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Program ROM 1s deselected, the FDC module I/0 can be assigned
to any page
PROM.

(256 bytes) by replacing the Base Address Selection

The FDC module 1s available in a 72-pin Edge Connector versiocon

and 1n a 64-pin Eurocard version. Both versions are shown 1in

Figure 1-1. The pin assignments of the two versions are
identical except the edge connector version has four additional
pins connected to +5VDC, and four unused pins (see Table 3-3

for pin assignments).




The FDC module and optional firmware are identified as follows:

Order No. Description
+
! RM65-5101 FDC Module (Edge Connector) with on-board ROM*
RM65-510G1N FDC Module (Edge Connector) without on-board ROM
RM65-5101FE FDC Module {(Euroconnector) with on-board ROM*
RM&E5-510@31NE FDC Module (Buroconnector) without on-board ROM
A65-099 ATM ©5 DOS 1.4 ROM**®

A65/40-7098 | AIM 65/40 DOS 1.0 ROM**

-

NOTES
* Program ROM contains FDC module primitive subroutines only.

**pProgram ROM contains FDC module primitive subroutines and
DOS functions integrated with host computer I/0.

1.2 FEATURES

. RM 65 Bus compatible

a. Bdge Connector Version . Compact size--about 4" x 6-1/4" (10d mm x 160 mm)

. Buffered address, data and contrcl lines

. Supports single~ or double-sided, standard or
mini-floppy disk drives

. Controls up to four disk drives

. Interfaces directly to Shugart S5A859 or SA458 disk
drives, and other popular fleoppy disk drives

. Supports single-density IBM 3748 (FM) or double-density
iIBM System 34 (MFM)} formats

. DMA data transfer capability

. Supports 1nterrupt-driven or polled operation

. Bipolar PROM Base Address decodilng

. Swltches or jumpers for
- Bank Selection to one or two banks
-~ Single- or double-sided operation
- Select or deselect ROM
- Select or deselect I/0

. On-board header configures I/0 for 8" or 5-1/4" drives

. On-board ROM contains FDC mcdule primitive subroutines

. Optional Disk Operating System (DOS} Version 1.6 ROMs
support AIM 65 or AIM 65/4@ microcomputers

. FPully assembled, tested and warranted

b. Burocard Version

Figure 1-1. FDC Module
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1.3 CHARACTERISTICS

The physical and electrical characteristics of the the FDC

module are listed in Table 1-1.

Table 1-1. FDC Module Physical and Electrical Characteristics

Characteristics

Value

i Dimensions (see Figure 1-2)

Edge Connector Version
Wwidth

' Length

| Heilght

| Welght

Eurocard Version
Width
Length
Height
Weight

Environment

Operating Temperature
Storage Temperature
Relative Humidity

Power Reguilrements

Interface Connector Pl

Edge Connector Version

' Eurocard Version

Module I/0 Interface Jl

2.9 in. {10@ mm)

6.5 1n. {164 mm)
g.56 1n. (14 mm)
4.8 ocz. (134 g}

3.94 in., (19@ mm)
6.30 1n. (169 mm)
g.56 1n., {14 mm)
5.2 oz. (149G qg)

4°c to 70°C

~49°C to 85°C

g% to 85% (without
condensation)

+5 Vdc + 5%

600 mA (3.2 W) - typical
90 mA (4.8 W) - maximum

+12 vdc +5%

60 mA (0.76W) - typical
100 mA (1.26W) - maximum

72-pin edge connector (¥.100
in. centers)

64-pin plug (3.100 1in.
centers) per DIN 41612 (Row Db
not installed)

5¢-pln mass terminated (@.1l0¢
in. centers). Mates with
T&B/Ansley Part No. 689-~-50801M
or equilvalent.

—

NOTES

1. The height includes the maximum values for component
height above the board surface (#.4 1in. for populated
modules), printed circuit board (PCB) thickness

(0.262 in.), and pin extension beyond the PCB (4.1 1n.).

2. The length does not include the module ejector.

3. The Eurocard dimensions conform to DIN 41612,

e

l-4

" 6.8 IN.
(172 MM)
[t LENGTH

MATING

Y

MOTHERBOARD
AND RECEPTACLE

WIDTH

Y S

EDGE CONNECTOR VERSION

EDGE CONNECTOR

COMPONENT AREA

i \

weight (1L
[

6.8 IN.
(172 MM)

LENGTH

|
[
A

WIDTH EUROCARD VERSION

) S

| MATING

MOTHERBOARD
AND RECEPTACLE

EUROCARD CONNECTOR EXTENSION

COMPONENT AREA

i

HEIGHT

A

Figure 1-2. FDC Module Outline
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SECTION 2

INSTALLATION AND OPERATION

2.1 UNPACKING

Unpack the FDC module from its shipplng carton and refer to

the packing sheet to verify that all of the parts are

included. Save the packing material for storing the module.

CAUTION

This module contains voltage-sensitive 1tems,
The module should be stored in an anti-static
container when not in use and anyone handling

the unit should observe anti-statlic precau-

tions. Damage to the unit may result 1f

anti-static protection is not malntalined.

2.2 OPERATING OPTIONS

Seven operating options are switch, PROM, or jumper selectable:

. Base Address selection
. Bank selection
. Program ROM and 1/0 selectlon

. DMA Channel selection

. Standard/Mini-floppy selection

. Precompensation

. Dual Head Drive

Figure 2-1 identifies the detail on the FDC module. The

function of each switch, jumper, and connector is identified

in Table 2-1, along with referencde to the section and table

that describes 1ts use.




FDC Module S8Switches,

Jumpers, and Connectors

Cateqgory

I tem

Description

Reference

Swltches

S1-1

S1-2
S1-3

S1-4

i
Bank Select Enable

Bank Select
I1/0 Selection

| Program ROM Selection

Section 2.2.2
Table 2-3

Section 2.2.3
rTable 2-4

L

Headers

JB1,
JB?2

Standard/Mini~-Floppy
Selection

Section 2.2.§
Table '2-6
Figure 2-2

Jumpexrs

El

E2

E3

Precompensation Selec-
tion

| DMA Channel Selection

Dual Head Drive

e

Section. 2.2.6
Table 2-7

Section 2.2.4
Table 2-5

Section 2.2.7
Table 2-8

Connectcrs

Pl
J1i

RM 65 Bus
Disk Drive I1/0

Tables 3-1 & 3-3
Table 3~-2 & 3-4

PROM

Zz18

Base Address Selection

Section 2.2.1
Table 2-2

2—2

Hid 1 FOR
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2.2.1 Base Address Selection

The FDC module has a factory programmed base address. The
Base Address Selection PROM (218) is programmed with this
addressing information and cannot be altered. The programmed

outputs for the Addressing PROM are shown (for reference
only) in Table 2-2.

Table 2~2. Base Address Selection PROM Programmed QOutputs

e LT S Mol i, e iy = Enler=SE _——#-—-h_ﬂ_'—_—-__-—-_-—#-

. PROM Address Inputs PROM Select Outputs
—_ — - - i I
H *T G } F l E ' D } C “T‘; l A D1 I D2 I D3 ‘ D4
_E ) B X X X X _% X ’ 1 1 X X
? 1 @ X X X X X 1 | X X
l 0 1 1 B X X X X | 1 1 X X
B 1 1 1 4 D % 7 ¢ 1 X X
4 1 1 1 0 @ Y 1 1 f X X
0 1 1 1 y 0 1 X 1 4 X X |
| 0 1 1 1 0 1 X X 1 0 X X
¢ 1 1 1 1 X X X 1 & X X |
1 X X X X X X X 1 1 X X
- - - - “-NOTES

1. X is a don't care level.

2. PROM inputs A to H correspond to RM 65 signals BA8/
to BAlS5/, respectively.

3. PROM outputs D1 and D2 correspond to device selects

il w——

FDC and ROM, respectively.

4. PROM outputs D3 and D4 are not used.

5. This program reflects the following base address: ,

S80QF to $8EFF -~ ROM select%mn
| S8FP@ to S8FFF - I/0 selection

2~4

For custom applications where the standard FDC firmware is

not used, the Addressing PROM can be replaced with a user-
provided PROM which has any desired address programmed. The
FDC module wi1ll be active 1n any address range for which the

ROM or FDC selects are programmed active.

These two selects
must not be programmed active in the same page (that is, for

any PROM address input, only one PROM select output may be
low) .

2.2.2 Bank Selection

The Bank Select Enable switch (S1-1), in conjunction with the

Bank Select switch (S1-2), allows the module to be assigned

common to both memory banks {(Bank @ and Bank 1) or to be

dedicated to a selected memory bank (either Bank @ or Bank 1l}.
When OPEN, the Bank Select Enable switch assigns the I/0 logic

and Program ROM to both banks regardless of the position of the

Bank Select switch. When the Bank Select Fnable switch is

CLOSED, the assigned bank is determined by the position of the

Bank Select switch. See Table 2-3 for the switch positions.

In applications where the module is to be addressed by a

microcomputer that does not have bank addressing capabilities,

the module must be assigned common to Bank # and Bank 1, or
dedicated to Bank 4.

Table 2-3. Bank Select Switch Positions

Switch Position
Memory Bank Selected Bank Select Bank Select
Enable Switch Switch
S1-1 S1l-2
-+ —_
Bank 8 and 1 OPEN 1 EITHER
Bank  (Lower 65K) CLOSED OPEN
Bank 1 (Upper 65K) CLOSED CLOSED
2-5




2.2.3 Program ROM and I/0 Selection

The Program ROM Selection switch (81-4) and the I/0 Selection
switch (S1-3) allow the module to operate with the ROM and 1/0

active, with I/0 only active, or with the module disabled from
the bus. When only the 1/0 is selected, the module is active
in the page assigned by the Base address Selection PROM. When
the Program ROM and I/0 are both selected, the module is active
in the 4K-byte block assigned by the Base address Selection
PROM with the Program ROM active 1n all pages except the 1/0
page. Both the Program ROM and the I/0 can be deselected which

removes the FDC module entirely from the RM 65 memory map.

To use the Program ROM firmware, 1l.e., primitive routlnes OX

optional DQOS, the Program ROM and 1/0 must be selected and the
module base address assigned to 58090. The module may also be

used with user-provided firmware, with the Program ROM selected

installed on-board or deselected (firmware installied off-

board). The switch positions are summarized in Table 2-4.

Table 2-4. Program ROM and I/0 gelection Switch Positilons

Switch Positilons
Module Operatiog and Program ROM I1/0 Selection
Program Location Selection Switch Switch
Sl-4 51-3
Supplied Filrmware CLOSED CLOSED
(on-board)
User Firmware CLOSED CLOSED
{on-board)
IUser Firmware OPEN CLOSED
(off-board)
| Module Deselected OPEN OPEN
2-6

2.2.4 DMA Channel Selection

For most applications, all data transfers between the module

and the RM 65 bus can be directly controlled by the CPU, with
no need for a DMA Controller. 1In this case, the DMA Channel

Selection Jjumper (E2} 1is not used and can be 1n elther

position. For applications that reguire a DMA Controller (such

as 8-inch double-density format), the DMA regquest can be

generated on either of the two RM 65 DMA Request lines (BDRQ1l/,
BDRQ2/). Install the DMA Channel Selection jumper (E2) 1n

position A for DMA Request 1, or in position B for DMA Request
2 {(see Table 2-5).

Table 2-5. DMA Channel Selection Jumper Positions

Module Operation EM 65 Jumper Posiltions
Signal

Operation without a DMA Controller — E2 = BEITHER

Operation using a DMA Controller

DMA Request Channel 1 BDRQL/ E2

A
DMA Request Channel 2 BDRQ2/ | E2 = B

2.2.5 Standard/Mini-Floppy Selection

The standard/mini-floppy selection headers (JBl, JB2) configure
the module to operate with standard floppy (8") or mini-floppy
(5") disk drives. These headers consist of two factory
programmed 16-pin shunting bars with alternate shunts removed.

By rotating these headers 186° the shorted pins can be changed
(refer to Figure 2~2 and Table 2-6).

In the 5" Position (see Figure 2-2a), pins L, 3, 5, and 7 of

headers JBl and JBZ are shunted to the opposite pins 1¢, 12,

14, 16, with the remalning pins left open. In this mode, the
FDC module is configured for mini-floppy disk operation, with

only 34 pins on the I/0 connector used. Signals re-assigned on
the I/0 connector 1nclude Second Side Select, Drive Four

Select, Index Hole, Motor On (used for Head Load in 8"




J%TI E j- vosition), and Drive Ready which is forced always active
- (logic 1). The FDC controller clock is set to 1 MHz and the

Y " Table 2-6. Standard/Mini-Floppy Selection Header Position
' To indicate the 5 _
vCO reference clock is set to 2 MHz.

S

il

Tl

|||| ! | J| ,-IJII-I-'.'I:'I5I_-II.J' _. :
prlptn

position, bit 6 of the Drive Status Buffer is set low

_ : Mini-Floppy (5") Standard Floppy (8")
{logic 6). | ?1ns Selected Selected
In the 8" position (see Figure 2-2b) pins 2, 4, 6, and 8 of _ |
osite pins 9, 11 1, 16 [SHUNT Drive Status Buffer|OPEN |Drive Status Buffer
headers JBl and JB2 are shunted to the opp P' ' ' - logic ¢ on bit 6 _ logic 1 on bit §
13, 15, with the remaining pins left open. In this mode, the 2, 15 [OPEN SHUNT
PHC module is configured for standard floppy disk operation |
i _ ‘ the 1/0 connector used. The drive . 3, 14 |SHUNT|FDC Controller OPEN [FDC Controller
| with all 58 pins on e o | ) | Clock Clock ‘
'H! interface signals that differ from thg 5" position 1nc%u e r4, 13 JOPEN |~ 1 MHz Reference SHUNT{— 2 MHz Reference
L the 2nd side select, Drive Four select, Index Hole, Drive JB1 !
: Ia i ., 2
SR " 1tion) . The IS 12 |SHUNT OPEN
7?@ Ready, and Head Load (used for Motor On in 5" pos ) ) . d |
1] FDC controller clock is set to 2 MHz and the VCO referenc 6, 11 [OPEN |PLL Clock SHUNT|PLL Clock
Lfi lock is set to 4 MHz me indicate the 8" position, bit 6 of - 2 MHz Reference -~ 4 MHz Reference
| c ’
it . : ' logic 1). . .
i the Drive Status Buffer is set high (log ) !7, 16 |SHUNT|2nd Side Select OPEN |[2nd Side Select
i o O - pln 48 (32) of J1 - pin 14 of J1
!i | R g7 T TSR EE SRR . © e, R T I A | ' | 8 , 9 O P EN S HUN'T
il
=W 1, 16 JSHUNT|Drive Four Select |OPEN |[Drive Four Select
a - pin 22 (6) of J1 — pin 32 of J1
ol 2, 15 |OPEN SHUNT
it 3, 14 |SHUNT|Motor On. - |OPEN |Head Load
- L - pin 32 (16) of Jl — pin 18 of J1
| 4, 13 |OPEN SHUNT
(5 JB2
- 15, 12 [SHUNT|[Drive Ready OPEN |Drive Ready
- always active - pin 22 of Jl
6, 11 |OPEN SHUNT ‘
’ . 7, 16 |SHUNT|Index Hole OPEN [Index Hole
" -~ pin 24 (8) of J1 — pin 28 of Jl |
il l 8, 9 |OPEN SHUNT
r NOTE
) 1. Pin numbers in ( ) refer to a 34-pin receptacle for 5" ]
drives,
\“

5 b. 8" Floppy Drive Header Placement

’ x Figure 2-2. Standard/Mini-Floppy Selection Header Locations
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2.2.0 Precampensatian

The Precompensation jumper (El) selects the recording mode of
the write circuitry (see Table 2-7). For single-density
recording, place jumper El 1n position A soO precompensatlon
is not performed. When double~density recording is used,
precompensation 1s performed in two ways. For typical
applications, precompensation 1s not used on the outer
cylinders. Forx this mode, install jumper El 1in the B
position to precompensate only on tracks greater than 43.
Alternatively, remove jumper El 8O precompensation willl be

performed on every track.

Table 2-7. Precompensation Jumper Positions

Recording Mode Jumper Positlons

Single-Density

. = 2
- No Precompensation Bl
Double-Density
_ Precompensation on Tracks >43 El = B
- precompensation on all Tracks E1l = REMOVE

1 -

2.2.7 Dual Head Drive

The FDC module can use either single head floppy disk drives,

double head drives, or combination of both types. If only
single head drives are used, set the Dual Head Drive jumper

(E3) to position B. It rhere are any double head drives,
set this jumper to position A. These positions are shown 10N

Table 2-8. Dual Head Drive Selection Jumper Positions

Pypes of Floppy Drives Jumper Pos1tions
Single Head Drives Only | E3 = B
Single and Dual Head Drives E3 =
2-10

2.3 INSTALLING THE MODULE

Before installing the module, ensure that it is not damaged

and 1s free of grease, dirt, liquid or other foreign matter.

CAUTION

Prior to module installation turn off power
to the RM 65 bus. Also, turn off power to
the RM 65 bus when the Floppy Disk Controller

module 1s 1nstalled prior to changing switch

or Jjumper positions.

a. Based on the RM 65 system memory map and requirements

(refer to Section 3.1), select the proper module

operating options relating to the RM 65 bus interface:
(1) Select common or dedicated bank operation for the

module by positioning switches S1-1 and S1-2 (refer
to Section 2.2.2 and Table 2-3).

(2) Install the desired on-board Program ROM:

ROM ID Descriﬁtiﬁn Address Range
R14C5 FDC Primitive Routines S8800-S8FFF
R324E AIM 65 DOS 1.9 S8OQO-S8EFF
R325E AIM 65/40 DOS 1.4 S800QP-S8EFF
Other User-provided

Note that the R14C5 ROM is 2K bytes while the two
DOS ROMs are 4K bytes. The factory configured base
address PROM assigns address range S$800@0-S8EFFF) to
the on-board PROM/ROM to allow either 2K- or 4K-byte
devices to be installed. Early deliveries of the

R14C5 ROM code may be installed in a 4K-byte PROM.




(3) Select or deselect the program ROM and 1/0 by

positioning swiltches 31-3 and S1-4 (refer to Section

5>.2.3 and Table 2-4). 1If the program ROM routines
will be used, the ROM must be installed and selected.

(4) Select the DMA reqguest channel by positioning Jjumper
E2 (refer to Section 2.2.4 and Table 2-5)

b. Based on the Floppy Disk system requirements, select the

remaining operating options:

(1) Set the module for 8" or 5" drives with the
selection headers JBl and JB2 (refer to Sectlon

2.2.5, Figure 2-2, and Table 2-6).

(2) Select the precompensatlon mode by positioning

jumper El (refer to Section 2.2.6 and Table 2-7).

(3} Select for single or dual headed drives Dby
positioning jumper E3 (refer to Section 2.2.7 and

Table 2-8).

. Align pin Wa (for Edge Connector version) or pin la (for

rurocard version) of the module with the identical pin on

the mating RM 65 bus receptacle.

CAUTION

RM connectors are keyed to prevent lmproper
module connection. If the module does not

insert into the receptacle with moderate

pressure applied, check the orientation
and the connector alignﬁent of the module.
Forcing the module improperly 1nto the

receptacle will damage the receptacle

and/or the module.

d. Insert the module into the desired card slot (1f a card

cage is used) and position it in front of the mating

receptacle.

e. If an 8" disk drive is to be operated in the double-density
mode, install an RM 65 DMA Controller Module (RM65-5104) .

f. Insure that all interfacing drives are properly configured

(refer to their operating manuals) and apply any necessaty

power supplies.

g. Connect the required cable to the Disk Drive connector J1
on the module (see Figure 2-1) and to the interfacing disk

drives.,

h. Press in firmly on the end of the module until all pins are

securely seated.

i. Reapply power to the RM 65 bus.

NOTE
i  The FDC Module requires +12 VDC on the RM 605

bus (pin 1l7a of connector Pl).

2.4 REMOVING THE MODULE

a. Turn off power to the RM 65 bus and interfacing disk

drives.

. Disconnect the cable from the disk drive connector.

o. If the module is installed in a card cage, lift up on the

module ejector tab to release the module from the mating

receptacle. Pull the module straight back until it 1s free

from the module guides.




d. If the module is installed in a single card adapter, or 1n
a motherboard without a card cage, pull back on the module
while moving it slightly from side to side until it 1s free

from the mating receptacle.
2.5 FDC MODULE CALIBRATION PROCEDURE

The FDC module has two trimmer potentiometers (RV1, RV2) which

are factory adjusted to nominal values in order for the FDC

module to operate with most disk drives. Under normal condi-

tions, these settings will not reguire changing.

Trim pot RVl controls the VCO reference frequency. When

properly adjusted, there should be a 4.1 MHz waveform between

the test point (TP1l) and ground (TP#). This frequency 1s the

same regardless of the disk drive units used.

Trim pot RV2 controls the write precompensation pulse width.

If the disk drive manufacturer specifies a different value than

150 ns, the calibration procedure is as follows:

a. Insert a blank or scratch disk into the desired disk

drive 1. The drive will be selected for double-density

mode, side ohes

b. Adjust RV2 to get a negative-—-going pulse on TP2Z of the
specified time period while the track 1s being repeatedly

formatted by the following Precomp Adjust Routine:
CALIBEATION TEST FOR EM 25 FEC PMOLULE
SUHIRCE

LCORE=FoRgd
N SR I 5 e 23t IS
FORR=ERFEE
FORFLG=34RBE
FoaTioF=f=E 40
o2z A )
EMNTRY LA HEFF
STH O FORFLG
FRECOM DA sk
=TH DCORR
JS5R WETREAE
JHE= FRECIDN

sELAG FOR TR HHMLDLER

s S TD AL TEEL D, TRO BErNEBELEL

FRIRITE A O TREHLE
P REFEAT ONT L EE=BEA

2-14

CRALIBRATION TESZT FOK

SOUIRCE

WRETRAK LDR #3308

JER EXECAE

BIT FSTOF

STH FLRE

Jei WDHTH
END

HDHTH

Rl &3

0 MO ULE

=R 1IN

W T T

CORT T

TRACE COMPRMND

 EXECUTE THE FDO COMMARD
SSTOR CPU UNMTIL DATA REGUEST
s WRITE CUMMY BYTE FOR REQUEST
JLODF UNTIL IRG EXITS

c. When done, press RESET to return control to the Monitor

command level.
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i SECTION 3
5 h _t,! FUNCTIONAL AND INTERFACE DESCRIPTION
3.1 MEMORY MAP
;i%%ﬁi- P mﬁﬁ;_;éi!i I f the on-board Program ROM is selected (by switch §l-4, see
Y g L - r“gﬂ‘ - Table 2-4), the FDC module 18 assigned 40896 bytes (SBUGU-S8FFF).
2 : kS X | The first 3840 bytes (SBOUOY-$SBEFF) are available to the Program

ROM while the last 256 bytes ($8F@U-$8FFF) are dedicated to the

1/0 logic., Of these 256 bytes, only six are unique and are
assigned to the controller device or module logic; the other 259

H. Bl IR - L e T BT L i R s o o i al DR IR T TR TE ol bt ol e B U R
Ak T T A T e TR T
Ll L L, Do =T b S T T .
A . k- 0 e

-y .

bytes are redundant, i.e., copies of these six bytes, Table 3-1

i ol b

shows the general FDC Module Memory Map and Table 3-2 lists the
FNDC module detailed I/0 functions.

The primitive subroutines and variables are identified 1in the
DC Primitive ROM (R323E), the AIM 65 DOS 1.6 ROM (R324FE) and

i the AIM 65/4¢ DOS 1.8 ROM (R325E). If any of these ROMs are
installed, the primitives require 90 bytes of off-board RAM;

four bytes on page zero and 86 bytes on page four (see Table

A-7 for the variable address assignments). The primitives also

require two RAM buffers for data input/output, each of which

must be at least one sector in length (128 bytes for single-

density or 256 bytes for double-density). See Section 4 for

| Lhe description of the primitive routines. If the optional DOS

1.0 ROM is installed, it requires four additional bytes of RAM

on page zero and 100 bytes on page five (see Tables 5-4 and o6-4
for AIM 65 and AIM 65/40 variable addresses, respectively).

The default I/0 buffer locations for the DOS are $600-S7FF for
; the AIM 65 and S3EQUQ0-S3FFF for the AIM 65/4¢ {these locations

Are user-alterable, see Tables 5-4 and 6-4). See Sections 5

and 6 for descriptions of the AIM 65 and AIM 65/406 DOS 1.0, g

! | respectively.

lf the on-board Program ROM is not selected, the constraints on ;

the base address (i.e., $800¢-$8FFF) do not apply and the I/0 ?

2 | logic may be assigned to any avallable page {(see Section

2.2.1) .

3-1
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"%%';' ; L?: I Table 3-1, FDC Module Memory Map Table 3-~2. FDC Module 1/0 Memory Map

e - o

Hex Function Hex Buffer/Register
Addr.
Addr.,

- Write (R/W

1S0P@9 | Page Zero RAM: S$SOD7 ~ S@DE S8¢PP|15 Pages ROM: 58000 - S8EFF

Page Four RAM: S$4AP - S4FA 1 Page I[/0: S$8F@0 - SBFIF | XY®@ | Command Register Status Register *
Page Five RAM: $500 - $563

Function

¥
R,

i

LOW) Read (R/W = High)

j l(page Five for DOS use only) XYel Track Register Track Regilster

k
" I'”'““ - XYyag2 Sector Regilster Sector Register

i$lﬂﬂgi 59000 XY@3 Data Register Data Register

5 XYo4 Drive Control Register Drive Status Register

: ] _ XY1l5 - - - Force a not ready to
i¥fa = S E : ] 152000 SAQA0 stop the CPU until the
:?ji L §¥L2£ ““W , FDC device is ready.

N S I | NOTES
N ﬁ T 1 53000 User SBOOY User .

?ri@ﬁ e i “iﬁ Available Available 1. XY corresponds to the assigned Base Address of any two

. %; 51,; E; I nexadecimal values. For the standard FDC, XY=8F.

::”?géiii?wﬁifﬁfﬁﬁﬂ';; | $4000 5CO00 2. The remaining locations in the I1/0 page are redundant.

! 3. The Drive Control Register is as follows:

|
odte R = T Bit Meaning k
i -‘.7'_"&_. . i [ ' -

‘ $5080 SDOBY i Side Select: @ = Side 1, 1 = Side 2 |
| Drive 1 Select: 1 = On

Drive 2 Select: 1 = On

Drive 3 Select: 1 = On

Drive 4 Select: 1 = On

5" Motor On/8" Head Load: 1 = Active
STOPEN: 1 = Generate not ready, Clear IRQ
Density: @ = Double, 1 = Single

r .
S w ni B
. - T
. . L - - .
-7 : . -,
- . T 1
- " T A .
' - .. . b =, !
. - P - E . 1
o - ca L5 L3 - ] ‘
. e . T p P h ! [
) ) - P . -
23 [ TR B . Lt 1 TSI T —
“ "
. - I
4 ' .
a . TR
] . L]
My

i 56000 | SEQOO

— Y LN b LD P S

. ?ﬁﬁﬁg§;.ﬁtif¥€{”,;:g;:. 5 $7ﬁﬂﬂ $Fﬂﬂﬂ 4. The DriVE Status Register iS asg fOllOWS:

Bit Meaning

o

Selected Side: @ = Side 2, 1 = Side 1

;;;;.ETII fﬁq¢4 %; fm% ;J NOTES -

—_ — —rdr

Number of Heads: ¢ = One, 1 = Two
Selected Size: @ 8", 1 = 5"

Selected Density: ¢ = Single, 1 = Double

1. Base Address Selection PROM is factory programmed to $80#8.

2. RAM is not on the FDC mocdule.

~] U e o o R

fuﬁgﬁw:iéfuﬂ*i?fﬁﬁ f‘z 3, The DMAC module (optional) can be assigned to any availlable




et w LN W e =y kasLF
- : P
[ oa. oo o 'R
L : . N PR
o Ly A
e . <. -
- ._' I .. "= . .
P e . N
- - " e -l -
L LI . = -
.o . oot R
Ju . .. I
. e - N N It T
. LT . . S
. -1 - s LRI
LA e N L -,
et T e LT
L u - L e
- s S T
P PR ! al .-
L. L L e i
SULE & . . -
L - . - T
T : N —TThATT
. SET = ... [
e P . - 1 =i
e TN v
ol .o I .
o I R
[ N [ PR o .
. - - = I Wl '
= . L= the A
It iy PR Pl =
e e AT T e aE
o = |- -y
W T
nd - [l
A LT ks
TR - - srm - - -
T e - [,
LN LN 5 - ™ = i +
B i ' - Ve = - v
oA T = - _:L-. = man ;i
_ Al 1l |
LT | R N H I
fine - ‘ot i . . n
R et i e ey, " -
- | ey il » [
a e . iy s | i R R duart, = . ]
it T R e Py i - — T Lan atr
P b i w - - - 1
A PRy . ol ! S '
- S el e T e, A . S - i 1
L A Lt - - it [t =
B o - 2 r| = Sy oo — T
S T e Y gl Bl T Tl
T n i e -. Lo T
e . d = 4 - = priial - pei
2L i o - ol = r A
R SO X : e 2] e bt e
Jeoemg - 1
b P ol = H . Mt I H
L orml 0§ AR ry S = (Ewbaty il RO oy e - ko
mm = m R e e Rl o R T o,
" - [P pr bt 1= k . A= =0
PR pac imeh A - | iy = =P
PR it Py el i = el TTThA - e I
FloWmL R IT L - T WL LA FE = e o P, ara == e
LR woEAt el - : G I
[ T e T T el P P = : ' e
e S XSRS M L. TR : . . LT
LT RLE Y T . [ .l - .- . LT
ettt ol . =7 = HE =i PR A ' -
- r T i . .. N .
. I'% . . [ Lo . - I
o : - .. a X ' .
R P . - ' -
et L. . SO — I . .
..;.9.,-9" . : AT R . . . .
. s - 0T e - - - s T
DTt _— j 2 L=
j oA Y - T - - R STt g
L = . . ;o . L o
| 4 R Tl T ] . . L - - r-= v -
ATl T T - . - [ - .-._-‘_’F:ﬁ.;‘uck,_.-
- ot T s :"t:i" e mer e omee e o toore . LT TR
h.f:. - = el T Ty -ﬁ. e i — : =
x P S, UL TR " A N IR T S
= Dl L Pt ot : Lo 3 P, Lon s :
A = I.."'\:,'.I . = _5‘_:-. 5o -, ""‘!". . -.ﬁ.. ——rmem e —em = e = -
. L TR " :_{ﬁ. [ ottt ST - -r a — - .
1 oo ey T T RS an, TN U SRR e 0 E T
f SRR g Rl . A I A P A L L
A v e N T N SRt A - By LN
= - - -rm LA s ore maemad e - N A T 7 L
. L L 4 T e Ten | - B = Mol i
e 4 L B 5 = A L L - - - e —_—
s -...._-!‘I = "':}E;.'-..“"""' PP— St RPN Fpiia Bl WD |
' voel T FAE e g T al s Y owemT o :.
- - . g P '
- - - oo - PRy -hg“ -1- el
.o FUe g™ T LR e e
Pl i, o u' H ~ '
A L L RS T L N i
CTREACE T Y T et e Ty e [l Ly
d o i — r R T PR T b il i
R I R cee, B - % e ]
Fonamde T - P ey fiepd i :-i‘ L T i
Fo . Lz m .
'F;"I".. i SO, o ST ’.fﬂ' = = ToHY - g
e e, T ™7 — ' 1]
s aare - " i - 1"{“._' ug — 1 F iy
"1 .- Fy s am
o iy ] TR FEPRLT
R L e —i— e —
; ¢ 1f 1.,:_.. - g
3 - L Sy
I ‘i » = L g
P = T PR
- - Cla ——
e i Fey- A fal o= .
iE ST an =X v ]
Corat e - - [
L} - . [
nk: y : "
- l.
Flororeg
.!
.
'

ey

%

ST et gt et s e T _

3.2 FUNCTIONAL DESCRIPTION
The block diagram in Figure 3~1 identifies the FDC module

functions and interface signals.

The Controller Clock derives a reference frequency for the FDC
device from a crystal-controlled oscillator. This reference

frequency is 1 MHz or 2 MHz, depending on the Standard/Mini-

Floppy Selection Header position.

The FDC device, in conjunction with the Data Separator and
Precompensation Circuitry, interfaces the RM 65 bus to the

floppy disk medium. The circultry supports 5-1/4" or 8" disks,
with choice of single-density (FM) or double-density (MFM) soft
sector formats. The FDC features powerful commands, including

read/write head movements, reading and writing of data, and

reading and writing of track format, with selectable record
lengths. Write precompensation circulitry ensures reliable data
recovery in double density formats. Thne Precompensation jumper
(E1) selects precompensation on all tracks, only on tracks

greater than 43, or no precompensation at all.

(JBl, JB2) selects
rhe Disk Drive connector (J1) and FDC circuitry for either 5"

The 5#-pin I/0

The Standard/Mini-~Floppy Selection header

mini-floppy or 8" standard floppy disk formats.
receptacle connects the FDC module to a mass terminated cable
connected to the installed disk drives, A 34-pin cable and
mating connector can be used to connect the 5" mini-floppy
drives while a 56-pin cable and mating connector is needed to

connect to the 8" floppy drives.

The Drive Status Buffer allows detection of the Standard/Mini-
Floppy Selection header and Dual Head Drive jumper (E3)

positions, as well as selected density and side information.

The Drive Control Register provides control of the side and
drive selection, motor on (5" only) or head load (8" only)}, the

recording density, and the interrupt request disable.
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FDC Module Block Diagram
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The Interrupt and DMA control circuit allows operation 1in
either an interrupt-driven mode or under DMA control. An
interrupt request latch holds all interrupt requests until
serviced and cleared (STOPEN). DMA requests from the FDC
module can be driven on elther of two DMA request channels
{(BDRQ1/, BDRQ2/), as selected by the DMA Channel Selection

jumper (E2), or disabled by removing the jumper.

The Ready State Generator provides wait states as reguired by
the FDC device.

The Base Address Decoder, wlith the Base Address Select PROM
(Zz18), the Bank Select Control circuit, the ROM and I/0 Disable
switches (S81l-2, S1-4), and the phase 2 and read/write signals
control device selection on the module. The Base Address
Select PROM compares the eight most significant address lines
to the programmed addresses to generate device select signals
to the Program ROM and the 1/0 devices. The ROM Disable switch
assigns the module to be active either 1n a 256-byte page
(disabled) or in a 4K-byte block (enabled). The I/0 Disable
switch allows the FDC 1/0 to be disabled.

When the ROM is disabled, only the 1I/0 devices are actilve 1in
the 256-byte page that matches all eight Base Address Select
bits. For the I/0 devices, the three least significant address
lines, along with the phase 2 clock and read/write control
signals, drive register select lines to the FDC device, and

device select lines to the Drive Status Buffer and Drive

Control Register.

When the ROM is enabled, the module 1s active 1n the 4K byte
block that matches the four most significant Base Address

Select bits. The program ROM is selected except when the

address matches the four least significant Base Address Select

bits, in which case the 1/0 device select lines are selected.

3-6

The Bank Select Control circult detects when the module's
assigned memory bank 1s addressed by comparing the bank address
slignal (BADR/) from the RM 65 bus to the Bank Select (581-2) and
Bank Select Enable (S1-1) switches. The Bank Select Enable
switch allows the board to reside in common memory {both Bank 0

and Bank 1) or only in the bank set by the Bank Select switch
(either Bank @ or Bank 1).

The Control Buffers invert and transfer phase 2 clock (B@2/),
reset (BRES/), and read/write (BR/W/) control signals from the

RM 65 bus onto the module. The interrupt request (BIRQ/) 1is
buffered and driven onto the RM 65 bus.

The Data Transceivers invert and buffer 8-bits of parallel data
(BDB/-BD7/) between the module and the RM 65 bus based on
contrel signals from the Base Address Decoder and the Control
Bufers. Data to the module 1s latched (#2) by the write data
latch, extending the data hold time for the FDC device. Data
from the module 1s buffered by the read data buffers. The

transcelivers are enabled by the Base Address Decoder when the

module is addressed.

The Address Buffers invert and transfer 12 of the 16 parallel
address bits (BAG/-BAll/) from the RM 65 bus to the Base

Address Decoder (Ag-a4), to the Program ROM (A@-All), and to
the FDC device (A@, Al).

3.3 INTERFACE DESCRIPTION

Tables 3-3 and 3-4 list the interface signals and pin

assignments for connector Pl (RM 65 Bus) and connector J1 (Disk

Drive), respectively.

Tables 3-5 and 3-6 define the 1nterface signals for connectors

PlL and J1, respectively.
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f_ . r{; ;j Table 3-3. Connector Pl (RM 65 Bus) Pin Assignments
& ffif i -QE Table 3-3. Connector Pl (RM 65 Bus) Pin Assignments (Cont'd)
SN | ‘
Bl [Y - S :iL@_ Signal
A R héﬁééf%éﬁ B Pin Mnemonic Signal Name Input/Output
il R | 3 Signal |
T}ﬁ | 45 Wa Not Connected (See Note} Pin Mnemonic Signal Name Input/Output
N (i We Not Connected (See Note) T -T
Ly Ay 15c¢ GND Ground
v RN ri: Xa +5V +5 VDC (See Note} e Mot Used
: it O Se
. | Xc +5V +5 VDC {(See Note} L lﬁa q
" C Not Use
: la GND Ground 2 12
. | 17a + 12V + 12V
B 1] 1o +5Y +5 VDC | 17 a
| 2a BADR/ Buffered Rank Address I g X - .
: a D roun
5 , | ‘ . 2¢C BALlS5/ Buf fered Address Bit 15 I L8 . 3
. iR 3a GND Ground
g . 19a BFLT/ Not Used
.H! 3¢ RAl4/ Buffered Address Bit 14 I 9 5
|-t , C B&G Not Use
‘_'T 4da BA13/ Buf fered Address Bit 13 I &
{1 ' 2@a Not Used
i dc BA12/ Buffered Address Bit 12 I " . A
{IlHk . C roun
. RAY Sa BAll/ Buf fered Address Bit 11 I B |
’ " I . 5 21a BR/W/ Buffered Read/Write "Not" I
iﬂh 0C ND onn . 21c¢ BDRQ2Z/ Buffered DMA Request 2 O
e 6a BA1G/ Buf fered Address Bit 14 1 - 5
] | a Not Use
| ‘5 6c BA9/ Buf fered Address Bit 9 I - BR /Wi ‘ Not Used
— aiiie . C O S8
J' 7a BAB/ Buf fered Address Bit 8 I )3 n - 5
] ‘ a ND roun
BRIE 7c BA7/ Buffered Address Bit 7 I |
- A . 23¢c BACT/ { Buffered Bus Active O
|l _ IR B ed Int t R es
: . ,:y 8¢ BAG/ Buffered Address Bit 6 I d B Q; urter nterrup equ
i : 24c¢ BNMI Not Used
" S 9a BAS/ Buf fered Address Bit 5 I
| 1 " )
9 BA4/ Buffered Address Bit 4 I 25a B@2/ Buffered Phase 2 "Not"™ Clock 1
L . 2
LN 10a BA3/ Buf fered Address Bit 3 I >C GND Ground
1l 26a B@2 Not Used
, ?:W 19c GND Ground - BEES/ uf 5 .
TERN : C Urfrere Reset
| LMe 1la BA2/ Buffered Address Bit 2 I - , | ,
It _ a BD Buffered Data Bit 7 1/0
| L5: 1llc BAl/ Buffered Address Bit L / :
I 12a BAG / Buf fered Address Bit 0 I 2ic BD6/ Buffered Data Bit 6 1/0
HHifl§ 1o Bg1 Not Used 28a GND Ground
JEE C
. 1l P 28¢C BD5/ Buffered Data Bit 5 I/0
A | 3 29a BD4/ Buffered Data Bit 4 1/0
) ||I 13c BSYNC Not Use ‘
X - 14 BSD Not Used 29¢ BD3/ Buffered Data Bit 3 I/0
: g ci .
3 Il l4c BDRO1 Buf fered DMA Request 1 0 30@a BD2/ Buffered Data Bit 2 1/0
- ;;-L: o 3gc GND Ground
5 , | 15a BRDY Buffered Ready :
- I ] 3la BD1/ Buffered Data Bit 1 1/0




S

SNEA WVL | : Table 3-4. Connector J1 (Disk Drive) Pin Assignments
EERAE | | | rable 3-3. Connector Pl (RM 65 Bus) Pin Assignments (Cont'd)
]l | Standard Floppy Disi Drive Mini-Floppy Disk Drive
LA 1 FOC Module Intarface Cable Connector Interface Cable Connector (2]
L Signa /o c
R 9 . . + onnector
| | Pin Mnemonlc Signal Name Input/Outpu Pin Pin Signal Nama Pin Signal Name
: :..! 4_
‘ \ . i /0 2 2 Track > 43 (Remex & MFE or equivalents)
ARk 3lc BDG/ Buffered Data Bit 0 4 4 N.C.
L 5 6 N.C.
I | 3%2a +5V +5 VDC 8 8 Track >43 [\ . Jdisk or equivalents}
B ‘ i__ d 10 10 N.C.
il 32c GND Groun 12 2 N.C
IIi + VDC Sace NDtE) 14 14 72 J Side Select ¥
?!:; I 1a +5V > ( 16 16 N.C.
R ve | 45V +5 VDC (See Note) 18 18 Head Load 2 N.C.
11 20 20 | ndex q N.C.
If | 73 Not Connected (See Note) 22 22 Drive Ready 6 Drive Select #4
SN 24 24 N.C. 8 Index
A 7c | Not Connected (See Note) 26 26 Drive Select #1 10 Drive Select #1
1R [ - 28 28 Drive Select #2 12 Drive Select #2
Il —r ' 30 30 Drive Select #3 14 Drive Seltect #3
| 32 32 Drive Select #4 16 Motor On
i 34 34 Direction In 18 Direction In
! | NOTES 36 36 Step Pulse 20 Step Pulse
Bl 38 38 Write Data 22 Write Data
I 1. Pins Wa, Wc, Xa, Xc, Ya, Yc, Za and Zc are 40 40 Write Gate 24 Write Gate
1[I available on Edge Connector verslion On ly. 42 42 Track Zero 26 Track Zero
Al 9 o suffix denotes signal active at negative 44 44 Write Protected 28 Write Protected
: i * 1 1 vel 46 A5 Read Data 30 Read Dats
i or low volitage Lever. 48 a8 N.C. 32 2nd Side Select
il 50 50 N.C. 34 N.C.
|'r'
. | SV THE B IS
x | | 1 Al odd numbered pins are GND,
- | i 1 of the 34-pin mini-floppy disk drive interface cable connector should be keyed to pin 17 of the FDC module 1/O connector.




Table 3-5., Connector Pl (RM 65 Bus) Signal Descriptions

| Mnemonic Signal Name and Signal Description

+5V +5 VDC supplied to the module from the RM 65 Bus.
+12V +12 VDC supplied to the module from the Bus.

GND |Ground

BADR/

BDO/-BD7/

BACT/

RG2/

System ground.

;

Ba@/-BAlS/iBuffered Address Bits 0-15

Sixteen address lines transfer an inverted 16-bit

parallel address from the Bus to the module.

Buffered Bank Address

A high BADR/ signal addresses the lower 65K
(Bank #) memory bank; a low BADR/ addresses the

upper 65K {(Bank 1) memory bank.

Buffered Data Bits -7

Eight bidirectional inverted data lines transfer

8-bit data bytes between the Data Transceivers 1in
the module and the Bus.

Buffered Bus Actilve

A low BACT/indicates that the module has been
addressed and the Data Transcelivers are enabled

in either the recelve {(write operation) or trans-

mit (read operation) direction.

Buffered Phase 2 Clock "NOT"

The B@®2/ signal synchronizes data transfers on
the Bus. The address and read/write llines are
setup in the positive portion of B@2/. The

data lines are set-up in the negative portion of
B@Z2/.

Table 3-5.

Connector Pl (RM 65 Bus) Signal Descriptions (Cont'd)

Mnemonic

Signal Name and Signal Description

BR/W/

BRDY

BIRQ/

BDRQ1/,

| BDRQ2 /

BRES/

r—-.

Buffered Read/Write "Not"

The BR/W/ signal controls the direction of data

transfer on the Bus. A low BR/W/ indicates a

read operation. A high BR/W/ indicates a write

operation.

Buffered Ready

The BRDY signal 1s generated by the module.
Wwhen the R6502 CPU recelves a low BRDY, the CPU
will stop execution in the next read cycle.

Execution will resume when BRDY returns high.

Buffered Interrupt Request

The BIRQ/ signal 1s generated by the module
for the Bus to request 1interrupt service. BIRQ/
1s forced low by any interrupt condition in the

FDC device.

Buffered DMA Requests 1 and 2

Either BDRQ1l/ or BDRQ2/ can be assigned to the
module to request DMA service. When the FDC 1is

ready for a data byte transfer, a DMA request is

generated,

Buffered Reset

The BRES/ signal is received by the module
from the Bus. A low BRES/ clears the Drive

Status Regilster and the Wait State Generator,
and resets the FDC device.

NOTE

All signals interfaced to and from the

module are driven at TTL voltage levels.

3—13




Table 3-6. Connector J1 (Disk Drive) Signal Descriptions

Signal Name and Signal Description Signal
Source
Drive Select No. 1 to No. 4 FDC
These signals allow up to four disk drives to
to be individually selected by the FDC when
active.
Second Side Select FDC
This signal is used by the FDC to access side
1 when inactive and side 2 when active.
Index Drive
This signal 1s pulsed (logic @) by the selected
disk drive when the one disk medium 1s at the
start of a revolution.
Read Data Drive
This signal is the serial NRZ data from the
selected disk drive medium (FM if single-
density, MFM 1f double-density).
Write Data FDC
This signal is the serial NRZ data from the FDC
to be written to the selected disk drive
medium (FM 1s slngle-density, MFM 1if double-
density).
Write Gate FDC
This signal, when made active by the FDC,
indicates that the Write Data line 1s valid.
When inactive, the FDC is 1n the read mode.
Track Zero Drive

This signal is made active by the selected

disk drive when the read/write head 1is on

the outermost track.

Table 3-6. Connector J1 (Disk Drive) Signal Descriptions (Cont'd)

Signal Name and Signal Description

Signal
source

Direction In

This,signal is made active by the FDC when
the read/write head of the selected disk
drive is to be moved toward an inner (higher
number)} track. When inactive, movement

will be toward an outer {(lower number) track.

Step Pulse
H This signal is pulsed (logic ¢} by the FDC to

move the read\write head of the selected

floppy drive in the direction set by the
Direction In signal. The head moves one

track position on each negative transition.

! Write Protected

This signal is made active by the selected

disk drive to indicate that the medium 1is

write protected. For 5" drives, thils means

the write protect tab is on the disk; for 8"
drives, this means the write protect notch 1is

not covered.

Motor On (5" Drive Only)

This signal, when made active by the FD(C,

I turns on the motor of the selected disk drive.

Head Load {8" Drive Only)

| This signal, when made active by the FDC,

lowers the read/write head of the selected

disk drive onto the medium.

FDC

FDC

Drive

FDC

FDC
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. 1?:?i | 3.3.1 Mini-Floppy Disk Drive Interface Cable Assembly
f BRIk
BN ~-6. J1 (Di Drive) Signal Descriptions (Cont'd) _ _ _ _
e e it table 3-6 -onnector (Disk Drive) 7 P ( The mating ribbon cable connector to the Disk Drive connector
Cles T B im' l (J1) must be a 5@~-pin mass terminating receptacle (3M No.
SR N ;"Vé ‘.p : Signal Name and Signal Description g;ﬁ?ié 34256008 or equivalent). For interfacing with industry
- - - ‘standard 5" mini-floppy disk drives, this connector must be
BRIk
S ] 'ﬁ ‘ attached to a 34 wire ribbon cable, displaced such that wire 1
- AR ‘ 8" Dri onl Drive * , ,
< " % brive Ready ( brive Y) mates to pin 17, and wire 34 mates to pin 50.
15 This signal is made active by the selected
disk drive to indicate that it is ready for ’ The mini-floppy disk drives (Shugart SA-456 or equivalent} have
data transfers. a 34-pin edge connector for the signal interface, with a pin
assignment shown in Table 3-6. Up to four 34-pin mass g
" : 3 . ] i
Track >43 (8" Drive Only) Drive terminating card edge receptacles (3M No. 3463-0¢01 or 5
u N This signal is made active by the selected equivalent) may be attached to the ribbon cable, one connector é
» disk drive when the read/write head is for each drive used. The cable length should be less t+han four }
positioned on an inner track (track 44 and feet, however, spacing between connectors is not critical.
higher) . Figure 3-2 shows the typical connector placement.
’ NOTE
"f‘ All signals interfaced to and from the module are ;
?fﬁ driven at standard TTL voltage levels. An active signal 5
. éﬁi {logic @) is an electrical low while an inactive {(logic 1) %
JH: is an electrical high.
| ‘l TOP VIEW
-fi PI
F | WIRET T "1 o
_ I
i
FAH | ———_ ADDITIONAL
| ‘ Il CARD EDGE
1. \ I | ———RECEPTACLES
| : |'; %
- S
il
BRIRT el n N S S
m 0 PIN 34 WIRE RIBBON CABLE 24 P 34 PIN
R | A SOCKET CARD EDGE CARD EDGE
I | | RECEPTACLE RECEPTACLE RECEPTACLE
. i — 2 FEET --—-—-—-._...l-.—a INCHES—-—I
| | ol
{Wiﬁ
1L
|5Pk Figure 3-2. Mini-Floppy Disk Drive Interface Cable
- Bl
. o
.jﬁ. 3~-16
B | |‘
. |i ‘Ei




;b ;'-LMQ
. ?|':W5 3.3.2 Standard Floppy Disk Drive Interface Cable Assembly SECTION 4
Iul
I:T;friﬁﬁ“ hf-?ﬁ lk T; The mating ribbon cable connector to the Disk Drive connector FDC MODULE PRIMITIVE ROUTINES
R u'”* PN ""iij|ﬁ (J1) must be a 5@-pin mass terminating receptacle (3M No.
;WEMT 3425-6088 or equivalent). For interfacing with industry 4,1 PRIMITIVE ROUTINE DESCRIPTIONS
"fT5 :{3 T !‘ standard 8% floppy disk drives, this connector must be attached
- . wymf to a 58 wire ribbon cable with wire 1 mating to pin 1L, The FDC primitive routlines simplify the operation of the FDC
. | module by:
..Hwi The standard floppy disk drives (Shugart SA-850 or eguivalent)
] (1 have a 50-pin card edge connector for the signal interface, . Handling the detail protocol to interface with the
| rﬂ%ﬂ with a pin assignment shown in Table 3-6. One 5¢-pin mass FD 1793 Floppy Disk Controller device.
!LH; terminating card edge receptacle (3M No. 3415-0061 or
; SN Ewﬁé equivalent) must be attached to the ribbon cable for each drive . Providing a set of closed subroutines that i1nitialize
= i used (maximum of four). The cable length should be less than | and format a disk, position drive heads, write data on
B four feet, however, spacing between connectors is not critical. a disk, and read data from a disk.
|

w? Figure 3-3 shows the typical connector placement.

These primitives allow additional higher level functions, such

k ~__¢;-ﬁ3£ 511w  as a disk operating system or specilalized data recording, to be

r easily implemented without being concerned with the detalled

i operation of the controller device, The optional AIM 65 DOS

- B | | | ]wi 1.¢ and AIM 65/40 DOS 1.8 functions described in Section 5 and
. | . iyﬁf 6, respectively, use these primitive routines. If you are
| i 0P VIEwW using one of these DOS versions, skip to the appropriate
Eﬂ“ section. If you are designing a DOS or other specialized disk
?!{?d . _ ﬁﬁ];h_ﬁ PIN1 1nterfac?/flle hanéll?g function u51ng‘the ?rlmltlve'rﬂut%nes,
B Ny o —— ' the detailed description of these routines 1ncluded in this
: ;Fﬁ; section will be helpful.
. ‘I ‘ | —— ADDITIONAL
* _ i f g;ggp-l:fﬁg&s The primitive routines perform the following major functions to
, “;“L | (4 TOTAL) support operation of up to four disk drives (single- or double-
swﬂh sided; single- or double-density:
'WM
: \!': 50 WIRE RIBRON CABLE 50 PIN 50 PIN Read or Write a Sector
':‘ _%EE'LACLE EEEEP;E'EEEE g?ggéig& Seek or Verify Seek cof a Track
- Il
‘ i‘ :| | » FEET ‘ 8 INCHES Reset or Re-zero the Head

Read or Write Multiple Sectors

| | Read or Write a Track

Turn Motors On or QOff

y Figure 3-3. Standard Floppy Disk Drive Interface Cable Select or De-select any Drive

i
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L ﬁ? 3.3.2 Standard Floppy Disk Drive Interface Cable Assembly SECTION 4

The mating ribbon cable connector to the Disk Drive connector FDC MODULE PRIMITIVE ROUTINES

. i | il (J1) must be a 56-pin mass terminating receptacle (3M No.

1{3 3425-6088 or eguivalent). For interfacing with industry 4.1 PRIMITIVE ROUTINE DESCRIPTIONS

f! standard 8" floppy disk drives, this connector must be attached

I to a 50 wire ribbon cable with wire 1 mating to pin l. The FDC primitive routines simplify the operation of the FDC

Y | meodule by:
| The standard floppy disk drives (Shugart SA-850 or egqulvalent)

have a 58-pin card edge connector for the signal interface, . Handling the detail protocol to interface with the

- F- with a pin assignment shown in Table 3-6. One 5@-pln mass FD 1793 Floppy Disk Controller device.

'h! terminating card edge receptacle (3M No. 3415-¢@¢1 or

mW: equivalent) must be attached to the r ibbon cable for each drive . Providing a set of closed subroutines that initialize
]fﬁ used (maximum of four). The cable length should be less than and format a disk, position drive heads, write data on
.‘h} four feet, however, spacing between connectors is not critical. a disk, and read data from a disk.

([l

Figure 3-3 shows the typical connector placement.

These primitives allow additional higher level functions, such

as a disk operating system or specialized data recording, to be

I easily implemented without being concerned with the detailled

operation of the controller device. The optional AIM 65 DOS
;I' 1.8 and AIM 65/49Q DOS 1.8 functions described 1n Section 5 and
THNNY

i 6, respectively, use these primitive routines. If you are
Ljﬁ using one of these DOS versions, skip to the appropriate
‘:li' TOF VIEW section. If you are designing a DOS or other speclalized disk
jwh P 1 R PINY interface/file handling function using the primitive routines,
i o e IBE ] e o the detailed description of these routines included in this
ﬁ%} r section will be helpful.
.1;;' ; |-; | —— AODITIONAL
||‘| — EJEEED;EEEES The primitive routines perform the following major functions to
‘“i | —— 4 TOTAL) support operation of up to four disk drives (single- or double-
iﬁ“ﬁ ‘ — sided; single- or double-density:
!l e e IR - Format a Disk
‘ P~ SOWIRE RIBBONCABLE  gopin PN Read or Write a Sector
\ :%%EETTACLE ggggéggfe EEEEPEEEEE Seek or Verify Seek of a Track
i |‘ ‘ » EEET l 8 INCHES Reset or Re-zero the Head
“”L Read or Write Multiple Sectors

|
. M - Read or Write a Track

ﬂ' Turn Motors On or Off
41 Figure 3-3. Standard Floppy Disk Drive Interface Cable

Select or De-select any Drive
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These functions are implemented in 15 major primitive routines.

Each of these routines can be classified into one of four

general categories:

INITIALTIZE - These 1niltialize the FDC module or prepare a
disk for use.

DRIVE - These control the selection and read/write head
movement of the floppy disk drives.

READ - These support reading data from the floppy disk
medium.

WRITE - These support writing data onto the floppy disk
medium.

The primitive routines are identified along with their entry
polints in Table 4-1 (in alphabetical order of their labels).

The labels and addresses of the I/0 registers are listed in
Table 4-2.

The primitive routines are described in Table 4-3. The entry
and exit conditions are specified along with the processing

performed.

For the primitive routines, the following conditions apply:

Drive number: B to 3.
Side number: 4 for side one, 1 for side two.
Density: 1 for single, & for double.

Track number: g to 34 (5™) or 9 to 76 (8“);
Sector number: 1 to 16 (5") or 1 to 26 (8").

NOTE

There 1s no error checking done on the
entry parameters of the primitive routines.

This 1s the responsibility of the user in

the disk operating software,

Table 4-1. Primitive Routine Addresses
Label Address Function

DESEI, S8CE?2 Deselects drive

FORCOF S8DBY Cancel any command in progress

FORMAT S899D Formats a side (with interleaving)

INIT S886C Initializes variables and buffers

IRQHAN S8BED FDC Interrupt Handler

MOTOFF S8CF7 Turns motor off

MOTON S8C53 Sets motor on, selects drive, side
and density |

RDMSC $8D8D Reads multiple sectors within a
track

RDSEC S8D29 Reads a sector of data

RDTRK S8CFB Reads entire track (sector headers
also)

SEEK 58938 Seek with verify to a track

SELECT S8CBC Selects drive, side and density
(only one at a time)

WRTMSC S8DEA Writes multiple sectors within a
track

WRTRK 58994 Writes an IBM formatted track

WRTSEC S8D61 Writes a sector of data

Table 4-2,

FDC Module I/0 Register aAddresses

Label J Address Description

FCOMR S8F Q0 Command register (Write only)

FSTAR S8F@Q Status register (Read only)

FCYLR S8F@1 Track register (Read or Write)
FSECR S8FQ2 sector register (Read or Write)
FDAR S8F@3 Data register (Read or Write)

DSTAR S8F@4 Drive Status register (Read only)
DCONR S8F@5 Drive Control register (Write only)
FSTOP S8F15 Stop CPU (Write only)




Table 4-3. Primitive Routine Descriptions

Routilne

Description Category

DESEL

ed, with Drive Select No. 1 to No.

Motor On/Head Load line is left active.

DRIVE

Deselects all disk drives. Any selected drive is deselect-

4 made inactive. The

on entry, nothing is required.

On exit, nothing is saved.

FORCOF

INITIALIZE

Stops execution of any FDC command in progress by forcing

an interrupt command to the FDC device. Also clears the DMA

command register {(if DMAFLG is enabled) and disables the IRQ

ljatch. This routine should always he called after a hardware

reset. Typically, this will be part of the warm RESET

processing.

On entry, nothing is required. NO drive needs to be

active,

On exit, any errors (type I, if no command was in progress)

are indicated in the A register or STFLG.

Table 4-3. Primitive Routine Descriptions (Cont'ad)

Routine Description Category

FORMAT (Cont'd) INITIALIZE

tracks, SECTK8 sectors per track, and sector 1nterleaving as

specified 1n TABLE8 area. The read/write head is left on the
inner-most track. Refer to Section 4.4.1 for default disk
formats.

On entry, the drive must be active (MOTON/SELECT).

On exit, any errors {(the error type depends on the FDC

command that was executing when the error occurred) are

indicated 1n the A register or STFLG.

INIT INITIALIZE
Initializes the RM 65 system for the FDC module. Sets up
all default values for the FDC variables (see Table 4-7).
This must always precede any other FDC firmware routines.
Typically, this will be part of the cold RESET processing.
On entry, nothing 1s required.

On exlt, nothing is saved.

FORMAT INITIALIZE

rormats the disk in the selected drive. In single-density

mode, FM encoding (IBM 3740) 1s used with 128 data bytes per

sector. For double-density, MEM encoding (System 34) is used

with 256 data bytes per sector. In both modes, every sector

data field is filled with the character in PADB (default 18

$E5). For 5" mode, the disk is formatted with CYLS tracks,

SECTS sectors per track, and sector interleaving as specified

in TABLES area. For 8" mode, tne disk is formatted with CYLS

IRQHAN INITIALIZE

Interrupt handling routine that services all RM 65 FDC
interrupts. The system interrupt vector must be set up with
IRQHAN before the FDC firmware routines are used. Typically,
this would be set—-up in the cold RESET processing. If an
additional 1nterrupt service routiline is to follow, IRQOUT must

pornt to 1t. Since this is an interrupt handler, it is never

called directly by a user program, but is used by most of the

firmware routines.




Wh' Table 4-3. Primitive Routine Descriptions (Cont'd)

4

Table 4~3. Primitive Routine Descriptions (Cont'd)
Nnl; ‘ . . Category
Hi l Routine Description Routine Description Category
I
iif DRIVE .
! MOTOFF RDMSC READ
FEE Turns off all drive motors (5")/unloads the read/write | Reads multiple sectors of data from the present track of
w%- heads (8") and deselects all disk drives. Any selected drive

t selected disk drive,

Any number of sequential sectors on a

”k is deselected, with Drive Select No. 1 to No. 4 made 1nactive.

given cylinder may be read. The read buffer { RDBUF)
| l
ﬂ The drive motor flag MOFLG is reset and the Motor On/Head

must be

as large as the number of sectors being read. |

‘ lLoad line is made inactive.

RDMSC will use the DMA module if DMAFLC 1s enabled; the

| On entry, nothing is required. ;

sSource Bank must correspond to the FDC module, while the
IR ‘ On exit, nothing is saved.
S e

‘ Destination Bank is the RDBUF RAM buffer.
LAt
itll

| W . RIVE On entry, the drive must be active (MOTON/SELECT) with the
i I MOTON | read/write head positioned on the proper cylinder (SEEK).

=| I Turns on all drive motors(5")/loads the read/write The starting sector is in A and the last sector is in X.

 $%‘ heads (8") and selects the desired disk drive. Any select%d l on exit, the data read is boimted te by ROBUE. Any errore
! L drive is deselected then the desired Drive No. 1 to No. 4 1s | | (type I1) will be indicated in the A registor or STFLG.

r‘ made active (uses SELECT), the drive motor flag MOFLG is set,

}V and the Motor On/Head Load line is made active. The number

RDSEC RERAD
L | | | |
1 ' ' r is
of heads selected by the Single/Double Sided Drive jumpe

Reads the desired sector of data from the present track of

|
Iyl Al |
gset in NHEAD.

the selected disk drive. The read buffer (RDBUF) must be as

it I on Entry, the drive (€-3) is in A, the side (4,1) is in Y, large as the sector size.
‘ and the density (1 for single, @ for double) is 1n X.

RDSEC will use the DMA module if DMAFLG is enabled; the
I
:| ll : - .
l'hfi On exit, nothing 1is saved.

Source Bank must correspond to the FDC module, while the

‘ . i Destination Bank is the RDBUF RAM buffer.

On entry, the drive must be active (MOTON/SELECT) with the

| read/write head positioned on the proper track (SEEK).
: 'i|lllil I
The sector number is in A.

“ On exit, the data read is pointed to by RDBUF, Any errors

(type II) will be indicated in A register or STFLG.
|




Table 4-3. Primitive Routines Description (Cont'd) Table 4-3. Primitive Routines Descripti (C '
on ont'd)

Routine Description Category Routine Description Ca
l RDTRK READ SELECT DRIiEOIY
Reads the present track from the selected disk drive. This Selects the desired disk drive. The drive is made active
reads the entire track -- including data, clock, address marks and the read/write head is loaded (8" drives only). Only one
and gaps--starting and ending at the index hole. The read drive may be active (by MOTON or SELECT) at a time, so other
buffer (RDBUF) must be large enough for the entire track. drives will first be deselected (DESEL) automatically.

! RDTRK will use the DMA module if DMAFLG is enabled; the On entry, the drive (0-3) is in A, the side (# = one,
source Bapnk must correspond to the FOC module, while the 1 = two) 1is 1n Y, and the density (@ = double, 1 = single)
bestination Bank is the RDBUF RAM buffer. 1s in X. The drive motors must be on (MOTON).

On entry, the drive must be active (MOTON/SELECT) with the On exit, if the motors are not on, an error is indicated
read/write head positioned on the proper cylinder (SEEK}. by an $88 in the A register or STFLG. r

Oon exit, everything read from the track is left in the WRTMSC
buffer pointed to by RDBUF. Any errors (type III) will be Writes multiple sectors of data to the present tr::iT:f
indicated in the A reglster or STEFLG. the selected disk drive. Any number of sequential sectors on
— ORIVE a given track may be written. The write buffer (WRBUF)

Seeks to the specified track of the selected disk drive must be filled with the data for all the sectors.
2nd verifies that the track was reached. The selected disk WRTMSC will use the DMA module if DMAFLG is enabled. In

| this Case, Source Bank must correspond to the WRBUF RAM

drive 1s restored (or re-zeroed) by a SEEK to track 6. This

. . . : b ’ ' - :
recalibrates the disk drive read/write head back out to utfer, while the Destination Bank is the FDC module.

rrack G8. On entry, the drive must be active (MOTON/SELECT) with the

On entry, the drive must he active (MOTON/SELECT). The 1 read/write head positioned on the proper track (SEEK). The

: : : st . .
track number to seek is in the A regilster. art sector number 1is in A and the last sector number is

. . . : 1 . : - )
On exit, any errors (type I) are indicated 1n the A DA The data written is pointed to by WRBUF.

register or STFLG. On ex1t, any errors (type II) are indicated in the A

register or STFLG,




Table 4-3., Primitive Routine Descriptions (Cont'd)

Routine Description Category

WRTRK WRITE
Writes an IBM compatible track onto the selected disk
drive. This writes the entire track--including data, clock,
address marks and gaps--starting and ending at the index hole.
the track format used depends on the density and the disk
size. In single-density mode, FM encoding {IBM 3746) 1is used
with 128 data bytes per sector. For double~density, MFM
encoding (System 34) is used with 256 data bytes per sector.

The data fields are filled with PADB characters. For 5"

disks, the number of sectors written is from SECTS5 with inter-

leaving from TABLES5 area. For 8" disks, the number of
sectors written is from SECTKB with interleaving from TABLES.
A disk can be formatted by performing WRTRK for every
track. Refer to Section 4.4.1 for the default formats.

WRTRK does not use the DMA moduie.

On entry, the drive must be active (MOTON/SELECT) with the

read/write head positioned on the proper track (SEEK).

D —

On exit, any errors (type III) are indicated in the A

register or STFLG.

Table 4-3. Primitive Routine Descriptions {Cont'd)

Routine Description Category

WRTSEC WRITE

Writes the desired sector of the data to the present track
| of the selected disk drive. The write buffer (WRBUF) must be
| filled with the data.

WRTSEC will use the DMA module if DMAFLG 1s enabled. 1In
this case, the Source Bank must correspond to the WRBUF RAM
buffer, while the Destination Bank 1s the FDC module.

L On entry, the drive must be active (MOTON/SELECT) with the
read/write head positioned on the proper cylinder (SEEK).

The sector number is in the A register. The data written 1is
pointed to by WRTBUF.

On exit, any errors (type 1I) are indicated in the A

register or STFLG.
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4.2 CALLING CONSIDERATIONS

The primitives are designed to work with any RM 65 system, with
the memory constraints described in Section 3,1. This software
can be 1nterfaced to work with any system since 1t i1s I/0 inde-
pendent. A necessary vector to be set 1s the IRQ interrupt.
The address of the routine IRQHAN must be put into the IRQ

vector.

Due to the physical timing constraints of the floppy disk
medium (1.e., the disk rotating at a fixed speed), the FDC

routilnes that read or write data from the disk are time-
critical and must not be interrupted (by either IRQ or NMI
interrupts) except by the FDC device. If an interruption does
occur, the FDC operation will be invalid and the error will be

flagged 1n the status regilster.

To avoid such errcrs, calls to a primitive read or write
routine should always be preceeded by a disabling of all
interrupt sources except the FDC module (this cannot be an SEI
instruction). Care must be taken with the non-maskable
interrupt to ensure proper error handling. After the returning

from the primitive rcocutine, the interrupts can then be

re-enabled.

There are two data buffers needed for input and output of data
to/from the disk. The addresses of these buffers should be put
into RDBUF and WRBUF. These buffers should be 128 bytes for
single-density and 256 bytes for double-density.

When calling a primitive routiline, the action of the CPU depends

on the tyvpe of the FDC command being performed (every primitive
routine typlcally corresponds to one FDC command). After the
FDC device {and DMA controller 1f applicable) 1s set up with
the appropriate control data, the FDC command is then issued to
the FDC device. If a type I command is issued, the CPU will
walt until an interrupt 1s received, indicating command
completion. For the type 11 and III1 commands - 1n which data

1s moved between the disk and memory--the CPU controls the

transfer of the data a byte at a time (the FDC device stops the

CPU with the Ready line), with an interrupt indicating

completion of the command. When the DMA module is used with

type II and III commands, the DMA controls the transfer of data

while the CPU will wait for the command completlon interrupt.

After receiving an interrupt indicating command completion, the
status register is checked to report if the primitive routine

was successful. A return is now done to the calling program,
which should always examine the status in A or STFLG to ensure

that a disk error did not occur before continuling (see Section

4.5).
4.3 DISK INITIALIZATION

4.3.}1 Procedure

The standard initialization procedure for the FDC Module
consists of calling INIT. This routine sets up the default
variables by initializing the RAM locations used by the
operating software and clears the FDC 1/0 logic. Before

initialization, insure that all switches, Jjumpers, and headers

are properly set. If any of the default values must be
changed, it must be done after the initialization. Refer to

Table 4-1 for the primitive routine addresses.

The typical sequence for initialization (which would be part of

the cold RESET procedure) is as follows:

a} Load the IRQ interrupt request veCctor for the system

interrupt handler with the address of IRQHAN (beginning of

the FDC interrupt service rcutine).

b) Load the address of the IRQ service routine to follow the

FDC interrupt handler into IRQOUT. 1If there are no
~dditional routines, this IRQOUT can point to an RTI

instruction.

c) Call the INIT subroutine.




d) Change any default variables to their new value {(refer to
Sections 4.3.2 and 4.6).

¢) If the DMA module is being used, load the page number (high
order byte of the assigned base address) into DMAADR and

the source bank, destination bank, and enable information
into DMAFLG,

The system 1s now prepared to operate with any of the primitive

routines (refer to Section 4.4).

Whenever a reset occurs while an FDC operation is in progress,
1t 1s necessary to force a software interrupt to the FDC
device. This is done by the FORCOF routine. Thus, the FORCOF

routine will typically be included as part of the warm RESET
processing.

4.3.2 Default Conditions

wWhen the FDC module is initialized, the default parameters that

are set up will be used for a majority of applications of the
module. Any of these default values can be changed to meet the

user's requirements. A list of default conditions that might

be changed is given in Table 4-4, Refer to Table 4-7 for the
variable addresses.

Table 4-4, Primary User-Alterable Variable Default Values-

Variable Default Description
L

CYLS 35 Number of tracks on 5™ disk

CYLS8 77 Number of tracks on 8" disk

DMAADR @ Pointer to page in which
the DMA module resides

DMAFLG { DMA module enable and bank
selection flags

IRQOOUT None Pointer to additional ;
interrupt service routines

PADB SES Pad character used to fill
data field

RDBUF S10049 Read buffer pointer

4-14

Table 4-4, Primary User-Alterable Variable Default Values {Cont'd)

Variable l befault Description
— 41 —

SECTKS5 16 Number of sectors/track on
5" disk

SECTKS8 26 Number of sectors/track on
8" disk

TABLES Section 4.4.1 Sector interleaving table
for 5" disk 1

TABLES Section 4.4.1 Sector interleaving table
for 8" disk

TUNDEL 189 Write tunnel delay of 1mS

| (needed by scme drives)

WRTBUF | $2000 Write buffer pointer

E———— i - " o

4.4 DISK PRIMITIVE OPERATION

After the RM 65 FDC Module has been initialized (refer to
Section 4.3) the module 1is prepared for all disk operations.

The procedures for some of the more common primitive operations
are described in this section.

The primitive routines all fall into four major categories—-

Initialize, Drive, Read, and Write. These categories provide a
functional grouping of commands. In building application
programs wlith the primitives, these categories should be kept

in mind. For example, in a typical disk read access:

Set up or recover system -~ INIT (Initialize)
Select drive and track - MOTON and SEEK (Drive)

Read the data — RDSEC (Read)
Deselect the drive -  MOTOFF {Drive)

The system or disk must always be set up first (Initialize).

After this, the drive selection and head positioning must take
place (Drive). The disk access operation can now be performed
(Read or Write), followed by drive deselection (Drive). The
routines are not fully independent, requiring proper sequencing

for meaningful results,
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4.4.1 Formatting a Disk

Before any disk can be used for read/write data, the disk must
be initialized or formatted. This consists of writing on all
tracks of the disk: clock information; track, sector, and side
identification (ID Field); data marker and data (Data Field) .
This disk initialization is compatable with the IBM 374¢ format
in single-density mode and IBM System 34 format in double-

density mode.

In typical IBM compatible disks, sectors will be written
sequentially on each track--1, 2, 3, ..., 15, 16 for 5" disks
and 1, 2, 3, ..., 25, 26 for 8" disks. When doing sequential
disk accesses (which is most of the time), all data movement
and calculations preparing for the next sector must be done
within the short intersector gap time, otherwise the sector 1s
missed and an entire disk revolution must pass before the
sector is avaijilable again. This makes the typical access time

between sectors very long.

To shorten the typical access time between adjacent sectors,
the disks are formatted with sequential sectors not adjacent,
i.e., they are interleaved. Sequential sectors are separated
by twelve sectors for 5" disks and 28 sectors for 8" disks,
which gives at least 12 full sector time periods for data
movement and calculations between sectors. This interleaving
actually shortens the typical access time between sectors. For
5" disks, the physical sector format recorded on the disk is 1,
6, 11, 16, S, 1@, 15, 4, 9, 14, 3, 8, 13, 2, 7, 12. For 8"
disks, the sector order is 1, 6, 11, 16, 21, 26, 5, 16, 15, 23,
25, 4, 9, 14, 19, 24, 3, 8, 13, 18, 23, 2, 7, 12, 17, 22,

The sector interleaving information is kept as a table of data
starting at TABLES5 for 5" disks and TABLES8 for 8" disks.
Because this is RAM based, the interleaving order can be
modified--either to support additional sectors per track or to

optimize the inter-sector time period for a specific

application.

NOTES

1. Disks formatted by the FDC module using
the FORMAT routine are IBM compatible 1in
recording technique (FM for single density,
MFM for double density) and field struc-
ture, therefore they can be read/written on
other IBM compatible equipment. This does
not imply compatibility of the file struc-
ture used or the meaning cof the data
stored on the disk with other IBM compat-

ible systems. L

2. Diskettes created on the Rockwell System

655 cannot be used with the firmware

routines because they are not IBM

compatible.

There are four disk formats as summarized 1n Table 4-5,

Table 4-5. Disk Format Parameters
: Bytes per| Sectors Total No.
Disk Format Sector per Track Tracks
Single-density, 5" (FM) 128 16 35
Single-density, 8" (FM) 128 26 77
Double~density, 5" (MFM) 256 16 35
bouble-density, 8" (MFM) 256 26 77

To format a disk, the following steps are taken:

a. Initialize the FDC module (refer to Section 4.3).

b, Call MOTON (for 1initial selection), or SELECT (on

subsequent selectionsg) to select the drive, side, and
density of the disk to be formatted. Check the A registet

or STFLG and process any errors,
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C. Call FORMAT. The disk in the selected drive will now be

formatted for the selected density (refer to Table 4-3).

This will take a few seconds. Upon return from FORMAT,
check the A register for error conditions (such as disk

write protected).

d. The read/write head is left at the inner-most track. Call

SEEK to bring the head back to the desired track
(typically, track ).

e. Call DESEL or MOTOFF to deselect the drive,
The disk is now prepared for read/write operations. All data
fields on the disk are filled with the character in PADB

(default 1s S$SES).

4.4.2 Reading a Sector

To read a sector of data from a formatted disk, the following

steps may be followed:

a. Initialize the FDC module (refer to Section 4.3).

b. Call MOTON (for initial selection) or SELECT (on
subsequent selections) to select the drive, side, and
density of the disk being read. Check the A register or

STFLG and process any errors.

C. Call SEEK to move the read/write head to the desired track

to be read. The head will remain at this track until
another head movement command is performed. Check the A

register for errors.

d. Call RDSEC to read the desired sector of data. The data
left is pointed to by RDBUF. Check the A register for

errors.,

e, Call DESEL or MOTOFF to deselect the drive.
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The read buffer now contalns the sector of data read from the
disk.

4.4.3 Writing a Sector

To write a sector of data to a formatted disk, the following

steps may be followed:
a. Initialize the FDC module (refer to Section 4.3).

b. Call MOTON or SELECT to select the drive, side and density
~ of the disk to be written. Check the A register or STFLG

and process any errors.

¢. Call SEEK to move the read/write head to the desired track.

The head will remain at this track until another head
movement command 1s performed. Check the A register for

eYrors.,

d. Call WRTSEC to write data to the desired sector. The data
must be in the buffer pointed to by WRBUF. Check the A

register for errors.
e. Call DESEL or MOTOFF to deselect the drive.

The write buffer data is now written on the disk.

4.5 PRIMITIVE ROUTINES

Whenever a disk operation 1s performed, error conditions can
keep the operation from being completed. Most of the FDC
primitive routines return with a status of the operation-- this
status reports on incorrect or ilncomplete operation., After
primitive disk functions, the status is left in the A register
and STFLG. This status 1s typically the FDC device status

register contents. The meaning of the status bits depends on

the type of the routine. Table 4-6 lists the error
definitions.




The Type I routines involve the selection of drives or movement

of the read/write head. The Type I routines are: FORCOF and
SEEK.

The Type II routines control reading and writing sectors of

data to and from the disk. The Type II routines are: RDMSC,
RDSEC, WRTMSC, and WRTSEC.

The Type 111 routines are for reading and writing of data anag
clock information, a track at a time, as well as reading the ID

Field. The Type III routines are: FORMAT, RDTRK, and WRTRK.

All the above routines (types I, II, and III) can also return a

motors not on (the SELECT routine does also) or no drive

selected error ($849).

The remaining primitive routines do not return any error

information: DESEL, INIT, MOTOFF, MOTON.

Dependent on the routine called, certain error checks should

always be performed on return. Some of the error conditions

(such as write protection) are checked within the routines,
while others rely entirely on the application software for

correction.

4,6 PRIMITIVE ROUTINES VARIABLES

The variables used by the primitive routines are located and

identified 1n Table 4-~7,

Table 4-6.

Primitive Routine Error Definitions

Type STEFLG (A) Description
Bit 1 Drive not ready (8" Drive only).
Bit 6 Disk 1s write protected
Bit 5 - - -

)|
Bit 4 Seek error
Bit 3 CRC error in ID Field
Bit 2 Track 09
Bit 1 - - =
Bit ¢ FDC device 18 busy
Bit 7 Drive not ready (8" Drive only).
Bit 6 Disk 1s write protected
Bit 5 Read Reccord Type erxor (1 = Deleted Data
Mark) Write error

aié Bit 4 Record not found

Y Bit 3 CRC error 1in ID Field
Bit 2 L.ost Data error
Bit 1 - - -
Bit @ FDC device busy.

NOTE

An $88¢ i1indicates a Motors Not On or No Drives Seclected

error for Type I,

1T, and III routilines,.
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Table 4-7. Primitive Routine Variables
Table 4-7. Primitive Routine Variables (Cont'qd)
Init | |
Addr Label No. Value Init
(Hex) Bytes (Hex) | Definition addr Label No. | vValue
} | . {Hex) Bytes (Hex) Definition
GDB | PTR 2 - Source/Dest. Buffer Pointer 1 1 ,
I gDD {DMAPTR 2 - Pointer to DMA Module Addr. | 4CO |NBYTE 1 8¢ Bytes Per Sector
{l 1A | 1ROOUT , B IRO Exit Adfress* 4C1 |NHEAD 1 1 91 No. of Heads*
il | A4n2 |FLAG 1 aQ Last Command Performed 4C2 CYLS | 1 23 Tracks Per 5" Disk*
i 423 | ONTR 1 00 Counter | | 4C3 (CYLS 1 4D |Tracks Per 8" Disk*
f- 4A4 | TEMP 2 ga 949 Temporary Storage 4C4 | SECTK5 1 14 Sectors Per 5" Disk*
-l 426 | TEMP? 1 30 Temporary Storage 4C5 |SECTKS 1 1A Sectors Per 8" Disk*
1 4A7 |MSC 1 ry; DMA Most Significant Count . l 4C6 |HDEL 1 1E Delay for Head Load*
| 428 |LSC 1 00 |DMA Least Significant Count ' 4C7 |SFLAG 1 6 Side CMP & Data Mark (C&E)
il ino | neve . - No. of Tracks 4C8 |TUNDEL {1 64 Delay for Non-Shugart Tunnel
 $= 4AR | NSEC 1 %0 No. of Sectors | 4C9 |RDRBUF 2 @9 3E FDC Source Buffer Vector®*
) 4aR | CURSEC | a0 Current Sector No. | 4CB |WRBUF 2 d@ 3F FDC Destination Buffer Vector*
:ﬁT 4AC |LSECR 1 go Current Sector To Read Or Writej | 4CD | RATE 1 97 Stepping Rate
; i
y AAD | STFLG 1 50 iStatus Flag ACF |RETRY 1 35 Number Of Retries
.;f‘ 4AE |CURCMD 1 39 |Current Command Being Executed 4CF | PADB L ES Format Byte Pattern*
a 1P | WRTFLG 1 50 Write Command Flag “ 4DZ | TABLES 16 (Note 1) [5" Sector Interleaving Table*
f il 180 | SELFLG 1 a0 Select Flag | 4E@ |TABLES 26 (Note 2) (8" Sector Interleaving Table*
{ Y 4B1 |MOFLG 1 30 IMotor Flag |
g | |l I NOTES
e il 4B2 |USIDE 1 39 Side No.
AR *User-alterable.
il 4R3 1UCYL 1 gd Track No.
il 4B4 |UDRV 1 a0 'Drive No l. 6,7,8,9,1¢,11,12,13,14,15,16,0,2,3,4,5 (decimal).
. ’ih - { 2- 6;7;8;9,16;11;12;13;14rlS;lG;l?rlB;lgr2ﬁf21r22f23,24;25r
Qo 4B5 (CURCYL 4 g -> @gPlCurrent Track For Each Drive , . 26,9,2,3,4,5 (decimal).
Bl 4B9 |DMAADR 1 30 DMA MSB 1/0 Address*
it 4BA |DMAFLG 1 30 DMA Flag*
5;? 4BB {FORFLG 1 3d Write Track Flag
f; ABE |[DBLCNT 1 FF Double-Density Counter :
Uit ABF | SNGLCT 1 7F Single-Density Counter
11 NOTES
;'Tf *User-alterable.
il
JM
i ‘ ‘
L 4-22
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SECTION 5

USING AIM 65 DOS VERSION 1.9

The AIM 65 Disk Operating System (DOS) Version 1.0 (A65-090)

i integrates the RM 65 FDC primitive subroutines with fundamental
i

Elm | . file management functions for use on the AIM 65 Microcomputer.

These ROM-based functions, contained in a 4K-byte R2332 ROM,

fﬂ are accessible from the operator through the Debug Monitor/Text

N Editor ROMs as well as language ROMs and from an application
H IIl‘

program. Belng ROM-based, DOS operation may proceed immed-

yﬂ iately upon power turn-on without waiting for separate loading
JLH of the DOS 1i1nto RAM.

J“k Text and program source code may be written to, and read from,

floppy disk with the Editor List and Read commands,

Ji respectively. Similarly, binary data and program object code

_Wi may be written to, and loaded from, disk using the Monitor Dump

P
,\\ and Load commands, respectively. Files containing source and
al |
{

object code for application programs written in AIM 65
FEW' Assembler, BASIC, FORTH, PL/65 and Pascal languages are,

il therefore, supported.

it DOS primary commands are selected by the operator at the

i Monitor command level. These commands invoke the following
Al
!

1l functions:

bk Format a Disk

W{P List the Directory
Y Backup a Disk

+H Delete a File

ﬁw Recover a File

lf Files are created automatically upon writing a file to disk. A
L file name and the disk drive number are operator entered in

L response to system prompts.

'Y Disk read or write errors, both at the D0OS and FDC device

level, are reported upon detection. User-alterable variables

l allow changing of default values to application unique values.




5.1 INITIALIZATION

| NOTE (Cont'd)
After iHStalling thE AIM 65 DOS ROM o1 the RM 65 FDC mGdUlE, Applicatiﬂn prﬂgrams must be 1GCated abﬂve the FDC

the DOS is ready for use. The DOS must first be initialized, | module primitive subroutine variables ($U40A-S4FF--

see Section 4.6), DOS 1.8 variables (S@500-5@8564--
see Section 5.7) and above the DOS buffers {(1f left at

however, by executing the startup routine, e.g.:

(*>=8400Y { their default locations, i.e., S$6U@-STFF).

<G>/ .
The FDC module primitive subroutine variables are initialized, 5 2 DISK FORMAT
the DOS variables are set to default values (see Section 5.7},
the IRQ vectors are initialized, the Fl and FZ user function A floppy disk must be formatted in the AIM 65 DOS 1.9 format
keys are linked to DOS, the user-defined 1/0 vectors are loaded hefore it can be used (see Section 5.3.3). The DOS disk format
for floppy disk I/0, and other temporary variables are initial- (illustrated in Figure 5-1) reserves track @ for future use,
ized. Control then returns to the I/0 ROM and subsequently to uses track 1 and one-half of track 2 for the directory, and the
the Monitor command level. DOS commands may be entered when rest of the tracks for sector header and data storage. The
the Monitor prompt is displayed. (The DOS may not be operated sectors are formatted sequentially on the disk.
without the Monitor/Editor ROMs installed.,)

AIM 65 DOS 1.9 is designed primarily to support AIM 65 Monitor/ l | l Single-~-Density Double-Density
, . . | . .
Editor and language functlons in response to commands entered TrkISect By te File No. Byte File No.
from the keyboard with response directed to the display/ No.l! No. | Function NO . | £ g NGO . l = g
. : : { -
printer. When used in this manner, the Monitor/Editoxr ROMs 0 211 |Reserved 1-128 N _ 1256 _ B
must be installed. The DOS may also be used to write and read ] ) d |
. , 1 1 File Entr 1- 16| 1 1 1- 16t 1 1 ”
2 data file under program control (see Section 5.5). In this Y
case, the Monitor/Editor ROMs are not required unless a Monitor | | File Status 1 1
. . a g@=Directory End|]
subroutine 1s used. dl=Active File
02=Deleted File |
F | File Name 2- 11 2~ 11
Start Track 12 12
NOTE Start Sector 13 13
. Length-Low Byte 14 14
The DOS uses two contiguous 256-byte buffers, the output Length-High Eyte 15 Y&
buffer and the input buffer, to transfer data between Null (69) 16 16
. . . 1 | 1| i
RAM and a floppy disk (as wéll as for other intermediate File Fntries 17-128| 2- gl 2o sli7-256| 2- 16 16
data storage). The high byte of the output {(or source) 1 | -~
. e L oh FFER (see Section 2 File Entries 1-128] 9-16| 9- 16] 1-256{17- 32} 17— 32
buffer is specified by the variable BU see o€ | 3~ 8|File Entries 1-128|17-64|17- 64| 1-256{33-128| 33-128
5.7). The input (or destination) buffer is located 9—13|File Entries 1-128 - 65-104) 1-256 — 129-208
1 _ e e 14-16]Free 1-128 — - 1-256 — -~
immediately above the output buffer. BUFFER 1S inltial- |
ized by the startup routine (580@8) to Sd6 which locates 2dT All iFree 1-128 - - 1-256 — _
the buffers in low RAM (i.e., $686-7FF). | |

Figure 5-]1. AIM 65 DOS 1.¢ Disk Format
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5.3 PRIMARY OPERATOR COMMANDS

The primary operator commands are selected by using one of two
keys: Fl and F2. The Fl key directly commands the List
Directory Function, (see Section 5.3.1) while the F2 key
displays a UTILITY = prompt. One of five utility functions may
then be commanded {(see Sections 5.3.2 through 5.3.3). If an

invalid key is pressed for a utility function, the utility menu

is displayed, e.g.:

<]> UTILITY=<RETURN>
(F) ORMAT, (B)ACKUP, (L)IST, (D)EL, ({(R)EC

The <ESC> key 1is vectored through variable FESCIV {(see Sectlon
5.7) to jump to the Monltor command level. The <ESC> key
vector 1s 1nitialized upon cold reset and may be user-altered.
Note that this vector 1s also used to return control to the

Monitor after reporting an error condition {(see Secticon 5.6).

NOTE

Upon cold reset, the density selection corre-
sponding to each disk drive is initially set to
double. If a disk cannot be read at the selected
density, DOS automatically switches to the other
density, and attempts to read the disk again. If |
the read is successful, the selected density is
saved for future reading from that disk drive
(unti1l a cold reset is performed). This process

1s essentlally transparent to the operator except
for a slight delay.

I1f DOS cannot read the disk at either density,
the operator will be prompted to enter the disk
density (e.g., DENSITY= ) upon the next disk
command. The DOS will then attempt to read the
disk again at the commanded density (and, 1f

necessary, the other density).

5.3.1 List the Directory

The List Directory function displays the file name of all files
recorded on the disk, the sector length of the files and the

active/deleted status of each file., The number of free

sectors, i.e., the amount of space left on the disk, 1s also

reported,

To list the directory, press the F1l key, then enter the disk

drive number 1in response tc the prompt.

Example:

To list the contents of the directory on disk drive No. 1:

<[>

DISK=1

FILE NAME LEN S
LOGGER1.0OBJ 269 A
TEXTL 193 A
TEXT?Z2 26 A

SEC LEFT= 178

5.3.2 Backup a Disk

The Backup Disk function copies all the active files from one
disk to another disk. Since deleted files on the input disk

are not co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>