 

SI:CTO'l 
OPTION ....... ~----'--4 ;'t. 

IND~X 
-t~J------~ ::0 
+-=fl=E=A=D=V=:-J ;~ 

6 8 

All ODD PIN 
NUMBERS 
GROUNDED 

JOI 6 6 3 2 1 

READ 'WRITE AND 
CONTROL LOGIC 
PRINTED CIRCUIT 
BOARD 

~ 
e 

,15 
3 

'r- 2 

1 
f--

150 

REAOt 
'WRITE 

HEAO 
o 

... 1-____ .1 

READt 
WRITE 
HEAD 
1 

I 
I 

~c71-~·~~ .. ~r~~c.<lX~ TRACK 00 
~SWITCH 

~ 3 r-..:-=---t..'.!:L!E~O __ ....J1 
J C PHOTO 
B TRANS 

E 

~ e 

E 

+ .. 
'r WRT 

PROTECT 
LED 

"" ........ C_-ff- - - -
B .... PHOTO 

E TRANS 

o 
~ .. 

OPTION 

' .... r-----.. 
-r INDEX 0 

LED 

DIS>:: CHANCE 
~~~~~12~~ ______________________________ ~ 

.... TRACK 00 i I' 

A ... C 
.... E "HOTO 

TRANS 

""'-----....1 
~~=;========141 
.~ WRT PROTECT ol& I i 

OPT! 0 N ... _T_WO-'-S_I.;.O.;.!:,;;;.O_---11 0 ~ .... --. 

~ ·RA\', lIATA 
4f 

S( P !)A 1 A 
OP1 iON ... :::t------~ 48 

SF!' eLK 
OPT ION ....... f-.-;.~..::.;:--~ 50 

'--

4 

3 

-

CHIISSIS GND 

ill SEPARATE ,/4·, RCT 

-;. 

. 1---..... ------1 DRIVE 
MOTOR ...: Ae AfT 

"-- , .... -""J'-- .... -- .... -------' 

M J--:!..-~ ~ 
INDEX 1 

11 - LED 

I; 1 f-~C~r----j 
L .... 

10 I----=E_ ... ~ 
PHOTO 
TRANS 

f-- L-. __ ......J 

.~ 
1 • 
2 --

... 

;;. 
II~·-"' .. I 

-

HOLD 
SOL 

ACT 
LED ..!...,~---I 

J!, + '----,-----~ 
I 

'1 -

~ 
DUO>' 
LOCI'. 
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PIN SIGNAL 

I NUMBER MNEMONICS 
, 

1 +5 VDC 

3 +5 VDC 

5 DIRECTION ' 
I 
: 

( 

, 

7 STEP 

9 D. S. 

11,13 

15 SELECT 0 
; 

17 TRK 00 

19 HEAD LOAD 

21 READY 0 

23 )TRK 43 

25 INDEX 

1 

15.L 

i 

APPEND!}! D 

SIGNAL NAME AND :DESCRIPTION 

+5 'Vdc Power - Output voltage supplied to Disk Drive Unit 
for logic circuits. 

I 

+5 Vdc Power - Output !,voltage supplied to Disk drive Unit 
for logic circuits. I • 

DIRECTION-This signal output is used in conjunction 
with the' STEP signal to move the recordi ng head from 
track to track. When this signal is a logic low level, 
the recording head is moved to the lowe~ numbered tracks 
(out). When this signal is:a logic high level, the· head 
moves to the higher numbered tracks -(jn). This signal 
must remain in the desired logic state during the 
duration of the STEP signal. 'i 
STEP - This signal out,put is used in conjunction with the 
DIRECTION signal to mdve the recording head from track to 
track. A logic lowllevel pulse causes the head to be 
moved one track (step) in the directio~ indicated by the 
DIRECTION signal. : 
DOUBLE-SIDED INDICATION 
(damage may result if connected to other systems). 
Not used. I , 
SELECT 0 - The logic low level output ~ignal used tOI 
select disk drive O. 

! 
TRACK 00 7" Low level l input signal used to indicate 
when the recordi ng he'ad is positioned over track 00. 
When. low, the stepper mot6r drive circuits are inhibited 
to prevent further outward movement of the head. 
HEAD LOAD - This low level output· signal is used to 

, position the flexible diskette against the recording : 

head. 
READY 0 - This low level input signal is used to 
indicate that the flexible diskette is inserted 
forrectly into di sk dri ve< 0, and that the de voltage 
levels and disk speed in this drive are correct •. 
~BOVE TRACK 43 - This I output signal is used to control 
the amplitude of the'write current in the recording 
head. When recording on tracks 0 thru: 43, this signal 
must be a high 1 eve 1. Conversely, when recordi ng on 
tracks 44 thru 76, this signal must be a low level. 
INDEX - A 10\'/ 1 eve 1 input ,pul se used to i nd i cate the 
beginning of a track. This pulse occurs once per 
revolution of the diskette. 
HEAD 1 27 HEAD 1 

'---~~~~~~~~~----------~-----,.~~-------------.---------------



PIN 
UMBER 
29 

31 

33 

35' 

37 

39 

2-40 

SIGNAL 
MNEMONICS 

WRITE ENABLED 

WRITE DATA 

EN WR ITE 

SEL 2 
RAW DATA 

SELECT' 1 

GND 

152 

SIGNAL NAME AND DESCRIPTION 
4. 

WRITE ENABLED - ~ low le~el input signal used to 
indicate that writing may tak~ place. 
WRITE DATA - Thi s output signal consists of low 1 evel 
pulses representing data to be recorded on the flexible 
diskette. Write current reverses direction on the 
leading edge of each pu1~e. . 
ENABLE WRITE - A lo~ lJvel output signal used to enable 
recording of' data on the flexible diskette. When this 

. signal is a high level, reading data from the flexible 
disk is enablprl. I ' 

-----. --

SELECT 2 
RAW DATA _. This .i~put signal contains" the 
data read from the flexible diskette. • 
SELECT 1 - A low output signal 
1. · . I I 

GROUND (all even number~d pins are GROUND) 

unseparated 

i 
used to select disk driVej 

, 



PIN 
NUMBER 

A,B,C 
o 

E 

F 

- H, 

-J 
,-K" ,' •... ' 

:L 

M 

N 

P 

R 

\ 

SIGNAL 
MNEMONICS 

+5 V 

V~1A 

MEM CLK 

-12 V 
TSC 

BA 

MEM ROY 

. I 

I 
I 

APP ENDIX E 

SIGNAL NAME AND DESCRIPTION 

o 

+5 Vdc - Used for the module's logic circuits. 

153 

INTERRUPT REQUEST- This l~w level sensitive input 
signal requests that 6n MPU interrupt sequence be 
generated within the ~achine. The MPUwill wait until 
it completes the instruction being executed before it 
recognizes the request. At that time,' if the interrupt 
mask bit'in the MPU condit10n code register is not set~ 
the MPU will begin the int~rrupt sequence.' 

. I . 

NON-MAS KABLE INTERRUPT- .THi s 1 ow-goi n9, edge-sens iti ve . 
input signal requests that a non-maskable interrupt be 
generated within the machine. The MPU will wait until' 
it completes the instruction being executed before it I 
recognizes the NMI si:gnal; At that time, the MPU will 
beg~n its non-maskabl~ interrupt sequence . 

. VALID MEMORY ADDRESS ' 
---- - ~ ... - - -. ------_.---------' -_._--------------

Not used. ! ' 

Phase 2 clock signal. 
Not used; 
MEMORY CLOCK - This signal is an ungated TTL level 02 
clock used to refresh any dynamic memory used in the 
system. 
-12 Vdc I, ______ -+ ____ to-

TRI-STATE CONTROL - ~his ~ctive-low input signal works 
wi~h MEM ClK to generate TSC GNT. 
BUS AVAILABLE - This output signal will normally be a 
low level. When activated, it will gd high to 
indicate that the MPU has halted and the address bus 
is available. This will occur when the H~lt line 
is in the Halt (low) st~te or the MPU is in the Wait 
state as a result of executing a Wait instruction. At 
such time, all the MPU three-state output drivers willi 
go to their off (higH impedance) state, and other out­
puts to their normall1y inactive state. A maskable 
interrupt or non-mas~ablelinterrupt removes the MPU 
from the Wait state.! . 

MEMORY. READY - This signal permits Morioboard Micro­
computer 10 to work with slow memory modules. When 
this command is a low level signal, the 01 and 02 clock 
signals ,are stretc'hed with, the 02 clock held high. The 
02 clock signal remains at' a high level until t.he 
initiating module completes its memory operation .. When 
complet~d, the initiating module returns MEM ROY to a 
high level, enabling.the clock to again generate the 
01 and 02 clock'signals. 

-~. 



PIN SIGNAL 
NUMBER MNEMONICS 

T +12 V - ._---_. 

U-z 
A-F 
H 

J 
K 
r 
11 

T 
IT 
V 

w,X":V 
1,2,3 

4 

S 

1fT 
02 

06 
A14 

A13 
A10 
A9 

A6 
AS 
A2 

Al 
GND 

+5 V 
HALT 

RESET 
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SIGNAL-NAME AND DESCRIPTION 

+12 Vdc 
Not usecC- -

Not used. i 

DATA bus (bit 3) - o~e of 8 bi-directional data lines 
used to provide a two-way transfer between Monoboard 
Microcomputer 10 and any other plug-in modules in the 
system. 

I 

DATA bus (bit 7) - Same as "03 on C1-H. 
DATA bus (bit 2) - Same as iD3 on CI-H. 

DATA bus (bit 6) - Same as 03 ,on C1-H: 
ADDRESS bus (bit 14) - One of 16 address lines used to) 
select a memory location e'ither on this module or 
externa 1 to thi s moduil e. ' 
ADDRESS bus (bit 13) L Sa~e as A14 on c1-M. 

I 
ADDRESS bus (bit 10) - Same as A14 on ~1-M. 
ADDRESS, bus (bit 9) - Same as A14 on CI-M. 
ADDRESS bus (bit 6) - Same as A14 on C1-M. 
ADDRESS bus (bit 5) - Same as A14 on c1-M. 
ADDRESS bus (bit 2) - Same as A14 on ci-M. 

, ADDRESS bus (bit 1) -_Same as A14 on C1-M. 
I ! I 

GROUND I: 
, I 

+5 Vdc- Used for modLle's logic circuits. 
HALT - When this input is in the high state, the MPU 
will fetch the instruction addressed by the program 
counter, and start execution. \:Jhen low, all activity 
in the MPU will be halted. This input is level 
sensitive. In the Halt mode, the MPU will stop at the 
end of an instruction, Bus Available will be at a high 
level, Valid Meniory Address will be at a 1m'l level, and 
all other three-state li~es will be in their off or 

I high impedance state.1 , ; I:, 
, The Hal tl i ne must gol low 'wi th the 1 eadi ng edge olthe 

phase one clock (01) to ensure single instruction, 
operation.-If the Halt line does not go low with the I 

lea~ing edge of the phase one clock, one or two instruc- I 

tion operations may result, depending on when, the halt 
line goes low relative to the phasing of the clock. 
RESET - This buffered input/output signal, when used as 
an output, provides a reset output to any external, I 

devices requiring a RESET signal. An external iswitch 
closure to ground may be applied to this pin to manuqlly 
restart Monoboard Microco~puter 10. 
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.-~~---r--~~rr---.-------------------------------~----------'---PIN SIGNAL 
NUMBER MNEMONICS 

6 R/W 

7,8,9 

10 

11 

12 

13 

14 

15 

16 

17,18 

19 
20-28 

29 
30 

31 
32 . 

33 
34 

35 
36 

37 

38 
39 

40 
41,42,43 

VUA 

-12 V 

RR 

RG 

TSC GNT 

+12 V 

VXA 

TIT 
OS 
DO 
04 

A15 

AI2 

All 
AS 

A7 

A4 
A3 

AO 
GND 

I 

SIGNAL NAME AND DESCRIPTION 
z. 

READ/WRITE - ThisMPU outp~t signal indicates to 
external plug-in modules whether the MPU is performing 
a memory read (high) or write (low) operation. The 
normal standby state of this signal is read (high). 
Also, when the MPU is halted, this signal will be in 
the read state. ! 

Not used. 
i 

VALID USER'S ADDRESS 

-12 Vdc- Same as -12 Vdc 6n UI-M. 
REFRESH REQUEST - This input signal, when low, 
initiates a memory refresh cycle of the dynamic,memory 
modules. During the ~efresh operatio~, the clock 
circuit is inhibited from generating ·its ~1 and ~2 i 
clock signals, but still generates the MEM ClK signal. 

REFRESH GRANT - This!output signal, when high, instruct! 
the dynamic memory mqdules to refresh their memories. 

• I 

Not used. ! 

i 

TRI-STATE GRANT - This signal, when high, causes BA to 
be low. Then the device requesting the bus takes con­
trolof VMA/VUA. 
+12 Vdc - Same as +12 Vdc on CI-T. 
Not used. 
VALID EXECUTIVE ADDRESS 
Not used. 

I ! 
DATA bus (bit 1) - Same as 03 on ul.;ff. 

DATA bus (bit 5) - Same as 03 on C I-H. 
DATA bus (bit 0) - Same as 03 on 01-H. 

-
. DATA bus (bit 4) - Same as D3 on CI-H. 

ADDRESS bus (bit 15) - Same as AI4 on OI-M. 

ADDRESS bus (bit 12) - Same as AI4 on CI-M. 

ADDRESS bus (bit 11) ,- Same as AI4 on CI-M. 

ADDRESS bus (bit 8) J Same as AI4 on OI-M. 

ADDRESS bus (bit 7) J Same as AI4 on OI-M. 

ADDRESS bus (bit 4) - Same as AI4 on GI-M. 
ADDRESS bus (bit 3) - Same as A14 on CI-M. 

ADDRESS bus (bit 0) - Same as AI4 on C1-M. 
GROUND 
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A'P p E N D I F 

, . AOORESS)IlG MODES BOOlEAN/ARITH\lETIC OPERATION CONO CODE REG 
IMMEO DIRECT INDEX EXTNO IMPLIED IAllregi,url,bth ~ 4 ] Z I' 0 

OPERATIONS MNEMONIC OP - = OP - = OP - = OP - = OP - = rei" 10 canlpn,,} H I N Z V C 

Add AOOA 3a I 1 9a 3 1 Aa 5 1 aa 4 3 '1-\1 -A : • : ! · : Aooa ca 1 2 oa 3 z EB 5 2 FB 4 3 a-M -a ! · : : : 
Add Acmlus AaA la I I A·a -A : · : : : , 
Add oNllh CJlry AOCA 89 2 2 99 3 2 A9 5 2 89 4 3 A"M·C -A , · : : : : 

AOCB C9 Z 2 09 3 2 E9 5 2 F9 4 3 B· M .. C -8 : · : : : : 
And AND A 84 2 2 94 3 2 A4 5 Z 84 

: I 
3 A'M -A • • : : R · _ ANOB C4 2 2 04 3 2 E4 5 Z F4 3 8 - M -B • • ! : R • alt T~SI BITA 85 2 2 25 3 2 AS 5 2 85 J A-M · • ! ! R • BITS C5 2 2 05 'J 2 E5 5 2 F5 " 3 8 - M • · j : R · tlUt CLR 6F ] 2 IF 6 3 00 -M • • R S ~ R 

CLRA 4F 2 1 00 -A • • R S R R 
CLRB 5F 2 I 00 - B • · R S R ~ 

Colr"c,r, CMPJI 81 2 2 91 3 2 AI 5 2 al 4 3 ; A - M • • : : : : 
CMPa Cl 2 1 01 3 2 El 5 2 fl 4 3 a \1 • · : j : : 

CamDur Acmlus CaA II 2' I A-a • · : : j 
Co!'"plrmenl, l's COM 63 ] 2 ]3 6 3 !;\ -M • • : : R S 

CO,,"A 43 2 I J; 'A • • : : R S 
calla 53 2' I B ·a • • : : R S 

Complem'!!nl. 2', NEG 50 ] 2 ]0 6 3 00 - M -M • .. • : : a::'(Z~ 
IN'9111) NEGA 40 2 

" 
00 - A -A " . : : Ci)i(i) 

NEGS 50 2 I 00 - a 'S • • : :(j)(i: 
Drclmll AdlUst, A OAA 19 2 1 Can~erlS BII\"V Add. 0' BCD Chulettrs • • : ! :h 

into BCD Fotr"., .. 
OtClement OEC 6A I 2 IA 6 ; 3 i M -1 . .., • • : ! 4 • 

OECA I 4A 2 I A-I 'A • • : ! 4 • : OECa 

41 

SA 2 1 a-I -B • • : : , • Ettlum·p OR EOAA S8 2 I 98 3 2 A8 5 2 98 3 A0 ... ·A • • : : A • 
EORa C8 2 2 08 3 2 E8 5 2 F8 4 3 80\1 'B I • • I 

'~. Ipcrt'''''ol INC , 
6C I 2 ]C 6 3 .... ) -.., I • • : 

: I • INCA 4C 2 I A + I -A : • · : : . 
INC9 5C 2 1 8 - I - 9 • • : : . 

tOld AcmlU LOM. 86 , 2 2 96 3 2 AS 5 2 a6 4 3 \I-A • • : : ,. . 
LOAS C6 1 2 06 3 2 E6 5 2 F6 4 3 \1 ·a • • : 

: R I' Or,lnclu\, ..... O~AA 8A 2 2 9'1 3 2 '1'1 5 2 81\ 4 3 A + M • A · · : : R • 
DRAB CA 2 2 OA 3 2 EA 5 Z FA 4 3 a + M ,- a • • : : A • "u,'" On. PSHA 36 4 I A - "'Sp, SP - I -- SP · . • · • • PSHB 37 4 1 a - ~'SP, SP - I - SP , • • • • · · I P.JII au. PULA JZ 4 I SP • 1 ,- SP, "'SP • A • • • • • • i 
PULa 33 4 I SP • 1 -. SP, MSp - B · • • · · · I ROlllt lefl ! ROl 69 ] 2 79 6 3 

~} L{J II! Ii!! j;oJ · · : : III ) 
ROlA 49 2 I • • : : Iii : 
ROla 59 2 I a C bl hO • · : ;~ : 

ROlli' q'q,1 ROR 66 ] 2 16 6 3 n CD _!II!llj[W · • : : 
RORA I 46 Z I • • : :I~ t 
ROR8 

61 
56 z 1 C hI bO • • ! : 

Sh.fl ltfl. A"lh"flI!flc 
" 

68 n : ~~ : ASl ] 2 ]8 3 - • • 
ASLA 48 2 I 0 - IIII1111 -0 • • : • r.: : 
'ISla 58 2 I C b] bO • • : : 1([ : :1, Shlfl R'g"t. Ar.lhl"'ltl" ASR 61 ] 2 ]] 6 3 \1}~" • • : :~ : ASRA H 2 1 • • : : 
AS,B 5] 2 1 : bl hO - ~ • • : :Ia : • 1>5-Stull R'9hf. logIC lSR 64 1 2 14 6 3 

n • • R ."-,, : - l~ lSRA 44 Z 1 O-IIII !! III - 0 · • R : 
lSRB 54 Z I bl bO C • • R ::'5: : 

SlOtt Aeonl". ST .... 91 4 2 A] 6 2 Bl 5 3 A -·M • • : : R · STAB 0] 4 2 E] 6 2 FI 5 J a-M • • ~ R · Sublf,el SUBA ao 2 2 90 3 2 AO 5 2 ao 4 3 A - \1,.'1 · . I : : : 
SUB8 CO 2 2 00 3 2 EO 5 2 Fa 4 j B -"'-9 • • : : : : 

Subtrul Acmlt'l. SBA 10 2 1 A-a-A · . :) : : : 
Sublt. W'th Carry saCA I 82 2 2 92 3 2 A2 5 2 a2 4 3 A-M-C-A • • : : : : 

S8ca C2 2 I 02 3 2 E2 5 I F2 4 3 8-"'-C-8 • • : : : : 
Tun,f« Acml'fS TAB , 

16 2 I A -B • • : : R · TBA 
, 

11 2 1 B -A · • : : R • i TfU, Zuo or -"'"1.:1 TST 60 7 2 10 ~ J ... - 00 T T 
~ R 

TSTA 40' 2 I A-DO · . R q 

TSTB, 50 1 I B - 00 ·1· - - " R 

H I N 2 V ~J 
LEGEND: CONDITION CODE SY ... BOlS, 

OP OOfr'lion Cadi (J.i,!'l.IdtCIfNI); Boolun InclUSIve OR; 
P-lufT"bc, of MPU Cveln; 0 Boolnn EHlul.I'J1! OR; H Half·cany from b,l); 

I: NtJ~Mf of Proqnm 8yi~,: M 'Complement of M; I ''''trrupt mu" 
Atilhmttlc Plus: Tun\'!t Into; N NII!QUI~' 1\lqn bIt' 
Arithmetic Minu1: Bit .. lu~; l l,," (b,,,1 
Boolun AND; 00 8yU .. ZtfO; V OVJ!,How, 2', (I}fl'lp'tl"~nl 

"'SP CanttflU of mtmory louhon pointrd to be Suck POH1ter; C C,my hom bl' 1 
R Ru!!t Always 

S So. AI."" 
t I Teu Jnd ~e' If HUI!. dr,lfo!'d I.Jlhuw.'.l 
• Not .\1IO!clrd 



JUMP AND BRANCH INSTRUCTIONS 

OPERATIONS 

i Branch Alway. 

I, 

Branch" C3rry CI •• , 
Branch" C3rry Set 

i Branch \I = Z.ro 

~ Branch \I ;;r Z.ro 
Bronch" >Z.,o 

i Branch" High .. 

Bronch " .; Z.,o 
Brooch" Lowpr Dr Same 

" 

Branch" < Z.ro 
B,ant'h " Minu. 

i Branch" Not EQual Z.ro 
; Bra"ch If Ov!rl~ow Clear 
I Branch H Ovtrflow Set 

I 
I 

Branch" Plu. 
Branch To Subroutine 
Jump ~ 

Jump To SubrouM' 
No Operation 
R!1urn From Int~r;uP1 
Rrlurn From Subroutine 
Soft ...... Interrupt 
Wait lor Intptrup1· 

MNEMONIC 

BRA 
BCC 
BCS 
BEO 
BGE 
BGT 
BHI 
BlE 
BlS 
BlT 
BMI 
BNE 
BVC 
BVS 
BPL 
BSR 
JMP 
JSR 
NOP 
RTf 
RTS 
SWI 
WAI 

RElATIVE INDEX EXTND IMPLIED 

DP - :i: DP - :i: DP - ~ DP - :: i 

20 4 2 
24 4 2 
25 4 2 
2i 4 2 
2C 4 2 
2E 4 2 
22 4 2 
2F 4 2 
23 4 2 
20 4 2 
2B 4 2 
26 4 2 
28 4 2 
29 4 2 
2A 4 2 
80 8, 2 

6E 4 
AD 8 

2 7E 
2 BD 

3 
9 

01 2 
38 10 
39 5 
3F; 12 

3E: 9 
'WAI pull Add .... BUI, RNi. and Oat. Bus rn the three,state mode while VMA "held low, I ' 

, I 

CD (All)' Load Condition Code Register from Stack. (See Special Operations) 

Non. 

C'O 
C=1 
Z = I 

BRANCH TEST 

N 0V=0 
Z+ (N 0 V) = 0 
C+Z=O 
Z + (N 0 V) = I 
C+Z=1 
N 0 V= 1 
N = 1 
ZoO 

V'O 
V=1 
N=O 

'} . S.e Special Opmt,io:, 

Advances Prog, Cnt" Only 

1 
f 

S.e Sp"ial Op ... tions 

@ (Bit 1) Set when interrupt occurs" If previously set, a Non Maskable Interrupt 
is required to exit the vvait state ______ . ___ _ 

INDEX REGISTER AND STACK POINTER INSTRUCTIONS 
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CDNO CODE REG 

5 4 3 2 ,I 

H I N Z V 

CONO, CODE RI 
r-------r-------r------.-------r---~_, 
I IMMEO DIRECT INDEX EXTNO IMPlIEO 

POINTER OPERATIONS MNEMONIC' OP - = OP - =: OP - =: OP!-

! 514! 3 i 2: 1 

BOOLEANIARITHMETIC OPERATION I;,I! N-.iZ: V 
i Compa .. Index Reg I CPX 

DrcmTl'"' IIId" Reg DEX 

Owr"'."t S"t~ POl' 'I DES 
.1!'1crfmf'nt tnde,. Reg INX 
1;1t'~mrnl Slack Pntr INS 

: lo.d Ind •• Re9 lOX 3 DE 4 2 EE.6 21 FE 5 
: Loa a Smk PII" I LOS 3 9E 4 2 AE 6 2 BE 5 
, S,nre Illd .. Re9 I ST X I 0 F 5 2 E F 7 2 ff i 6 

3 9C 4 2 AC 6 2 I ec 5 
09 ! 4 

34 ' 4 
i OS I 4' 

I 
31 1 4 

3 , 

3! I I 

3 i 
; ~Io'r 5,.,1 PII" I SlS II ~F 5 2 AF 1 2 I' BF '1 6 
, Ind, Reg - Sid' k Pn", TXS I 
: S'JCI Po,I' ··III~' P.~ TSX i 
~=-=--":::" ___ ~~--L_-=':_..J....--L--L--I_"--..J....-'---L--L_'---'-_L .... 

351 4 

30 i 4 

CD (Bi: N\ Test: Sign bit of mOst significant (MS) byte of, result = 1? 
® (Sit V) Te-st: 2'5 complement overflovv from Subtraction of ms bytes? 
@ 18;,:1\11 Test: Result less than zero? (8it 15 = ~) 

11 
I,' .. , . 

XH - M, Xl - (M , 1) 

X .. I • X 
SP . 1 "SP 
X + I .. ' X 
SP + 1 ... SP 
M - XH, (~, • 11 • X'l 

M -. SPH, (M + I). SPL 

XH "M"XL"(M' It 
SPH" M, SPL - (M + I) 
X .. , ., SP 

SP. 1·'" X 

CONDITION CODE REGISTER INSTRUCTIONS 

.. 

I 
I 
I 

OPERA IIUNS 

CI.ar Carry 
0 .. , Int.rrupt Ma,~ 
Clear Owrflow 
Sel C3rry 
Set Interrup, Mask 
Set OVPrflow 
Acmltr A -CCR 
CCR - Acmlt, A 

R = Reset 
S ~ Set 
• = Not affected 

MNEMONIC 

CLC 
ClI 
ClV 
SEC 
SEI 
SEV 
TAP 
TPA 

IMPLIED I 
OP - = BOOLEAN OPE~ATlON 
OC 2 I O-C 
OE 2 I 0--1 
OA 2 I o "V 
00 2 1 1-C 
OF 2 I 1 -'I 
OB 2 1 I-V 
06 2 1 A-CCR 
07 2 , CCR-A 

I 

0--.!..A .. L .. L)Se~a~cordinpto_th.e.c.~!en~s_oLAccumula .. ~or A:.. 

CONO, CODE REG, 

5 ·4 J 2 1 0 

H I N Z V C 

• • • • • R 

• R • • • .' • • • • R • 
• • • • • S 

• S • • • • 
• - - - S ---0-,-
-I.- 1 - I- I -, -



--
! , , 
i 00111 
i 

i 
I Ol-
i 

: 

I IT"" 
l 

&All 

i 
: ITII! 

tell 

,T"R 

A p p E N D I x G 

PROGRAMMING REFERENCE DATA 

Table 7 is. lumtrntry of the information in tht datI shHt Irtd can be useJ 8'. ft!fer"nct when proGramming the MC68.3. 

2 

2 

3 

oC 

RfW 
Mod, 

WO 

RO. 

RO 

RO 

8it 7 81t6 Bit5 Bif4 Bit3 8i.2 8i.1 

Bit 5 Bit. Bit 2 Bit 1 

7 Bit Track Addren of Current Head Position 

Bi,7 Bi.6 BitS 

Function ISR3 
OMA 

Interrupt Interrupt 
Fi'9 Mask Mlsk 

Bit7 I Bi.6 I Bi.5 

Not Used • 

Bit 7 Bit 6 

Bu.v lndlx . 

Bi.7 BitS . 
HArd Write 
Error Enor 

WO - Write Only 
RfW - RlldlWrite 

Bi.5 

Trick • 
Not 

EQu,t 

Bit 5 . 
File 

'noperabl. 

Sif4 Bit 3 

· 
FWF 

, 
, 

I Bit 41 Bi.3 

.\ · 
STRB 

Bit4 Bit 3 

Write TrKk 
Protect Zero 

Bit. Bit 3 .. Se-ctor · S .. ~ 
Error! 

Address 
Undftrcted 
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Hax Code Innructiol"\ Hex Cod, 'nltruction 

2 STZ A I FFR 
3 SEK B FFW 
oC SSR C MSR 
5 SSW 0 MSW 
6 RCR 
7 SWO 

Bi.2 8i.1 . . 
Macro Comtnllnd 

Blt2 Bit 1 

. Status .. Senti"; • 
Senle Time 

Request ComJ ••• 

Bit2 Bit 1 

Otll, •• 
Drive 

D.'. M.rk 
Rudy 

Oltlcttd 

Bit 2 Bit 1 

01" . . 
Mark 

CRC 
Error 

UndetltCti!'d 

8i.O 

BitO 

. BitO 

· 

BitO 

Macro· 
Comml"d 
Complete 

Bit 0 

Ditl · 
Trl".'er 
A'QUHt 

BitO 

· Ditl 
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