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ABSTRACT

The purposegof'the thesi; is tp.design and realize
a single density:fléppy disk cont?olle%, in order to exteﬁdt{
and increase the capacity and capabilities of a M6800 baséd
microéomputer system. In order to-create a powerful micro-
compuﬁer, an operating system‘softwaré is adopted tojgain
the féétures of a development system.

.

| , ;

The floﬁpy disk controller canlbe-wievéd as a modulé

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

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

‘the central processing unit, and the operating system to

achieYe the full microcomputer. A memory module is incor-
porated to incre%seféépacity; and group‘memory'elements on
a single boafd.'WTo lower component cost the hardware is
minimizéd and gll possible controls are left to the sofﬁware.
‘ | : N
|

. The deJelopment system can be used for editing and
entering programs, converting aSsembly or high level lan-
guage ptograms to m%chine codé by using assemblers and coﬁ?
pilers, running theée'machine co&e programs, and linking
separate programs to create the software of different kinds

)

of microprocessor products.
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 UZETCE

Gﬁnﬁmﬁzd?, jikroislemcileri gok daha giigltt duruma

: | _
getirmek ancak yazilim yoluyla olmaktadir. Merkezi islem

‘biriminin bellek s1gas1 ne kadar genis olursa olsun, her

gesit programin islemci sisteminin iginde durmasi, sistemin

esnekligi ve kullanimi agisindan sakincalar yaratmaktadir.

Bilhaésa besleme gerilimi kesildiginde programlar kaybolmak-

té, dolaylslyla £ﬁm yazilim biléisininjéalt oku belleklerde
saklanmasi gerékhekée, bu da ya2111m1nidegiStirilmesini
engellehektedir Bu tezin amaca, bir sistemin yalelmlnln
taslnablllr blr ortama aktarllma51 ve gerektltl zaman kul-"

lanmayl saglamak igin bir esnek doner manyetlk bellek de—‘jf

'netley1c151n1 tasarlayip gergeklestlrmektlr. Bunun yaninda,

eldeki:MGBOO mik&oisleméisine daYail siétehin bellek_slga;
sin1 arttirmak ve bellek elehanlarln; bif-yerde topiamak
ama01yla bir 'ﬁnite gelistirmek, ve bir isletim yaZLllﬁlnl
uyarlayarak b1r1ya21llm gelistirme araci gergeklestirmek

1
esastir. o

iGelistirﬁe %raglarlnda, programlarin deyistirilmesi

ve girilmési, algaklée yiuksek dﬁieyli dildeki programlarln :

. gevirici ve derleyiciler vasitasiyla makine diline gevril-

mesi, bu programlarin denermesi, ve her gesit mikroislemci
! : ) . _

mamu19<igin yazillm gergeklestirilmesi olasadir.

|
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- CHAPTER 1

- ' THE 6800 SYSTEM AND.
S THE NEED FOR THE
FLOPPY DISK CONTROLLER

| l |
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 an@~
addreésing modes give it a powerful capability;vand a full
rangegof compatible peripheral chips offer the wideét‘possi-
ble latitude in eysqem implementation. The floppy disk
interface is in_fact the result of such an extendable and
flexiBle system.designed previously (9).
| | _
It should be kept in mind that the family of parts

surrounding the M6800 is not a chip set in the sense that

"the.MPU:operatioh is dependent upon. other family elements.

The M6800 is a self-contained microprocessor capable of

- operating with yirtually any MOS or standard TTL device.

The significantjpoint is that the other family members merely

~add additional capability and/or flexibility. . They provideﬂ

excellent tools in configuring a full microprocessor .

“system (19). . . . y i v
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The startlng p01nt of this the51s was a readily de—
51gned M6800 based extendable, general purpose mlcrocompu-
ter (Q)f This systeT as all microcomputer systems is cen-
tered around an MPU unlt which handles the four functlonal

jcategorles:' data, aédress, control andlsuﬁerv1sory For
communication with the outside world serial and parallel
Input/Output chénnels are incorporated together with memory
which makes the system a microcomputer.
.
‘ For.mini#um éost, an 8 bit instruction format for -
éthe'data bus is éhoosen which makes theiarchitecture simple
l:aﬁd flexible. The address bus of the,sYstem‘not only speci-
fiéslmemofy, buf_it becomes a tool to specify I/O'devicegj
By.meabs of its connections to the data and control bu§es
and sehgcted addresslines, the‘I/O_interface is alloéated
an area of memor%. As a fesult; tﬁe user may converse with

:EI/O such as PIA, ‘ACIA uéing‘any of the memory reference

}1nstruct10ns, selectlng the desired perlpheral W1th a memory
address (19). The re51dent program such as the system moni -
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 it can store the.pfbgram‘variables and

" all kinds of data.

In such?a system only small, self-operable programs
. can befentered,_debugged~and saved on paper'tapé using the
i . .
TTY interface. When|the program becomes a little '"massy"

. . F ¥
“the saving and reloading operations takes too much %ime,
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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 The program.

! , L
By using the floppy disk interface together with a
sufficiently powerful operating system and its support prof

grams the following are possible:

- Saving an@ relbading of programs to/from a
magneéic media called "diskefte“.
- Entering programs in assembly 1aﬂgﬁage to get
the source and code in form of a 1ist’file fqr
a printer or ih direct hexadecimal form to ﬁtgl‘_
; gram fhe EPROM.
- Poséibility of bringing together many different
programs gnd forming‘their code all.tégether
(linkége of programs). |

- ‘Editing source programs - that is changing ‘any
part;of a diskette file By using an editor

program.
- Locating program code and data to any desired
placej T » |
;"Usage_of high level 1anguages,_compilers,'dis—_

asseTblers and all kinds of support software.
| .

Although all this software support and the operating
| o .
system need direct usSe of the diskette contents, an easy

- communication has been established between the controller



and théluser progfams. The controller can be easily
led ahd tested'éeparately, then the operating system
~ted. Only entry p01ﬁts for the controller are fixed
!there is no 1nterestfby the user of how1the firmware

the desired dlskette input/output. In this way, the

instal-
activa-
énd‘
achiefes

control -:

ler software or hardware can be changed aﬁytime without af-

fecting the operating system at all.
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CHAPTER 2

INTRODUCT ION

The floppy disk is fast becoming an important storage

The promise £ low cost and dlrect access has en-

,couraged mlcrocomputer users to select the floppy disk for

im1n1—mass storage requirements. As mlcroporce551ng systems

~enter the market place, proposed appllcatlons for the floppy

dlSk broaden to 1nclude the following:

}
|
|

i
i
|
|

i;

Program loaders for intelligent_terminals and

larger syétems

'Key to disk key punch replacement

Prlce look—up and credit card verlficatiOn

‘Message buffers for communication systems
| . .
v i . ‘
Word processing systems

_MinicompuTer programs and auxiliary"data storage

i .

‘Small ‘business systems and batch terminal data

' storage

Michprogram loading and error logging. (19, 30)

In these applicatioﬁs, the floppy disk will contend

with cassettes and p?per‘tape. The attractiveness of .floppy

_ I .
disk over other means of mass storage rests in:

i 4
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- Cost per bit of usable storage
»~-‘_C9§t ef the fioppy disk sub-system
- Reliability and maintainability
- - Ease oi me?ia handlingiand tianspdrtability
- -Compatibil&ty of recorded daéa with other systems,"
‘large or small. - . | ’(191
The floppy disk itself (referred to as a diskette)
is a removable magnetic storage media which is permanently
contained in a paper anelope. The‘diskette drive’is a low
cost, randomvacee;s siorage-device,'which performs.the electro-
1‘mec:hanic:al and fead/write‘functions necessary to recofd and
recover data on the diskette. Data is recorded seriallyfen E
~ the floppy disk. | Due to the high serial data ratee, it isf
' necessary to use aux111ary logic for the serial/parallel.con-

ver51on data recover and data- error checkin S when 1nter—
?

%fac1ng the floppy disk to the M6800. system Thevhardware

!
!

¢which performs this function is usually called a formatter.
‘The formater alse serves as a buffer between the M6800 system
and the disk. It should be noticed that without the MPU'unit
" no control'is possible so that the formattervtogether with

the MPU forms the?cdnrroller (19, 30).

FLOPPY DISK CONTROLLER - M6800/Floppy
| l 1 | Subsystem
1 _ . _ :
‘ ' Diskette
Py gﬁgt Formatter Drive |
| l » | il ! 5 ; !



As used ﬁere the term "controller" intludes not only
the system haf&Wﬁre, but also.those microprbcessing system
- programs which directly or indirectly control the diskette
drive. The program rputines for the floppy disk are often'-

, ‘ L . oy
referred to as floppy'dlsk drivers or control modules.

Before déscribing the system it is of intereét to
discuss the trade-offs invol;ed in microprocessor based flop-
py disk controllers. The decision to design a floppy disk

| |
controller using the M6800 depends upon:

- The way the disk system will be used in the
overéll system. | |
- The cost difference between the élterhative defj‘f
‘i - sign me thods (such as'hardWiréd logic).

- Both tHe sbort term and long term goals with re-

|
| ]

spect to the use. of the disk subsystem,

Due to tﬁe’high data rates of the flopﬁy'disk,rtﬁé
microprocessor ig, in‘effect, busy 100% of the time during
data handling. This means no other peripherals can be ser-
:viced while in-a disk read/write operation. This constraint
Ais not too much imporfant for a 1ab6ratofy'system, however, -
fof a dedicated multi-purpose system Direct Memory Acéess
(DMA) should be Jsed.

|
| g

Since no other peripherals can be serviced, allowances

must be made in the system design to permit 100% syétém dédi-a .



cation,to floppy,disk during read and write opewvations. To
use a serial non-overlapping task syetem or to «edicate an-
yothe- brocessor can be a solution. However, these are cost
7effe(tive solutiops a%d in addition to that, as mentioned -
‘before,>the.systeh in;hand has only the'ourpose 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 added to the system.
These are the conrroluer module which contains the formatter
hardware and the dynaﬁic RAM and EPROM module. The board
contzins all the system resident software which is the sys-
tem monitor and the floppy disk firmware. Also 32K dynamic
RAM is;included on the same board which serves as a boffer
for the CODOS operating system, itself being 8K

|
|
I

The systeﬁ consists of four modules; twc 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 1nput/output (ACIA)
module holding 4 ACIA's which provides the TTY interface.
The TTY isof low épeeb and not much suitable for editing
.functions so that it oan be replaced by intelligent CRT ter-
‘mina? whenever one ts available. This replacement would
‘affect a little blt the Input/OutpuL software of the monitor
 but would prov1de many advantages to the user.

&

The controller module has a built in cle:ck Jonérator



MPU )
MODULE
o SN P
: . ACIA g
— (Serial
s =\ 1/0)
=== Floppy
N Disk
. N Controller
16 Bit 7 o ...
it ! . é
Address} 8 Bit {COE rol
Bus  Data Bus' BYs

'=-i+ Drive 3|

ed

SYSTEM BLOCK DIAGRAM-

, CRT
Terminal

Floppy
Disk

Drives
(Max 4)

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

of RAM for the"operaTing‘system use, the floppy disk control-.

ler chip, and the data recovery circuit.

A 40 pin connector

" should be provided for the interccnnection with the’ diskette

; drive. Up to 4idrives can be attached in the so called

"dairy chain" cdnfiguration. In this configuration some of

the 1ihes are shared and some are dedicated (such as the drive

selectiline).

- operaztional at onetime.

1

. . . §o0 . -
On the other hand, in the “radial"

Its d}sadvantage is that only one drive can be

v

-
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|
)
|

interface, all 1nterconnect10ns are - dedlcated to spec1f1c

drives wh1ch 1solates all drives but uses much more hardware

The disk drlJe used for the de51gn developped was

the Siemens FDD 200 8. The double 51ded 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. ‘Thevpower'requirements are as follows:

i
!
I

I
230V ﬁC (;SOV to. ZSSV)- 50 Hz *+0.5 Hz, for the

diskette motor . Motor current at start. max 0. 4A

Motor current at Tun: max 0 ZA

+24Vf:5%'DC, 2. OA max for stepper motor, read/— ’

write head.

+5V +5% DC, 1.0A max for 1Qgic circuitrytf

I
| e |
The +24V 'supply should be provided separately 51nce

no +24Y supply exists on the microcomputer system However,

!
+5V can be supplied from the built-in +5V,supply.

|

The RAM and EPROM board in effect replaces 9 boards

!

o : ’ l
~of the old design (8 x 4K state RAM modules + one 8K 'EPROM

' module). ..The RAM's used are the very low cost 16K x 1 bit

. 4116 d&namlc.RAMfs so that 16 of them are used. These RAM's

| . . . :
have the extra disadvantage of additional circuitry for re-
freshing and the need of 3 supplies. However,,whateVér is
the p01nt of view there is at least a cost reductlon of a

-factor of four- flve if the usage of a single +5V Zkabyte 2716
| :

»
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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. iTh%s software which should be referred as
| , N ) | "
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:

- Bootieader for the operating system
- Hardwa?e Qnitialization of the controller‘
| ’ - Error checking routines | |
- Erfor printing routines
- Read routines
- Write routines
- Cyclic rédundancy cheéking rogtines
- Head mévemﬁnt‘controlling routineS'

! | ’
- Write test routines. ‘

These roﬁtines‘will bevcontainéd;in an half 2716‘sq

]
that they will be of 1K 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

. ) S ' ‘ A . ,
address will not be changed. Whenever this isolated 1K pro-

; :

gram operates with the system hardware there is no chance
that the operating system is inoperable, provided that all

the user routines meet the parameter requirements.

|

| . i



? | CHAPTER 3
SYSTEM - LAYOUT

‘Some arrangements bave been'made on the system's al-
1ocat10n of memory sp?ce (memory ‘map). As mentioned before
the system uses memory mapped I/0 so that some place should
be reserved to I/O devices in the memory space Also some.'
restrlctlons should be con51dered because of Motorola s flop-
Py dlSk I/O and firmware 1ocat10n and the map has to be rea- B
' 1;zed accordlngly. | | | |

ST w
The largest memory space is occuppled by the 32K RAM -
But 1t's placement is not so- dlfflCult since you have only
two alternatlves| either 1ower memory locations -(Al15=0) or
A hlgher memory 1o%atlons (A15 1). There . are too many reasons

to place it at the lowest menmory locations; these can be men-

tioned as follows: l

‘Direct addressing mode which saves one byte, or

' { D 33% oﬁ the program memory space, in each*insttuc-
i tion (9). | |
_ Allocation of the 0000 to 001F addresses to the
standatd M torola'floppy disk firmware variables

| , , g
to communicate with the operating system.?



- Progtam allocatlon of the CODOS operatlng system
startlng from 0020 w1th a length of about 8K bytes.
Taking info account these reasohs the RAM is put from
0000 to 7FFF. Another restriction is b%ought«by the conos"
operating system which requires a RAM area at locations EFdO
- to EFFF. This 256 bytes of RAM consists of two'2112.static
RAM chips and is located on the controller board since this
board end the CODOS is completing each other. This erea is
‘also used as the %cr%tch pad for the'monitor.

In the M6800 system, an 1nterrupt sequence may be
generated by the three hardware signals: reset, nonmaskableif'
41nterr9pt (TMT),‘lnterrupt requeSt (IRQ) or by the seftware;
interr&pt (SWI). These events obtain the address of the
interrupt’routine%in locations FFF8-FEFF. That is why‘EPROM>
iaddreéSes.should he pleced in the highest memory location (9).

'The EPROM's are thus in the range E000-FFFF,
‘ e

|
'i | |
. One should immediately notice that in the range EF00-

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

" EPROM overlap. 0f ¢ urse, this does net occur since care has
Ejbeen taken so that the second EPROM beheves as a 1K EPROM if
the approp}iate harware setting ie~made’on the EPROM board.

. |- , S
'This 1K EPROM which ranges from E800 to EBFF contains the 1K

vfloppyjdisk software.
| v
|
In fact, thel tot31 EPROM is of 7K byte 51ze9because g
of this arrangement. However,klf one does not use the flop-

o
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Py dlSk controller so that the 256 byte RAM is out of the
system the board could be easily modified for 8K byte EPROM.
| The 1last 1tems that have‘to be placed are the. floppy
dlSk controller and tne drive select PIA | These are placed
on the reglon ECOO to EC7F since ECOO EDOO EEQO and,EFOO
had been alreadyédecoded on the same board. Nert uith'a
minimal hardwarefECOO is decoded to EC3F and EC40 to EC7F

In thls way the FDC is at EC00 to EC3F and the PIA at 0C40

to EC7F. HoweverL the PIA needs four locations and it is "
\ a { ‘ ’ ‘ : . t

given here 64 locetions; similarly the FDC needs 8'locations
?end it is given 64. The reason is that full decoding is not
‘done,'in other words A3, A4, A5 are mnot uéed for the FDc}gnd |
AZ, AS? A4, AS are not used‘fOr the PIA. 1In this way the- !
PIA has 64/4=16 images and the FDC has 64/8=8 images. ECO0O,
EC08, EC10 ... etc, Te the,same 1ocat1ons of the FDC and

1 | l _
- |EC40, EC44, EC48 ... are the same locations of the PIA,.

i
|

As eigeneral result it is observed that the loca-
tions E800'to EEFF contains‘all needs of the floppy disk con-
troller including the firmware EPROM, the 1/0 ports and the
scratch pad RAM. ! FOQ0 to FFFF could be assigned to a well
gsophisticated monitor and E000 to E7FF will be a general pur-

ﬁpose EPROM for further expansion. The buffer will occupy the’
lower'half of t&e memory -and the I/Obmodules could.oe 1oca;

ted between this RAM and the EPROM.

i
]



Connected to the Device Address or Register Select Lines

MICROCOMPUTER ADDRESS DECODING CHART (MEMORY MAP)

X Not connected

Device A15| A14| A13} A12} A11| A10| A9 [A8 [A7-{A6|AS | A4} A3| A2| AL| AD " From To
16K RAM 0| 0 . - . . 0000 3FFF
11 RAM 0l 1 . . . . 4000 7FEF
Reserved

for

| ottor 8000 DFFF
Devices
| First EPROM {1 | 1 | 1 [ 0 b0 | « | «f«|+]- A EC00 E7FF
| 11| 1]oi1]o0 A E800 EBFF
Second EPROM o Lt B T s —or if wanted
. 111400 )1 |« efel]a . . E800 EFFF
. | _ EC00 EC3F
Floppy Disk 1114011 ]ojolojo!x]x]|x . But used as
Controller oy ECO0 ECO7
Drive Select EC40 EC7F |
TlvgrAe ec L1110 1 |1 |ojo|o]l}x|x|x|x|- |- But used as
- EC40 EC43
256 Byte RAM | 1 | 1|10 |1 |1 |1|1]- S0 I O R I EF00 EFFF
Third EPROM- 1011 [ 1 |0 [« |-} S IO I A I S A F000 F7FF
Fourth FPROM S0 U U O S I N AT A I IO O A A S Sl S B F800 FFFF

ST
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- CHAPTER 4
o
DISKETTE 'RECORDING METHOD

FORMAT NECESSITY
|
The data ?n the diskette 1is recorded on 77 c1rcular

;:tracks, so that the read/wrlte head has' ‘to move back and

" forth to find a specified record, which are organlzed in the
: : \ ‘ ’

~form of files and given a name. These flle names are bayed

on,the:first track (this may7depend on the operating system)
; :
and consecutively their position on the diskette are recorded;

. i ‘ . -
in this way first, a|small search for the file name is made
i on track 0, the file location (track address and location. on

k track) plus its‘lengthetaken, and the file is transferred

to. the computer?s RAM, using the FDC firmware.

I
|
i

* Also tracks should be‘subdivided into sectors

since the overlaﬁ of(a fecord to the COnsecutive track'ﬁay
catise the wasting of'a whole track or eny means should be
found to determine the end of a record, which will cause
another search Lperatlon for the CPU. With sectors only a
few bytes will be wasted compared to the whole diskette capa-
C1ty.i Also the sectfr approach will glve the 1ength of .

files in count of sectors. L
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kette has also many disadvantages:

i
B
| |
As explained, the floppy disk is in fact a sequen-
tial access device (SAM) so that the desired location on the

diskette itself cannot be accessed directly. Some searches,

- some movements, such as positioning the head, finding the

record have to be made. . In such ldevices the access time can-
: i

‘not be specified but always care Lasbeen taken, to reduce

¢~

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

' : | ! . )
mat.approach is to provide both an interval for switching
I

the drive electronlcs from readlng or wr1t1ng and compensa-
1

tion for rotatlonal speed, and other diskette-to- dlskette,
and drive-to- drlve manufacturlng tolerances to ensure that
‘data wrltten on a dlskette by one system can be read by

'another (11) » o ‘ o

Together with its advantages the format of a dis-

.
L

- About 35% of the redordable surface 1s reser-

| |
ved for the format. '

- Each diskette should be pre formatted and a
format standard should be adopted.
- In the possibility of the format to be damaged

i e
this sector or track will be unusable.

- Controller logic is‘a little bit more sophis-

ticated since sector, 1ndex or track identifiers

should be found and compared

1

T



IBM 3740 FORMAT FOR SINGLE DENSITY RECORDING

3

The recording format is dependent upon require-

ments of the controller, that is of the host system. Double-
. ; i v e ’ .
- . . ‘ L. . % ‘ o .
- density or single-density recording schemes are possible for:

all drives but the read logic of the.controller prevents all

MPU's to handle double-density recording. In effect there
are great differences between these schemes. The double-
density bit cell is Zﬂsec compared to the 4uysec bit cell of

the single- den51ty, the main reason is that the recording

} encodlngs are dlfferent MFM is for double -density (Modlfled
f FM) and only FM for 51ng1e den51ty It is noted that al-
”though the minimum pulse spac1ng is Zusec for each encodlng

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

troni@s - the decoding and encoding logics are very different

which cause use of other hardware and software for each

. f
scheme (28).

|

Bit cell < 500 KBS

FUSGC ‘

(1 1 o Jo [ o111 i {0 [0 |1 ];
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SINGLE DENSITY ENCODING

v




The single density is recorded on the diskette
using‘frequency~modulation as the recording mode, that is,
each data bit recorded on the diskette has anfassoclated

clock bit recorded with it. A byte when referring to serial

| data, is deflned as 8 consecutive cells The MSB is trans-

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

- lustrates the relat1onsh1p of bits within a byte and data

and clock patterns

A 1 8 O W O B

CA Hex data
FF Hex clocKk.

14

The IBM 3740 Format is a soft .sector format ‘that
_is; sectors are 'determined by software and not by any other
,hardware pulses. The only thlng that initiates a track ope-
Tration (formattlng, read/wrlte operatlon) is the 1ndex hole.
A1l tracks on the diskette are referenced to thls phy51ca]
~1ndex mark and each time the hole passes a photodetector cell

(one revolutlon‘of the diskette), the index pulse is genevra-

ted to 1nd1cate the 10g1ca1 beginning of the track (11).

t
|



i

‘ Each track is subdivided to 26 sectors each capable
of sav1ng 128 bytes of data. The first sector is numbered
01 ,vand 1s\physically the first sector after the physical
index mark. Theiloghcal sequence of the remaining sectors
" may be.non—seque;ti;l physically. The |location of these is .
determined at initialization by CPU formatting software and
no problems will occur‘if‘the controller or CPU is changed
since a spec1f1c search for that sector is made. Each sec-
tor consists of an identification (ID) field ‘and a data field.
Normally preambles a%d postables contalnlng a stream of co-
 ded bytes are wrltten at the beglnnlng/end of each sector,

to separate flelds and to prov1de data synchronlzatlon ’.The
'Vbeglnnlng of each field is indicated by .6 bytes of (00)H
followed by a one-byte address mark. With. thlS format 256h
bytes of data can be stored to one 51de of a dlskette which

|
contains 77 track swbd1v1ded to 26 sectors (30) This amount

<.

is doubled with a double sided dlskette

Address @arks are unique bit patternsfone byte in-
1eﬁgth which are used in this typical reCOrding_format to
identlfy'the beginning of ID and Data Fields and to synchroe
‘nize the deserializi%g clrcuitry with the first byte of each
field. Address mark:bYtes are unique from all other data by-
tes.ln that certain bit cells do not contain a clock bit |
(all other dataibytes have clock bits in every bit cell);
There{are four different types of address marks ueed: Index
.addreés mark (Clock D7, Data FC), ID address mark C7 clock,
FE data), Data Addr%ss Mark (C7 Clock, FﬁiData) an%_D@leted

N 9
Data Mark (C7 Clock, F8 Data) to show that a data field has
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-

Optical Index

166 2/3 Msec

—‘1._

SINGLE DENSITY IBM,3740 FORMAT (11

L—%Data Address Mark C7 Clock b1t pattern

, 19, 20, 22,30,34)

Post o : L Trailing Gap (Pre Index)
Track Index |- Sector 1 . Sector 2 - Sector 26 247 Bytes of Hex FF
Format | 73 188 188 188 - 247 (Varies with speed) |
Post Ind : 7 —
Fie?dex 40 bytes 6 bytes 1 26 bytes
Format FF 00 FF
't—Index address mark (FC Data, D7 clock)
ID Gap - ' . L | Gap"
Sector Field |. EF Data Field CFF
Format 13 11 137 Bytes 27
ID Field 6 1 1|1 }1) 1 z | o
" Format 00 | FE 00 00|  CRC Cyclic redundancy
‘ J - 1‘ _ A : - Check characters
D Address Mark C7 Clock : —~—Sector Number ‘ ..
Pattern t in. Blnary )
Track Number 1n Binary
‘Data Field 6 1 128 | 2
_ Format- 00 FB Data. CRC

T¢



been deleted (ii, 19).

Each fleld on a track is separated from adjacent

- fields by a number of bytes contalnlng no. data bits. These

l

areas are referred to as gaps and are prov1ded to allow the

updating of one field without affecting adjacent fields.
There are four different types of;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 one, the ID

gap defined as the ;

Fventeen.bytes‘betWeen the ID field and

. | , : : _
the data field, the Data Gap defined as the Data Field and
the next ID field and lastly the Pre-Index Cap defined as

the three hundred and twenty bytes between the last Data -

Field on a track and the Index Address Mark. . Except the "

N

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

|

Data Field has been updated. The Pre-Index Gap is 320 bytes
. nominally; however, due to write frequency.toleraneee and
! disk speed tolerances this gap may vary slightly in 1ength_

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

9

Each 1D and dhta f1e1d is appended by two Cycllc Re- -

' dundancy Check (CRC) bytes which is generated from all cha-

racters (except the CRC itself) including the data in the-

address mark buk not the clocks. During all read operations;

these CRC bits are again generated and compared with ‘the CRC
b1ts that were appended to the field when 1t was wrltten (8)

The CRC bits may be %enerated by software or hardwaﬁe” how-

'

»



'Kbauds in the floppy| disk (2).
, | |

ever, software generatlon needs too much time since for each
byte about 550 machlne cycles are needed; this corresponds

to-a’max1mum baud rate of 9600 bauds compared with 31,35

{

For this reason, fast hardware methods are used. The

CRC is in fact, capable of detecting multiple-bit efrors,
)

unless a repetltlve burst of errors. It is the most’ favorlte

‘ method for error check1ng¥51nce it can easily overcome sim-.

ple coding procedures like parity checks with mlnlmal waste

i
1

-of bits.

The bitssin any message’may'be pietured as being’re-'

Apresented by the coeff1c1ents (0 or 1) of a polynomlal of

Anth dﬁgree if there are n+l bits in the message block. For

the CRC generatlon a 16th degree generator polynomlal G(X)
will be used. Fer the IBM format the CRC—CCITT reVerse ge-
netath G(x) = X'® + X'2 + X° + 1 is used. The wholeddata'
stream is of deéree (129 x 8) -1 = 1031,. Hdwever, after
the d;vision,.the remainder will be’ef degreek15 SO it will
contain just 16\bits which ferms the CRC These 3 bytes are

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

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

| bytes, the remainder will be 0. Assume R(X) is the remalnder,

Q(X) is the quotient, B(X) is the 1031th degree pelynomial'
then B(X) = G(X)Q(X) + R(X) and B(X)'- R(X) = G(X)Q(X) so

that the new polynomlal B(X) - R(X) is d1v151b1e by G(X)
|

exactly (35){ ' | B . ‘ ‘_3 3



, _ ( : g . :
at high—frequencies!penetration_doesn't occur. The thin coaf

| S I
g

i -~

-

i - The d1v151on is performed as data cycles (hence the

name of CRC) w1th serial 16 shift reglsters and feedback ex-
l
c1u51ve OR gates to achieve the substraction of the division.

The location of thes .gates~chadges with the generator poly-
1 S . ; ’ ‘ '

3.n0m1a1 Thls circuitry is generally included in controller

IC's and shifted automatically after the data stream.

i

RECORDING THEORY

.
§ i |
Magnetic‘recording which is used in the floppy disk

q-has many advantages such as wide frequency range, wide dyna-

mlc range 1mmed1ate and repeated playback h1gh den51ty _;»K,

storage and 1ow cost. The magnetlc recorder/reproducer con-~

451stslof four essent1a1 elements which are the head the'

!

recording medla,lthe record ampllf}er‘and.the reproduee amp -

-

|
lifier (13). |

T_The recording takes plaee on e magnetic—oxide coated
flexible;mylar disk sealed within a plastic envelope for
proteétioh, self?cleaning, and ease of handling; The coating
materials are partlcles of the gamma form of ferrlc ox1de,

Fe O,y . These tarﬁlcles are fixed to . the backing materlal
with a sYnthetlc-re51n binder. When the magnetlc flux pene-
trates into the;coatlng it reorients the vectors of the mag-
netlc domains. . This allgnment has a magnltude and direction

that is a functlon of the magnetlzlng field intensity. To

have a high-frequenqy response a thin coat is needed'since
9
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|
aléo-provides geod signal to noise ratio. Since small par-
ticles can be easily oriented thls w111 also cause hlgh—
frequency response and good signal to noise ratio. The re-
"edrding density for é single deﬁ%ity diskette varies from
1800 to 3200 bité per inch (1800 for track 00, 3200 for track
76) whichieorresponds to a<recording speed of aBout 1005200

inch per second.

— Write Current_

; Vs
Oxide Surface -V Flux

h Mo'tion§f7/ (I T D sl 1

‘/r—~f—~Fringiﬁg Flux
,-:\4'————'———\ c
L: ) _ Front Gap

“jmé o : v ,: ’RCCOrd

Current

j Rear Gap
? .. : . woo Y S )

RECORD HEAD

' Generally the;head coﬁsists ofetwo cores and there
are windings-around both the cores. The rear gap is kept'
minimum to avoid‘the frieging flux. ‘Aiso the front gap
"should be kept parallel to maintain the frequency resﬁonse

of the head constant In a record head the gap must be wide A

‘enough to permlt the magnetlc flux to fringe far enough a-

way from the gap to enetrate into the ox1de coatlng of -the

On the other hand, durlng read, thJ'g;p muét.?

!
-i

magnetlc tape

o -Beéé\zxgﬁxmsuzﬂkmﬁ?mnzss



bz rmall enough so that sharp chang®s or gradient- of the
flux may be generatea, to permitismzll changes irn data level

to be rvecognized (13).

Fundamentally, the processjof magnetic fécording is
the magnetization of the magnetic|particles 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 head by the magnetic

flux lines that emerge from the tape surface and pass #hroughi

the reproduce Head core. The Valhé'of this voltage is based
on the rate of change of flux. In this way, soTe~kind of

~derivative is taken after magnetic recording occurs (13).
: . [

Magnetic'recbrding on tapes hédlfirét used thg ﬁNon.
return to zero'" (NRZ) encoding which was the most popular
recording formét before the Phase?Encbded (PE) fbrmat.ﬁ For
NRZ recording,jthe magnetic surface of the tape ‘is magneti-
zed to saturation in‘one direction or the other 'each time a
"i" is to be recorded. The magnetization remains unchanged
for a strecam of "0"s. .In the PE forma% data is represented
by transitioné‘occuring in the middle of the data cell. A 1

low to high fldx transition 1is deklned as a. ""1" and the re-

verse 4s a ”O"J Phase tran51t10nL are not required when the
encoded data consists of 1-0 patterns. The encddlng used “in

. the floppy disk is referred as the Groﬁp'COded’Recording

)

B

1

ahd it is a high density recording schéme which uses the NRZ

convention for "1" and "0'"'s but adds the restriction tﬁat

l
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MAGNETIC RECORDING FORMATS
| |
The disadvantage of the NRZ is that a lohg stream of
0'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
‘that FCPI are doubled compared té thé GCR and NRZ. On the
other hand, for this kind of recording the low frequency cut
off is at least proportional to the FCPI/4. The GCR is the
most 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 three bit cell restriction (12). |
| Wl o
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, due to



the_differentidting effect of the magnetic read/write pro-

cess.,
Recorded <
Data — ZCD
Band SR ) '
ggftgiss Differentiator-Comparator
Wy -
- ~ Threshold
: Decoder ‘
+ :
] SR
D
N . B LTD_
| ; |
_VT

REAb CIRCUIT BLOCK DIAGRAM

i

W
The input is

folloyed by a linear-phase bandpass filter. The differen-

. | : .
tiating network provides a 90° delay to convert the incoming

k | o .
read data signal peaks to zero crossings for the comparator.

1
[

Magnetization
Input jw¥4ﬁ\j T T :
SN 5 N\
Different. f\}f-K/L~4qj>~\/\—-dﬂur‘“’“’““6qL~——*‘-’“{\J“
S A ' / ;
p— "N T (B ,

ZCD v Y| W R

T Hinin e il e W
OUTPUT‘1 _J—_—_L_~——f———1————Jf . L . rf

WAVEFORMS SHOWING DATA DEMODULATION ’

?

a
-

a highfgain linear amplifier (about 100) . °



3
: O

‘The function of the threshold detector is to avoid

recovery of data at critical points of the input. The com-

parator in fact detects positive‘or.nggative peaks: a posi-

“tive peak.corresﬁondé to a followéd high data while a nega-
‘ , ‘ - _

‘tive peak to a followed low data.”  The ["one's can be .conver-

ted to small bits using a bidirectionally tfiggerable‘mono-

stable.
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- CHAPTER -5

THE DISKETTE DRIVE

- GENERAL
The disk drive is comprised ef‘three major assenblies
|
being the printed circuit board (Electronlcs), the maln deck]
~assembly and the carrier assemle Thevelectronic circuitry

required to convert the d1g1ta1 data input and output to,

’and from analog data for the read/write headé,'and'head po¥

SR 51t10n1ng information is contained on- one. c1rcu1t board

The main deck assembly is the pr1nc1pa1 supportlng assembly,

and contalns the spindle drive motor R ‘drive belt and pulleyi

l : _ :
:to rotate the diskette at 360 rpm, the stepping motor, lead

~screw and head‘assembly to pesition the fead/write heads,
~the single-gap magnetic recording heads, the dlsk cartrldge
gu1de and ejector, optical sen51ng LED's and phototran51stors

for indéx, track 00 and write protect sens;ng. The carrier

‘assembly is the secondary frame Which pivots from the main !

(

deck assembly and includes the disk centerlng cone, the head

load solenoid togethe1 w1th the head assembly and push but—

ton 1atch»release mechanism.

|
i

.Operationnally the disk drive contains three major |

vsystems being the control, positioning and‘read/write!systems.

|



Read/Write system

Data To Magnetic Record |.

‘ Conversion
Writ . - | Read
Datae' Magnetic Record To Data g:ig
o Conversion ‘ )
From . o » o :j. o - To R
Controller_ki - , C Controller
- Status '
|control System

Execute Commands

.Commands . Monitor Own

Positioning System

. C < Position Read/WRite

Seng;gigigs ‘ Head Over Track .
1Generate Track O

» - Status and Index
| ' E :

DISKETTE DRIVE SIMPLIFIED BLOCK DIAGRAM

(30)

Tﬁe control sYstem provides the iﬁterface’ciréuitfy
Bétween the disk controller and the disk drive. The con-
tfolléf addressqs ajdisk driye for on—line»operation byigc—

. . / ‘
tivating a uniq@e s?lectAline; This technique allows mul- - -
tiple disk drivé units to share common interface lines while
féméihing‘indiYidually selectable,(daisy-chain_operation). 

Commands aré received by the drive in the form of

~low level TTL interracé signals which designates one of the

following operations:

SELECT'% Places disk drive on-line with controller

by eﬂabling all input/output gates.

i
.
]

STEP - Enables read/Write head positioning.
j .

STEP IN - De

termines read/write head movement .direc-

_ l
‘tion. ! i



i HEAD LOAD (H Eﬁ) - Places disk surface in contact

‘w1th head

" STDE SELECT - Selects the disk side for read/wrlte

‘operatlons
WRITE CATE (Wﬁ T)- Enables wrltelcurrent to turn on

‘and inhibits read output.

The STEP -signal moves the read/write heads to either:
a higher or lower track position depending on the STEP IN

o s .| e S .
line. Since relative track positioning is used the control-
| o I | |
ler maintains current track position and generates the num-

* ber of pulses necessary to achieve a new track position.

Once p051t10ned and SELECT HDLD and STD E SEE C commands
.outputed by the controller, a read or wrlte command -can be-l

|
1n1t1ated.
[

i
|
(
1

‘ Five drive status sigqals are gated to the 1/0 lines

| .

| when the disk controller selects a drive:
i :

- WRITE PROTECT>; indicates write data cannot be

recorded on the disk (if write protect disk is

[T

| ~used) .| A
F TRACK 00 - Shows that the head is positioned at

‘track 00. This signal is used to initialize the

contr#ller's track address register.

‘-INDEX - bccurs once'per disk revolution and shows

phy51cal beg1nn1ng of a track.

EEKEY_- Indicates that disk is loaded and up to

1

operating speed.



 DOUBLE SIDED - Optional status shoWing whether the

inseited diskette is double or single sided.

To accomplisﬂ‘the positioning of the head in response

to STEP pulses from ithe controller thrée functions are re-
quired: Stepper motor control, stepper motor, and carriage

assembly.

The stepper motor control converts serial STEP pulses

control signals. Each signal energizes

l

one of the three motor windings, oausing a 15° rotation which

-

is one track p051t10n The sequentlally grounded control

to three sequehtgal

w1nd1ngs of the stepper motor causes the rotor shaft to ro-
tate through detent p051t10ns at a maximum rate of 333 steps
per second. A lead screw on the exposed rotor shaft con-

verts rotary movements to linear movement, to drive the car-
: |

‘riage assembly goideﬁ by a fixed way to prevent from skewing.

The readerite system records or'retfieﬁes.data ac-
cording to the WRT 51gnal from the controller. The read/

write head is essentlally an electromagnet that can concen-

" trate a hlgh magnetlklng force over. a very small area of the

|

adjacent recordlng surface. When recordlng, the flux fleld
is alternated to magnetize the disk with the de51red bit
pattern. - Each #ead/write head contains an addtional elecro-
ﬁagnet, the funttion of which is to erase the edges of the

recorded track as data is being written. The width of the

|

“track is nerrowed tq 0.013 inch so that crosstalk ﬁbdtween

: e !
tracks are minimized.




A Whenlreading, the reed/write electromegnet acts as a
sensor. A fluxyreversal on the recorded trach induces a
voltage across the electromagnet c01ls This. voltage is
‘ampllfled and condltLoned to recover the recorded 1nforma—

i | -
" tion. ‘ Lo T : |

1

ELECTROMECHANICAL COMPONENTS
" The input AC and DC power for the drive are supplied -
i
- by the controllet. The electromechanical elements and their
1 interface to the host are shown on the‘figufe. The drive
:.comprises of the following functional systems: |

- Spindle drive mechanism

.
i - Read/erte Head positioning system

l

'The spindle drive system provides rotational movement

'~ Head load Tystem

S of thé spindlemusing a single-phase motor. Rotation of the
splndle 1s prov1ded by a belt and pulley connected to the
drive motor rotor shaft. The drlve pulley is selectable for
v either'SO or 60 Hz i‘put power for rotatlonal speed of 360
}revolutions per minute. A floppy dlsk ls engaged with the
;Espindle drive huh by the spindle centering cone. The spindle
system consists of a spindle mounted on‘the deck and a cen-
tering cone mounted on the carrier. In.the unload position,
the centerlng cone carrier is pivoted open creatlng an ap-
perturL through whlch the floppy disk is 1nserted As the~

carrier 1is plvoted to the load p051t10n‘ the centerlng cone

] »
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~ spindle. 3

UL

e e ey
Salenoid Drive . ~
. Head Load

Actustor

- |

' DETAILED FUNCTIONAL DIAGRAM

enterS‘thefflopbyAdiskxcenter;.1Just'prior to the fully

] .
.closed positionL the centering cone expander is activated to

- expand the cone which grips and aligns the diskette to the

The positioniﬁg sYstem comprises a carriage assembly
contéining a fi%ed read/write héad and a second read/write'
he;d ?n'a spriné loaded arm, a bidirectional stepper motor.
and ailqad screw. The stepper motor rotationai movements 

! .

“are converted t0’1inFar motion by driving the leadgsc;ew

and carriage assembly. When the stepper motor is pulsed,

I
° i
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the lead screw rotates clockwise or counter-clockwise, -

!

moving the carfiage in or out respectively..‘

The variableireluctance stepping‘motor provides pre-
cision positioning éf the head. ‘It is;energized.by +24 Volts
and Opérateé in either-Détenf Br Positioning mode. The
»Stepper'motor haS'three pairsjéf windings. In. detent current
-flows in one winding and maintains the»rotof in elecfro-
magnetic detent. For positioning, the windings are driven
éeqhéntially, cdusing the rotor to rotate through detent

i i . :
positions until the step commands are halted. The rotor
then locks in that poéition with the last winding being
driven. The séquéhce»in which the stepper motor windings 
‘are pulsed dinates rotational direction (1). |

!.

|

i O—
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HEAD POSITIONING  READ/WRITE HEAD
LEAD SCREW

i
| | .
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HEAD LOAD AND CARRIAGE ASSEMBLY
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.



! ~ The headfload system is basically,fa_eolenoid driver
and a'EOlenoid 1 ~When activated by the ADLD signal, the
spr1ng loaded arm is released and brings the record1ng sur-
face of the floppy dlsk into conformance with both heads'. - At
F.the same tlme a foam pressure 1s released exerting a force -
on the dlSk cartrldge agalnst the platen on the deck The'
head load command needs a 2§amsec executlon time.

| CONTROL LOGIC

i | 1
i
1

The disk drive uses standard S—Volt logic, where a :
~; Voltage more p051t1ve than + 2.4 volts is con51dered a logl-
cal one, ‘and a Voltage more negat1ve than + 0. 4 volts is: con—
151dered a logical 0. lnterface loglc signals are actlve low
and ar% inverted by line receivers and Tine -drivers for use

. by the disk drlve and the controller, respectively ..

" The control logic contained in the disk drive per-
forms four prime functions:

|

" Accepts coTtroller SELECT command and enables all
interfacel ' |

logic.

ﬁDetects and provides index pulses.

Monit?rs floppy disk rotation to develop a ready
statns for the controller

Reports to the controller the type of floppy disk

in use.




! . . - -
i The SELECT line is used to activate only one of the.

driveSfconnected.in.ﬁhe daisy-chain fashion. '~ Each drive may
have aidedi;ated SELECT line or a binary selection logic for

| i
activation. When SEFECTlS 1nact1ve, the select 1og1c inhibits

 a11 interface input recelvers and output drlvers to and from-
‘the disk drive. For dedicated selectlon, jumpers JO, Jl, J2
or J3 should be used and only one of them should bebstrépped
for each drive, so that when that dedicated line is low the

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

drives can be connected.
, T

- SELECT @ ; — J0 o— rfEIECT to gate other,
‘ ‘ - _ loglc c1rcu1try
SELECT T ’ aJl o——y¢
'SELECT 2 032 oy -
SELECR ]
SELECT 3 ——ta J3 o

l
!

L{ENABLE p——=0 J4 o—yp

o b J5 o

-

IS to .8 'o—‘:———*ﬂJﬁ o—t
lDecodero———aJ7u——--

o———a J8 o—rt

o——n J9 »—1-

o—=a J10e— -

=Shis E

14

SELECT LOGIC

To address mo?e drives an 3 to 8 line decoder is pro-

' i
vided on some drives. In this fashion SELECT @ .line is used ¢



to enable the decoder and in this way only onme of the out-
puts will be low. The decoder accepts a binary coded address'

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

7 J10 is 1nsta11edi er example, the 0010 pattern should be

ﬁ.glven, SELECT @ beng the least 51gn1f1cant bit and the de-.

coder acceptlng inverted addresses.
| .
.vThe indek detection logic is comprised of?a LED, a
phOtotransistor, a comparator and an output line driver,;
Since index holes age positioned dlfferently for ouble-
51ded floppy disks, two LED/phototran51stor pairs are in-
cluded. When the media bocks the LED output, the output from
.the comparator is low. For'each index hole sensed thegegmer
paratqr butput'goes high for | o

|
P

1.7 msec nominally. This

(¢
77

comparator output is| then in-
' |

verted and sent to Hhercon— » S <---166.66'—->

troller. o ' + 3.33msec '
) ‘ : ' ©1.740. Smsec

t
|

.
The ready logic is used to monitor the INDEX pulse

|

peed of the floppy disk. dWhen the re-

INDEX TIMING

" for the rotatlonal s
quired speed is reached the READY status is sent to .the con—'
troller after receiving two index pulses. Two seconds are

i requ1red howevEr, after the AC power 1is applled “to send ‘

the ready s;gnal.



Vglid Output
‘Control Signals,

e

AC' Power

!

~——2 sec
mln _41

DC Power | ‘J _l ‘1 5  | R (:

B
i }.‘“

~—=90us min .

500 ns Max

SELECT

READY

CONTROL TIMING

- The control logic also 11ghts‘an activity 1nd1cator
LED _mounted in the door open push button, when the §ffE€T
line %s éctlve. This feature may also be used for the door
lock 6ption to prevent the operator froﬁ opéning the dqof
and reﬁoving thegdiskette when the(drive is selected.

Another iine/used by the controller.is thé'TW57§TﬁEﬁ'
1iﬁe which is_aétive whenever a dual sided pack is installéd

in the disk drive. To generate this signal the two index

* pulses are used sinc% two index pulses shows that the dis-

' kette is double sided.

READ/WRITE HEAD! POSITIONING LOGIC

i
i

{ The read/write head positioning logic pérforms four

- prime functions: : o RS
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- Activakes the head load/unload Solenoid

- Detecte position of read/nrite‘heads at track 00
and signals controller

- Switche% low write cu;rent when track .00 is
encountered |

- Activates stepper.motor and determines diiectionﬁ

‘of read/write head movement, in response to

controller commands.

The functifn qf the head load logic is to accept the

jHDLD command from the controller and energize the head 1oad

‘solenoid. The energized solenoid ‘releases ‘the spring loaded

head arm and gently forces the media against the ‘heads. 6Sh”

a condltlon on the loading of heads, the door must be closed.

A phOt?SWltCh mounted on the deck assembly is activated by

- a tab on the floppy isk carrier blocking the LED output
|

_

jwhen the door isbclosed. This will provide an enable signal

! ' )
[for the head load driver. .Also, optionally the heads can be

loeded with SELECT only, independently of HDLD.

|
|-

‘The track 00 logic monitors the position of the read/

write head by means 1f a photoswitch and comparator, and
. : i H . N i .

'signals the controller when the head is at track 00. The
fphotoswitch is mounted on the deck assembly and is activated

by a tab on the Larriage blocking-the LED output. However

this is not suff1c1ent since the switch may not be sensitive
1

enough to strlctly determine track 00. For this reason the

sWitch output 1s gated with phase A of the stepper ﬁoéor
' o b i

[ 4



' Phase B

: Phgse C

’ ~§KEK—ﬁU'°]y !

i

~.control. The Sfepper motor is forced to phase A on power;on

reset S0 that the 1n1t1a1 condition is always the head belng

on track 00 (thls sould be done by the operating system on

3 |
system reset and! 1n1t1a112at10n)

t

~ Track [ 1 N ! L1

Switch

Phase A -[___f—; !

-

|

The drive‘positioning logic causes the head to move

TTACK 00 GENERATION

one track distaqce for each active STEP command, and in a

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

-command. The stepper motor drive logic comprises interface

. : i
motor phases and 'the|

i

gates,!the state couTter which generates active stepper

motor drivers. i

i Y

i

i

- of - the §TEP pulses which should have a pulse width of at:

The 3-state counter is triggered by the trailing edge

~ least ﬂousec The STEP IN command should be issued minimally

g i

lusec before this trTiling edge. The STEP IN lead also de-

“termlnes whether the (track counter is in the up or down mode

v



i s ot 1w e

mode . B ‘ S 5

[ b
SELECT 1 | ,‘ }

i

.ward mode it will advance to Phase B when a pulse occurs then

-

e tf All three phase motor drivers are 1dent1ca1 and 1n—3

: ; o . ‘ 43!

: |

and whether the state counter is in the forWardlor reverse

DC Power ‘.

STEP IN ‘ | ——

i Forward ! L ‘Revetse

h T=1usec min | "= 1lusec min
‘% T l . - : ‘: i: -

l’ (‘ ' .

, STEP m‘ . l
gvi‘ ; . _ t P -
'.'v v ?-gg?;ecﬁ¢~—:::=*10usec mint ‘}w‘\\lOusec min
' (2sec if AC'E | k3.6l

; DC applied L o ~ msec’

51mu1taneou51y)

8
! ; 5]' ‘
The state counter is in fact alshift register only

|

¥
éne ‘position of Wthh can be active concurrently‘ On power . [

- , 3 R RIS S
STEPPER MOTOR TIMING = & ‘l
|

on reset phase A is forced. If the reglster is 1n the for-

to C if another occurs, cycling each time. In the reverse

mode the cycllng is reversed from C to B to A then to C agaln;

!

———

depehdent circuits. Tt consists of a driver, a harllngton\\v~‘

ttran51stor pair and a flyback dlode ﬁhen the drlver 1nput =

d R
is hlgh the transistors are cut off and the winding' not en- |

erglzed. ‘A low input on the driver turns the trans:sto&s on w
7 |
order ‘to diminish current |

to energize the motor winding. I

-



flow to the trangistqr, due to the back EMF during the of £
' switch;ng, the -diode conduction is.lét‘to a Volt?gé source.
of 24 + 12 = 36V'While the voltage at the collector is
48V. (7) ] ; )

+5V . 12V

Phase A,B *w—ft::jﬁi]_'_—'+24v

or C from '
state ; ~ .

. counter ~ Motor winding

i

' STEPPER MOTOR DRIVER CIRCUIT

'The write 1ogic concerts digifally encoded serial data:
I . )

from the controllér to analog flux patterns that are magne-.

|
gtically recorded on the disk. Thé récorded:data is sensed
gand9deéoded duripg a read operation and.reétored to digital -
read data for th% controller (pp'23-28: Recording Theory) .

:TQ perform a normal write operation the disk‘cért?
ridge's write—pro%ectJélot should‘bé‘coﬁered,_othéfwise any
‘write command is disregarded and ali write logic disabled.-
For this purpose, again a LED/ phototransistor pair is placed
.on.the‘write-protect slot so that when the.slot is Coveféd,b
that i% when a n;n-write’pfote;t cartridge is used, all write

o
logic will be enabled.

<2y
-

|



DCiPower o B o >
L—;QOmse.o : ' —im
" HDLD
:STEI | k15 msec min—s .
v ¥ : — i
L—-ls_msec~—,
: Y min _ ¥
WRITE GATE '
Va

WRITE DATA Tnsec [ / '
_ | ’ ‘ ‘maxd' [-
| o , ' |
| |WRITE INITIATE TIMING
S |

1

To beg1n a write operatlon the head should be loaded

and step commands termlnated the contrary w111 cause the

dlsablrng of the operation. The WRITE GATE 51gnals that. the
data te’be written will be outputed in.at least one_blt time.
N ! . - v . N :
- E | ] _ Do _ -
At the same time the WRITE GATE activates the erase

|
!Togic to clip the.track_width to 0.013 inches, to prevent con-

tamination to nedghbor tracks; -If an auto-erase head is
used a. turn on de1ay of 200 psec and a turn-off delay of 530
pusec is glven by using one- shots. In an straddle erase head

no delays are needed‘and the WRITE . GATE dlrectly controls the

‘erase head current. The SIDE SELECT 1nterface line enables
"the related side of the head to erase the excess sides of the
recorded data. ,

I
{
!

The write current control logic consists of the wrlte

command,

the low wrlte current 1nput and the data 1n@u% The v -
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wrlte 1nput drives the emitters of tranSistors Q1 and Q2 when .
a write command is issued. This 1nput is used in conJunction
with the LOI 1ead which is used to increase the write current
'when the data is to He written in a track greater than 43,
since the diameter decreases and the recording den51ty has

to be 1ncreased The TOT is derived from a track counter
\whiCh is zeroed every time the TRKOO is encouhtered.and in-
crements with step pulsee if the direction is inWards; or
decrements if the direction 1s outwards. This 8 bit counter
is 1oaded with hex 6% when TRK0O occurs and the 6th output

1is used as the “_T 1ead 51nce this output is 1ow when the °
“‘count hex 3F or less is reached (6A-3F = 2B hex = 43 dec1mai).
‘This output drives'Ql and Q2 additionally with the write’i-

input, so the write current is increased.
i ;
The write datal flip-flop functions as a toggle switch

for transistors Q1 and Q2. Every time a write pulse arrives’

! ) ) _ . -
éfrom the controller, the flip-flop‘s Q qnd - Q output changes

‘state together w1th transistors Q1 and Q2, so that data is
recorded in NRZ form. The FET SW1tch1ng network determines
which head is selected and Q1 and_QZ‘current,driyer switches
will drive the write hurrent.through the selectedipath controlF

ling the‘magnetizationuon the diskette. ' The heads are selec-

‘ted according to the SIDE SELECT input: -when the SIDE SELECT
is high (which 1? the case for single sided diskettes) inver-

ter drivers bias'Q9 on and Q10 off. In this way, Q5 and Q6
Z B}

are coﬁdutting and Q3 and Q4 non-conducting With WRIGATE -

active Q8 qnd Q7 do n%t conduct so that the write cu;rent is
¢

gated to head 0 and blocked from the read amplifier. Simllaily |
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head 1 is enabled for flow of write current when side select

is low.

For a read oﬂeratlon the read ampllfler s way. towards
the heads w111 be r;ady when WRITE GATE is inactive, the
only selectlon will &galn be the SIDE SELECT : However, this-
.1nput has to be restrlcted with a certaln timing for the |

head-amplifier path to settle.

DC Power |
—
HDLD ‘
STEP ﬂ] r1
‘ , . ! . ! g
'SIDE SELECT - Head 0 |
i | : Head 1 (1190us ‘
| I |  Lket00ps.
READ DATA : ’ , ‘ ' o
: LTS £C—% ‘ ' ' _
* Pomin.,
25 msec
st — . [ aE—
; min
e« 90msec o

“min

READ INITIATE TIMING -

The read\amplifier is a gain of 100 1inear amplifier
cascaded to a 3- pole 11nea1 -phase bandpass filter of 800 kHz
-3dB bandw1dth The decoding is made using a dlfferentlator,
a cross-over detectjr and a time domain filter (se: page Zb).

|
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The;time domain filter recovers the obtéined NRZ data to a

serieSJOf pulses‘for the eontroller ﬁsing a bidirectionel'

one - shot prov1d1ng a p051t1ve pulse for each t1an51t10n

"‘ The positive edge of each pulse trlggers a. 1ast one - shot to
foutput nom1na1.200 nsec pulses. The output is referred to

as the RAW DATA siﬁce it not oﬁly contains data pulses but’

clock pulses as well. This pulse t}ain_should be separated

by the controller.




I CHAPTER 6

i
L

! ii
THE FLOPPY DISK CONTROLLER IC

GENERAL DESCRIPTION AND PIN OUTLINE.

Essentlally all one chip floppy dlSk controllers w111

g interface to most drive manufacturers and are naturally IBM

3740 format compatlble They will prov1de at 1east the fol-
1ow1ng =

!
[

- Automatic track-seek with verification.
- Read o& wiyite with singie or multiple records,

automatic sector search and entire track read

or write.

- Progﬂamablé controls such as track to track
step;ing time, head engage and settling time and
three phgse or step—plus;direttion ﬁotor.control.

- DMA or:prqgram transfers. - |

The dlfﬁerences between controller chips are generally'

the recordlng den51ty and the 1eve1 of the number of disk-
drlves that one chip will control 51mu1taneously. |

! ‘I o | | i

The MC6843 FDC is a single-density controller which *



1 o
o | 51
| . . )

15 IBM compatlble Data'is élocked into‘thé-FDC by an ex-
ternal phase 1ock loop oscillator. .infernal sYnchfoniza-

. tlon is handled automatlcally Al MHz clock is~used as a
timing signal for the internal functions of the FDC, such

as head 1oad and stép, as well as shlftlng data. serlally to .
the drive. Status bits are provided to indicate Varlogs

error conditions and drive status.
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o The operation is based on the functioh of 4 main sec-
tions: . " f

| ‘
|

ﬁ The bu in erface prov1d1ng operatlon with M6800

_bus which is comprlsed of the Data bufﬂers, DMA control, and

reglster select.c1rcu1try The data buffers are usual. b14

-

d1rect10na1 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

| ! o
selected using the three select lines, ;the R/W, TS and E

- pins. The BD (Bus Direction) lead shouldee.used in con-:

junction with DMA transfers.

' - The control and register section is internally

|

connected to proyide data flow andfgenefateé internal timing

' . . L
.and control signals 'from the macro instructions issued by

the MPU There are twelve user accessible registers fof_

‘_controlllng thexdrlve

’ |

- The serializing section handles'the serial-to-

1para11e1 and parall%l -to-serial conver31ons for Read/erte

operatlons, as well ‘as CRC generatlon/checklng and the
generatlon/detectlon of the clock pattern. The Data Output

Shift Register kDOSR), Data Input Shift Register -(DISR), CRC

Geﬁerator/Checkér and Clock_Shift Register (CSR: comprise the

seriaiizing section of the FDC. The Data Clock(DCK)vinpdt_

.serves to clock datJAfrom the drive into the FDC d% qbth‘

pdsitive and negéti&e edges. The Read Data Input (RDT) is’

&



the serial data stream including both the clock and data

bits and must.be presynchronized to the Data Clock (DCK)

iThese two 51gnals (DCK and RDT) are generated from the read

recovery. c1rcu1t The write Data Output (WDT) is the double

| . .
frequency modulatedjdata from the FDC having a bit time of

4/f (f being the CLK ftequency, 1MHz for IBM'3740 Siugle—/

'den51ty format) and a pulse width of 1/f (lusec for thlS

.;:

case)

- The dnive!interface section,~having the known

. i - |
Head Load (HLD),' Step (STP), Head Direction (HDR), Low-

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

erte Gate (WGT) outputs, and the Index (IDX), Ready (RDY),

erte Protect (WPT) 1nputs., All 51gnals are actlve hlgh

and spould be inverted and buffered for the drive 1nterface,

(see Chapter 5 for Tominal timings”ofVI/O signals).
. . |
! . ¢ .

REGISTER DEFINITIONS AND OPERATIONS

I

Register Select O-Register Select 2 (RS0-RS2) Inputs,
in conJunctlon with|the R/W and CS 1nputs are used to select
‘ \
one of the user:acce551b1e registers 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-

fers. |

Data Output egister (DOR) Write only; 1nformat10n

contalned in DOR 1stloaded to the DOSR and shlfted out on

i



the WDT line.

TxAK | C5 | RS2 | RS1| RSO | R/W . |  Registers
DOR
0 o | o 0 0 0 =
] DIR
0 o | o | o o | 1/0  CTAR -
0 CMR
0 ol o | 1 0 ~
: 1 ISR
, 0 . SOR
0 0| o 1 1 _
1 STRA
0 , SAR
0 0o | 1 0 0 ,
1 STRB
o ol 1| o | 1 | 1 © GCR
0 o | 1 | 1 0 0  CCR
0 0 1 ! 1 0 | . . LTAR
1 X | X ﬁ X 0 DOR
1 x | x X { X | -1 - DIR

-X: DONT CARE
ADDRESS CODES FOR REGISTER SELECTION

Data Input Register (DIR) Réad oniy; RDT isvclocked
into the DISR and when eight clock pulses have occured the
eight bits in the DISR -are- loaded to the DIR where it can
§e read by the'bus interface.

i _ .
' Current Track Address Register (CTAR) Read/write'
“Bits @- 6 are used s4nce the track -address may be max1mum 76

@ -
It shows the address of the track over which the R/W head is



. are masked. except.

- DMA flag

' |
tact withvthe disk. !

55

currently positioned. It is cleared when TRKOO is encountered.

CTAR is a read/Write register so that the head position can
be updated when several drives are connected to one FDC;
Command Reglster (CMR) .. Write only; the commands that
control the FDC are 1oaded 1nto the 1owe1 four bits of the
CMR. Informatlon that controls the data transfer mode and

1nterrupt condltlons are 1oaded 1nto blts 4 through 7.

Function | STRB DMA 1 g
Mask E Mask Flag FWF ‘Macro Command
‘ )

"Free Format Write

1: all interrupts
flag: this bit's

Status Sense re- . state determines:
quest which is .~ = - - what clock source
controlled by the = . will be used

| : 1: shows that FDC is in DMA

‘ o mode; inhibits setting of
? ' Status Sense request and it's
5 i interrupt. : :

1: inhibits bit 3 :of ISR from belng

set when STRB becomes non-zero, that

is when an error occurs. The interrupt
l ~ 1is generated accordlng to the functlon

i mask.

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

are unused and 0. The register is cleared when R RESET occurs.

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

is cleared onlyyafter STRB has been read.
|

;-Set—up—Register (SUR): Write only; bits 0-3 deter—
mines the head setttlng time after the head is placed in con~
g ¥
The delay is equal to 4096.B/f so it

i
1

1



!
' . Status Settling ‘ Macro
STRB o Sense . Time ‘ Command
: " Request Complete Complete
- Set when any bit | - k Set when any
of the STRB is set. | - . command issued
, ! o 1o by EDC has. '
Set when the specified N ended except. -
address-ID field has- "a seek command.
been detected and veri- o v ’ .
fied by a CRC check. o Set when a seek command has
This is an indication ' ended, the head lcaded, and
that data transfers - settling time expired.

will occur within 18
more byte times. It
is not set in DMA m?de.

[ P

varies from 4.096 msec to 61.44 msec for'a_lMHz c1ock; Bifs\
4f7 determine the frequency of the.STP pulses. The,STPlv
period equals A.1024/f with step puises of width.SZ/f.'bek

~ STP pﬁlées Qf 32usec,widthvwith period 1.024 msec to 15.36

msec can be obtainej with a‘lMHZ,clock‘frequency.

I .

Sector Address Register (SAR): Write only; the
B addregs.of the ;sector on.which the'operation will be-pér-’
formed should ﬁe'written to the SAR. The sect@r.éddress of
the ID field ig compared with the SAR. On multiple sector
commahds, the SAR will be incremented fér‘eaéh.séctor.‘
Only bit'¢—4 are usld.

Status Register A (STRA): Read only; this regisf;;

consists of eight statuses related with the drive.apd_con-'

'trollér,

|
i



“not egual bit is set. When busy is a 10glC 1 the FDC 1s

ST Track S ' . , | Data
Busy |Index | ' not P?itzet T;ack _grlge D DDM d Transfer
| Equal c ero | Ready |Detected | peo ooy

o i ) |
‘ ’ w -
The data transfer bit (DTR) shows that the DOR is .

ready to accept the next data to be shlfted out in a wrlte

operatlon and that the data has been. shlfted from the DISR

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

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

write protect, track zero, index signals are direct active
1 .
!

high state input§ from the drive. When a deleted data mark:

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

dress does not .match W1th the 1og1ca1 track address, track _

rexecuting a command and no new‘commands canvbe'lssued4, DTR

l

and Busy are the, LSj and:MSB‘of the:reéister for easy chec-

|
king. of these statuses.

GenerallCount Register (GCR)' Write only; contains

the destlnatlom track address on a seek command and its

'Contents are transferred to the CTAR at the end of the opera-

tion. In a multlseitor ‘Tead or write operatlon the number

of sectors to be read or wrltten mlnus one should be wrltten

to the GCR. The MSB is not used.

|

Status Register’B (STRB): Read only; represents pos-
sibleierror conditions that may occur during execution of

macro commands.

Ly o
€
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‘active during
a wrlite command.

Set if file inoper-
able input is used.

If a seek track zerd never
recelives the track

input.

Logical Track Addreds:

] i
| i

€ro

Bit 1 is also set.

Write only;

Hard|Write (File in- Seek| ,5SCtor “Data CRC Data
Error|Error |operable| E Address - Mark Transfer
» P rror Undetected jUndetected Error Error

\ ‘ \ l , f
If ready 3 " Data
- becomes overflow
0 during - or under-
execution v flow.
If Write pro- Unmatched
tect becomes CRC's :

No valid data mark in

a sector.

Shows CRC error on ID fiela‘if

Shows no
- ID field has been encouritered
in  three revolutions otherwise:

‘the address of

‘the track on which-the operation is to be performed must-be

Jwritten into the LTAR.

v ;
is compared with th

l
1

LTAR.

CRC Control RegiSter (CCR):

only in free'format commands .

is used:

stops wher all data has expired.

|
free format write OE

calculated for all

ata.

Write only;

CRC will bBe- -shifted out and CRC-calculation will stop.

|

MACRO COMMAND_ SET
I .

1
|

The command r

each is active when

written into CMR,¢-3 bits.

I3

9" L]

The track address in the ID field -

it is used
Only 2 bits of the registef
CRC enable starts the calCulatlon of the CRC and
“Shift CRC 1s»used only in
erations and is actlve when CRC has been

After the data this calculated

et consists of ten macro commandg and
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: CMR Bits Hex Code
STZ | Seek Track Zero 17 0 .0.1 0 2
SEK| Seek - - | 0 0 1 1 3

|SSR{ Single seqtorlreéd oo 0 1.0 O 4
SSW| Single sectoriwrite | ‘ 01 0 1 5

|RCR| Read CRC g | o1 1 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 ]l 1 1 0 o0 C
FFW| Free format w%ite 10 11 B
FFR| Free format r%ad |10 10 A

_ On a STZ commahd,the FDC iﬁsues step pﬁlses'oh-thg
'STP‘output until the TRZ input becomes a.p;gh 1eve1-or-ﬁhfii
 83 pu}seé have been sent to the drive.”ff TRZ is agaiﬁ inF
activéian error has|occured. After fhe:Seftling time the
head is loaded and the busy flag is reset.

»bdn a SEK command the GCR is the destination énd CTAR
the source addfeés, so that (CTAR-GCR) pulses-aré>issued by
the FDCVand with a diréction depending on~the,sign of the
.substfactioﬁ. At the end of thé cgmmand busy is reset, the
head 1o;ded, and the contents of the GCR are;transférréd to

the CTAR.
|

FFW has two modes of operatioﬁ and is generally used
| ' : "
for formating diskettes. In the first mode data is directly

, _ | , . ; B
Y written from the DOT and alchlock_blts will be on?s;~ In
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vthe second mode! odd bits of the DOR are clock bits and even
one's data blts, SO that the clock of the DOSR should be
tw1ce%a normal wrlte operation. MCC is never set and only

"the user can ston thr command by writing a 0000 into the CMR.

FFR is used to 1nput all data (1nc1ud1ng ID marks) and’

should be synchronlzed w1th these patterns ThlS operatlon

as in the FFW is stopped by writing a 0000 pattern into the
CMR. | S |

The single sector read/write commands (éSR, RCR, SSW
and SWD) are used to tead/write data froﬁ a single 128 byte
sector on the disk. These type of 1nstruct10ns (1nc1ud1ng
MSR/MSW since these are in fact multlple SSR/SSW commands)

can be d1v1ded into two sectlons The first section, Wthh

is common to allilnstructlons, is the address search opera-
" tion, while the second section is unique to the requirements

; of each instruction.

In an address search the incoming data 1is compared
-with, the 1D address mark until a match is found.  This search _
is, however, restrlcted to three disk revolutlons and when

. the ID mark is not encountered the sector address error is

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

i

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

tively. An unmatch ﬁn the first one sets track not equal
| :
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OPERATIONAL FLOW OF THE ADDRESS SEARCH SEQUENCE-

bit and an unmatch in the second one restarts the addrgés:‘
search until the wanted sector address is found in three re-
volutions. When the match occurs the 10 address field CRC

is.inphtted and compared against the CRC calculated by.thé

FDC. An unmatch causes both the CRC error and Sectgr address®



errer bits to be set; the contrary causes the start of the

operation on the data field.

’ The SSW is’ not immediately active after the address
~search, but 11 bytes 'of FF inputed and SlX bytes of zero 1se
written, After this gap, the Data address mark and 128 bytes
of‘data‘are wrltten ‘together with the calculated two byte
of CRC. "Any delay in refilling the DOR wh11e wrltlng W111
“cause the transfer request error to be set.

I | |
The SSR walits lat most 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 data.
. mark\is detected.the CRC is»enebled; and the bDM detecteé:bit-
is set if the data pattern is F8. After 128 bytes of dete
input the CRC 1is reaﬂ and cheeked against the calculated CRC.

~If the system is late in readlng the DIR the data transfer

\ . .
lerror will be set 4 : {

The MSR ard MSW command are psed for sequential read
or write of twe er more sectors. The secter read or write
operatrons are exactl the same as SSR and SSW commands with
the difference thet the SAR is ineremented after each sector
command is‘executed The detection of a DDM in any sector
durlng a MSR command will cause ‘the DDM b1t to be set; when a
multi sector instruction is issued the sum of the SAR and GCR

should‘be less than 26. This overflow will show that the

~head should be moved %ne track further. é .

'
i
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: The RCR command is mostly used to vefify that correct

data wasrwrittén on a disk. The operation is the same as

for the SSR command with the exception that the data transfer

' request is not set lnd no data transfer occurs. At the end

. ! L :
of the ;ommand,lif the CRC error bit is not set the opera-

tion will be successful.

After the execution of each command the head settling
time will be checked and if it has expired the head will be
unloaded and the bu%y flag reset unless another command is

issued within this time.

2y
- .
€
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CHAPTER 7 |

THE CONTROLLEFJ MODULE

GENERAL

. '
N i
i

, |
The controller,module is developped around the 6843

, | |
FDC accordlng to 1t's Tequirements. 1The module also incor-

vporates c11cu1try to enhance the number of drlvEs wh1ch can

be connected 51multaneously . The decodlng is de51gned to:

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

is shared by the monitor, controlleriand operating system

!
: i o
~software. ; , i

!
I

The module 1s interfaced to the processor bus by bi-

dlrectlonal buffers for the data bus and un1d1rect10na1 buf-

fers for the address bus. The address 11nes prov1de the

decoding of the FDC, Parallel In erface Adapter (PIA) and

mine data flow direction in normal or DMA app11cat10ns ‘The

.

FDC and PIA provide 1nput and output 51gnals to the drive

via compatible buffers. An optional } MHz crystal oscil-"
lator is also‘incorporated into the module for uéeswhqnever
the main'CPU is running at a frequency different than ;1MHz .

|
|

/
I
|



s 4 | i

The rest of the board is reserved for the date‘¥ecovery cir-
, ‘ i
cuit consisting of the phase-leck loop (PLL), voltage con-

trolled oscillator (VCO),_reference counters, and ‘synchroni-

t

‘'zing elements. ‘ N !

“THE DECODE AND CONTROL LOGIC - l
‘As mentioned before all I/0 deJices or'shared devices

such as RAM, ROM should have a 1ocat13n on the memory space

in order to access the device from the CPU. All deVlCéS oc--
| | - 1 |
‘cupy different sizes of addressabjle érea according to their

function. The_devites'On'the'controiler module are distri-

~ buted over an area of about one kilobyte.. Hoﬁever the‘Whole.
area 1s not occuppied by'the devices;”the total area is 256 )

-'beytes for the RAM, 64 bytes for the FDC and 64 bytes for the'

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

‘MEemory location they both occupy 64 bytes because of the
partial decodiﬁg used.
It is always preferable to group devices which have
near addresses in the memory map. That is -‘why the 256 byte
RAM is»incofporated in the FDC module, since it's base ad-

.dress EFO00 is;&ery near to the cohtrdller 1/0 devices' base

| .
—

jaddress ECO0O0. 'As mentioned, the lreai EC00 to EFFF_definESiZ,

one kilobyte of memory sbace The reason to group devices>

to a minimal area is that the decodlng becomes easier and -

cost effectlve. On the controller module flrst the address l
v l 0
EC00 to EFFF is decoded. o k
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E | C-F U0-F . 0-F

| 2 X, 3| EF00-EFFF
14 - ‘ O— RAIN Select
| |  Ag |A; /2 Z| EE00-EEFF
13— ] ; ‘ — : o SRS ——
i o S_IECOO—EFFF | %% 1] Epoo-spFF
- | —oE 0| EC00-ECFF
10 : b
A12—-T-—{:>D—J 1530
RS0t |
| E 3| ECBO-ECFE
1 12 p————————
| 7| ECB0-ECAF.
- Ls13g p————
Ag——1Ay T| EC40-EC7F
' <t P PIA Select
| A, A 0| EC00-EC3F
| : FDC Select

CONTROLLER MODULE DECODE LOGIC

One kllobyte of memory locatlon is addressed by ten
address lines. The 1eft six address lines should be used to
enable the decode circuit according to desired address.
Assuming all ten lower address lines being low @15, A14, Az,

and A

A should be high and A12 low to obtain the address

11 10
FCO0O0. Wlth the ten ﬁddress lines hlgh the max1mum‘fbta1nable

address is EFFFs As' a result, A12 should be 1nverted and

v
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then AND'ed w1th the other lines, together with ‘the valid
memory address (VMA) line issued by the CPU when addresses
| had settled ‘The defined one kllobyte w111 be d1v1ded 1nto

~ four sections u51ng one half LS 139 two-to- four line decoder.

X

to
o |

o N .
=

1 | YO [ YT | YZ | Y3
0 0 0 0 1 1 1
0 1 0 1 0 1 1
0 0 1 1 1 0 1
0 1|, ﬂ 1 1| 1 0 \
1 X X 1 1 1 1

LS 139 TRUTH TABLE

1

i-If you connect Ag and Ag to A, and A, of the LS139
chip the YO output 'ill be IOW'frou ECOO.to ECFF. When Ag
and A8 switches to 10 from 00, the second quarter is se-
lected (EDOO-EDFF), the YI output belng low. The Y3 output.
s low for addgess area~EF00 to EFFF so this output defines
~the RAM selectgline. The 256 byte RAM is itself addressed |
“by eight address lines (AO*A7) and selected by using all the
left eight address %inee (AlS-AS).- Such decodings, whioh

. use alloadﬂreSSJIines are referred to as full decoding.

The YO Autput of the LSJSQ defines 256 bytes;after

the ECOO base eddress HoWever, this should be further di-
v1ded to define the PIA and FDC. The second half Qf-thév

LS 139 is well sultable for this job. The Yﬁ'outputiis ooﬁ—v
N | o
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nected to the enable input of the LS,lSQ’tpgether‘with A

~and Ag to form four 64 byte areas. The first quarter which
~goes from ECOO to EC3F will deflne the FDC The lowest .

three addresses AO’ h and A2 will be connected to RSO, RS1

1
~-and RS2 of the FDC to access the_wanted reglsters. With this

configuration, three address lines A, A, and Astare left

4
not connected. So whatever their 1ogic value the FDC will:
be selected. There is in fact, eight'different'combinatiens
of AS; A4 and A3 which will select the FDC. Similarly, for
the PIA the uncoPne%ted‘address line number is four, soA |
that sixteen dif%erent'addresses will select the same 1ocdf
tion of the PIA. Such a decoding is called partial_decodiné,
and with this technique  two 5£ more differenc'addfesses»willx

.define the same physical locations of a device, which arte

celled<the images of the device.

Al AL AL AL AL A A- A, A

Ajg Aqq Ayp Ag Ag Ay Ag Ag Ay Ag

2 M1 0

Arg Ay B3
1 4 1 0 1 1 0 0 0 0 X X X RS2 RSI RSO FDC

1 1 1 0 1-1 0 0 0 1 X X X X RSL RSO PIA

One of the important considerations in a‘decoding
circuit is the speex that is the time which will ellapse
'from the settling of add1esses to the selectlon of the de-

vices. This delay should be calculated by taking the slowest

: ‘ l _
path in thls case for example, the propagation of A12 to

the selectlon of the PIA or FDC should be found. From TTL
;dev1ce spec1f1cat10Ts (25) 1t is found that the total delay

is about 65 nsec (2|x 21 nsec for the LS 139 propagatlon de—



,11nes should be isolated from each other on different modu- |

{ buS;

lay from the enable line, plus Z‘x_lO nsec for the LS04 and -

LS 30'gates). This delay should be kept minimum in the de-

sign,: since some dev1ces (espec1ally RAM's) add up some

‘ addltlonal delays called the access t1me whlch may force the

cycle time of the processor to increase because of the slow.
operatlon‘of the peripheral. The per1pheral‘dev1ces or
modules have to, finish their fﬂnctions in the time between
the address settllng till the end of the cycle where the
data bus should be set ready. '

After the%selection'of the device the data bus is ln}

the position to send or receive data to or from the peri-

pheral module. ' However, since only one device is selected

»atia time and because all data 1ines areaparallel the data

1es. 3-state outpuq devices are used to interface a number

cate with each other on a common bus The concept depends

|
of components, whlcd is advantageous when they must communl- . /
|

on the ablllty of all of the 1nterconnected components to |
i

be sw1tched to a third state that presents a very high impe- '

dence to the bus. In this way, one, and only one component

is selected to driv% the bus at one time; all unselected

components must place'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 transferrlng oT

transmlttlng 1t in one direction; this 3 state switching is }
controlled by the R/W line and the ch1p select lines which J
themselves depend o% the VMA and addresses on the address |

A11 components of the 6800 family 1nclude this 3-state \
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In modular operation, when nonqof the de&ices on'the,
‘module are selected, data flow is ‘let inside since every ‘l
device is in'the 3-state mode. This kind of application re-!
duces the hardﬁare, but has the %isa?vantage that the driviné
end has to drive dll module's bufferé In non- DMA appllca-
tions Tx AK is hlgh so A and C are low, D and E 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 control is on the R/W line, C being high and D.being
high, since tﬁe FDC can not be selccted at the same time
with the RAM or PIA. When the FﬂC is selected C is low‘”
since the RAM and PIA.Can not be selecte@,,so E is high and
the control is on the FDC's BD 1ine;.But;BD is:the R/W line -

itself on non-DMA applications. On DMA applications, when

P
b

a transmit acknowledge (Tx AK) is given to the FDC, nq'other;

|



'deyice can be selected since. the MPU is halﬁea; so E-and A
are high and the BD output which is the inverted'R/W'line
| prOV1des the transfer as if the FDC was the MPU. The total
- delay after the BD hbs settled is two gate tlme, and after
the device selectlon it is three gate tlme, each gate in-
troduc1ng a delay of 9- lOnsec Also the data buffer swit-

ching time should ue considered and this is 35 nsec for the

LS 1242 buffers used.

|

THE DRIVING INTERFACE

For safety of the internal devices on both the con-

troller and drive electronics, the interconnection shbuid be

-isolated from both sides. This isolation is done by opeﬁ :

cpileé;or. drivers‘ nd cdmpatible receiyers, VUse‘of open
collector gates 35"ndispen$ab1e.since paralleling of TTL
é gateé is only poSsible by'this method. |

!
|

“SV

LS 38's | 220 L504 LS 38 |]220 = ‘Lso4's

S sk

K_ “Q 330 ~ ——K ‘ ‘@330 Lo
n Drlves | Controller Lo . o , -
‘ Slde ' Controller - Termination

(Only One
Drive)
INPUT/OUTPUT

| Whenvali LS 38's are in the high position current
practically flows tTrough-the 220/3302 termination resistors.
| _ | : ;o6

‘Whenever one of the drives is selected, and only ohe LS 38

¢
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~isdriven to low position, all current flows through the

'

output\tran51stor and the 220 @ re51stor In this way the
LS 38 is driven to deep saturation by 5/220 = 22 mA (mak.
~sink current is 2% ). For recelvers,‘LS 04 gates are used
~and termlnatlons arZWon the controller ?oard For drivers
‘only the last drive should be termlnated w1th the 220/330 Q

network.

Slmllarly, for the select lines, which are dedicated
1ines the related dﬁlve should be termlnated with the resis-
tor network-accoqdlng to its own select line. The select =
. 1 A . | T . T

1ines-are specifically buffered by'nonrinVerting 7417 drivers,

-because of undesired selection of drives durlng an MPU Teset
operatlon When a reset 1s glven to the system: the PIA whlch
tontrols the drlve selectlon sets all 1t's output reglsters

| to the 1nput mode by pulling the port ‘“lines up or putting:
.them into high 1mpedance state. If the: select lines were:
}drlven by 1nverters_1nstead of 7417 buffers all driues would

Jhaue been selecﬁed.simultaneously uhich is undesired, espe-
c1a11y in dalsyichaln operation. Also the ﬁUﬁﬁiﬁ'ﬁTﬁﬁ“line

is non- inverting for single-+side operatlon when thls 11ne

is not connected.i l
. 1 N

' THE DATA RECOVERY CIRCUIT

o _ - ‘
;The data ‘recovery circuit is designed to provide
malnly}three goals: separate and recover all recorded: bits

(both clock and data? in the form of NRZ data,_geneéaée a ;h
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cohtinuous clock even when clocks are missiﬁg‘(that is ad-
dress marks) and lastly track the long term changes -in the
data rate but not the short term data Tate changes The ,f

i MC4044/4024 Phase LJck Loop (PLL) is the heart of the data
recovery c1rcu1t. The analogue Voltage Controlled Osc1llat01
(VCO) is phase and frequency locked to sixteen times the
data rate (8 MHz). Other componeﬁts of the circuit are ~two
synchronous 4 bit counters, being the w1ndow counter (51nce
it prOVides a w1ndow for the data even if the data does not
exist) and the vari%ble frequency counter (since it d1v1de>o
the VCO frequency), two flip-flops to gate the 1nput data )
aﬁd three other flip-flops to divide or sﬁift.the:data and

clock outputs of the recovery circuit (19).

I The raw data signel from the disk system (IBM 3740
format) is a combin%tlon of a 500 kHz clock and data 51gnal‘
- with some missing bits. This signal is terminated and ap-
plied to an input circuitry consisting of two serially con-
nected flip- flops Flip—flop 1 goes high Whenva data bit
occurs and the first p051t1ve going VCO pulse makes the Q
output of the flip-flop low, thus loading the window counter
w1th 9, re;etting the 1nput flip- flop and setting the first
data flip flop (flip flop 3) to a logic high level The
duration of this Q pulse is about 1/8 MHz = 0.125 usec no -
miﬁally since ib the next VCO oulse the D 1pput of flip-flop,
2 Will be low. |

In the data %ormat used in the disk system,étmé in-

coming data stream can have only one consecutive pulse mis-
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sing. By loading the window counter with a 9, it will pro-

duce a positive output transition within 15 VCO pulse periods

(1. 875 usec), thus generatlng a clock edge even if the data
I

pulse is m1551ng Thls reference counter w111 also produce

- a carryout on the 16th veo pulse. ThlS pulse is then com--

pared with the carryout output of the var1ab1e reference
counter by the frequency/phase detector, ‘thus providing a

reference for the VCO (26).

The negatlve putput tran51t10ns of the W1ndow counter
I

are 1nverted and’ used to clock flip- flop 3, causing the out—

| put to change to a loglc low level. If anotherkdata pulse

isfpresent in the incoming data stream, then the'flipfflop'

is once again set by the input flip-flop circuit.: However,

-if‘noidata is present, then the output will remain low Untilh

set byja data pulse When the clock inﬁut to flip-flops 3 :
and 4 goes high, the output of fllp flop 4 will beé in the
same state as fllp—flop 3 at that 1nstant. In thlS»way, a
contlnuous data state signal will be presented to the FDC
which is synchronlzed with the output of fllp flop 5. Data
will be read on both positive and negative tran51t10ns of
the DCK input. Tha# is why the 500 KHz clock is divided by

two u51ng the toggle connected flip-flop 5.

In the data recovery circuit care should be taken in
the PLL filter and VCO design. The PLL reference frequency

(R 1nput of the MC 4044) 1is the carryout of the W1ndow coun-

ter. The reference frequency of the system is beaf agalnst ,

i .
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the vCo frequency divided by 51xteen which is applied to

- the variable V input of the MC 4044 .

When the VCO frequency is too slow, the window coun-
ter carryout occurs before the VCO : 16 carry out. This
results in a "pump up" error voltage signal which causee the
voltage at the VCO- input to rise and the VCOkfrequency~to

~increase. Likewise when the VCO frequency is too fast a

"'pump down' error voltage causes the frequency to‘decrease(19).

" The "pump!up” and "pump down" erroT voltages are fi;—
tered before being applied to the VCO input. The filter is
de51gned to reduce the effects of the error voltage and. galn
‘long term stability. - Long term stab111ty is requlred to en-
.able the system to remain in. the lock frequency range,when,
clock’bits are missﬂng.i When avmissing clock ie encountered
in. the serial data-stream, the window counter is not preset
to 9 so it is not corrected. During.this time the window
Acounter acts llke a flywheel generating the R 1nput to the-
MC 4044 from the carryout signal. The PLL system tends to
drift upward in frequency But, because the active filter
was de51gned w1th a |low leakage, the increase in frequency
is kept-W1th1n the lock range. The tradeoff for long term
stablllty is a longer capture time. Capture time refers to
the amount of t1me it takes the PLL to lock to the data rate
from an out of‘lock condition. The design goal for the
floppy disk was to insure that the capture time did not ex-
ceed eix'bytes.‘ Fo% the worst cese reed deta rateé %ix'oyte

times is approximatély 180vps. Six_byte is choosen because
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it .is the minimum wrice gate turnmon’timevprior to a data

record field (19).

The phase/fre&uency detec%or MC 4044 consists of two
digital phase detectors, a charge pump and an amplifier. The

~circuit-as a whole generates an error voltage that is pro-

po;tional to the frequency and/or phase difference of the
inputjsignal.. The output voltage to input phase difference
ratiofmay be specified as the phase detector transfer. func -

tion, K 6 of approx1pately 0.12 volt/radian if approprlate

- filtering is used 3

- The two phase detectors may be used in differenc;ap-_
lications. Whehrphase'detector #1 is used* loep'lockue*ece
curs when both outputs Ul and D1 remain hlgh This occurs‘
only when all the ne&atlve tran51t10ns on R, the reference
input, and V, the varlable oTr feedback 1nput coindide. The
circu%t responds only to tran51t10ns, hence phase error .is
independent of input waveform duty cycle»dr amplitude-Varia-

tion (23). ;

: I}}-}ils . | "

| D1 R “~T\,__,D2

PHASE DETECTOR # 1 ‘ PHASE\DETECTOR # 2

| it
|
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PD

cuitry, therefore operation prior to lockup is‘&etefmined
by initial conditioms. Three output states can
\iockup (high impedence: both PU and PD high), pump down and

pump up. Considering the present output state, the state

{
|
]
l
1
J
]
|
|

D1
1A

t

T~

CHARGE PUMP, AMPLIFIER AND FILTER

|

|

Phase detector #1 consists of;sequential'logic cir-

be definedf»

diagram shows the next output-state,iafter a change in' the

, !
P.V. inputs occur (33). ‘

R

\

S{:% PU=0,PD=1

'PU=1,PD=0

PD=1,PU=1"

V [02 D2
0| 1] 1]
1 1] 1
o ot 1]
1] 1] 0

PHASE DETECTORS LOGIC OPERATION



‘ .In each casezthe average valpe of the ppkp‘up oY pump
~ down output is proportlonal to the phase dlfference between

the two 1nputs In a closed loop appﬂlcatlon, the error
I

‘signal for the VCO is derived by translatlng and fllterlng
these waveforms. . Also both the U and D outputs can not be.
1ow and is an undeflned output s ate( the lock up is deter-
mlnnd by both U and D being high (inactive for the charge

pump). This could be best expalined Qy an illustration.
. " ¢ | } : !
N

(00 O e I |

PLL TIMING DIAGRAMjDURiNG LOCKUP

» . | . |
Phase detector #2 consists only of combinational logic,

tﬁerefore its chafacteristics can be determined’from its
truth table. Since circuit operation requires that both in-

puts to the chﬁrge pump either be hlgh or have the same dutyl

cycle when lock occurs using thlg detector leads to a quadra-s

'ture relationship between R and V. Note that any dev1at10n

from a fifty percent duty cycle would appear as a phase
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The OPerétion of the charge pump is oest explained by
considering it in conjunction with fne Darlington emplifier
included in the package; The three possible states of PD'
and PU will be analy@ed for the charge pump operatlon When
" PD is low and PU is high,D1 will not conduct so does QZ
since Q1 1s in normal operation and does not supply its base
current. So Q3 will conduct forc1ng Q4 to conduct which
‘will cause the supply of current to Q6 by Q5. ThlS will tend
to lower the voltage‘at the;collector of Q7,. resulting in

an error signal FhaJ lowers the VCO frequency as required by
a "pump down" signali When PU is low and PD h1gh D1 is for-
ward biased and 'Q5 is cut of f since Q2 1is satupated because
of the reverse'mode‘operation ofol,.the-VOltage at ihe'bese
of Q4ibeing \ | | | : »

+ V., ® 0.9.V, Base current of Q6 is

CE sat b2
not supplled the collector voltage of Q7 moves up, resultlng

in an 1ncrease 1n tJe VCO operating frequency as requlred by
a "pump up“ 51gnal If both ‘inputs to the‘charge pump ‘are
_high, both D1 and Q5 are reverse biased, and~there is mno k.
tendencyffor the error vdltage'to change. ‘The_output of the
bcharge pump vap&es from Vg (if D1 conducts) to 3Vpp (if Q5
conducts) as the phase differencelﬁaries frontminus ZH‘to

21 so»the gain:

2V o
K = _BE . 2x0.75 _ 4 17 y/rad

¢ am 4 x 3,14

| One can also easily find the filter transfer function

»

assuming the amplifﬂer gain being infinite. - In this case:
. S § ¥
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‘ KF =.Y-9.l =‘.i€
_ f a
- _1/sc + R, 1 +8R,C 1 +S8T )
rF T T——.= = : .
Ry | }SCRl; ST,
_ S
: S e
; 7
Vie—1r 3] vy

The equivalent Z is ‘equal to Rlbsince~in each case
(UF 1ow DF h1gh or UF hlgh DF 1low) current’ flows through
only one of the’ resistors. T1 is defined as RZC and T2

0;(8) | | 0,8 S e (8)

V/S

b

|

| Assuming the VCO gain being given in rad/sec/V at the
oberaéing'frequency; with a value KV’ the whole circuit

~ transfer function can be found.

KK, 7 e (8)  0(S)
S - _FV . _ o™ - _e .
- 0,(8) = ——T_ Oe(S) Ol(s)k N X, - (e
1 | B |
| S e.(s) K XKy K ' |
L %S KA L@
Oi(S) S+ "¢ V'F 5 :

| N
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- The system's dynamlcs when in 1ock are determined by
the ampllfler/fllter block Fundamental loop characterlstlcsA
such as capture range loop bandwidth, capture time, and -
transient response a#e controlled prlmarlly by the loop fll-

- ter.  That 1is why the loop transfer function should be anali-

zed after it is incorporated to the. formula.

a,(s) N (1 +Ty8) N (1+T,S) o
= - = . e)
0;(8)" SsnT, os8? L s ¢
| e T;S+1 AN
e
K K, [T
() £ =y 2 Y L (g)
. N T, \2
i K.K , : _

2 . L
N@nc i ’ . | wrp

The'systen is of second order and thé defined'mn (loop
‘,bendw{dth ér natural frequency)_end'g'(damping factor) are
pértiCulatly imﬁoftant in the transient response to a step .
input!of pﬁaseler,frequency; . and g-should be choosen
either from a transirnt basis (time-domain resnonse) or
steady state freﬁuenpy plot. Onee these two design,goals.
are defined, synthesis of the filter 1is reiatively straight _
forward. Constents Ky>» K¢ and N are usually fixed due to
| other design constraints, leaving T1 and‘T2 as variables to-
‘set w% and . bne can determine the required w, for a given
E_ffon plots of the overshoot and stability as a‘function of

. PR
the normalized time w t, where 't.is the lock-up time (24). v



Tolerating the system for.an overshoot of 4d% by taking §

to be 0.3, the error is less. than 2% of final,value for ali
t1me greater than w at = 14. (Thls result arises from the
examination of type b second order step response curves for

: dlfferent £'s.) -Tak;ng the lock-up time to be six byte time,
(6 x 32 = 192 usec) the w_ of the system is found.

wot = 14,  t =192 x 1070 sec w = 1 - 7.ax10t

B 192x10” _
o rad/sec

t .
‘ |
‘The value‘of p should be-choosen arb1trare1y to find
- the values of R1 and R2 Using (j) and taklng C 0.01 uF the
: value of R2 is found: ' _ : -
2 x 0.3

£ - = 8220 so 820@ is taken.

7.3x10% x 1 x 1078 -

— i

i
R o
To find R1,K¢ and-_KV should be known. The value of

| K¢ for. the 4044 is roﬁghly known to be 0.12 V/rad, but:Kv

is not known StrlC;lY A value for Ky is assumed and then
the VCO is de51gned and adjusted for the Tequired value A
_reasonable_value for the VCO would be 12 X 10 6-ra‘d/s/V.
Using (h) and aseume? Qalue$.R1 is found:
' K K 6 o
R, = 2V - 0.12 x 12 x 10 = 1690 so 1k8 is

LY =
NwC 16 x (7.3 x 109)° x 1 x 10 " caken.

| The reason to force the VCO to have a gain of 12x10°
i
rad/s/V is that the §w1na at the VCO 1nput can be at most
g ¥
1V, because of the max1mum VBE change at the charge pump
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output. A maximum frequency swing of 2 MHz (frém 7 to 9 MHZ)
is requlred for this appllcatlon Wthh restrlcts the VCO gain:
A 6 6

Ky = W Zx2x W x 107 12.5 x 10" rad/s/V
1 ! o

>
s

L
1
i

To reallze this rqulred VCO galn a common base oscil-
1ator is used, hav1ng a varactor dlod% as the voltage to
frequency- converter ‘since. _the dlode Hs 1nsta11ed in the

resonant LC circuit. . ‘ ) 1
‘ c1 - . |

AC EQUIVALENT OF THE .
VCO CIRCUIT . VCO CIRCUIT
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. . : | s
V The veo 1nput consists of an em1tte1 foliower for

- isolation from the filter, and-the varactox dlode is in
,Eseries with a choke to isolate RF achss the varactor from
'reaching the emitter of the BC238. The voltage on the dlode‘
115 about one VﬁE less than V bectuse of the emltter follower
lstage s base emitter drop. The D.‘ana1y51s of the VCO shows
‘that the quiescent output voltage is about 0.8Vé "In the DC
'analysis all coils are considered to oe short Cirguits and
‘capac1tors open circuits. ’The voltagé at point A'is déter-.
mlned by the resistor ratio and the output quiescent voltage
1s equal to p01nt A's voltage mlnhs one VBE' ‘The qu1escent
'\po1nt is choosen so 1ow to obtalL a'TTL compatibie-output'
where lower parts of the 51nu501d are chlpped o f 'and'for

VeE of the tran51stor to be hlgh enough (about 4V)

The input voltage varies between 1 and 5V, so the

!

vvvaractor voltage varies between 0, anJ Ay approx1mate1y In

bthls manner, the center frequencyl! should be at about 2V on
“the diode and the varactor capac1tance should be found for
a'2V value, and L1 calculated. This frequency is determlned
;frOm’the resonant requency of the tank circuit whlch con-

‘sists'of L1, Cv and Cf.,

t t .

! i o =
Cf is generaly choosen muc! gfeater (at 1east ten . .
tlmes) than Cv so that Ceq is approx1mate1y equal to CV’ L1

can be calculated since Cy 1s found to be about 40 pF from - -

l

its characteristic CV curve. £ is taken as the center fre- .

:quency 8MHz .
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1

e A S 1 9. =
—— v = 9 .,9uH 10uH
2mfL Cy 1 4T £2C,  4M2x(8)2x40

-

The output to 1nput feedback ratlo is choosen quite
1arge since. the common base ampllfler voltage gain is not
very much. The loop ga;n.ls-equal to BAV where B is theﬁ’
feedback ratio and Ay the ‘voltage gain. The output of the
osc111ator is the collector - of the transistor, howeVer the
VCO output is taken from the emitter for TTL compatlblllty
In fact, when anlAC ana1y51s is made the emitter 1is used as
- the feedback 1nput of the oscillator. Assumlng a voltage -
gain of at least ten the feedback‘is taken with a turn |
ratlo of one to ten to maintain a 1oop gain 1arger than one
for osc111at10ns ThlS ratio w111 be va11d also for a 1af-
ger voltage galn The-VCO galn Ky depends dlrect]y on-the
»varactor ‘diode charafterlstlc and the output frequency is
§’proport10na1 to the inverse square root of the va1actor capa—
c1tance f Only a numeric calculation can be p0551b1e and

w1th1n 1 5 to ZV this galn is found to be about 7 to 8 Mrad/

sec/V, Wthh 1s~qu1te an acceptable value for the PLL de51gn

steps.

«ay -
-
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CHAPTER™ 8
THE RAM AND EPROM MODULE

THE DECODE AND CONTROL LOGIC

The additional RAM and EPROM moéule is designed io~
handle both the resident software (1n EPROM) and the reload- i
able software (1n RAM) of the sys%em The re51dent software
w111 generally con51st‘of the Input/Output drlvqr Toutines

for the tape, CRT, TTY, printer or Floppy Disk devices. It

tfl:will.alSo contain a monifor program to control the system ex-

ternally. ‘Any change in the system hardware can affect the {
resident -software (for example substipution of a contreller !
bv another). The reloadable ;ofﬁ&areg however, wili be hard-
ware 1ndependent but will use the I/0 routines of the resi-
dent software. These programs are loaded into. the RAM exe -
cuted in the RAM but,saved in an exterpal media to the system
such as paper tape, floppy disk,of cassette, and are under
ﬁhe control ofzan operating system which organizes the,inter-@
face. .f | ‘ ~ } |

A monitor programieogether with[a CRT'as;I/O device
can occuppy up to 4K;byte of EPROM. The floppy disk driver
routines generally can go up to 1K byie. So'the‘aadition
of other devices may require 6-7 kbyte of EPROM. For éhe

o
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future use 8K bo EPROM is 1ncorporated 1nto th1s module from
addresses E000 to FFFF to provide cont1niuty in the EPROM o

area up to the restart vectors. However, the use of the

‘ floppy disk controller prevent ‘the access to memory locatlons

EC00-EFFF since the:FDC, PIA and_scratch-pad RAM are in thls_
area. Eor this reason anloption is provided to'disable this
area. EPROM's used are fé;r\Zkbvte 2716 EPROM's since each
may be modifled separately‘(monitor, CRT”contrqller or FDC
Controller softwares). 2716'5 were selected also because.of
thelr single + SV s%pply Half of the memory space is re-
served for the RAM (32 kbyte) since only the operat1ng sys-
tem may occupy 8 K byte. .The RAM locatlon is from 0000 to

7FFF.since higher 1ocations are reserved to EPROM'», and 1ts

'assymetrlc placement would cause more compllcated decodlng

There ' is also the advantage of.dlrect‘addre551ng-1n_loca-‘
tions 0000 to OQFF vfhich reduces the software.
\ , = )

i

The RAM selection ofdthe circuit is fixed and pro-

blvided only by one address line, Al5, together with' the VMA

line of the CPq, since Al5 is the single line which can
separate the low and high %2 kbyte memory. Al5 low selects

the low memory loca%1ons To decode the EPROM's, again the

. TTL decoder 74LS139 'is used since it is the most sultable

for- this appl1cat10n Whenever the three highest address
lines plus thetVMA line is high the highest 8K of the memory

is selected (Hex ”E") Wthh is used to enable the decoding.
1

The Ab

respectlvely, %nd the decoder subdivides the gK;area |
: . | o

and A, inputs are connected to address llnes.A11 and

Arzs

i
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L L
to fOu? 2K portions, each output enabling one'EFROM. -

1

LS02  S32 - R |

ALS " RAM SELECT
%VMA LS04 L5139 L
Ao ‘
- EPROM SEL £ Ylo— READ
| | Al YOp— WRITE
1520 R |
‘ o ><+.5V ] i
) v |
| Ll |

_ EPROM3 F800-FFFF
EPROMZ F000- F7FF
EPROMT E800-EBFF .
EPROMO E000-E7FF

RAM AND EPROM -SELECTION °

However, there is an option for the YI output which
I

k

! -]

ViShOuld'be instélled when the FDC imodule is used, to diSaﬁie_

“the high 1K byte bf EPROM 1. The YI output defines the ad-
‘ ‘ i

dress E800-EFFF, and it is_masked‘bY‘QR'ing‘with A10, to de-.

Seiect the ECOO-EFFF portion. Whenévér A10 is high, no mat-
i

ter what YT'is; EPROM 1 will be deselected and the CPUf can

i
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i ' B : |
6 4 : I

access other devices located at these addressesl To deselect

an' EPROM completely 1t's related jumper at the output should

‘he removed, and a jumper to pull up 1t*s select line should

be 1nsta11ed ‘For example, when EPROM2 is not used J4 should‘

be removed and J8 installed. In addition, if EPROMI is to

be deselected, jumpers J2 and J3 dhould be removed and J7.

AN !

installed' 'On the other side, if one wants to uSe EPROM1
fully (from 800 to EFFF) J2 should belremoved and J3 instal-

‘led; The fast $32 gate is used in th1§ c1rcu1t for the Ch1p

selectlon to be as fast as for other EPROM's. The selectlon
|

time is found to be about 40 nsechn the worst case (15 nsec

_for the LS20, 21 nsec for the L.§5139, and 5 nsec for;the §32).

. The -RAM select 11ne 1s active h1gh and has a delay of

‘ﬁfabout 25-30 nsec from the settling of VMA. ThlS 11ne, in’
hfact, defines the lower half of the CPU memory and is used

to activate the refresh timing of |the two bank of RAM, 16

purposei This line has

|

also the purpose of enabling-the R/W buffer's to

‘Kbyte each, by using Al4 for this
. transfer
data from or to the module. Also to use in the R/Wabuffer
enabling all the EPROM select lines are'NAND'ed together to
obtain an actlve high EPROM select 11ne Whenever one of

the select 11nes is low, the output of the gate is h1gh in

steady p051t10n all 1nputs are hlg and the output is 10w-

The RAM SELECT and EPROM SELECT lines are NOR'ed to enable.

-

the second half of the LS139, which 1S‘enab1ed whenever one .

* of the 11ne5 is high. Al is grounded so that only the YT

and YO outputs.are controlled by the A0 input which is the

|



A R/W line. YO is low on a:write operatiényand YT low on a
read operationf: These READ and»WﬁTTF lines are used to en-
able in, or out the data buffers. The'ipput buffers, that
is the write;bufférs are%notitiéd together with the read
-buffers to forﬁ a bidirectiohal internai'bug‘in the moduié,
since the'EPROM's_have to be read only and, no data should
flow into the module if a write qomménd to an EPROM is is-
sued by the CPU, by accident. Thaf is why discrete buffers
and a‘separated_R/W cont}ol is used. The total delay to
enable data in or ou* from_the,Settlihgvof the VMA is gbéut-
100 nsec and'thig deiay is not very important, since the
data settles at tﬁe end of ‘the cycle, esﬁecially on read

- operations.

" REFRESH THEORY AND LOGIC

The 32 Kbyte RAMisectiOn has been choosen to be dyna-
‘mic'betause Qf the 1arge‘capacity‘required. Dynamic RAM's
occuﬁpy'leSS'su%face 6n-tﬁe board compared to static ones
and they are more cost effective, althouéh»an additional Te-
-freshlcifcuitry is r‘quired. For systems requiring more
than 4 Kﬁyfé meméry Ihedesign can be optimizéd'by using the
high'bit:density and low cost/bit‘offeréd byvthe.4116 16Kx1
Zdynamic RAM; For this aﬁplication sixteen 4116's will{cOﬁ-
stitute the two!lﬁ Kbyte area.

wlThe.minimal s&atic MOS memory cell uses}about,sig-,

trénsistdrs.' It useL a flip-£flop, which copsists of two



i*cross-coupled inverters Plus one input amd one output'tram;
sdstor. In the’dynamic memory cell‘ the MOS transdstor num-
vber*ie,reduced to four the reason belng the use of stray
‘capacitances to etore the state of the cell. More developed

- cells use three tran51stors by storlng‘the data on a 51ng1e‘
1nput capac1tance However, it should be kept 1nom1nd that'_
if‘a_write'operation has not been performedIforvaniextended
time, the 1eakage of the capacitor charéelmay cause‘the infor-
mation in the cell to be lost, It is therefore necessary

to perform a refresh operation periodically so as hot‘toi

‘ | (
- lose the information (32).

Another difference of the d?namiciRAM from_the~etatic'
~one is its multiplexed address.lineel In”this:way moreﬁdenSe
.storage is obtained using less number of external pins. The
two set of addresses|named Row and Column Addresses are de-

. coded separately}and their cross point define a memory cell

| in the mxn matrix.

The memory cell itself contalns three tran51stors and
the logic level on the cell depends on the capac1tor C.
That is why the memo%y cell should be des1gned to prevent.
1 discharge of C, especially durlng read operatlons One way'.
is to increase C, but while charglng the capacitance during
a wrlte operatlbn, the interval which needs to be devoted
will be extended For this reason separate paths for writing

and readlna C in addition to the refresh amplifier to update

the charge on C are %dded ' o i
| _
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DYNAMIC MEMORY ORGANIZATION AND THE MEMORY CELL (32)

To access and write the RAM, ‘the cell is selected by

puttlng 1ts row and column select l1nes hlgh together with P

l

'the W line so that C is connectedito.the data in 1nput

,'through T1, T4

‘the data 1nput

and T7.

Capac1tor'C charges to the state of.

To read the cell, R is set h1gh so that T2

1

;1s connected to the Data Out line hav1ng T6 as 1ts load ' T

“since T3 and T8 are on.

and the state on C is inverted and read.

i

In this way an inverter 1s formed



To refresh the cell only the TOW address line is ‘set
hlgh together w1th the R and Ref lines. 'The data in and
out lines are disconnected and the inverted data on C is

‘read 1nto the refresh capac1tance C., since T3, T9'are on.
--This is called ,the p;echarge tlme since C precharges to the.
complement of the level on C. After thlS perlod write is
set on and read off. The output of the:inverter, T10 and -
T11, then refreshes the charge en capacitor C. ThiS’iS'te
ensure that T1l does not 1n1t1a11y load capacitor C untll

' after C. has been ercharged to the correct level. -If this

‘ precautlon were not taken,rcapa01tor C might be dlscharged'

_erroneously.

- The memory cells having the same column address are
often ‘refreshed sequentlally Yo) that in each refresh cycle

one Tow is refreshed in the next cycle the follow1ng TOW,

[y

etc. For each columh of ceils there is a'single‘refresh
i N , ) ‘
" circuit. In fact T4, T6, T7, T8, T9, T10 and T1ll 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

transistors would bem + 7n + 3M = m + 7n + 3mn, since M=mxn
i _ )

and there are 3-tranfistors per cell.

B
The 4116 is a 16384x1 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 being 14 address lines. The multiplexed gdgres-
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ses permits thé(4116 to be packaged in a standard’16—pin
DIP. Refresh of the dynamic cell matrlx is accompllshed by

performlng a memory cycle at each of the 128 row addresses

‘~within each 2 msec t%me interval (21).

% }
i Y

|

b
Any memory cycle will perfdrm thé refresh operation,

however, this function is most eaéily accomplished with -

RAS cycles only, where only one Trow address is given,. and

N

~ the whole Tow refreshed at a time. This feature 1ncorporated

on most of the dynam%c RAM's results 1n a substantial reduc-

~ tion in operating power. There are three_major refreshlng

~ techniques while using an 6800 family CPU. The first ome

iS,tO,StQP the system every 2 msec and perform the 128 re-.
fresh cycles or to distribute the 128 cycles over & 2msec-

i Assuming‘one refresh cycle takes 1 CPU cycle (1 usec:
for 1 MHz operatlon) the loss in the CPU time Wil]‘beLq.ﬂmﬁ
\

128x1/2000 = 6 49 Another method is to steal the ¢1 time

f by stretChlng the clock ‘ The ¢1 t1me of the CPU, sets the

f address control|51gnals in, preparatlon for the ‘data transfer

durlng ¢2 By ?tretchlng or 1engthen1ng the ¢1 portion of
the cycle, program execution is delayed alloW1ng memory Tre-

fresh to take place l If ¢1 is stretched by 500 msec the CPU

1 tlme will be stollen[by 3. 2° In most systems the reductlon

in program_executlon time may not be tolerated because of

: the real time and software requirements. For these type of

systems,

I
j
‘

"hldden" refresh configuration may be used
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BaWAENS

REFRESH METHODS

The place to hide or perform the memory‘refresh'iﬁ— |
dependent of the MPU program execution tlme, is durlng ¢4
as no data is being transferred Jetween the MPU and memory"
or perlpherals. This technique places the add1t10na1 con-
straint on the dynamic memory system of being able to per-
form a complete refresh cycle during'oi (430 nsec minimum)
and a complete‘read'orvwrite cycle during ¢, (470 nsec mini-
mum) if the MPU operates at 2 MHz 'Using this concept’ only
128 of the ¢q perlods every 2 msqc may be used for refresnrng
leaving the other.¢1 time periods open for other uses such
as:DMA transfer from external sources. In thisimode, DMA
and memory refresh would share the ¢1iportion of the cycle
~while the MPU would have access to the memory durlng ¢2 por- -

tlon of the cycle (3). However, thlS requires an add1t10na1

i
t

l
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hardware to determine the refresh time, so-th;t an aﬁtqmatic
fefresh scheme on each ¢4 time has been desigﬁed which fi-
nishes the whole RAM refresh in 128 ysec instead of 2 msec.
~In this caée, agqin ?MA'would have tb hait the proceésor

for access. o | B

Whatever kind of refresh is used the hardware will
consist generally of similar élements. 'The main element for
128 refresh Cyéles will be a 7 bit counter‘which'constitutes
the refresh'coun%er.! This counter increments in every re-

- fresh cycle to réfreéh all rows sequentially. Also the CPU
addrésse§ should be multiplexed with the‘necessary timing
‘while reading or writing the RAM. 1In addition the C.PU.ad?
dfésses should be isolated while.refreshing and vice versa.
Two flﬁp-flops are the main eircuitry to generate the Row
AddresSéSelect'(RK§)‘and Column Address Select (CAS) lines
»of the RAM. Additional circuitry ig used to enable the cbun;

jter, multiplexers, RAS and CAS 1lines.

The refr%sh cycle generally mentioned as tﬁe.iK§ -
only fefresh cycle is accomplished in the most gasiést way .
',,FirstvﬁKg is held hiéh and the row address to be refreshéd
is pfepared; Afferwards RAS is 1owéred‘to let the address
in; RAS is held low until thé refresh occurs, then it is |
pulled up ;t thé end of the cycle. In a read or write opera-

|

tion the sequence is more complicated. Similarly, the row

addre%s is prepared and latched in with a RAS signal, then

is.a write
" 1]

~ | — o
the column address a?d R/W line is prepared (if it
‘ ‘ - i . o -

|
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|

’ cycie the data should alsc be read&) and all tﬂe‘information
‘ |

is latched with the CAS-liﬁe. Here the CAS line acts as a
_kind of chip select for the RAM TheL the CPU must wa1t
‘ti1l the access time. explres, take the read data out 1f it

is a read cycle and remove both the CAS and KK§
e

gﬁKS' B N _— RAS only cycle
‘ Q__;/——“———MA——— RAS————————iJa—tRﬁ——qh WRITE Dont Care

tASRm————~——— RAH —=

6’////////////)< ROV ADDRESS ////;f///////////

|
0
!

-t - tRCk 3 . -

7 ] RAS..___.__.._‘ t - |
R \ R RAS ] [ ¢ \READ or WRITE
tosp—* | l SR
C S - . .:n_tRCD —.__-pno-tRSH-———————»n—»tCRP——p |-
| Y teas v

!

! t |

. ‘\‘éﬁR‘ tRAH"’! ASC ‘CAH“‘{ i‘ | | (COMMQN;)
0 T @F omaess I,

‘ - » .
& L e
/4487_ tRCS——————>4§CA9___q, 4 i (C%ZZZ REA? CY?LE

LCRAC———  |FOFF

i

Doyt } \OREN————————{VALID'DA?ﬁr——

WRITEzgzZ%?\wcs————;&’q_WCH_Tj%46464OQZZ4/Ay

t :

o

_'uq_DH.__.__p. WRITE CYCLE

Dy Z&?&O@ﬁ(_ - VALID DATA K&%@7Z7%40%//0

4116 READ/WRITE AND REFRESH TIMING (10)
, .
|
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parancter | MRS |"aeeey || Paxsmerer| MEHEY | S

tre ] 375 ‘ tRAH 25

tRAC ‘ 209' "tASC 10

toac | } 135 Cteam | 58

torp | 0 50 tyr | 120

tep 120 - tacs 0

tpas 200 | 10000 | trCH | 0

TRsH 135 | tweH 55

toas 135 | f0000 twp 55

] _

tesH 200" 4 tpg 0

D 25 | 65 tou T s

“terp | 720 ) ‘wep -200 |
thsp 0 | tREE 2x10°

|

TIMING VALUE% FOR . THE MK4116P-3 (ZSOnsec Access,-
| 375 nsec Cycle Tlme) (21) “

'If the timing values are examined it is seen that the
slowést 4116, which is the 4116—4 can be used for the hidden
refresh application, since its cycle time is less than both
The problem is to_synchronize

the minimum ¢q amd by cycles:
L All the refresh timing,

h.¢1 or ¢2,

refresh address and CPU address multiplexing will be derived

the RAM operations wi

from ¢2 Since’ there are 32 Kbyte of RAM, the circuit is-

Y
d1v1ded into two banks each having elght 4116's to form the

16 Kbyge«of»one bank. ‘'The banks are selected by address line

A when Apy is low the lower bank is selected, and when .

145 Whe . r ba \
high the higher bank ﬁs selected. i v




The aim of the circuit is

|
|

only durlng the ¢1 period-that:is when1¢>2 is 1ow

102

to perform a RASbcycle

.Whenever,

a READ or WRITE command is issued thls}w111 be performed in

,:the ¢2 cycle that is when ¢2‘1s high.

i

In this appllcaﬂlon

‘CAS can be IOW(only during a b, cycle‘since-fhis cycle lis

|

a-reserved to select and read or write to the RAM

" ALl inverters LS04
AAlltbuffers 15367

'r'ﬂ——

é

i

N : 1502 32 : i
. 532, - B
: i
o NE ‘ CAST
A E R \/ = 0000-3FFF
SHCR e | 520
oL ortX7 | | | -
z___, F EE NG .
+ ] ’
AR R AR o D . )*f‘tﬁﬁiz -
T3V s _ «4090-7FFﬂ
. 1 |
s Q -
¢ ' ‘
2P0 0 Lepg Ry | o
. FFZ D Rt?]:}?i] | C
VMA | ‘ T i
ALS :j:)%@:} 3 — RAM SELECT
LS02 S32 '
AT4
Lo 4 - |
N N SRR - N
L5393 'IAMG;AMG 2xLS257 R
7 bit LS240 |Ayq-A,, DATA ' A A
> RO “R6 So1 07813
counter . , e ec?or o
‘ :

To Ay-Ag Of RAM

l

HIDDEN REFRESH CIRCUITRY FOR TWO BANK OF 4116'&
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| _
E Two CAS outputs are given from the refresh c1rcu1try
for each of the|

1 .
CPU cycle where no.refresh is performed even in halt posi-

two banks controlled by Aly- " There is no

Vtion, with the eTcep ion that ¢2 is not actlve ~ Every timing
is based on. ¢2 and the refresh occurs for the whole RAM area

| having the same Row Address. The KKS'precharge time and the

| st delays are arranged b& using two flip-flops connected

'as monostables and inverter-buffers to obtain wanted;delays.

o

.
The ¢2 line 1 invertedvand buffered separately to
f obtain equally d‘layed ¢ and ¢ lines which control the pri¥
i mary functions of the refresh circuit ' The ¢v1ine'increments
”,the refresh counter and enables the buffer to drive the: RAM
address 11nes At the same. time the inverse of ¢, ¢, dis— f'
ables all the CPU addresses During the other cycle when ¢
is h1gh ¢ enables the output of the 14 to 7 line data selec-
tor. ~The selector is additionally;controlled by the delayed

RAS output for CPU address multiplexing.

S

i

l

;‘On power*up position, FFl's output Q assumes either

a 1ow‘or high state. If it assumes a high state Q is low

.so C1 dlscharges‘thr‘ugh R1 and the R input goes low to re-
 set the Q output When Q becomes low,lor it assumes a low
state 1n1t1a11y, Q is high and charges C1 to a hlgh state

B pulling up the L input to prevent continuous reset condition
In fact FF1 is é monostable which generates the RAS precharge
vtime on}positive going ¢ pulses, that is negative going'q;2

pulses. . At the highlgoing edge_the Q~output is-seg%and it

i
1
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remains high until C1 discharges through R1 and the R input
becomeﬁ'logic low. The value of Ri andVC1 can. be roughly
calculated by using the 4RC constraint for the discharge time
“and fine adjusted by!experiment.“ The RAS precharge time
(tgp) should be greater than 150 nsec and 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
adjusted to 150-180 nsec. FF2 operates with the same logic,
however, there‘are some modifications. The D.input of the

flip-flop is not alwasy high, but only when the RAM 1s selec—

- ted, since the RAS and CAS should not be generated otherwise.

The big difference is the addition of a delay circuit
between the Q output and the reset circuitry. The delay is
obtalan by the slow action of the second 1nverter wh1ch is
obtained by the paraTlellng capacitor. Assumlng the first
'Llnverter‘s output is thigh, than C3 will be charged from the
ileft.A‘If a transitionloccurs, C3 will discharge into the
fitst inverter dausing a certain delay until the second in-

. verter accepts the signal as a logic_low. When the second
inverter éoes high it charges C3 from the right. Now if a
transistion occurs CF will discharge into the second inver-
ter and cause the same delay. The delay introduced can again
. be artanged experimentally; It should be noted that the
total pulse length is equal to the delay introduced by the
three inverter circuit plus ‘the discharge time of C, to the

third dnverter. The third inverter output (C) w111 be used

|
to generate the CAS outputs since it is delayed from R
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The —K— outputs are enabled only when the approprdate
.bank of RAM is selected That is why the 'RAM SELECT line is
gated w1th Al4 and A14 to select the two CKS'outputs separa-
tely, produc1ng a for each bank of RAM only when selec-
ted from the CPU Another 51gna1 whlchidmsables the CAS
outputs 1s the delayed ¢y 11ne since no CAS can occur during
, the low state of ¢,. The reason to delay ¢, is tofbrevent
the occurrence of a glitch between the/high going edge of

¢9 andithe low going edge of the (C) output. That is, the.

delay:introduced by €4 should be larger than the delay in-

troduced by C3 pius the flip-flop propagation delay. ‘ThevA
RAS to CAS delay is arranged to be 40 nsec so the delay in-
: troduced‘by C4 should be greater. Also C2_shou1d discharge
in about 100-110 nsec to add’up'with the delay of the three
invert%rs to form the ﬁﬂg'precharge time.

During a‘refresh'cycle the S input is pulsed since '
lsthis,input is in fact the RAS output delayed; vHowever,'this
:vhas no,destruetrve effect, since during the ¢q cycle only o
the refresh'addreSSes are enabled and no CPU‘address can
aocess the RAM, until the ¢, cycle, where address lines are
left to the CPU, und‘r the control of the § line. The S |
dllne is 1eft low durlng the second half of a refresh cycle
z and the 1ow CPU - addresses are d1rected 1nto the RAM., Thls
" has no refresh or read/write effect 51nce CAS is high and g

the refresh addresses have been latched in the first half

of theicycle

Ty -
-

L3

<
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| Duting a:read/write plus refresh cycle the § line be-
comes active on:the second cycle since a CAS dutput occurs.
.The Sviine_delay ehould be well arranged since the row ad-
~dresses should bé he{d fof at least 35 nsec For this reason
:the switching of the row address to column address should
bevdelayed by this same amount. The address hold time will
be equal to theiLSZS7 pronagation delaybplus the introduced
L5367\buffers (the second LS367 isﬁoptional if the delay is
insufficient). .The address hold time may even overlap 20nsec
after the .CAS actlvatlon according to the 4116-4 -specifica-
:tlons. The column address is held until the end of the CPU
cycle. The ——3'output goes high about 25-30ns after ¢,'s
low going edge since gate delays are 1ntroduced (2 Schottky
gates and one low power Schottky gate delay, assuming lSnsec
for LSrgates, 6 for S gates). The high going edge of CAS "
is cbntfolled bygthevE oT D_outpnt._ The 'D output goesllow
.+ if either VMA goes low or Al5 goes high, that is after 30-
% 50 nsec from ¢2's‘1ow going edge sinte the CPU holds the
VMA for about this periodL.~The E delay is about 60-70 nsec
eo the. contrel ef _K~;for thellow to high transition is on
the VMA line. In this way CAS goes high about 10-20 nsec
~after RAS goes high for precharge. The refresh addresses or
column addresses are held until the end of each half cycle.
~ The RAS output is held low for more than 250 nsec and CAS
for about the seme time (this time depends on.¢2 pulse width,
assuming a minimum ¢y pulse of 430 nsec); in this way the

timing will be enough for the access time oi the 4116 Ti.

11 sadvantage of the Read/erte cvcle is that the baenks of HAM
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wh1ch is not selected is 'subject to a refresh cycle‘51nce
the EKg is common to both banks . Supposing Al4 is low, the
flrst;bank is pulsed w1th §K§ and CAST but the second bank
‘only with §K§,~since Al4 is low and ﬁKﬁ? high. 1In this way
"bank 1{is’aecessed'and bénk 2 refreshei~ﬁith-the row address.
of bank 1 during the second half of the cycle.

},It should be"nofed that dhiy Schottky TTL deviees are.
used for the ‘input, ﬁK§\and CAS circuitry since ne‘big de -
lays are permltted f T the refresh logic, these delays cau-
~ sing the decrease of' the access tlme Also only a Schottky:
gate could drlve the sixteen RAS 1nputs of the RAM's. In -
theAdesign, attention is given to the fan outs of LS and S
gateS‘ that is a reasen for buffering ¢, to Be capable of
dr1v1wg the Schottky fllp flops .Alse the D output is Buf;
fered with a OR gate to be able to- drlve the three Schottky
' gates. The E output 1s,also buffered in the same manner for
i thevsqme reasoh.

. The big dlfflculty to design the circuit is that the
resis?or and capacitor values can be determined only by ex-
’periment since the dylaYS introduced may even depend‘On the
chip used‘and_a.new‘calibration could be required if the
chip is replaéedm_ Hdwever, it is'poésiele to design a re-

liable circuitr% considering reasonable tolerances.

|
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CHAPTER 9

"

'THE FDC FIRMhARE B

FIRMWARE ORGANIZATION AND ENTRY

éiThe firmﬁare ontains fifteen subroutines where feur
of these perform%somz spe;ial functions; and the other eleven
eperform the basié disk operations, acco}ding to the para-
’meters set by the user (the CODOS operatlng ‘system for this
- case) | The spec1a1 four routines are the operatlng system
1oader; the hardware initialization (PIA and FDC),  the error
checklag routlne, an the error‘display reutiae These four
i

routlnes have no parameter to be passed by the user, however

| the dlskette routines need some parameters to perform the

operations on these indicated variables such as track,'sector_ '

|

or RAM address. ' The parameters are passed to the firmware
, t , >

: | ) c s
by a firmware-operating system shared RAM area, consisting

of nine bytes as expTainedbelow: - o o

80000 " DRIVE . This byte contains the drive number
‘ © ' where the operation has to be performed
i (0 to’ 3).
$0001- BEGSCT These two bytes contain the physical
0002 | ' sector where the operation .has to begin

. 0 to $7D2 for single sided, 0 to SFA4
' For double-sided diskettes). ; .
ror et |



%0003 -

NUMSCT

0004 -
30005 SCTCHR
$0006- . - BEGADR

0007 -

!

.
%0008 ERSTAT

of the last sector.
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These: two bytes contain the number of
sectors where the operation will be per-
formed (the sum of BEGSCT and NUMSCT
cannot exceed. $7D2 for Single and BFA4
or double sided diskettes). |
'this-
byte contains the number of bytes to be

During read into memory operations

read from the last sector used, since
file may not fill all of the 128 bytes
The firmﬁare may not-
stop on the byte spec1f1ed since it seg-
ents the last sector into 8- -byte blocks
nd stops loading after reading the block
containing the last byte requested. If
this numbei is greater than 128 an errdr

will occur.

These two bytes contain the first address
from/to which data is to be read/written
during disk read/write operations. The
?irmware'updates this entry after each -

fector is read/wrltten

Whenever the flrmware sets the carry

bit of the condition code register (CCR)
this byte will contain an ASCII number
($31 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

1ts own RAM,

consisting of 18 bytes

This area is used to

save some of the user reglsters such as the stack pointer

(SPRSAV), NMI vector (NMISAV).

Some of these variables are

LOGSCT which shows the thsical track sector, TRKADR which

shows the track on which the head is positioned, RESELT
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which shows the:number of sectors left for operation, DBLSDF
which shows whether the diskette is double or single sided,
RTRIAQ whiéh shows the number of retrails for the operation.
" There is also a 5loc3 of four ByEeSI(CRTRKO-S) which saves
the head positioﬁ ofreach drive, sinceweéch driQeAis acceésed
at separate times, and the last position of the head should
‘be known on each track (the'operatingisystem is not aware of
thé head positiéns, it only gives commahds to position the
head on a specified‘fraék). The mést.important byte in
this,areavis FRMFAR rhich saves the firmware subroutine
- parameter. The firmkare dedicates an hex byte to the diffe-
rent 11 subroutines (this is reduced tﬁ"lo subroutineé since
the basic read and partial read can be differentiated from
~the pérametervSCTCHR); The basic read routine immediateiy
‘loads {SCTCHR with 128 s0 théf these two routines are iden--
tified by setting FIMPAR to 0. Theloiﬁer commands ére‘dif-
jof’the bits of FRMPAR.

-
ferentiated by some

| o Dummy timing routine

1
i

Write routine<4 7 6 |5 4 3 2 1 0. [—sDeleted
‘ : : ) Data mark
L

Read CRC-I——-—-—-—-——-——- est Routine

‘Se%k Track Seek Track 0
- For Seek‘Track; Seek Track 0, Read CRC, Basic Write

and the dummy7ﬂiming routine,'pnly one of the related bits

should be set. | However, it is possible to set two or three

bits when the routine is a write routine. Setting bit 7

and 0, means write with deleted data mark, settingﬁbft‘7 e
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and 1 means perform a write-test. (to check write protection
for eﬁample), settingrbit 7 and 6 means write then check CRC,
and,léstly setting bit 7, 6 and 1, perform a write and read
- CRC test The firmw%re.is so organized fhat as an example,

. the read CRC routlnells a subprogram oﬁ a write and check

CRC routlne

Upon eaco entfy to one of each FDC firmware diek rou-
tines%the B acCummulétor is loaded with the related control
word FRMPAR whic? is| saved later. Allvfoutines are activated
- by a branch or jump to subroutine command after all para-
meters are stored to the shared RAM area. ~ The entry'pointe

Jare organized 1n a dlfferent form to av01d vastage of EPROM

area: \
i ‘ co ° . ~
| lv : ‘ . ‘
E886 C6 40 REDCﬁc’ LDA B #840 READ CRC Entry
. E888  8C | ~ FCB 38C ~ WRITE AND CHECK CRC
_ ENTRY
E889 C6 C2 WTHENR LDA B #%C2
. t . . .
Lo l ‘ ’
E8A8 D7 OE STA B FRMPAR STORE FIRMWARE

PARAMETER .

If an entry to WTHENR is made, the B accummulator is

and assuming the B accummulator is not al-

tered later, thlS parameter is stored to FRMPAR. If'an
entryloccurs to REDCRC, the B accummulator is loaded w1th
%40 and then, a 8C C6 C2 is encountered which means CPX

L4
#$C6C2 'so the Index Register is compared 1mmed1ate1y with
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$C6C2. At thatipoint the B accummulator contains 240 and

' FRMPA% is stored with this same value since the program in

between is similar after the WTHENR point. In this way a

‘-branch or jump 1nstrbct10n after- the 1oad1ng of the B accum-

‘ mulator is av01ded that is at least one byte (two bytes 1f _

an extended Jump is needed) is saved for each entry, w1th

the disadvantage of dummy "compare immediate index reglster'

P
1

instructions which increases execution time. The same rea-

i

soning is found on error exit operations which has to store
|

the error number on'bRSTAT and set the;carry bit of the con-

| dition code reglster These error ex1t p01nts loads the ac—ﬁ

; cummulator with the error number performS*a series of‘“BIT"

1nstruct10ns and ends with a '"STA ERSTAT SEC" 1nstruct10n.’

iAfter the entry is performed and the firmware para-\
meter is saved, the Txecution begins'byyiooking if the com-

mand was to pass%the timing'parameter to CODOS, since this

routine does not activate any drive hardware. If the command

is a drive operation'the drive is selected, the double side

inputvis read td identify the diskette type, the stack poin-
- : ' i
ter saved, error conditions cleared, the track where the
| . B . . ) ‘v( *

head of the related Irive is positionedfis found, andia

v;check for the ready signal from the dr1ve is made

C
If the operatlon is not a seek track zero command

1mmed1ate1y a seek operatlon is performed to the track which
contalns the sector number written in BEGSCT. This opera-

tion is performed atlall times since the head need to be

¢
|
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AR |

A

. |
i s . o O
. [Save Entry Parameter] ‘ l N
- ‘ ) |
ring pout ine———+—[TTHPAR=3—~—(RETURI) -
Q;ming routigg> » |{TIMPAR=3 : RE:URN
. T o ’, " COMMAND
Command initialization, drive | |Save Current ;ND
selection. Double or single track,dese- [~
' sided recognition lect drive (})
| Ts, —\ N F Set Earr :
drive ready, g G‘D 1
! : ' i Y
o Is.  \ Y o - [ Any error
’ seek track 0 —amPerform ST4 - N uring see
CD ‘A. command /- operation ﬁ N
: : i o Perform seek opera- _ Y“
—— — tion according to Was comman ‘
BEGSCT a seek’ only
O— m command Th1s point
Dgcrement sector counter) s , shows a |
L ' seek command
A1l o /J Does new ] has ended
ectors finished, f ctor overlap to}—1 Y ®
. : MOVE HEAD
v o \\ the next track J 770 NEXT
s\ 4 TN TRAK
-commangogmg;&te ‘ l§end side se1ectl .. , '
- Th1s point.
.y y  showsaCRCor - - {_‘L_-__—1R8try Five t1mes,
- ~ READ routine has Is 3t 3
~ [Reset write command ended {write comman Read CRC opeggiién
bit \ ' : A
y i ¥ ’ ‘ VY omT?:d r
| ;¥A (a CRésc;;mand)A ' (:}——X._____<;r4i2 ;ﬁotecte;> Read <' Any Y
. This point | | —— operation retr1als> |
- shows a N N : | N |
BASIC WRITE ‘ ) Is it G0 TO ~ i |
‘R°g§;2§ has o ————{érite with de1eted;j>EXECUTE |
N Is it ) N data mark [/ TF ANY !
test routin C . OTHER :
' COMMAND o

FIRMWARE CONTROL PROGRAM FLOWCHART |

Perform write test {Perform WDDM] - .
' | R
-Perform normal write : 1 i —— —

i
i
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positioned for all operations. The seek track zefo command
is maiély used for initialization. ‘Whenever an only seek
command is issued (bit 3 or 4 is set) the command ends after
the seek, otherwise ﬁhe sector count is,decremented to find
if the command. has eﬁded. Whenever the¢Sectors are finished
bit 7 is tested to see if the command inciuded a wfite opera-
~tion. If so the CRC bit (bit 6) is tested and the write bit
resefted. This reduces the write and check CRC operation to
a single read CRC operation and the exit will occur in thé
‘previous check of,bi% 7 after the read CRC is performed. 1If
the CRC bit is nok set at that point this means thatronly |
bit 7 was set and a basic write or a write test occurred.

To perform the secondary CRC operatioh'fhe.seek 6peration_is
rebeat@d. During an operation if the.;ector number excéédé
26 forisingle sided or 52 for d§uble sided the head is moved
to the next track. ieforce_.a write operationithe write pro-

. tect input is cheCked and’an erroxr occurs:if the write pro-'\

‘tect input .is active.

'
{
1

If the chmand‘is a write command it is exetutedvin
three different forms: write with deleted data mark, write
test aﬁd basic write {128 bytes into sector. ‘The read opefa—
-tion is also diviﬁed‘to read CRc; read 128 bytes and partial
. read operatibns. If an error occurs after a disk operatioh
‘and the error is| recoverable a retry‘is made up to five

| :

times. If the error is not recoverable or five retries are
i _ ; :

made the command ends by writing the error type and setting

'
H

the cérry bit.
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f

FIRMWARE . SUBROUTINES

‘ The firmware routines oécupy abaut 750 bytes beginning
~ from the address: E80 It also uses about 32 Bytes of RAM
and 20 bytes of 1nput/output reglsterst A brief ekplanation'
of each routine and some flowcharts are given>in the following

section:

FOSLOD - This routine initializes the drive electronics,
$E800L calcu}ater the timing parameter, puts the head
- of drive Zzero onftrack‘zero and loads sector 23
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 operatlng system into
- memory. his function does not return control to
~ the Calll‘g program. At least $120 bytes of me-
mory are required starting at location 0 for

execution of this entry.

FDHWNI This subroutine initializes the PIA and FDC. It

- $E039 first initializes the set up and interrupt status
registers of the FDC; then the A output register
of the PIP is initialized with $FF to prevent se-

| lection of any drive when the register is switched

to outpuf mode .

FDFMER Th15|subrout1ne checks for a disk error if called
SE86A : 1mmed1ate1y after return from a disk operatlon
by checking the carry flag. The subroutine just
returns to the user if no error occurred (carry
clear). ij an error did occur the subroutine

prints aﬁ E followed by the ASCII charadter in @
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fERSTAT and two spaces to the system console and
disk operatlon is stopped b
" ERTOCO This routine sends an E, ‘the contents of ERSTAT
$E871 and two spaces and is used by FDFMER. The only
' parameter to be passed, is ERSTAT No other para-
: meter is modified. I ; |
i . | S
- 'SKTKO0O - This entry causes the head of the DRIVE location
$E88C to be restored to track 0. }The drlve must be
' ready or an error will occur. The subroutlne
loops around the settling t&me complete'bit; con-
trolling the error status at the same time. ! If T
the track zero input is not active after 83 pulses
a seek error occurs. he head is loaded after
- the command has ended End remalnstloaded until a
‘new command is issued or the drive deselected.
- All parameters are left unchanged with the excep—

tlon of ERSTAT in case of an error occurrence.

',SEEKTKA ThlS routine causes the head of DRIVE to be posi-

ZE88F . . tioned at the track contalnlng BEGSCT and walts

. unt11 the settling time 1s]comp1ete Before the
command is issued, BEGéCT and NUMSCT are added
to find ' if the sector is in an allowed track (less
than 77),' The residue sector (between 1 and 26
for single, 1 and 52 for donble sided) is stored
to LOGSCT.  The current track position is taken
from the drive's CRTRK and stored to the FDC's
CTA& The wanted track isistored to the FDC's

'% ’ , GCR.. When the command endg w1thout error, CRTRK /”d'

‘3 ' is updated and the FDC's GCR is transferred to-

CTAR. The routine does not change any parameter

. except ERSTAT in case of any error. The head is
in loaded position at the end of the command.
The track number is found by d1v1d1ng the glven
sector number by 26 for singled-sided and 52 for
double-sided diskettes.
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" 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 address

‘that 1s tosbe written into, after each sector is
read. This entry sets. SCTCHR 'to 128 since it reads’

the whole sector, and accordlngly the basic read
routlne is separated from the partlal read routine
which has to compare the number of bytes read with
SCTCHR. The read loop is a critical loop, and

.should be capablé of handling all the operation

for one byte in 32 usec.

ERROR END

MCC: Macro command

complete
SSR: Status Sense
Request
. DTR: Data Transfer
'END ' Request
. '|OF COMMAND

28usec

27US¢C

Store read data
increment data pointer

| ] .
] v
FLOWCHART FOR BASIC READ LOOP-

The first event fhat a read sector command encoun-

ters, in 4 normal operation is the setting of the .

SSR bit wnich shows that the address ID field has

g(
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been 'detected and verified by a CRC check. - During
the search for SSR, DTR can not be set since data
arrives after the ID field. If MCC is set before
SSR, probably a sector address or CRC error occur-
‘red. ;in hlS way a l6psec loop searches for SSR
and when found the first data transfer will occur
after 18 byte time (576usec) The SSR bit service
only checks for any hard error or the detection
of a deleted data mark. When the SSR is serviced
the search for any DTR begins, and when found,
inclﬁding the DTR bit test, it is serviced in
27p§ec, which is less than one byte time, that
is. 32usec As'noticed there are two loops in the
read operatlon The 28usec loop occurs when DTR -
is not set consecutlvely If DTR is found set
it is immediately checked agaln so as to not loose
the next data by making a 28+27psec loop. When
all the 128 bytes are transferred, the MCC bit .is
e ‘set and a check for any errors should be made.
» |
REDLST | This entrﬁ is Very 51m11ar to. the prev1ous BSCRED
pE884 entryrw1th the exception that not 128 bytes but
a multlple of 8 bytes are read into the memory
and BEGADR updated. If 128 is written into SCTCHR
thisgroutine is exactly the same as the BSCRED '
routine. The exception, in point of view of the
soff&are is that a comparison for SCTCHR is intro-
. ducted which increases the 27usec loop to 30usec,
which is jgain less than 32usec; also when SCTCHR
R is reduceg to 0, dummy read operations should be
made and not placed into the RAM to prevent the
| datqvtransfer error to be set, '
REDCRC This .entry point ‘reads the number of sectors con-
PE886 ! taiﬁed in NUMSCT . beginning from BEGSCT to check
3“ thelr CRC w1thout reading the contents of the
sectors. The only thing checked after t?e .command

is issued, is the MCC bit. When MCC is set the ¢



/

‘BSCWRT

JE89B

WANDRD

~ $E898

~

"WRCHEK

PE892

‘the address contained in BEGADR into alternating

"kette is permissible.. - . %" \;
: I
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i : . Y
errors are checked and in case of a dRC error
the operation is repeated five times!for one sec-
tor. , ' o

o |
This routine writes NUMSCT of sectors beginning
at BEGSCT from memory location contained in BEGADR.
BEGADR is updated to the address of ‘the next byte
to be read from memory after each sector is written.

'The software logic is completely the Famevas the

basic read loops, but data is transferred from
memory into the floppy disk{DOR,‘insteadEQf the

‘transfer from the DIR to the memory. ,The'bQSy

bit is checked and the STAB 0,X instruction lin- l
creases the loop by one cycle and 28usec is-in-
creased to 29usec for the Write loop.

l

This entry is the comblnatlon of the>BASWRT and

"REDCRC routlnes ‘First a basic write for all the
- sectors spec1fled is performed when all sectors "

are written the’ control program resets the wrlte
bit in FRMPAR and the operation is reduced to a
read CRC operation. The control program jumps |
to the beginning of thé prhgram to perform a seek
a command if necessary, followed by the CRC read
command execution, and then the exit?operatipn

of the command occurs. !
Thislentry point writes,the:two bytesvlocated at

bytés of NUMSCT sectors beglnnlng with BEGSCT.
The address in BEGADR is not updated. The routlne

———

is used to check if a r1te operatlon on the dis--

y \
The write test loops are,inifact-two'Write loops,
one to write even locations, the other for odd
locations. These loops are the same as the basic

write loop with the exception that the incrementa-
. ’ f
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ERROR:EXIT ; ‘ (issue WritewCommand)

'lﬁusec
N

‘<:44pse¢>‘

GET (BEGADR)

. JCOMMAND
- END

Write (BEGADR) to |
disk.  Get (BEGADR)+1

29usec

y |END OF

{

|
§\\\\ji::> \\Eiii::fiB»JCOMMANDi
[write (BEGADR)+1to dlskJ -
. |eet (BEGADR)

_BEGADR: Address stored in the twoflqcatibns of BEGADR.
‘ (BEGADR)&,ContentS of memory location pointed by BEGADR.

" WRITE TEST FLOWCHART ~ .

tion of the index register is omitted so ‘that the
service routines are 23usec. The search for MCC
. and DTR 1asts at most 29usec as in the write loop.
'”‘_The even loop gets the odd data to be stbdred and v

-



set and'this;byte wi

WRWDDM
 9E895

i
[
!

WTHENR! - -

IE88Y

TIMINGUjfb

$E89E

IR
R
.

ERROR CONDITIONS

jparameter‘-

"functlon

u‘tlcally if:

'jumps~to*thezodd writebioop. The odd.loop gets
',‘the‘even data. and jumps'to the even loop. In this

manner the -loops and the written data are changed

5..consecuti'e1y-after each byte write operation.

This routine writes a deleted data mark pattern

to the beglnnlng of the data field. The data _
wrltten are the two consecutive bytes of the ad-
dress shown by BEGADR. -This routine is used to

EE._omlt the usage of a spec1f1c sector.

_This routlne 1s a comblnatlon of the WRCHEh and
TT'the read CRC routlne . First' consecutive two bytes

are: wrltten to the number of sectors spec1f1ed
Then the wr1tten sectors. are read back to check

5-f thelr CRC' ~ Since the entry is a test entry

the parameter BEGADR is not updated.

This entry point saves a timing parameter as a
yf the system clock frequency for the.

'operatlng system routines. This’ is: done automa-

the system is started at the FOSLOD

ZEE‘p01nt The number for a 1 MHz clock value is
:t”equal to 3 and 1t is stored into the memory loca—
| tion TIMPAR

x
S
i

S

i
i

The error condltlons are saved in the ERSTAT output

If an error occurred durlng a dlSk operatlon,-

the: carry blt W111 be set on return to the caller, and this

byte wFll contaln a number 1nd1cat1ng the type of error in

ASCII code.

-

If no elror occurs, then the carry will be re--

1 contain ASCII'O. Some errorh are
o T v



submltted to retrials before they are written into this lo-

catlon .

|
In multi- sector operations the operation 1s aborted

when an error occurs and the number of the sector in error.

¢
t
i
|
1

-

‘can be calculated.by the following formula:

i ' P

L _ :

PSNE = BEGSCT + NUMSCT - RESECT - 1

i

.
] :

Where PSNE is the number of the sector in error, and RESECT

is the;number of}sectors left until the end of the operation.

Initially RESECTQiS %et equal to NUMSCT, and it is immedia-

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 meahing are given below.

531

_532

$33

' DATA CRC ERROR This error occurs when CRC ERROR

(STRB1) - is. set and Sector addressrundetected (STRB3)
is reset (see Chapter 6). it shows that the data .

field CRC.‘is incorrect because of a p0551b1e mis -

writing or misreading. This error will occur after
the last |sector byte is written in memory, but the
BEGADR parameter will not be updated to the next

,address.{ If the error occurred during a write test
[
or check, data should be rewritten. The firmware will

attempt to redgd the sector CRC-five times before re-

turning this error.

WRTTE‘PROTECTED:FQThis status is returned when the.

write protect hole of the disk envelope is not covered

with an opaque mater1a1 A Write Operation to such .
a dlskette is not permltted by the flrmware

DISK NOT READj | A p0551b1e cause for such an error
1nclude the d

0
ive. unlt door not being closedg and the J
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$35

$36

437

938

$39

diskette not being up to speed.

' DELETED DATA MARK DETECTED: This error is set when

~ the data field address mark tontainsva deleted data

mark. The BEGADR parameter is not updated and the

sector number|can be found from the givén general

PSNE formula. Any operation is aborted when this
error occurs, except a CRC check and WDDM,

TIMEOUT: This error occurs when a bad track, or sec-

tor, or unformatted disk is read since the sector

- address mark is not detected. An overrun error while

i

i

reading or wrftlng may also cause - a time-out to occur.
The operatlon is retrled flve times.

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. ' o

SEEK ERROR: This error occurs if a SKTKOO is not

cbmpleted:on irack-O, or a seek operation puts_thé
head on a;tra k where the ID field track'address is
not equal to the LTAR of the FDC. |

" DATA MARK UNDETECTED: This error occurs when a déta/

mark is not found after a status sense request. Data
can notvﬁe written into memory and the sector is not
read. The firmware‘attempts»five times before re-
turning this rrrqr.

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 firmware attempts five times, for

this errbr to be valid..



After each disk operation is executed, a check for
errors should be made and if possible, the error type, the
erroneous sector or track should_be displayed on the system

console. Generally errors occurs because of bad formatting,

the destruction of the format by magnetic fields; or because

~of bad handling of diskettes.
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CHAPTER 10

=

|
| | X
THE OPERATING SYSTEM

OPERATING SYSTEM FEATURES

:The term oper%ting system @enotes those program mddu-
les within a compﬁte% system that govern the control of
equipment resources, such aé main storage, I/O de?ices, and
information; The operating system caﬁ also be viewed as a>
collection of utility routines, liké peripheial‘handlers-br
compilers under the control of an executive often called the
kernelL that supgrvifés reéou}ce allocation (SIj. In multi-
usQE/Systems, thd main function of therperating system (0S)
ibecomes to reéolve conflicts among the users and to see that
the_reéources are used efficienfly. - For these reasons, it
has to determing who gets what, when and how much, allocate

and reclaim the resource when needed (15).

For a.single user system, whiéh is the case for thé
Codos operating system used in the project, the OS merely
converfs fhe anrcé 1aﬁguage program into machine language,
assigns storage?éllocationsrto program and data, and makes

sure the user retains control over execution. The 0S has.
o :

;}' $

‘ . { . . . . o .
also to provide an eTv1ronment in which particular software.
packages can execute, such as a compiler, which is a program
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that translates a source program in a high-level language to

a correspending machine language program, or objet program.

Most cdmpilers interact closely with the operating system,

-

both during the cqmpi#ation of source programs and the execu-

!

tion of the object code. During compilation the compiler

needs the operating system to read the source program, print

its listing and punch its output ‘decks (15).

The OS provides a simple command language that allows
the user to state. whak he wants done and what device or flle
he wants it done to. ! For example a disk drive and a line
printer have very little in eommon, however, the OS lets the
user to copy data to either one with the same command. Pro—
grams to perform spec1f1c functions remain on -the disk unt11
a comm%nd that calls them is ' entered. | The 0S is 1tse1f

stored on a floppy dijsk and loaded on the system reset. That

"is, only requlred programs are 1oaded into the memory and

executed This technlque gives the full capabilities of the.
operating systemfand lets the user to reserve the majority

of the memory space for his work.

The Codos 0S includes a set of utility programs and

commands to manlpulate data on diskette, process data, exe-

: cute utlllty programs actlvate user-developed iunctlons.:

Compilers and asSemblers may easily be incorporated into the
0S. To manage user programs, functions to create and change
files, delete files, copy files, change name of files, 1list

all files, combine program parts, convert object coge ;to and

\

9
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from hexadecimal formats are proVided by'CodoS,Eincluding a
. g B
job control facility to enable_ the sequential execution of

comnands automatically. o l

FILE AND DISKETTE ORGANIZATION |

A file is a set of'related'informatien thet is recorded
on the disk or diskette. This informétion can be the actual
machine instructionsAchat make un a cénmand or'program; this
_information can also be a textual‘data;~object programgdata,g
or any of a number of other forms‘ Each file’on'é disk has
a name. Each file created is naﬁed by the user, or by the
 0S commands. The file is created on the indicated drive;
if the drive is not specified, the appropfiate Aefault values
'.are used in operatingrthe ffle (generally dfive @) . Existing
files are unaffected by the creation of a new file. File i
deletlon is exp11c1t1y controlled by ! the operator using the
”DEL” command. Some commands crgate|an 1ntermed1ate work

file to perform the command's functlon; these 1ntermediate’

files are then deleted by the command as a clean-up process(S).

The operating system keeps a directory of all.files of
a disk. - The dlrectory is necessary to know the file's _posi-
tion on the dlSk. To access a f11e ,.only it's name is given;
the 0S finds thebentry on the directory, gets tne'beginning
addfesevof nhe file and loads it on an empcy 1ecation of
the memory space. A "DIR" command is'supplied. to iist the
,names of all files on a specified disk. A "DEL"-commﬁnd

i
'
i

P -



only 1emoves the file from the difectory; actually the file

resides on the disk and is not destroyed until a new write

command is issued. All files can be specified 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 t%e file. The '"NAME" command

can be used to set or change a file's protectioh.

A file name specification in Codos consists of three

parts: A file name, a suffix, and a logical drive number.

File names can be from one to elght alphanumerlc characters

~in length,

the flrst of Wthh muﬁt be alphabetlc In most

cases the sufflx and the logical drive number gre usually

|
i

given appropriate default 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 bégin;with an upper case al-

i

phabetic character. Some suffix%s have specific meanings

and they are required to be so. The most frequently used

one's are listed below:

AL
.CM
.RO
.SA
.SY

.LO

Assembly listing file

Codos command file |
Relocatable object file
Ascii source file (text f11e)

System file

Loadable object



Codos commands usually supply an appropriéte default
suffix when dealing with specific files. Ifrspecified the
logical drive number must be geparate@ from the file name or
from the suffix by a colon (:). The equal (=) sign shows
that Codos is ready to accept commands from the operator.
The command line entered by thé'%perator must indicate which
command is to be éxecuted, and the file names that may be
‘required by.tﬁe commahd must be specified. The options that
are'allowed by,some commands should also be entered on the
command line and separated by a semi colon (;): The qomﬁand"

name is separated from the file names by a space and each |

file name is separated from eachlother by commas. The com-

mand line shoﬁld be terminated by the~"RETURN"§key-(S).

A Codos diskette has ‘some reser&ed sectors, especially
fof the directory and system functions. 1In a Codos diskettez
the first three sectors are reserved, as the identifier of .
the diskette. - The next-comingt%ent§ sectors keeps the di-
:rectory entries. -Each entry uses sixteen byteé.so a total
of one-hundred-sixty entries are possible. If the diskette
is a system diskette containing the Codos O0S itself, the
poftion after the'directory is reserved for the 0S, and con-
SistS‘of about one-hundred sixty: sectors. Then comes bther;
: filés with prder df'entry to theidiskette. New filesiate
icreated 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

used by Codos, allocates blocks for a file from a sequentia13

|
|
|
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; . | | | .
blocks on the disk. Unfortgnatelf; as- files are created,
7'u§date&, and deleted, these free bloch pools beeome_frag—

.

mented. When this fragmentation occuﬁs,»it often becomes
impossible. for the‘OS to create a file even-though there is
" a sufficient number of free blocks on the dlSk - At this

p01nt spec1al programs must be ﬂun to squeeze or compact

the dlsk, in order to re-create a single contlguous free-

|

block pool. |
|
i

The second file allocation method uses a more flexible

technique in which individual daﬁa blocks may be located any-
where on the diek.r With this teehnidue, a file directory |
entry contains‘fhe disk'address of avfile pointer block rather
than the disk address of the flrst data block of the f11e

H‘ThlS file p01nter block contains p01nters for each data block
in the file. Some flles may requlre multiple p01nter,blocks l
: |
i <

~—

For this reson each pointer block cohtains the disk address

" of the following pointer block w@eh-&ecessary.

Although the second me thod uses all blocks of the dis-
“kette effectively, the read and search operations may take

time since files will be spread all over the diskette. Codos;'
‘ ‘\

uses a comblned method where each flle contalns a header sec-

tor which glves the last sector Length the execute add €s

the number of sectors to be loaded. - Only. the address of = |
this sector is kept on the directory.’ So, the OS finds the’
entry, gets back the address of the header block and loads

the file according to the information in the header block. |

| |
g

g
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The directory entry contains only—the eight character name,
the two character‘exteﬁsion, the two byte sectgr address of
the header and the attribute of the file. If the first byte
oﬁ the entry is 00 the entry has‘never been used; the value
of FF ét that location indicates that the file has been de-

leted ; an Ascii character indic£tes'the presence of a file

name (29).
|
File name - : Ex%ension
Beginning sector (18)
: : | 5 : Attribute
PSN=0004 o L L
00 43 4F 44 4F 5320 20 20 53“59 00 18 72 00 00 Q0 CODOS sY
10 46 4F 52 54 20 20 20 20 43 4D 02 94 72 00 00 00 FORT CM

20 ?FF FF 4D 55 4C 32 20 2 53 41 06 FC 05 00 00 00 ..MULZ SA
30 00 00 00 00 00 00.Q0 00 0O 00 0O 00 00 00 00 00
40 | 00. 00 00 00 00 00 00 00 00 00 00 00 00 00 00 DO

60 | 00 OO0 00 00 00 00 00 Q0 00 00 00 00 00 00 00 00
- 70 100 00 00 00 00 0O 00 OO 00 00 00 00 00 00 00 00

CECRC RN B RO )

Deleted f !

|
~File : - i |
DIRECTORY
Beginning
Sector/4 ’ Number of full blocks
FSN=0018

00 40 0& 80| 40 00 00 00 OO 00 00 00 00 00 Q0 00 0O

10 00 00 00 00 00 00 00 00 00 00,00 00 00 00 00 OO
20 00 0O 00 Q0 00 00 00 OO0 Q0 00 00 00 00 Q0 00 00

0 00 00 00 00 00 0O 00 00 0O 00 OO OO0 00 00 00 00
40 00 00 00 00 0O Q0 00 00 00 00 Q0 00 00 00 00 00
'S0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

60 00 00 00 00 00 oo 00 on 00 00 no 00 00 00 00 00
S 70, 00 00 00 00 00 00 01 00 44 00 00 00 0O

List sector 1ength—47r -/]r \ \L———Execute addreqs
Number of sectors~— Loading addresé

HEADER ]
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B2~

- | %
: : | R :
The attributes are saved on a single byteiand,three
different bits are reserved; one for Write protéttioﬁ, one
for delete protection and one for:syséem files. The begin-

ning sector address is obtained from the first two bytes of

the header by shifting them léftdcir;ularly. ~So

4006 = 010000000000011¢
0000009009011001 = 15

In this example the file begins just éfter the header.

o
( '

_Another method used by Codos to spéed up'especiaily'

i {
! L

|

directory searches for a file na$e, is to use a hashing func-
tion to map a file's name intd‘one of the direc;ory sectors.

As a result, the number of sectors that has to be read before
:‘a match is found or ndt found is miniﬁized. All then bytes

. of the file name and Suffix are used Ey the hashing functionj
The function domputés‘a number'whichtwhen-added to the phy- |

sical sector number of the start

of the directory is fhé

- sector number of the first sectoyvused in a liﬂear search of
the directory. A directory search bégins 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 néﬁt sector in thevdi?ectbry ié searched. The |
sectors are searched in fhis rou%d—rbbin fashion until a-
“match or an entry with a first byte of zero isgfound, or
until all séctofs have been examined.| The onlf time all

sectors of the directory are searched:'is if every éntry con-

tains a valid file name or a deleted file name (5). {

i
|
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¢ 2
OPERATING SYSTEM RESIDENT SOFTWARE INTERFACE

-

The 0S uses the monitor also, rather than duplicate
functions that already exist there. These functions are in
general the Input/Output routines to the teletype and some

other. monitor functions. Other %unctions'used by the 0S are

of course the diskette I/0 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 0S} can not give the direct rodtine

]
address of the monitor. i

I L S
/—* 0.s. |t
\ | /{642; i | 7FFF
| ". ' ESQ0 |

DISK ROUT%NES? L

ke DISK 1/0
\ EF(Q¢
INTERFACE RAM | | k
N FO0Q
) e
. JUMP TABLE
- o |
o — L {FO7S =
F8y |
MONITOR g
FFFF

INTERFACE OF SYSTEM PROGRAMS

i
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The monitor program is subject to changesiwhile new
i

routines are added or updated; the monitor program itself

-,

~may be changed or rearranged. With'tﬂese modifications the
addresses of the routines used by the 0S will shift evéry

time, and the 0S would have to be; updated atlall times. To

4

‘prevent this,a jump table is prov}ded at locations F000 to
F075 where a jump operation to the specified routine is per-

formed. The 0S calls this fixed addréss, jumps from this
|

turns from the monitor
. | )

when it encounters an "RTS'" instruction. In this way én

|

location to the monitor routine and re

update of the monitbr will force‘mhe%modificétion of'tﬁe
  jump table butvnotrthé‘OS{ Howe Fr,éin contrast to this
’lflexibility; tﬁe disk routine beginning addresses can not be
changed since a jump'taBié;for the disk.I/O is ﬁbt prbvided{

'i”SOme’flagS or.data are transferred befween‘fhe 0S and the

monitor using the interface RAM area located at EF00-EFFF.

| I
i
The most important routines| used by the 0S, their in-
:

put and output conditions are listed below:

FOO00 START Restarts the monitor by jumping to the
warm start address of the monitor.

FO15 INCHNP | Receives one character from the system
- console and masks 'the parity bit. A re-.
turn to the caller is made only when a
key is pressed from the console, and the
inputted character is kept in accummulator
A. The inputted character is echoed to
the console if the ECOFLG (EF99) is equal

-to zero, otherwise it is not. ° {

o
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F018 OUTCH
" F021 PCRLF
F024 PDATA

F027 PDATAL

136

|
|

i . ’ - -
Sends an Ascii character contained in

i
accummulator A to the system console.

-

Displays a CR and LF to the system con-
sole.

'
L

Displays a CR, LF and a string pointed by
the index register, until an. EOT (04)
character is encouﬂtered.

Displays a data string pointed”by the ;
index register until an EOT is encountered.



CHAPTER - 11

DISCUSSION
!
y
‘The disk interface software is a major contributor to

the efficient and reliable operation of a floppy disk sub-

system. This software must be a well-designed compromise

between the needs of the application software modules,?often

referred to as the '"logical interifacé level" and the capa-
bilities of the fléppy disk controller, referreg to as the

- "physical interface level". System and épplicaiion software

modules often specify disk operation parameters that are not

directly compatible with the FDC device. These software

and hardware incompatibilities were caused and may be caused

! i

~in the future by the following: i |

i
i

- Thevchanée from an existing FDC to a functionally,
equivalent design: this caused to locate the soft-

(ware in a fixed area oflthe‘memory map (both the
ROM and EPROM sectibns). This restriction was of

! ! .
course a consequence of the Codos 0S which has al-

I

ready predefined the disk routine addresses; As

‘mentioned in ‘the previous chapter the monitor pro-
grams are not subject to the same restriction be-
cause of the jump table incorporated: This jump

table has in fact a disédvantage too; it jusf Te-

|

3
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sides between the monitor aod the dis# routines,

beceose again fheNO&;restriQts the jump table ad-

dress. . !

- Thevupgrade of the FDC,shbsystem to'a.higher capa-.
bilify design: the cépa,ility of the system for
that iostant is four single-sided or three double-
sided drives. The exoansioé for the future may
be possible only by~increasfng the USed pins;of
the PIA which is actually four. _ ‘? i

o :

- The expanSionifrom a singleidensity to double den-

|

sity, or from floppy to hard disk is not p0551b1e
because of the- controller spec1f1cat1ohs The»re-'
striction stands on the recordlng format; since

- o Lall ID marks,. gaps are different in a MFM recorded
surface compared to thelFM‘format The 6843 can
only handle FM data and‘the format is compatlble
with the IBM 3740 format. In fact, 1n many: systems'

these parameters are never changed durlng'the life

of the systemn.

Besides-gli these restricti?ns%and disadvantages often
enCountered ingfloppy disk systeﬂe, ghe system contains the
capability for DMA. The DMA mode has the capability of per-
mlttlng the processor to continue executlng 1nstruct10ns
while a disk transfer is in progress.3 This capab111ty is

especially useful. in multi-programming when the operat%ng

1
i
!
i
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'systemjis designed to permit other tasks to execute while
a program is waiting for I/0. _ 1In poliing or interrupt
driven modes, referred to as non-DMA modes, there is the
advantage of significantly lower system cost, but these modes
are performance limited for double-density systems where
~data bvtes must'beltransferred t /from the FDC every sixteen
‘microseconds. E ; ' o

: |

One of the largest portlon of the access tlme in a.
|

floppy system is covered by the seek operations, espec1ally i
on the head settling t1me which ﬂakes 12 msec when the head
‘is loaded~on avspec1f1cvtrack ‘ omelsystems never unloads

- the head and performs the seek command in. that p051t10n, in

- thlS way the settllng t1me problem is removed ~However,

this kind of applrcatlon'may be hazardous for the,disk;sur—'

face. The‘6843 never 1oeds the head during a seek operation
. : : : . | |
but only when a read or write command is issued, and the -
head is reised'whenever there is'no other command issued.

h Another t1m1ng factor is the track to track seeh t1me, wh1ch
can be only minimized by the performance of the. drive's
stepper motor. In any case the track‘access time can not be
specified strlctly because of the 1n1t1a1 head p051t10n In;
some systems,‘after all operatloﬁs, the head 1is p051t10ned i
at the middle of the disk for eaJy_access to both directions .
In a system that directorv searches are importaht at the -
initiation of the‘command, the head is positioned on the

track which contains the directory,'as‘it is for the‘Codos

08,
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CHAPTER = 12

CONCLUSION

With the de51gn of the floppy disk controller module
and the memory module the system has gecome more compact.
| Four boards constitute the mlcrocomputer, the two other
boards being the ACIA and MPU boards " These two boards may i“
be reduced to a 51ng1e board by ﬂncorporatlng an ACIA to the
MPU board or u51ng another M6800 famlly MPU such as the M6803

" which contains ser1al_and_parallel I/Q l1nes.v In th1s case

:f€§\the'ninimum-system will be only three boards but,With great -

i

software capability similar to that\of a development sYstem.

To reduce cost the hardware is kept minimal and espec1a11y
I

1nterrupt or DMA modes are om1tted and replaced by software

' i

 polling and transferring methods. | i

Using the adopted operating system the'following soft-

- ware applications could be realized:

N \ |
- High- 1eve1 and low level language programm1ng us1ng

assemblers, compllers ‘cross-assemblers.

- Writing programs and'debugging on the same machine
by using the generated objeet codes of assemblers

and compilers and converting them to progran'the
, \ |
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\

code in EPROM.
- Editing, linking files together and developing of
a system software in the form of different modules.
-The following hardware chanes may be done to increase

the user facilities: , y

- Interchanging the system conSble, which is a TTY,
with a CRT device.

B i )
[ ‘

I

- Addition of an EPROM prJgraﬁmer module’to easi1y
program the developed sdffware on tﬁeysystem.
This géuld be a direct module or a communication
ﬁodule for an already existing ﬁrogrammer using
the ACIA module hardware. |

- Addition of a line printer. This will need only
to write the interface software routihes since a

PIA module already exists to perform the hardware

functions.
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i
!

A |

AP PENTDTIX A

1. Components , 42,000.

1

2. Film and Printed Circuit Costs ! ' 100,000.

3. Disk Drive (Approximate Cost; two are
needed for the full system) | . 500,000.

i

4. Engineering Cost o 600,000.
10,000. -

|

| .

! -
t

TOTAL - : ~ 11,252,000.-

5. Miscellaneous



APPENDTIX

B

_ Euncti_dn Charééteristics
Single-Density Double-Density
Disk Type ANSI Standa rd| ANSI Standard
Storage Capacity
{(Unformatted) : o
- Per Disk 6. 4 megabits 12, 8 megabits
Per Data Surface 3. 2 megabits 6. 4 mepgabits
Per Track 41, 7 kilobits 83. 4 'kilobits
154 154 =

Tracks

Track Density

‘Recording Density
Track 00 (Outside) |
Track 76 (Inside)

Recording Method

‘vatational Speed

Rotational Latency

- Average
Maximum

48 Tracks Per Inch
' i

1836 bpi (3672 fci)
3268 bpi (6536 fci)

FM |
360 rpm :2 5%.

83, 33 milliseconds
175, 6 milliseconds

48 Tracks Per Inch
3672 bpi (3672 fci)
6536 bpi (6536 fci)
MFM

360 rpm *2, 5%

83, 33 milliseconds
175. 6 milliseconds

Access Time
Track-to-Track
Track 0 - Track 76
38-Track Move
Settling Time

Head Engage Time
Data Transfer Rate
Erase/Write Recovery

Time
Tunnel-Erase

Sl‘tra_ddle-Eras’c

Read/Write Head

|
3-6 millisecon‘ds ,
228 milliseconds

111 milliseconds
12 milliseconds

25. milliseconds
250 kilobits/sec

!

? ‘
580 microseconds
(req'd for read to
stabilize after write
completed)

50 microseconds

Single-gap with tunnel-erase or straddle-erase

3-6 milliseconds

- 228 milliseconds

111 milliseconds
12 milliseconds’

25 milliseconds

500 kilobits/sec"

580 microseconds
(req'd for read to .-
stabilize after write
completed)

50 microseconds

i
|
i
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Function

Characteristics

Read/Write -to-Erase
Gap Spacing

T rack(\\'idth
Erase Width

Spacing Detween Tracks

Singlé-Density

Double-Dens lt) :

0. 035 inch (Tl.einnelz Erase)

0,013 inch

0, 004 inch (on eithé%r side of track)

i

0. 02083 inch

Track Centerline Radius

Logic Levels .
-2 Disk Drive

Interface

~AC Input Power
Stan_dard ‘

Optional

\5oltage' Dropout
;.'Motor Current (Max)
Start ]

Run

DC Input Powe;

'L‘ogical 1 (True) .

6 - N :
2,029 + %‘5—1}- inch Side ""0". ;

T
76 <IN

k . : BTRRE
.1. 9457 + 48| 1n:ch Side ‘ 1 :

twhe're\N = track number

|
+2.5V to +5, 5V
10,0V to +0, 4V

Logical 1 (True)
Logical 0 (False)

0.0V to 40, 4V
+2,5V to 45,5V

Logical 0 (False)
’ | .
' ' | ,
15V (90-127\{) 60 Hz +/0, 5 Hz

115V (90-127V) 50 Hz + 0, 5 Hz!
230V (180 to 253V) 60 Hz * 0.5 Hz

230V (180 to 253V) 50 Hz 0,5 Liz

100%, 10 milliseconds once each 600 seconds
0. 8 ampere for 115 volts AC. o
0.4 amperes for 230 volts AC

H $ ) .
0. 4 amperes ijor 115 volts AC - R
0.2 amperes for 230 volts AC

+24 volts + 5%, 2.0 amperes maximum?
+5 volts = 5%, 1. 0'amperes maximum

_¥Nominally 1, 4 amperes

[
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v 0 i
' |
Function - Characteristics
Reliability
MTBF 6000 hours (after ml.tlal 200 hours)
MTTR '

Read Errors
Recoverable
Non-recoverable:

(after 10 tries)

L.ess than 20 mmutes

Less than 1 in| 109
Less than 1 in 1012

Environmental

Temperature
Relative Humidity

Altitude

Heat Dissipation
Dimensions and Weight
Dimensions

Weight

Operating » . Non-Operating

‘ , ‘ |
40° to 115°F 32° to 150°F |
(4.4° to 46, 1°C) (0° to 65°C)
20% to 80% without: 5% to 90%, without
c‘ondensation ! condelnsation
-1000 to ' -1000 to
+10,000 feet v + 45,000 feet
300 BTU/Hour - NA

(worst case)

See F“igure 1—6

12, 5 pounds |
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v 4 : 3
AP P ENDI C
i
. |
) :
READ/
"WRITE
-1 HEAD
l . 3 [}
13[145'8 J9[65321|
. 13 ———l | J8 ‘
SELECT O ] = ——
26 ] ™ .
SELECT 1 1. 5 READ/
SELECT 2 0 | 3 > VEAD
povess e m— ; [{ 2
SELECT 3 ‘ !
—_—{132 ; 1
W USE | .
. OPTION* STePIN - 16 ‘J7 Co
S 34 c —*$=[ TRACK 00
~ STEP 'SWITCH |
s 8 | 365 - 3 = LED i
' _HOLD c pHOTO |
—— 18 2 [*=—— 7ThRans
1
SDESELECT blia 4 E
WRT DATA | ALL ODD PIN + )
— 38 NUMBERS ET :V:JTECT
WRITE 40 GROUNDED s - LED
| i [ o] b —— — — 4
/ 8 [€ . PHOTO
. - -~ TRANS
READ/WRITE AND 2™
-l CONTROL LOGIC B ~ OPTION
. SicTon PRINTED CIRCUIT e
OPTION @ | 2 BOARD o " npex o
INDEX g d1a - 1 LED
READY R ' c
——eeed 10 A '4——E - _FHOTO
DISK CHAN )
cHANGE | o ; | TRANS
TRACK i
cr o a2 ’ =
WRTPROTECT | " 4 ;
TWO SIDED ~ ™ inoEx 1.
OPTION 10 n LED
. CRAW UATA i [
B s 1 CL Mg
SEFDATA £ PHOTO
OPTiON M 48 w |—E-4»] TRANS
' SEF CLK '
OPTION it 50 . . 8
SR _ ‘[1) SEPARATE 24+ RLT L L ,
?4\'1 32 HOLD
. N n - SoL
I m 2
424V RET o m
: 5V y k ’ N N +
__—Q_y 5, cx l ¢ — ACT
SVRET X i | L= LED
i Ja
4 | y—T. . ..
‘ ‘ = j:t DO
3 2 LOCK
——t promsamnnd
= OPTION
3 JGLA 65 3 LI -
, — coM |
ACINPUT : ’
. . oA o .
— Lo ; ™ cTerrEE
CHASSISGND | ' DRIVE : ¢ o] MTTOS
AC RET : MOTOR <
<& 2 it L
&-
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A PP ENTDTI ¥ D

PIN
__NUMBER

 SIGNAL
MNEMONICS

11,13 .

15

17

19

21

23

27

+5 VDC

+5 VDG

STEP

D'S. .

SELECT O

TRK 00

READY O

>TRK 43

INDEX

HEAD 1

HEAD LOAD

DIRECTION {

SIGNAL NAME AND DESCRIPTION

+5 'Vdc Powér - Output voltage supp]ied to Disk Drive Unit
for logic circuits.

l
+5 Vdc Power - Output 'voltage supp11ed to Disk drive Unit
for logic circuits. (

DIRECTION - This s1gna1 output is used, in conjunction
with the STEP signal to move the recording head from
track to track. When this signal is a logic low level,
the recording head is moved to the lower numbered tracks
(out). When this signal is:ia logic high level, the: head
moves to the higher numbered tracks (in). This signal:
must remain in the desired Tlogic state during the
duration of the STEP signal. _ : B

STEP - This signal output is-used in conjunction with the
DIRECTION signal to mave the recording head from track to
track. - A logic low heve] pulse causes the head to be
moved one track (step) in the d1rect1oh indicated by the

| WEAD 1. - |

~ DIRECTION signal. :

DOUBLE-SIDED INDICATION ,
(damage may result if connected to other.systems).

Not used. B

SELECT 0 - The logic Tow Tlevel output signal
select disk drive O.

: |
used @o

TRACK 00 - Low level input signal used to indicate
when the recording head is positioned over track 00.
When. Tow, the stepper motor drive circuits are inhibited
to prevent further outward movement of the head.

HEAD LOAD - This low Tlevel output- s1gna1 is used to .
position the flexible d1skette against the record1ng
head.

READY 0 - This low level input signal is used to
indicate that the flexible diskette is inserted

correct]y into disk drive 0, and that the dc voltage
evels and disk speed in this drive are correct.

ABOVE TRACK 43 - Th1s|output signal 1is used to contirol
the amplitude of the write current in the recording
head. When recording on tracks 0 thru: 43, this signal
must be a high level. Conversely, when recording on
tracks 44 thru 76, this signal must be a low level.

INDEX - A Tow Tevel input pulse used to indicate the
beginning of a track. This pulse -occurs once per

revolution of the diskette.




2
‘ %
PIN | SIGNAL
UMBER MNEMONICS SIGNAL NAME AND DESCRIPTION
f29 WRITE ENABLED| WRITE ENABLED - A low level input signal used to
- indicate that writing may take place.
31 WRITE DATA WRITE DATA - This output s1gna1 consists of Tow level
- ' pulses representing data to be recorded on the flexible
~diskette. Write current reverses d1rect1on on the
: leading edge of each pulse. .
33 EN WRITE" ENABLE WRITE - A low 14ve1 output signal used to enable
recording of data on the flexible diskette. When this
's1gna1 is a high level, read1ng data from the flexible
N | disk is enabled. g B -
35 SEL 2 'VSELECT 2 A
37 RAW DATA RAW DATA - This - 1nput s1gna1 conta1ns the unseparated
S data read.from the flexible diskette. .«
39 SELECT- 1 SELECT 1 - A low output signal used to se]ect d1sk dr1ve|
| 1. 2
2-40 GND GROUND (a]] even numbered p1ns are GROUND)

i




153

N
=

APPENTDI

. |

|

PIN

__NUMBER

SIGNAL
MNEMONICS

SIGNAL NAME AND DESCRIPTION

A,B,C

— Xidh o= m.o

+5V
IRQ

VMA

MEM CLK

-12 v
TSC

BA

MEM ROV

- signal requests that an MPU interrupt sequence be

~input signal requests that a non-maska

“ VALID MEMORY ADDRESS -

" clock used to refresh any dynamic memory used 1n the
. System. .

- =12 Vdc S j T
- TRI-STATE CONTROL - This active-low input s1gna1 “works.

ﬂl and QZ c]ock s1gnals

+$ Vdc - Used for the module's logi¢ circuits.
' INTERRUPT REQUEST - Th1s low level sensitive input

generated within the machine. The MPU will wait until
it comp]etes the instruction being executed before it
recogn1zes the request. At that time, if the interrupt
mask bit'in the MPU condition code reg1ster is not set,
the MPU will begin the interrupt sequence. .

NON-MASKABLE INTERRUPT - This Tow- go1ng, edge-sensitive

le 1nterrupt be
generated within the machine. The MPU will wait until]
it comp]etes the instruction being executed before it ’
recognizes the NMT s1gna]. At that time, the MPU will
beg1n its. non- maskab]F 1nterrupt sequence.

Mot used - . é
, | i

Phase 2 c1ock s1gna1

Not used. : 1

MEMORY CLOCK - This signal is an ungated TTL level P2

with MEM CLK to generate TSC GNT. |

BUS AVAILABLE - This output signal w111 normally be a
Tow level. When activated, it will go high to
indicate that the MPU has halted and the address bus
js available. This will occur when the = Halt line
is in the Halt (low) state 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 will

i go to their off (h1gh impedance) state, and other out-
" puts to their normally inactive state.
- interrupt or non- masHab]e Jinterrupt removes the MPU.

A maskable

from the Wait state.

- MEMORY. READY - This signal permits Monoboard M1cro-
- computer 1D to work with slow memory modules. When

this command is a low level signal, the p1 and P2 clock
signals .are stretched with the p2 c]ock held high. The
P2 clock signal remains at'a high level until the v
initiating module completes its memory operat1on " When
completed, the initiating module returns MEM RDY to a
high level, enabling.the c]ock to again generate the

I
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NUMBER

PIN

SIGNAL

. MNEMONICS

=

-

[a—y

3

SN X

b4 [ e S I WY

| <l <l ~i'wf = o =

QJ-<|

e

.

o *12 vy

= &R

A

Al3 .
A10
A9
A6
A5
A2
Al
GND

+
[S2]
<<

o g
p =3
=
—

1. ADDRESS bus (bit 2.
. ADDRESS bus (bit 1
* GROUND i

| The Halt line must go Tow W1th the leading edqe of ‘the
phase one clock (1) to ensure single instruction

+12 ‘Vdc

SIGNAL NAME AND DESCRIPTION

i

Not used. ~ S
Not used. .

DATA bus (bit 3) - O%e of 8 bi-directional data Tines

used to provide a two-way transfer between Monoboard
Microcomputer 1D and any other plug-in modu1es in the
system.

DATA bus (bit 7) - Same as*D3 on Cl-H.
DATA bus (bit 2) - Same as D3 on Ci-H. ,
DATA bus (bit 6) - Same as D3 .on Cl1-H.’ |

. _ : I .
ADDRESS bus (bit 14) - One of 16 address lines:used to|
select a memory locat1on either on this module or
external to this module.

ADDRESS bus (bit 13) L same as A14 on GI-.

ADDRESS bus (bit 10) - Same as Al4 on C1-M.

ADDRESS- bus (bit 9) - Same as Al4 on G1-W.

ADDRESS bus (bit 6) - Same as Al4 on C1-F.

ADDRESS bus (bit 5) - Same as A4 on C1-M. ,
) - Same as Al4 on Cl-M. - l
) -,Same as Al4 on C1-M. :

+5 Vdc - Used for modb]e 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. When 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 Tow level, and
all other three-state Tines will be in their off or
high  impedance state

operation. -If the Halt line does not go low with the
leading edge of the phase one clock, one or two instruc-
tion operations may result, depending on when the halt
line goes 1ow relative to the phasing of the clock.

RESET - Th1s buffered 1nput/output signal, ‘when used as
an output, prov1des a reset output to any external. |
devices requiring a RESET signal. An externaliswitch

closure to ground may be applied to this pin to manually
restart Monoboard M1crocomputer 1D.

t B —
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41,42,43

PIN STGNAL o
NUMBER MMEMONICS SIGNAL NAME AND DESCRIPTION
6 R/W READ/MRITE - This MPU output signal indicates to
external plug-in modules whether the MPU is performing
a memory read (high) or write (Tow) 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. -i ‘
- 7,8,9 Not used. '
10 VUA VALID USER'S ADDRESS
11 12 v -12 Vdc - Same as -12 Vdc on G1-M.
12 RR  REFRESH REQUEST - This input signal, when low,
' ‘initiates a memory refresh cycle of'the dynamic. memory
modules. During the refresh operation, the clock \
circuit is inhibited from generating its Pl and §2
, clock signals, but s§j11 generates the MEM CLK signal.
13 RG REFRESH GRANT - This loutput signal, when high, instruct:
the dynamic memory mgdu]es to refresh their memories.
14 | . Not used. . ’ | |
15 TSC GNT TRI-STATE GRANT - This signal, when h{gh, causes BA to
o ‘be Tow. Then the device requesting the bus takes con-
- B trol of VMA/VUA. -
16 +12 V +12 Vdc - Same as +12 Vdc on C1-T.
17,18 Not used. : o i
19 VXA © VALID EXECUTIVE ADDRESS
20-28 Not used. N
29 T ~ DATA bus (bit 1) - Sdme as D3 on C1-H.
30 D5  DATA bus (bit 5) - Same as D3 on C1-H!
31 Do DATA bus (bit 0) - Same as D3 on C1-H.
32. D4 "DATA bus (bit 4) - Same as D3 on C1-H.
33 A15 ADDRESS bus (bit 15) - Same as Al4 on C1-M.
34 A12 ADDRESS bus (bit 12) - Same as Al4 on Cl-M.
35 A1l | . ADDRESS bus (bit 11) - Same as Al4 on C1-M.
36 A8 | © ADDRESS bus (bit 8) - Same as Al4 on C1-M.
37 A7 ADDRESS bus (bit 7) J Same as Al4 on G1-M. )
38 A4 ADDRESS bus (bit 4) - Same as Al4 on G1-M.
39 A3 ADDRESS bus (bit 3) - Same as Al4 on C1-M.
40 A0 ADDRESS bus (bit 0) - Same as Al4 on C1-M.
GND GROUND
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: A'P PENDTIZX F
]
ADDRESSING MODES ! BOOLEAN/ARITHMETIC GPERATION CONO. CODE REG.
IMMED DIRECT INDEX EXTNO IMPLIED (AU register tabels slaf3jafs]e
OPERATIONS MNEMONIC} OF ~ =}op ~ =[op ~ =|op ~ =jor ~ =] reler to contents) - HitNfEvie
Add . aopa |38 2 2|98 -3 2{aB s 2[es & 3 " lasw-a tlefsft]i]:
ADDB. [ €8 2. 2(0B 3 zles 5 2{f8 & 3 BeM -8 HOHHMEE
Add Acmitrs ABA . <418 2 A+B A slefiis| s
Add with Carry ADCA 89 02 209 3 2/Aa3 5 2|83 4 13 A+MoC A HOBHHE
ADCB €3 2 2709 3 2)es 5 2[f3 & 3 BeM+C -8 HOHHEE
And ANDA g4 2 2|38 3 2{as s 2|84 &l 3 AM -A elef:f:]|nle
— ANDS €4 2 2[{Ds 3 2{e4 5 2{Ffs af 3 8-M -8 sfeftizinje
Bit Test T BITA 88 2 2|9 -3 21As 5 2|85 ¢ 3 A-M sje|lllinte
: 8178 €5 2 2{05-3 2[€S 5 21F5 4' 3 B-M DOHHEK
Clear CLA 6F 7 211F 6 3 a0 -M elelnistnln
CLRA ’ 4F 2 1 {00 -A ejo|RIS[R[R
. CLR8 ; SF 2 1}00-8 eleiR!SIR|R
Camgare ' cMPA 8t -2 219 3 2|lAar s 2Bt & .3 i A-M NOHHE
cMPe ct 2 2101 3 2|le&v s 2]Fm 4 3 : 8- M NOHHEBE
Compare Acmitrs © o C3A . "n 2° 1 [A-8 elefs HE
Compiement, 1's com 63 17 2}13 6 3 : g -m elell|i|R]S
coma . 43 2. 1 | X-A UL
covs 53 20 1|88 ejef:)ilnls
Camplement, 2's NEG 0 7 2{10 § 3 00 -4 -M . sief:] @D
{Negate) © ~ : NEGA ' 40 2 1[00-A-A ele|it:ITD
NEGB S0 2 1]00-8-8 slej: :(D@
Decimal Adjust, A DAA 19°2 1 Canverts Binaty Add. of BCD Characters |'s]e@]: (! '@
. . : in1o BCO Format . -
Decrement DEC 64 7 2{7A & 3 i M-1 M elofiftate
: . 0ECA . . ! A2 1 ]A-1-A slefl]t]|tje
. 0ECB ] : i lsa.z 1 B-1-8 ofef:{a}e
Exclunive OR EORA 88 2 219 3 2[a8 5 2|88 4] 3 ADM - A UUHHEID
' EORB |'C8 2 2]08 3 2}E8 S5 2(F8 4 3 BOM -8 | sje|t{|R}s
tngrement INC ‘ ¢ 1 2j1c § 3 Met ey ' NUHHOD
INCA . ) A 2 1] Asl A i BOHBOO
INCS SC'2 1 {B.1-8 o-::@o
toad Acmite LDAA Bs.2 219 3 2|46 5 -2{86 4 3 LTREYY sisfiitiale
LDAS €6 2 2j08 3 2|E6 5 2]Ff6 &4 3 w3 sje|:]ilnje
Or, Inctusve ~ 0Raa {8a 2 2|sa 3 2faa 5 2]ea & 3 Ast A elelifzin]e
: 0AAS CA 2 2{poAa 3 2]ea s 2{FA. & 3 B+M--8 NOHBEID
Push Data ’ PSHA . 36 4 1] AW SP-tesp o|la|o]je]ele
- PSHB 37 4 1|8 eMgpSP-Y 5P slofe|ejo|e
Pullt Daty PULA o 32 4 1 SP+1-+SP Mgp <A e|le|oiojele
: PULS . 33 4 1 [ SPer-shM5p -8 olefsjofofe
Rotate Lefl -, RO : s 1 21 s 3 . " : SJOHHBE
ROLB : : 9.2 1|8 C b7 = w0 DOHHOE
I Rotate Aught ROR 66 1 2[1 & 13 : M DGO H
RORA . } 46:2 A}m DOMNHGH
RORB ] ‘ i 562 1.8 C 81 T 0 NOHBOE
Shlt Lett, Anthmetic asL ’ 68 7 2] s 3| u} - BOHBE6ER
ASLA 8 2 1| A 0 - OIOss-o ofef:|:iEN:
asLs 8 2 118 c 57 0 NOBHGHE
Shift Right, AntRmetic ASR e v o2in o8 o3 v - elel: :‘@ :
ASRA : [ B A%}E-—D --::@:
ASR8 ) . 57 2 1{8 7 LIS efeytitGr:
Shilt Right, Lagic LSR 64 1 2118 6§ 3 M - UUILIRG
LSAA . 4 2 1] a -0 1D - 0O ejelnl et
LSAB : 4 7 1l b7 LU elojri:igl:
Stare Acmirr, STAA . 37 & 2[Aa7 6 2{871 5 3 ' A-M ele[i[:fn[e
. §TAB 07 & 2{E1 5§ 2{F1 5 3 B~M eleftltlnle
Subteact SU3A 80 2 2{30 3 20a0 s 2|80 & 3 A-M-A UOHHMHE
. suss 0 2 2100 3 2{60 S5 2|F0 & 3 B-M-8 SOHHHE
Subtract Acmites, s8A | I {1 2 1] a-8-a efeftlz]efe
Subtr. weth Carry SBCA 82 2 2{9% 3 2iAa2 5 2{s2 & 3 A-M-C-A efofi}:]:]:
1] €2 22102 3 2|€2 5 2|lf2 & 3 8-M-C-8 LICI RS
Fransler Acmltes : Tag ! 15°2 1| A-8 ejeiiftinle
) TBA ) i M2 18 -a ofof:izin]e
Test, 2eto or Mings TsT €0 7 2f0 & -3 ‘ M - 00 eiwritiyala
TSTA ’ ' a2 1| a-oo elel:l:lr]a
1578, 0 2 1!8-m ejeji|:]n|R
- ulrintzivic
LEGEND: ‘ ) . ’ CONDITION CODE SYMBOLS:
QP  Ooeration Code (Mzeadecimal): + Baolean inclusive OR;
Number of MPU Cycles: @  Booiean Exclysive OR: W Half-carry fram bt J;
2 Number of Program Byfes; M Complement of M; [ Interrupt mask
e Arithemetic Plus; - Transter Into; N Negative lugn bitd
- Anthmene Minug; 0 Bit * Zeco; 2 Zerolbyte)
. Boolean AND; 00 Byte * 2ero; V . Owsritaw, 2't complement
Mgp Cantents of memory focation pointed ta b Stack Ponter; € Catytrombut? !
. R Reset Always
Nate - Accumulator addvemng"made instructions are included in the column for IMPLIED addressing S Set Always
—— [T S T 11 Testand setf wrun, cleaced utherwae
L] Not Altected

B
|
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|
JUMP AND BRANCH INSTRUCTIONS !
|
. ; COND. CODE REG.
! RELATIVE | INDEX EXTND IMPLIED slalalz2]1
OPERATIONS MNEMONIC OP|~ | 2|0OP|~] 2] 0P i OP|~|= ! BRANCH TEST Hit|N|]2Z}iV
ﬁunth Always BRA 201472 ! None oleo|oleo|e
Branth M Carry Clear BCC 24142 c=0 sl o ieie]|e
Branch If Carry Set BCS 5514 |2 c=1 s, 0 i0jo|e
E Branth If = Zerg BEQ 2ij4]2 2=1 _ ololejele
i Branch If > Zero BGE 1412 NOV=0 eleiele .
. Branch If > Zero BGT 26412 i Z+{NOV)=D ol ool el e
! Branch It Higher 8HI 221412 ‘ C+Z=0 ' sjoleo|ele
Branch Il < Zero - BLE 2F{ 4|2 Z+{NOVI=1 ejo/elale
Branch Il Lower Or Same BLS 231412 C+2Z=1 el slel o] e
Branch It < Zero BLT 20|14 )2 NOV=1. el o eje]e
Branch If Minus BMI 281412 N=1 ol o 0o 0| @
! Branch Il Not Equal Zero BNE 261432 2=0 el eleo| o] e
, Branch tf Qverftow Clear BVC 281412 i V=0 ' ol ol s @] @
Branch M Qverflow Set BVS 29{41)2 ! A e/ oleo of e
Branch H Ptus - 8PL 201 4] 2 . N=0 ' e e | o] el e
Branch Te Sub'uunne BSR 8D 8, | 2 ; ol eleo!l o e
Jump JMP 6E| 4 7€) 3|3 'L See Special Operations eloleiale
Jump To S«lhvoulnqe ISR AD| 8 BD{ 9|3 N e eliel ej 0l @
Ne Operation NOP . 012 Advances Prog. Cntr, Only oiie | e o e
Return From In!griupl ATI 3110t ‘ : @ :
Return From Subroutine RTS s |1 " olie]| e e ol
Software Interrupt SWi 3F-3 1291 > See Special Operations e[ oo, ol s
Wait lor Interrupr® wal JE 9 |1 ’ . @ cl ol =
" "WAI puts Address Bus, RMW, and Data Bus in the three-state mode while VMA is hcld low. | i
@ (A} Load Condmon Code Register from Stack. (See Special Operations)
@ (Blt 1} Setwhen interrupt occurs. If previously set, a Non Maskable tnterrupt i
e is required 1o exit the wan state. L e, _ i
INDEX REGISTER AND STACK POINTER INSTRUCTIONS
' COND.CODE R
co {_mmeo | omECT | NDEX EXTND | ‘IMPLIED : , BOER
" POINTER DPERATIONS MNEMONIC lr op|~| =lopi~|=]or|[~]=[opl~]=]ori~]Z] soorean/aniTumeric oreRaTION | H (1iN2iV
i Campare Index Reg cex  {8cf3jafeclalz]|acle]2liec|s|s Xy-M X -1 o -@‘ : .'U
j Decrement Indes Reg pEx | 03§41 Xl =X olelel:le
" Decrement Stack Potr DES I 138,41 SP -1 +SP
j Increment Index Reg INX : " tlost a4 11 XX 1®
I Increment Stack Prtr INS l . . ‘ l Nntatt SP+1--SP ) .’
' Load Index Reg LDX {1 CE| 3, 3|DE| 4] 2 EE(6 )2 FE)S |3 ‘ M= Xp, M+ 1= X .
| Load Stack Pnur tos | 8e (3| 3]9€|s|2{AEl6|2|eels |3 M- 5Py, (M + 1}~ SPy .
. Stote Index Reg STX ‘ DF| S| 2!EF] 72 [FF 6|3 XYM XMy L4
: Store Stack Pou s1s | af | 51 2{AF {7 | 2;BF! 6|3 SPy - M SP ~(Ni+ 1) .
. Indx Reg ~ Stark Pnir - XS . - - 3Bid X -1 8P .
{ Stuck Putr = Indv Reg TSX viag SPe1-X .

@ {Bit. N} Test: Sign bit of most significant (MS) byte of result = 1?
@ (8it V) Test: 2's complément overflow from subtraction of ms bytes?
(D (8iN] Test: Result fess than zero? (Bit 15 = 1)

CONDITION CODE REGISTER INSTRUCTIONS

COND. CODE REG.

)
|

R IMPLIED _ slaflalzf1]o
OPERATIUNS MNEMONIC |OP | ~ | = | BOOLEAN OPERATION| H | I | N (Z | V]
Ctear Catry * cLe 0cj 2 |1 0-C ejeoeje o e |R :
| Clear Interrupt Mask cu e 21 0-1 *|lRiejeje]e
| Clear Overftow cLy oal2 | 0V e|lefele]nlel
Set Carry SEC wj2y1 1-C sjo|efolels.
Set Interrupt Mask SE1 [OF[2 1 1-1 elsleje|oje’
Set Overfiow SEV 08l2]1 1=V ejlsleloisie
Acmits A~ €CR TAP 062 |1 A—CCR O— .
CCR - Acmlir A . TPA 0721 CCR—A o]eleje|e]e

R = Reset
S = Set
® = Not affected

) i
- (D (ALL) Set according to the contents of Accumulator A.



) . PROGRAMMING REFERENCE DATA
Table 7 it a summary of the information in the data sheet and ¢an be used as a reference when programming the MCE843.
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i Hex R/W .
Supevt | Address | Mode ' = ';"_' Bits
R { 8t7 | _Bit6 | Bt5 | Bitd | B3 ]| ®it2 T “mitv | Bit0_ |
DOR 0 . wo N 8 Bits of Datas Uszd for a Disk Write Operation : ]
Bt7 | Bit6 . | Bit5. ] Btda |. Bt3 | Btz | 8t1 | Bio
DA 0 RO 8 Bits of Data Used for & Disk Read Operation
;
Bit 7 Bit€. | BitS | ®Bit4 | 8itd. | Bit2 | Bit1 | Bit0
Ll 1 R/W Not Used 7 Bit Track Address of Current Head Position
' Bit7 8it 6 Bit5 Bitd Bit3 |- Bit2 [ Bit) | - B0
N Function T1SA3 OMA . . . .
i R 2 wO Interrupt Interrupt . Fis | FWF . . Macro Command
L " Mask Mask 9 i . ’ )
i
Bit?7 |  Bit6 | BitS5 | B4 - Bit 3 Bit 2 Bit 1 Bit 0
o I v ¢ ] .Status ¢ | Settting® Macro *
ne 2 ‘RO, Not Used * ! STRB Sense Time Command
) i Request Comp‘etc Complete
T Lo
! Bit7 | Bit8 | Bit5 | . Bita Bit3 . | Btz | Bit1 | Bitd
L MU 3 WO Track to Track Seek Time Head Settling Time
! Bit?7 Bit 6 Bit &6 Bit4 Bit3 Bit 2 Bit 1 Bit 0
: Lo Track * L ' . Delete * | - Data *
! TRA 3 RO - Busy index . Not - Pﬁr"::( ;’:: RD.'.';' Dats Mark Transfer
” __Equat v Detected Request
. . Bit?7. | Bit6 .| Bits Bitd | eit3 | B2 ] sit1 | Bito |
. BAR 4 - WO Not-Used 5 Bit Sector Address
H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 it 1 Bit0
H
, ¢ e ; . Sector * Data * . .
teme 4 ) ot | e | osente | Ewerl | Ases | mwk | ER
- i pers " | Undetected | Undetected
| .
: Bit 7 Bt6 | Bt6 | Birta | B3 { Bit2 | -Bitt | Bit0
I ocr 5 WO Not Used 7 Bit Count for Track Number on SEK or Sector Count for MSR or MSW.
0 }
] Bit7 | Bit6 .|  Bits§ | Bitd | ®Bit3 | Bit2 Bit 1 Bit 0
L CCR [ wOo Not Used ’ " Shift CRC |CRC Enabte
: Bit 7 Bit6 | BitS | ®Bit4a | B3 .| Bit2 | Bit1 | Bitd
'LtYAl 7 ‘WO Not Used 7 Bit Search Track Aduress .

RO — Read Only
WO — Write Only
" R/W — Read/Write

*Cieared by Reset

MACRO COMMANDS |

Hex Code | Instruction | Hex Code |’ Instruction
2. sTZ A FFR
3 SEX 8 FFW,
4 SSR c " MSR
5 Ssw D MSW
8 ACR
7 SWD
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