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2 - Terminate the command with a Check Condition status and set the )
Sense Key/Sense Code to Aborted Command/Parity Error. This error :
. does not prevent the initiator from retrying the command.
Note: This method can be used only if the addressed LUN is known from
an Identify message. ‘

56,13 Data Out Phase Parity Error

Parity is optional, the following does not apply to those SCSI devices

communicating on the bus and that are not configured with Parity enabled.

When the target detects a parity error during the Data Out phase, it may retry the
Data Out Phase using the following sequence :

: 1 - Change the phase to Message In, send to the initiator the Restore

Pointers message to reset the data pointer to the first byte.

2 - Change the phase to Data Out to receive the data again.

If the data is not received successfully, the target will terminate the command with
a Check Condition status and set the Sense Key/Sense Code to Aborted
Command/Parity Error. This error does not prevent the initiator from retrying the
command.

§.6.14. Initiator Detected Error Message

If the target receives an Initiator Detected Error message, it may retry the
operation using the following sequence :
1 - Change the phase to Message In, send to the initiator the Restore
Pointers message.
2 - Return to the phase just prior to the receipt of the Initiator Detected , )
Error message and retry the operation. :

If the operation cannot be completed successfully, the target will abort the
command using one of the following sequences :
1 - Immediately go to the Bus Free Phase with no Sense Key/Sense Code
information set.
2 - Terminate the current command with a Check Condition status and set
the Sense Key/Sense Code to Aborted Command \Initiator Detected
Error. Tg.is error does not prevent the initiator from retrying the
comman

5.6.1.5 Rejected Messages

When the target receives a Message Reject message from the initiator, it may retry
the operation by resending the original message. If the message cannot be sent
successfully, the target will take the following action, based on which message

was rejected.

Comunand Complete : The Target shall go to Bus Free phase and not consider this
an error.

Disconnect : The target shall not disconnect and shall continue the current
command. This condition does not preclude the target from attempting to
disconnect at a later time.

Note : The target shall not send the Disconnect message to an initiator which

indicated previously in the Identify message that it does not support the )
disconnect/reconnect option. .

Identify : Sent to reconnect. The target shall immediately go to the Bus Free
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phase and abort the command. No further reconnection shall be attempted, and no
Status or Message In phase with Command Compiete message shall be created by
the target. The target shall set the Sense Key/Sense Code to Hardware
ErroriMessage Reject Error.

Linked Command Complete or Linked Command Complete with Flag : The target
_shall immediately go to the Bus Free phase and shall not attempt to change the

hase to Command phase. The link shail be broken. The target shall set the
gem Key/Sense Code to Hardware ErroriMessage Reject Error.

Message Reject : The target shall immediately terminate the command with Check
Condition status and set the Sense Key/Sense Code to Hardware Error’Message
Rejecs Error.

Restore Pointers : Since the Restore Pointers message is normally used during
retries or error recovery, the target shall abort the retry or recovery attempt, shalil
assume that the error is unrecoverable, then complete che command according to
the error condition.

Save Data Pointer : The target shall assume that the initiator does not support the
Save Data Pointer message, shall not attempt to disconnect from the bus, but shall
compiete the command.

Synchronous Data Transfer : The target shall assume that the initiator does not
support the Synchronous Transfer mode, and shall continue execution using
asynchronous transfer. '

8.6.1.6 Initiator Message Parity Error

When the target receives a Message Parity Error message from the initiator, it may
retry the operation by resending the original message once. If the message cannot
be sent successfuily, the target shall immediately go to the Bus Free phase and
abort the current SCSI command. No further reconnection shall be attempted, no
status or Command Complete message shall be returned for the command. The
target shall set Sense Key/Sense Code to Aborted Command/Parisy Error.

§.6.1.7 Reselection Timeout

When the target attempts to reselect to the initiator and the initiator does not
respond within a Selection Timeout Delay, the reselection shall be aborted. The
target may attempt reseiection one or more times. The target shall determine after
how many attempts to abort the command. No further reconnection shall be
attempted and no status or Command Compiete message shall be created for the
command. The target shall set Sense Key/Sense Code to Hardware
ErroriSelect-Reselect Timeout.

Implementors Note : The initiator shall implement an overall command timeout
delay to detect this error.

§.6.1.8 Internal Target Errors

If an error occurs within the target which is related to the SCSI hardware or.
firmware, the target shall terminate the present command with a Check Condition
status and set the Sense Key/Error Code to Hardware Error/SCSI Hardware Error.
This error does not prevent the initiator from retrying the command.
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2.2 Sequential Access Commands
TBS.

2.3 Printer Commands
: TBS.

2.4 Scanner Commands
TBS.
3.0 Boot Procedures (For Bootable Devices)

3.1 Macintosh Boot Procedures

To allow for boot capability from any bootable SCSI device from the Macintosh 128K ROM, a daa
structure for logical block O has been defined. This data structure will allow the ROM code to
locate the various drivers available for upload to the host. These drivers can be located anywhere
on the drive and can be as large as required. Additionally, there is a data structure for logical

block 1 describes the allocation of blocks on the device for different partitions and /or operadng
systems.

The ROM code, in order to boot propexly, must be able to read blocks from the SCSI device and be

abie o analyze logical blocks 0,1.

A typical Macintosh boot procedure would proceed as follows:

0. Hard Reset
1. Attempt to select the device by its SCSI ID.
t-->2. Read the first 256 bytes of logical block 0 and check for proper signature indicadng a
§ valid Driver Descriptor Map (DDM). Read the 256 bytes of Device Parddon Map from

logical block 1 and check for proper signature.
If error, else

3. Search the DDM for a driver for the host machine.
4. Upload the driver from the indicated logical blocks into system RAM by using
S

le

standard READ commands. Check for proper driver signature.
. gan dtrlixe driver to install itself, also passing a pointer to the DPM for examination by
_ e driver.
6. Perform these steps for all other SCSI ID's on the bus.

Once the driver is installed in the host's disk environment, the boot operation can continue
normally. For example, in the Macintosh world, a read of logical blocks 0 and 1 would fetch the
appropriate Macintosh boot blocks. (Macintosh logical or any other partdon logical is DPM
Starning Block Address"greater than SCSI logical.)



l( _
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3.2 6502 Boot Procedure

Because the ProDos Apple// operating system does not support loadable device drivers, the SCSI
driver will reside, in tocal, in ROM on the SCSI interface board. In an effort to provide flexibility,

" the interface board will allow some SCSI program modules (RAM modules) to be loaded into the

interface board RAM. The intention is to allow a special SCSI device the ability to provide code that
was not incorporated into the interface board ROM. This code can then be executed as a moduie
artached to the normal SCSI firmware,

The ProDos boot procedure from a SCSI device would proceed as follows:

Select device by SCSI ID.

Look for a valid Driver Descriptor Map (DDM). Read the 256 bytes of Device

Partition Map (DPM) from physical block 1 and check for proper signawre.

Look through the DDM to see if a driver for the host machme 1s present

Do a mode sense of the SCSI device, using the parameters to get pertinent device

information and help construct a table of device information in interface card RAM.

lt.éoadmedrivo module into interface board RAM, filling the RAM heap from
e top.

Repeat steps 1 through $ for all valid SCSI ID's found on the bus.

Locate the ProDos Boot device.

Load ProDos starting at $0800 in system RAM.

PN U AW
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Device Partition Map (DPM)

Logical Block 1
DPM Signature $5453 (word)
Starting Block Address (leng)
Block Count (long)
File System ID (or Zsro ) (long)

46
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SCSI Boot Data Structures

Driver Descriptor Map (DDM)

Logical Block 0
DOM Signature $4552 (word)
Blocksize (word)
Block Count (long)
Device Type (word)
Device ID (word)
Data Area Start (long)
Count of Driver Descriptors (word)
Block Address of Driver (long)
Driver Size in Blocks (word)
Driver System Type (word)

37
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{1 : Cable propagation delay 0

12: /REQrue 1o /ACK true at the initiator 20 150 160 ns

13 : /ACK true to /REQ false al the argel 25 110 125 ns

14 : Data setup time lo /REQ true al the initialor 20 ns

15 : Data hold time from /REQ true 50 ns

16 : /REQ false lo /ACK false at the initiator 15 120 140 ns

17 : /ACK false to /REQ true at the targel 20 140 150 ns

Figure 4.1

SCS! READ : INITIATOR RECEIVES & TARGET SENDS
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Apple DeskTop Bus
INTRODUCTION

The Apple DeskTop Bus is a method and protocol for interconnecting computers
with human input and other devices. This specification covers the Physical,
Datalink, and Network layers of the Apple DeskTop Bus . In this specification
the e%mppter is referred to as the host. Peripherals connected to the bus are referred
to as devices.

The host is the undisputed bus master. It controls the flow of data by issuing
Commands and it is the only device permitted to issue them. Talk is the command
used for a data transaction from a device to the host. Listen is the command used
for a data ransacton from the host to a device.

PHYSICAL LAYER

Interconnection:

All devices will communicate with the host via a four pin Mini-4 jack, as specified in
Apple Specification, 519-0370., with the following connector assignments;

1. Data

2. Reserved

3. Power(V+)

4. Return

They will be connected with three conductor cables, which do not exceed 100 pf per
meter, terminated with four pin Mini-4 plugs, as specified in Apple Specification,
519-0320 The maximum length of all cables shall be five meters.

Cable Plug PCB Jack

Huill
Connector Pin Out
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Signal Levels:
Host:
Data:

7/17/86

The data line will be pulled up in the host with a 470 Q £ 10% resistor and shall have

the characteristcs outlined in Table 1.

Power:

The Host will supply 5.0 Vdc £ 10% at .S Amp minimum to the devices. The power
line will be current limited by the host to t damage in the event of a
Power to Power Return short. One Apple DeskTop Bus Load (ADBL) is defined

as a power consumption by a device of twenty five milliamps. Each system shall

clearly state in its documentation the number of Apple DeskTop Bus Loads it

can support.
FDB Host Electrical Characteristics
Symbol Parameter Test Condition | Min.] Max.| Unit
ViL . [Low-Level Input Voitage 02 | o8 Vv
ViH High-Level Input Voltage 24 | v+ Vv
VoL  |Low-Level Output Voltage loL =12mA __loss | v
Vor |High-Level Output Voltage loH =-4.0mA 24 | __ | v
Table 1
Devices:
Data:

The data line shall have the characteristics outlined in Table 2.

Power:

Each device shall be clearly marked on the device and in its documentation with the
number of Apple DeskTop Bus Loads it represents, which is equal to the devices

maximum power consumption divided by twenty five milliamps.

Copyright Apple Computer Inc., Sept.16, 1985
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FDB Device Electrical Characterist ics
Symbol Parameter Test Condition | Min.|Max. | Unit
ViL L ow-Level Input Voltage 02|08 |V
ViH High-Level Input Voltage 24 | v+ |V
VoL |Low-Level Output Voitage | o =12mA __|oss |V
oz |Off State Output Current | V| =04V |20 | vA
Cn  |input Capacitance __ | 150 | FF
Table 2
Modulation:

“There are three forms of modulation on the bus; Normal modulation which transmits
commands and data, High Speed modulation which transmits dara, and Signals
which broadcast global messages such as Service Request and Reser.

Normal Modulation:
An RZ code for modulation has been adopted for the Apple DeskTop Bus . Each
bit cell boundary is signified by a falling edge on the bus. The period of each bit cell
is the ime between two falling edges on the bus. The time for a normal modulation
bit cell, Ty, is 100 usec = 30%. All devices must support, inidalize, and reset in

normal modulaton.

The data is encoded as the ratio of low to high time of each bit cell. Thusa "0" is
encoded as a bit cell in which the low time is greater than the high time. Conversely,
a "1" is encoded as a bit cell in which the low time is Jess than the high time. A Start
is defined as a "1".A Stop is similar to a "0", in that it has a low time of TO, but it
does not have another negative edge to define the bit cell time. It is used 10
synchronize the stopping of a ransacton.

High Speed Modulation:
High speed modulation is used only for data and not commands. A device will not
send data with high speed modulation unless it has been enabled to do so by the host.
The time for a high speed modulaton bit cell is 50 usec £ 1%.
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0 1 RESET

\

o™ |

*reyd “reyc < Tres
Fig. 1 FDB"0","1"and RESET Time s

Signals:
Certain transactions fall under the category of neither commands nor data
transactions. These are special transactions which globally broadcast status to .
devices on the bus. There are four special transactions in this group.

Attention and Sync:
To signal the start of a command, a long attention pulse is sent. This is followed by
a synch pulse to give the initial bus timing. The falling edge of the synch pulse is
used as a timing reference for the first bit of the command .

Reset:
Reset issues a break on the bus by holding the bus low for a minimum of Tyes.

Service Request:
Service Request is a transaction that devices can use to signal the host that they
require service, i.e. have data to send. Following any command transacdon, a
requesting device can signal by holding the bus low during the low portion of the
stop bit of the Command transaction. The requesting device holds the bus low Tjp;

beyond the bit cell boundary to signal.

Once a device has requested service by asserting a Service Request on the bus, it
shall request service repeatedly until serviced. When the requestng device is
addressed to Talk to any register, it will not assert Service Request. When the
requesting device is addressed to Talk to the register which contains the data causing
the Service Request condition, it will not assert Service Request , shall be
considered serviced, and not request service again until it again needs to be serviced.

The ability for a device to assert a Service Request can be enabled and disabled by

the host. All devices shall be initialized with the Service Request capability
enabled.
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cell boundary
-»| |e-Tsynch
Tatth —» T
I at H e o0 o -] ﬂ ‘-Tm—>
°0
|attention+synch | 1 | command I 0 | stopl service
request
Fig. 2 Service Request Transaction
FDB Interface Characteristics
Symbol Parameter Min. | Max.| Unit |Fig.| Definition
T0 "0" low time 60 | 70 |%Tcyc| 1
T1 "1" low time 30 40 |% Teye | 1 _
Tattn | ATTENTION signal | 560 | 1040 usec |2 | 8" Tcyc
Tcyc | FDBbitcelltime [ 70 | 130 [usec |1
Tint__|INTERRUPT signal | 140 | 260 [usec__| 2 [ 2 Tcyc
Tres signal | 28| 52 Imsec |1 140" Tcyc
Isynch | Synchpulsewidth | 60 | 70 |% Teye | 2 _
Tt Stop to start time | 140 | 260 | usec__| 3 2°Teyc
Tstop | Stoppulsewidth | 49 | 91 |usec |3
Table 3
Transactions:
Commands:

The format of 2 command is an attention signal, followed by a sync sxenal then
by eight data bits,and to synchronize the stopping of the wansaction, a stop bit.

Following the imaginary bit cell boundary after the stop bit, the wansaction is
complete and the host releases its actve drive of the bus.

Copyright Apple Computer Inc., Sept.16, 1985
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. (or service request rising edge
] ==t
o0 —
l attention + synch l 1 lcommand lstop I 1 | data
start
Fig. 3 Command Stop to Data Start

Data:
The format of a data transaction is a start bit ,followed by N times 8 bits of data
with the most significant data bit sent first, where N may be from 2 to 8, followed by

a stop bit. The specific length of the data transaction for a specific device is defined
at a higher level of the protocol.

MSB LSB

N IR R

1] 1] | o]
star 4——— 16 to 64 data bits ————» stop

Fig. 4 Data Transaction Example

DATA LINK:

Each device on the bus has an address. There shall be only one actve talker on the
bus at any time, ( see colision detecdon) this may be the host or an addressed device.
A device addressed to talk, with data to send, "untalks" itself after it sends its data. If
a device has no data to send, it "untalks"” itself immediately and allows the bus to
time-out.The host may also send data after a command.

Apple DeskTop Bus Peripherals:

Addresses:
All devices have a four bit command address which is defined by device type
assignment. A device will always respond to that address on either power on or after
a reset signal. The Soft Address locations are places were devices may be moved
to by the host. The Addresses are assigned as shown in Table 4.

R

Page 6 of 13 Copyright Apple Computer Inc., Sept.16, 1985
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Device Table
Address Device type Addressing Example
0000 (0) ADAPSO keys | extended
0001 (1) Appliances extended
0010 (2) | Encoded devices | movable Keyboard
0011 (3) | Relative devices | movable | Mouse
0100 (4) | Absolute devices | movable | Tablet
0101 (5) Reserved -
0110 (6) Reserved -
0111 (7) Reserved -
1000 (8) Soft address -
1111 (15) Soft address -
Table 4
Registers:

All devices have at most four locations to receive data, and at most four locations to
send data. These locations are called registers and are referred 10 as R0 to R3.

They depend on addressing mode supported and are defined as follows:

Register 0 Talk:

Data Register, Device specific as to meaning.

Register O Listen: Data Register, Device specific as to meaning.

Register 1 Talk:

Data Register, Device specific as to meaning.

Register 1 Listen: Data Register, Device specific as to meaning.

Register 2 Talk:

Data Register,Device specific as to meaning.

Register 2 Listen: Movable Devices: Device specific as to meaning.
Extended Address Devices: Enabling Extended Address

Register 3 Talk:

Status information, ie: device address, handler.

Register 3 Listen: Status information, ie: device address, handler.

Commands:

Copyright Apple Computer Inc., Sept.16, 1985
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Commands may be sent only by the host. There are four commands; Talk, Listen,
SendReset, and Flush. A command is an eight bit value with the following
syntax. The most significant nibble is the address which ranges from 0 - 15 (A3-A0
). The next two bits form the command. The last field is a two bit register address
field (RB,RA). This field, which is optional, allows a specific register, R0 to R3,

within an addressed device to be
is to differendate a data register (in a keyboard, the s
or configuration register (in a keyboard, a response t

keyboard).

Table §

specified. An example of where this might be used
pecific keystroke) from a status
hat signifies the model of the

Command Syntax

7654 32 10 Command

XXX 00 00 SENDRESET *
A3-A0 00 01 FLUSH

XXX 00 10 RESERVED

XXX 00 11 RESERVED

XXX 01 XX RESERVED
A3-A0 10 RBRA |LISTEN
A3-A0 11 RBRA |TALK

* forces RESET signal on FDB

To allow for future expansion of the command structure, a group of "place holder”
Reserved instructions has been defined. These inszructons shall be treated as no
response and immediate bus release.

As a specific example, a Talk command to Register 0 of device 5 would be
encoded as "01011100". The bus would be modulated with the following:

i

attention + synch

0 | 1

i

address 5

0 |

3

TALK

110

Fig. 5 TALK Command Example

reg0

stop

Copyright Applé Computer Inc., Sept.16, 1985
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Talk:

All devices on the bus must support Talk and Listen commands. When a device is
addressed to Talk, it must respond before being timed out by the host. This timeout
shall be T} max. after the rising edge of the stop bit of the Talk command.

The selected device, if it does not timeout, becomes active on the bus. It performs its
data transaction no sooner then T}, min after the rising edge of the stop bit of the Talk

command then "untalks" itself and goes inactive on the bus.

Listen:
When a device is addressed to Listen, it is enabled to receive the data bits that are

‘placed on the bus by the host. The host performs its data transaction within T} min

to T, max, after the rising edge of the stop bit of the Listen command After the data

bits are received, the transaction is complete and the device "unlistens” itself. If a
device is addressed to Listen and it receives another command on the bus before it
receives any data, then by definition the transaction is immediately complete and the
device "unlistens” itself. Any "handshaking " will be handled at a higher level.

SendReset:
The SendReset command bit pattern does not go out on the bus. It causes a Reset
signal to be put on the bus. The Reset has the effect of resetting all pending Service
Requests; enabling the service request mode of all devices to enable; and in general
puts the devices in a mode in which they will accept commands.

Copyright Apple Computer Inc., Sept.16, 1985



Engr Spec #062-0267 Rev.C Proposal 7/17/86

Flush:
The effect of the Flush command is defined by the device. It can be used for such
functions as clearing a fifo and resetting all keys on a keyboard so they will be sent
again. '

Collision Detection:

All devices will detect a collision of data. If a device is trying to output a one and the
data line is or goes to a zero, it has lost a collision to another device. If another
device sends data before the device is able to assext its start bit, it has lost a collision.
The losing device should immediately "untalk” itself and preserve the data that was
being sent for retransmission. The device will set an internal flag if it loses a
collision .

The device will clear the internal flag each time it is able to Talk without detecting a
collision.

In order to aid in collision detection, devices using internal clocks that operate within
% 1% should attermnpt to assert their start bit at a random time within the limits of the
line turn around time, Tj;.

Error Conditions:

If the data line gets hung low for Tres, all devices will reset themselves and output a

one. If a command transaction is incomplete by staying high beyond the maximum
bit cell time, all devices will ignore the command and seek another attention signal.

NETWORK LAYER:

Preferred Systems Implementation:

Assumptions:
The Apple DeskTop Bus is designed to be used primarily for human input
devices. These types of devices have three characteristcs which should be taken into
consideration when designing systems software to use the bus. First, the rate of
information coming from an input device is slow reladve to the systems visual
update. Second, only one device is used for input at any given time. Third, the time
moving from one device to another is very long compared to the systems visual
update.

Activity:
In order to allow for the use of inexpensive electronics in Apple DeskTop Bus
devices the preferred systems inplemention minimizes activity on the bus by only
polling the active device once each ventical retrace interval. If a Service Request is
detected a polling sequence of Register 0 is initiated to determine the device which
has data and is requesting service. Once located, this device becomes the active
device, it's Service Requst Enable is disabled, and the old active device's
Service Request Enable is enabled. The default active device should be the
relative positioning device.

Page 100f 13 Copyright Apple Computer Inc., Sept.16, 1985
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Apple DeskTop Bus Peripheral Types:

Movable devices:
These devices will have the capability of being moved by the host to a Soft
Address location. Movable device will opdonally have a switch on them to
indicate actvity, which is called the activator. The activator can be a special key
on a keyboard or a mouse button. In order to aid in collision detection they will also
replace the address portion of the address field of Register 3 with a random number
-in response to a Talk R3 command. @

Extended Address devices:
These devices all have the same command address as well as a unique 16 to 64 bit
extended address which is stored in the device. Their command address may not be
changed. On power up or after Reset they will only accept the Listen R2
command. They are enabled to talk and listen only after receiving a Listen R2
command in which the data matches their stored address. Once enabled they will
respond to all commands addressed to them and have the capability to assert a Service
Request. These devices become disabled after receiving a Listen R2 command in
which the data does not match their stored address.

Register 3:

Register 3 conuains the informadon which tells the device how to behave relative to
the host

Service Request and High Speed Enabling:
The Listen R3 command can be used to enable and disable Service Request and
High Speed modulation. They are enabled by setting the appropriate bit in
Register3 to a one and disabled by setting the appropriate bit to a zero.

Enabling the Service Request bit gives devices on the bus the ability to request
service from the host. Settng the bit allows the device to signal a Service Request
on the bus, or conversely, clearing the bit disables the signalling of a Service
Request. This is useful in systems where the Service Request response time in a
polled system is longer than desired. Or, when only specific devices are required for
an application, the others could be disabled.

Enabling the High Speed bit causes the device to use High Speed modulation.

Senting the bit causes the device to use High Speed modulation on the bus, or
conversely, clearing the bit disables the use of High Speed modulation.

Page110f 13 Copyright Apple Computer Inc., Sept.16, 1985
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1514 13 12 11 8 7 0

device address

high speed enable
service request enable
exceptional event

0 (zero)

l I l ! l ' I | L] l | device handler ID

Fig. 6 Register address 11 (3)

Exceptional Event:
The Exceptional Event bit in Register 3 can be cleared by a device to indicate an
exceptional input condition such as reset or a failure.This bit shall be set to a one if
not used. The specific application is defined at a higher level.

Handlers:

Handlers define a set of capabilides in both the host and the device such as the
meaning of the data in each of the registers, the length of data ransactions. ect. The
host is able to interact with devices to modify thier funcdon with a Handler ID
which is stored by the device in Register 3. The host is able to change the the way
a device functions by sending it a new Handler ID with a Listen R3 command. If
the receiving device is able to match the Handler ID to a function in the device, the
new Handler ID will be stored and sent in response to a2 Talk R3 command.

Reserved Handler ID's
The Handler ID "FF" hex is reserved for the self test mode for all devices. The ID
in Register 3 prior to command shall be perserved.

The Handler ID "00" hex, in response to a talk is reserved to indicate a failed self

test.

The Handler ID "00" hex sent with a listen is reserved to indicate that the device is
only to change unconditionally bits 8 to 13 of Register 3. The ID in Register 3

prior to command shall be perserved.

The Handler ID "FE" hex sent with a listen is reserved to indicate that the device is
only to change the address portion of Register 3 if no collision has been detected.
The ID in Register 3 prior to command shall be perserved.

The Handler ID "FD" hex sent with a listen is reserved to indicate that the device is

only to change the address portion of Register 3 if the devices switch is depresed.
The ID in Register 3 prior to command shall be preserved.
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Changing Addresses:

Systems Level: , :
At the systems level a host can change the address of Movable devices by forcing
the collision of devices sharing the same address. By issuing a Talk R3 command
and following it with a Listen R3 command, with a new address in bits 8 to 11 and
Handler ID "FE" in bits 0 to 7 of the data, the device which did not detect a
collision will be moved to the new address. This process can be repeated at the
inidalization address until the response to the Talk R3 command is a ime out. This
can be used to identify and relocate multiple devices of the same type after
initialization of the system. S

Applications Level:
At the applications level addresses can by changed by displaying a message
requesting a user to use the devices activator. The host then issues a Listen R3
command with a Handler ID of "FD" to a new address and the device with the
activator being used is moved. This can be used to identify and locate individual
devices in multi-user applications.

Device Assignments
Device [Initialization [Extended|HandlerfSpecification
Address |Address ID Number
Transciever 01 0000 01 341-0440
Keyboard 02 N/A 01 062-2068
Mouse 03 N/A 01,02 | 669-0152
Table 6
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6.0

6.1

6.2

6.3

6.4

6.5

7-17-2¢6
Excerpts from
KEYBOARD SPECIFICATION

COMMUNICATION PROTOCOL

THE KEYBOARD SHALL MEET ALL REQUIREMENTS OF THE APPLE DESKTOP BUS
SPECIFICATION #062-0267.

THIS SPECIFICATION DEFINES THE REQUIREMENTS OF HANDLER LD. 0001H FOR ENCODED
DEVICES.

THE ACTIVATOR SHALL BE THE OPEN APPLE KEY (KEY #72).

ANY VALID KEY DEPRESSION OR RELEASE SHALL CAUSE DATA TO BE TRANSMITTED
THROUGH REGISTER 0 PER SECTION 8. IF THERE IS DATA IN REGISTER 0, SRQ SHALL BE

ASSERTED IF ENABLED.

IF THERE IS ONLY A SINGLE CHARACTER TO BE TRANSMITTED A FiLL CHARACTER OF
FFH WILL BE INSERTED FOR EITHER KEY CODE. THE EARLIEST KEY PRESSED SHALL

ALWAYS BE IN KEY CODE 1.



15 14 8 7 6 0

LLL T 111 yeycode 2
key released

key code 1
key released

FIGURE 1 KEYBOARD REGISTER O

6.6 THE STATUS OF THE FOLLOWING KEYS WILL BE INDICATED IN REGISTER 2 PER FIGURE 2

CAPSLOCK (70)
OPENAPPLE (72)
SHIFT (53 & 64)
OPTION (71)
RESET (81)
CONTROL  (37)

DELETE (14)

6.6.1 A DEPRESSED KEY WILL BE INDICATED BY A ZERO AND A RELEASED KEY WILL BE
INDICATED BY AONE. :

6.6.2 THE STATUS INDICATED SHALL BE THE CURRENT STATUS OF THE KEY AND SHALL NOT
BE BUFFERED.




6.7

€.8

6.9

7.0

7.1

7.1

7.2

7.2.1

7.2.2

BITS 0 TO 7 AND 15 ARE RESERVED.

18 14 13121110 9 8 7 s 4 0

l || l . l ' l l RESERVED

OPEN APPLE
OPTION
SHIFT
CONTROL
RESET

CAPS LOCK
DELETE

RESERVED

FIGURE 2 KEYBOARD REGISTER 2

A DEPRESSED RESET KEY (KEY 81) WILL BE INDICATED BY A ONE IN THE EXCEPTIONAL
EVENT BIT (BIT 14) OF REGISTER 3 AND A RELEASED RESET KEY WILL BE INDICATED BY
A ZERC.

IN RESPONSE TO A FLUSH COMMAND, THE KEYBOARD SHALL CLEAR ANY INTERNAL FiFO
AND SET ANY INTERNAL KEY MATRIX HISTORY RECORD TO AN "ALL KEYS UP" STATE.

THIS SHALL RESULT IN THE CODE FOR ANY KEY S WHICH ARE DOWN BEING TRANSMITTED
AGAIN.

KEY. ROLLOVER

TWO-KEY LOCKOUT: IF THERE ARE TWO SIMULTANEOUS VALID KEYS DOWN,
SUBSEQUENT KEY DEPRESSIONS WILL BE IGNORED.

ALL KEYS EXCEPT THOSE LISTED IN 7.2 WILL HAVE TWO-KEY LOCKOUT.

N-KEY ROLLOVER: A KEY DEPRESSION WILL BE ACKNOWLEDGED REGARDLESS OF THE
POSITION OF ALL OTHER KEYS.

THE FOLLOWING KEYS WILL HAVE N-KEY ROLLOVER:

CAPS LOCK (70)
OPEN APPLE (72)

SHIFT (S3 & 64)
OPTION (71)
RESET (81)
CONTROL (37)

THE RIGHT AND LEFT SHIFT KEYS SHALL BE WIRED IN PARALLEL.



7.2.3 THE KEYBOARD SHALL BE DESIGNED SO THAT THE STATE OF THESE KEYS SHALL BE

7.3

7.4

8.0

8.1

DETECTED FIRST FOLLOWING A POWER ON RESET, ARESET SIGNAL, OR A FLUSH
COMMAND.

THE CAPS LOCK KEY IS A MECHANICAL ALTERNATE ACTION SWITCH.
IN ADDITION TO ITS FUNCTION CALLED OUT IN SECTION 6.6, 6.8, AND 7.2, DEPRESSION
OF THE RESET SWITCH (NO 81) SHALL CONNECT THE SOFT POWER ON LINE (PIN 2 OF THE
CONNECTOR) TO SIGNAL GROUND (PIN 4 OF THE CONNECTOR).
KEY CODES |

ANY KEY DEPRESSION WILL GENERATE A CODE AS INDICATED IN TABLE 2.

RELEASING A KEY WILL GENERATE THE SAME CODE WITH BIT 7 SET (EX 'S'KEY:
DEPRESS= 001H, RELEASE = 081H).

81
1 213|456 7]8]9]10f11]12]13] 14 15] 16| 17| 1
19 20f 211 22| 23] 24| 25| 26| 27} 28} 29| 30{ 31 33] 34| 35| z¢
37 38 139 |4C |41 |42 |42 |44 |45 |46 |47 |48 32 4% =0 =] =2
53 4555637 (c8|53|6C|61|6z]|63]%44 66 |57 |23 | ¢3
70071172 74 73 75 |76 | 77| 7865 79 80

FIGURE 4 KEYSWITCH DESIGNATION

escll 12 |3 |4 |5 |e |7 |8 19 o |. |« [delete] Eleals |: .
tab o jwle [r 1T |Y |u |t lolr [T |} 7 18 |9 |-
tontrol4 S {D |F |G |H |J |K }JL |; ' return| |4 |5 |6
shift ZIx |c vV IB |IN|M |, . / shift 1 2 |3
entgr
Eap . 0
ahdopt [0 R ey |4

FIGURE § U.S. LEGENDS



Appie JeskTop Bus
Macintosh Software Architecture Specification
Revision 1.01

October 27, 1986

EERFET

(He who ridas a tiger cannot dismount)
<Chinese Proverd

introduction

The advent of the Apple DeskTop Bus (ADB) hardware on Macintosh machines
creates the need for a standard technique for installing devices which use this bus.
These devices are likely to be supplied by a third party vendor. This means that device
driver software for these devices must be instailed dynamically, so that the dnvors can
be distributed independently of the Macintosh system software.

{a addition, the Apple DeskTop Bus supports the standard keyboard and mouse
peripherals. To provide maximum flexibility, the ADB standard support software must
allow these devices or the drivers which sarvice them to be replaced dynamically.

This document describes the technique which will be used to meet these goals. The
‘intended audience is the development team, management, and third party vandors
with a need for early documentation.

Hardware Background

The Apple DeskTop Bus is a simple local area network. This network connects the
computer system (master) with up to 16 low-speed input devices. Each device on the
network has up to 4 data areas (called registers) which can be read or written over
the network. Each register is 2-8 bytes long, and can have different meanings for read
and write operations. (The bus can support variable length registers, from 2-8 bytes.).

The Macintosh accesses the network devices through port B of the VIA. Each byte
transferred takes approximately 220 microseconds.

Command Format

The ADB uses a polling protocol. The Macintosh must initiate each operation. The -
network supports 4 operations, called commands. A command is an 8-bit quantity
which is sent from the Macintosh to the desired deyice on the network. The 4

ADB Mac Software Architecture Rev 1.0 1
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. 4r@ Suawn in Figure 1.

Command 7 4

NN\

Flush L Network Address 0 0 0 1

7

Listen Network Address 1 | 0 | Register

Talk Network Address 1 1 | Register

Figure 1. ADB Command Bytes
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state in which they mll accept commands.

The Elush command performs a device-dependent initialization for a single device.
This command is intended to be used for resetting a single device. Any user input
stored by the device (such as typeahead in a keyboard device) is discarded.

The Listen command initiates a data transfer from the Macintosh to a network device
register. Both the device address and the register number are encoded in the
command byte.

The Talk command is the opposite of a listen. Daxa is transferred from a register in
the device to the Macintosh.

All other bit patterns are reserved for future expansion.

Device Registers

Both the itsten and talk commands transfer from 2-8 bytes of information between the
Macintosh and a register on the network device. Transfaers are performed one byte at a
time, with the Macintosh taking an interrupt at the end of each byte transfer. Once data

from an ADB device has been read by the Macintosh, the data may no longer be
available.

Two of the device registers have a standardized format. Device Register 0 is used for
interrupt polling. This register, it prasant in conjunction with an interrupt request (a

ADB Mac Software Architecture Rev 1.0 2



*Sarvice Request” in ADB terminoiogy) contains the Imarmpt data from ‘2.

talk command to Register 0 will time out if the device is not requesting servics. Jevice
Register 3 is an |D register which describes the device type. This rogustar is 16 bits
wide, and has the following format:

151413121110 0 8 7 o
Device
_ : [i Address Device Handler ID I
T T High Spocd Enable
' Service Request Enable

Exceptional Event

Figure 2. Layout of ADB Device Register 3.

This register may be both read and written (talk'ed and listen'ed) by Macintosh
software. The Device Handler ID is basically a signature which indicates the type of
device. This quantity may be changed by the host with a listen command. If the device
supports the new handler ID, it will appear in subsequent talk commands. Certain
vatues of this fleld have special meanings. These vaiues have different meanings
depending on the eommand (talk or listen) as follows:

-Yalue Command Meaning

O00H Listen Change only bits 8-13 of Register 3

OOH Talk Selt Test Failure

FEH Listen Change address if no collision detected
FDH Listen Change address if device switch depressed
FFH Listen Initiate device self test

The values 00H, FEH, and FDH on a listen command do not change the value of the
device handler field returmned by a subsequent talk command. The self-test process
changes this field only on test failure.

The Device Address field may be set by the Macintosh with a listen command. This
causes the device to appear at a differant place on the bus. This fieid is set to a random
pattern on a talk command, to enhance the collision detection feature.

The Exceptional Event bit is a device-dependent flag which can be used by the
device and the Macintosh driver to communicate a significant event.

The Service Request Enabie bit allows a device to assert the ADB service request

ine, which causes the Macintosh to (eventually) poll the device for service. See the
“Interrupt Mechanism" section below for details on the Service Request below. )
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The High-Speed Enable bit enables a different (hiyinar spsed) modulation technique
for the device on.the ADB.

Data Transfer Mechanism

The Macintosh transfers data to and from bus devices via the shift register on the VIA .
‘There are two other signal lines called "STO" and "ST1° which designate to the Apple
DeskTop Bus transceiver how the data in the shift register is to be used. These two lines

define a state. When the Macintosh changes the value of these two bits, the
transceiver initiates a bus transaction. There are four possible states, as follows:

State Meaning

0 Start a new command

1 Transfer even data byte
2 Transfer odd data byte
3 idle

State 3 is the initial (power up) state. To execute an ADB command, the Macintosh
loads the command byte into the VIA shift register, and sets state 0. Upon getting the
shift out interrupt, the Macintosh alternates between states 1 and 2 to transfer the data in
or out. An interrupt occurs after each byte is transferred. After the last completion
intemupt, the Macintosh sats sithsr stats O or 3t compilsts the command. You can abort

a partially executed command by satting the state to 0 at any time.

For a talk command (device to Macintosh), the end of data is indicated by the presence
of the Int signal at the end of state 1 or any state 2 after the first state 2.

When in state 3, the transceiver re-executes the last talk command every 16.7 msec.
This eliminates the need for the Macintosh to continuously poll the Apple DeskTop Bus
to see if a device requires sarvice. In the event that the Macintosh initiates a command
while the transceiver contains data from a successful poll, the transceiver will initiate the
Int signal at the end of state 0. If the Macintosh proceeds to state 1, it will receive data
from the polling operation. The command which the Macintosh attempted to send is
discarded, and must be re-issued at the end of the polling data.

Interrupt Mechaniam

When a device on the Apple DeskTop Bus needs to present an unsolicited interrupt to
the Macintosh, it assarts a System Request (SRQ) line on the bus. This shows up as the
Int signal on the Macintosh VIA, at the end of the first state 2 in a command sequence.
When the signal is asserted, the Macintosh must then poll each device on the bus to
determine whether that device needs service.

The polling mechanism works as follows: The Macintosh will issue a talk command for

register 0 on each device on the bus in turn. If a device has data to send, it will respond
to the talk command. If the device has no data to send, the transceiver will assert the
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Int signal at the end of state 1, indiating that no data was sent.

The presence of data after state 1 (indicated by the lack of an |nt signal) means that the
device did require service. The Macintosh must retrieve all data from the device before
poliing the next device. The transceiver will assert the [nt signal between state 1 and
all but the first state 2 when the data is exhausted. Tholntsagnalwill be asserted at the
end of the first state 2 if & device is requesting service. A device requesting service will
continue generate this signal until the Macintosh issues a talk command for the
device's register 0.

Qther Considerations

- The devices on the Apple DeskTop Bus typically utilize inexpensive (slow) singie-chip

microprocessors. The same processor typically handles both the extemnal device and
the device's ADB interface. The Macintosh must leave the ADB idle at least S0% of the
time to aliow the extermal devices time to function.

The Apple DeskTop Bus also supports a feature known as axtended addressing.
Using this feature, a single ADB address can be used for multiple devices. These
devices have a fixed address, from 16 to 64 bits. An extended address device is
selected by issuing a listen command to register 2. The device whose address
matches the data sent to register 2 becomes selected.

Rt is aiso possible to connect saveral devices to a single non-extended ADB address.
The Macintosh code may separate these devices by issuing a talk command to register
3. This will force a collision. The Macintosh shouid then issue a listen command to
register 3 with the special code FE hex in the device handler ID fieid. If there is more
than one device connected to the address specified in the listen command byte, then
there is a high probability that only one device will change its address to the value
specified in the data field. When performing this operation in software, you must move
all the devices from an address to other addresses. To isolate a device to a unique
address, you must have moved the device at least 40 times from one address to a free
address using the collision detection mechanism.

Adding a device to the Apple DeskTop Bus while the system is running can be
disastrous. Connecting the device will, in all likelihood, resat all devices on the bus to
their power-up addresses. Worse, there is no way for the Macintosh to tell that this has
occurred. Therefore, adding a device t0 a "hot® system is not supported. Note that the
power-on addresses for the keyboard and mouse are not changed by the initialization
code to allow a graceful shutdown in this situation. There is currently no way of
notifying a Macintosh application, and no plans to support this feature.

Software Qverview

The software to support the Apple DeskTop Bus resides in the Macintosh ROM. This
code has four components:

. Apple DeskTop Bus Initialization Code
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. Apple DeskTop Bus Interrupt and Polling Code
. Universal Keyboard Driver
. Mouse Driver

This code must be designed in such a way as to permit the addition of extra devices in a
minimally painful fashion. The software to handle these devices must work with new
versions of the Macintosh system software (including ROM code). It must also be
possible to replace the keyboard and/or mouse devices and drivers with new devices
~ and drivers without disrupting the rest of the system.

Externally Visible Data Structures

There is only one externally-visible data structure associated with Apple DeskTop Bus
support software. This is the devics table, placed in the system heap by the ROM code
during initialization. This table is shown in Figure 3.

ADBBase ($:00xX) | g variabie Base Address

Device | Orig.
Type M:t Data Area Address (0]
%':‘ 22 Data Ares Address (1}

(System Heap)

10';:'23 A&B. Servics Routine Address Data Area Address (18]

Figure 3. ADB Device Table.

Low memory location "ADBBase” contains the address of this table which is also the
base address of the ADB variables. There are 16 entries in the table, corrasponding to
the 16 possible network addresses. Each entry consists of the Device Tvype (8 bits),
the Qriginal ADB Address (8 bits), the ADE Address (8 bits), one unused byte(8
bits), the (32 bits), and the Data Area Address. The
Device Type fieid is a copy of the device handler ID from the device's register 3. This
field is updated by the driver to reflect any changes made to this fieid with a listen
command to the device. The Original ADB address is the address the device first
responsed to. The ADB address is the current Apple DeskTop Bus address of the
device. The unused byte is reserved for future use, this byte makes the entries of even
length. The Service Routine Address is the address of the code which handles a
request for saervice from the device. See the section on Polling code for the calling
sequence for this routine. The Data Area Address is passed to the service routine in
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ADB Device Drivers

Two standard drivers are inside the Apple DeskTop Bus Manager. They are the mouse
driver and the universal keyboard driver. The mouse driver will be able to support
Apple's ADB mouse and the universal keyboard driver will be able to support all
Apple's ADB keyboards. All non-Apple ADB mouse or keyboard devices may require
its own device driver. All ADB device drivers are put into a new resource called 'ADBS'
and it has to be installed inside the System File.

The ‘ADBS' resource has two sections: & initialization code section which starts at the
beginning of the resource and an optional driver code section. The Start Manager calls
the initialization code to set up the driver in a fixed system heap focation and update the
device table with the Service Routine Address and the Data Area Address. The
initialization code should first check if the device it is for is presently connected to the
Macintosh by checking the Device Type and the Original ADB Address fields of the
device table. If no corresponding entry is found in the table, it should just exit.

Initislizetion Code.

On power up, a section of code must be executed which will initialize the Apple
DeskTop Bus end Its associated devices. This code is called by the Start Manager, and
performs the following actions:

1. Allocate memory for the ADB device table and sat the low memory address to
point to the first byte of this table.

2 Initialize the table to binary zeros.

3. Issue a talk command to register 3 on each network address. For all devices
which do not time out, place the address and device handler ID in the next siot in
the table.

4. Ensure that each address on the network has at most one (non-extended type)
device, using the technique described previously. Make a mouse in the system
address 3 and the keyboard address 2. If one of these devices does not exist, do
not make an entry for it. Place the entries (if any) in the first siots in the table.

5. Initialize the Service routine address for the mouse and keyboard table entries (if
any) to point to the proper driver code.

6. Issuse a talk register 3 command for the mouse. This command is the auto-poil
command until there is any activity from another device.

7. The Start Manager will then call the InitADBDrvr routine which would load the
ADBS resources and execute them one by one. K
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Note-that following initialization, tha tabiv will «-:tain the standard mouse and keyboard
devices. Any other devices connected will have the Service Routine Address field and
the Data Area Address updated by the corresponding ADBS resources if they are in the
system file, otherwise they will remain uninitialized.

ADE Svstem Calls

Six new OS traps are added to support the Apple DeskTop Bus. They are ADBRelnit,
ADBOp, CountADBS, GetindADB, GetADBInfo, and SetADBInfo.

ADBReinit is the call to reinitiaize the whole Apple DeskTop Bus. First, the ADB
device table is zeroed out, then a Reset command is issued to reset all ADB devices to
their original addresses. Then the initialization sequence described above is executed.
ADB address for any device cannot be count on to remain the same. No argument is
required for this cail.

ADBOp is the call to issue an ADB command to any device currently connected.
Register DO.B contains the desired command and register A0 is the pointer to the
ADBOp paarameter biock as shown in figure 4. If the command can be successiully
issued n will retum a zero in rngustar Do B, othenmse a -1 wm be retumed. The data

0 address of data buffer (4 bytes)
4 Service routine address (4 bytes)
8 optional data area address (4 bytes)

Tigure 4. ADBOp Parameter Block

CountADBs is the call to count the number of entries in the device table, no argument

is required and the result is retumed in register Do.W.

GetindADB is the call to retum information from the device table by the entry index.
Register DO.W comtains the entry index of the device table, the value can be from 1 o
the value returned by CountADBs. Register AQ is a pointer to the ADB Data parameter
block (as shown in figure 5) containing fields for device type, original ADB address,
service routine address and the data area address. On exit, register D0.B will contain
the error code.
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0 Device Type (1 byte)

1 Original ADB Address (1 byte)
2 Service Routine Address (4 bytes)
6 Data Area Address (4 bytes)

Figure S. ADB Data Parameter Block

GetADBInfo is the call to retum information from thedevice table by the ADB address.
Register DO.B contains the ADB address. Register A0 is a pointer to the ADB Data
parameter block (as shown in figure 5) containing fields for device type, original ADB
address, service routine address and the data area address. On exit, register DO.B will
contain the error code.

SetADBInfo is the call to set the service routine address and the data area address in
the device table. Register DO.B contains the ADB address. Register A0 is a pointer to
the Setinfo parameter biock (as shown in figure 6) containing the service routine
address and the data area address. On exit, register DO.B will contain the error code.

L d

0 | Service Routine Address (4 bytes)

4 Data Area Address (4 bytes)

Pigure 6. SetInfo Parameter Block

Flow Chart of some Important routines

Flow charts for the ADBOp and Shift-Register Interrupt are shown in figures 7 and 8.
They are here as a reference only, and the actual implementation is not an exact
duplicate of the flow chart.
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Figure 7. ADBop Flow Chart.
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Figure 8. Shift-Register Interrupt Flowchart.
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Belated Documentation
The following documents are helpful in getting a better understanding of the Apple
DeskTop Bus:

< FDBDvrB.Asm sample code for Macintosh (Larry Kenyon / Mike Clark,
2/20/86)

- Pront Desk Bus Specification (Mike Clark, 2/11/86)
- Macintosh to FDB8 Transceiver Interface (Mike Clark, 2/24/86)
- Apple DeskTop Bus Specification Rev, D-2 (Bill Marino, 8/13/86)
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PART 7

Floppy Disk Interface



-t

OO NOAVMAWLUN =

Floppy Disk Connector Pinout

10 9 8 7 4 3 2 1

o 6 6 0 O o @ 0 ©°
@ 19 18 17 16 1S 14 13 12 11 @

[ ) O 6 6 6 6 0 O

Ground 1 CAO
Ground 12 CAl
Ground 13 CA2
. Ground 14 LSTRB
«12 volts 15  Write request
+S volts 16 SEL
+12 volts 17  External drive enable
+12 volits 18  Resad dats
(not connected) 19  Write dats

Motor speed control



PART 8

Serial Ports



Freeport Serial Ports
14 July 1986

The Aladdin extends the capabilities of the Macintosh serial ports,
primarily for better support of synchronous modems. This serial port
enhancement includes the following:

Production Hardware (DVT-2 and later)

. Freeport provides an additional handshake input, GPi (General
Purpose Input), on each serial port. This input is accessible at pin 7 of
the mini-8 serial connectors. GPi is received, inverted, at the SCC's
DCD/ (Data Carrier Detect) input. On the Macintosh Plus serial
connectors, pin 7 is not connected. On the Macintosh Plus and
Macintosh 512K, the SCC's DCD/ inputs are used to detect interrupts
gom the mouse, a function taken over by the Apple DeskTop Bus on

reeport.

2. For port A (the ‘modem® port) only, @ software accessible switch

directs either the usua! 3.672 MHz clock signal or an externally supplied
clock to the SCC's RTxCA/ (Recesve/T ransmit Clock - channel A) input.
This switch is set by the VIA's PA3 output: when PA3 is high (1, the default)
RTxCA/ receives the 3.672 MHz clock; when PA3 is low (0) RTxCA/
receives the same inverted GPiA signal that appears at the SCC's
DCDA/ input. On the Macintosh Plus and Macintosh 512K, the VIA's PA3 is
used as an output called SND.PG2/, which selects the alternate sound
guffer when low. The giterncte sound buffer is not availcble on

reeport.

DVT-1 Prototype Hardware

The following changes were introduced on the first-revision Freeport
prototypes only, built in July, 1986. In the interest of backwards
compagatibility, it was decided to reverse these changes (back to the
Macintosh Plus definition) for all subsequent revisions, beginning with
Rev. 2 Freeport prototypes to be built in August, 1986, for DVT 2.



1. The TXD+ and TXD- (Transmit Data + & -) outputs, accessible at pins 6
and 3 of the mini-8 serial connectors, are enabled by the SCC's DTR/
(Data Terminal Ready) output: if DTR/ is low (0) the TXD outputs are
enabled:; if DTR/ is high (1) the TXD outputs are placed in @ high-
impedance state. On the final Freeport, Macintosh Plus and Macintosh
512K, the TXD outputs are enabled by the SCC's RTS/ (Request to
Send) output.

2. HSKo, the Handshake Output accessible at pin 1 of the mini-8 serial
connectors, is driven inverted from the SCC's RTS/ (Request to Send)
output. On the final Freeport and Macintosh Plus, the HSKo output is
driven inverted from the SCC's DTR/ output.

3. HSKi, the Hondshake Input accessible at pin 2 of the mini-8 serial
connectors, is received inverted at the SCC's CTS/ (Clear to Send)
and TRxC/ (Transmit/Receive Clock) inputs. On the final Freeport,
Macintosh Plus and Macintosh 512K, the HSKi signal is received without
inversion.



Here's @ quick pin-by-pin comparison of the Freeport, Macintosh Plus.crnd
the Macintosh §12K serial ports.

Freeport, All Rev's.
Mini 8

Pin 7: GPi, received
inverted at DCD/

(on port A, aiso
received at RTxCA/
¥ VIA's PAJ is set low)

Freeport Rev.1,
Only
Min-8

Pin 1: HSKo, driven
inverted from RTS/

Pin 2: HSKi, received
inverted ot CTS/
and TRxC/

Pins8 & 5: RXD+ & -,
received differenticlly
at RxD

Pins 6 & 3: TXD+ & -,
driven differentigily

from TxD: encbled
from DTR/

Pind & Shell: Ground
(No +5V supplied)

(No +12V supplied)

Mgpintosh Plus

‘Mini-8

Pin 7: (Not connected)

Production Freeport

and
Macintosh Plus

M-8

Pin 1: HSKo, driven
inverted from DTR/

Pin 2: HSK, received
un-inverted ot CTS/

and TRxC/

Pins8&5: RXD+ &-,
received differentially
at RxD

Pins 6 & 3: TXD+ & -,
driven differenticlly
from TxD: encgbled
from RTS/

Pin 4 & Shell: Ground
(No +5V supplied)

(No +12V supplied)

Macintosh128K/512K
DB-9

(No General Puecse oL

Macintosh 128K/512K
pe-°

(No Handshake Outelt)

Pin 7. HSKi, receivec

un-inverted ot CTS/

ang TRxC/

Pins 8 & 9: RXD+ & -,

received cCifferentic.y

at RxD j

Pinsd4 & 5: TXD+ & -,
driven differenticily
from TxD: enctied
from RTS/

Pins 1,3, & Sheil: Grecurz
Pin2: +5v

Piné: +12v



Freeport Rev. 1 Prototype Serial Ports 17 May 1986
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Freeport Production Serial Ports

14 July 1986
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EJPPLEMENTAL |
IJOCUMENTATION

December, 1986

Introduction ¥

The documentation contained herein will £ .,upplemen% the-iosumeriation
that you received earlier. All duplicate inforation contained inthis
document should supercede all previous documents.

The design of the Freeport is now stable. Chaﬂges batween DVT2. uitits
(the units you received in early November) and production-unitg. wii be
miror and should not effect your product plans. You shauid have.ro
reservations about committing to your designs from this poist fonsvaid:

- documentation should accompany the final pre-production punmuc

Freecport (Called a "PVT" unit).

Changes between the various prototype levels (DVT1, DVT2 and
PVT/Production) are all detailed in this document.

Documentation Outline

Th: :e sections are replaced (from the early package): "Differgp s
beiween Freeport and Macintosh 512K , Macintosh Plus" (Intes.: o
updated and redistributed to different sectlons) "Expansion Pcri C mr
diagram replaced (See amended and enhanced informatior: kelow), &¢
and ADB software specifications (specifications updated).

This documentation packet includes the followmg sections:

I Rom Daugtherboards

[l. Changes between DVT1 and DVT2 prototypes

lll.  Changes between DVT2 and PVT/Production units

IV. New Expansion Features (of Freeport) - Description, Warramy Issues
V. Custom Card Expansion - Features of the 96 pin conaatns
VI. Disk Drive Expansion - SCSI Hard Disks, 800K Drives

Vil. Apple Desktop Bus - Input Device Bus

VIli. Feature Changes From Previous Macintosh Systenis

IX. General System Enhancements

X. Power Budget Considerations

Xl. Heat Dissipation Guidelines

Xil. Memory Map

Xill. System Timing Diagrams

XIV. Mechanical Drawings

XV. © itest SCSI Software Specification

XVI. .atest ADB Software Specification
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. ROM daughterboards

Enclosed with this documentation are a new set of ROMS. Also included is a
new System Tools disk. The ROMs will work properly in your PVT units only.

The final Freeport system will ship with 256K of ROM which will plug directly
into the ROM sockets on the logic board. Because EPROMs of this size are
not readily available, we have provided you with a ROM daughterboard that
holds four EPROMSs. Taken together, the four EPROMs contain the ROM
image of the final 256K Freeport ROM.

Since you may be developing expansion card products which might
interfere with the ROM daughterboard, we have also provided you with a set
of masked ROMs that are electrically and mechanically identical to the final
ROM. However, these ROMs have many known bugs. They are provided
for your convenience only.
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Il. Changes between first (DVT1) and second
(DVT2) prototypes

« Serial Ports are now Macintosh Plus compatible (This change was
previously detailed in section 8 of the "Freeport Hardware Prehmmary
Notes").

« 96 Pin expansion connector is reversed and several pins have been
changed (See Section V. Custom Card Expansion). However, these
changes should not have a major impact on your products.

« Internal SCSI connector has been tured around. Reset feature on drive is
now functional.

» Hard drive firmware now supports 2:1 mterleave

« Minor mechanical revisions (See mechanical drawings).

lll. Changes between DVT2 and PVT/Production

Units
The PVT units you have received are functionally identical to the final
production units in every detail except for some appearance changes to the
housing (however mechanical size/location features will not change).
These units pass FCC emissions standards. The only meaningful
differences between DVT2 units and production units will be that PVT units
will be the first units to include the SCSI IRQ feature and the removable
Accessory Access Port door at the rear.
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IV. New Expansion Features
The Freeport includes three new and powerful expansion capabilities.
These are: Provisions for an internal custom expansion card, provisions
for an internal 3.5 Hard Disk (or Second Internal 800K Drive), and
provisions for flexible connections of input devices by way of the Apple
Desktop Bus.

The internal expansion features provide logic and power connections as
well as a fan for cooling. Third-party products that adhere to the
recommended expansion guidelines (power dissipation, mounting,
cooling, connections, etc), use the Apple supplied expansion features
and do not require physical alteration of the Freeport will not void the

~ Apple Limited Warranty.

12/86 Apple Computer Confidential Page 4
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V. Custom Card Expansion

The Freeport is the first Macintosh to provide the capability for internal
hardware expansion. The Freeport supports one internal expansion
card of approximately 4"x8" in size (See included drawings).

Custom card expansion of the Freeport is supported by these features:
* 96 Pin Expansion Connector (Euro-DIN type) that provides power,
timing and direct access to the 68000 microprocessor bus.

« Standoff mounting features for physical card support.

» Revised logic board installation and layout features.

» Accessory Access Port for custom external connector support.

96 Pin Connector

The 96-pin Euro-DIN bus connector, on the CPU board, has all of the
68000 signals, plus the 15.6672 MHz system clock, a signal which can'®
tri-state the CPU board's DTACK!/ line, +12V, +5V, -8V, and -12V power
and ground.

The majority of the signals on the expansion connector are connected

directly to the 68000 microprocessor, with no buffering. See 68000
documentation for additional detail, timing and use.
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HAN Pin Expansi Pi
The information below applies to DVT2 and later (including production)
systems.

In order to accomodate potential future enhancements, several changes
have been made to the connector pinout. The changes fall mto three
categories:
« Label Changed only (seven pins and connector reversed®),
» Label Changed to Reserved (Signals still intact, but could be
changed, without notice to support system enhancements - six pins)
» Functional Change (2 Pins)

* While all signals are physically in the same position relative to the logic
board, the connector has been physically reversed. The gnly effect that
this has is to renumber the labeling of the pins. The charts below follow
the new numbering scheme.

Functional Changes
Pin Old Description w Description  Impact

C31 -12V Spare Can't Use

C11 Spare PMCYC/ Adds New Function
Label Changed Only, But Reserved For Possible Future Change

Pin | ription w ription |mpact

B27 E Reserved Use Pin A27

B26 A23 Reserved Use Pin A26

B25 A22 Reserved Use Pin A25

B24 A21 Reserved Use Pin A24

B23 A20 Reserved Use Pin A23

B10 AS/ Reserved Use Pin C10

Label Changed Only

Bin Old Description ~ New Description Im

Ci10 AS.CPU/ AS/ None. Labeling Change
B11 Spare Reserved None. Labeling Change
A27 E.CPU E None. Labeling Change
A26 A23.CPU A23 None. Labeling Change
A25 A22.CPU A22 None. Labeling Change
A24 A21.CPU A21 None. Labeling Change
A23 A20.CPU A20 None. Labeling Change
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Connector  Signal  Signal Input or Loading or Drive
Bow Pin  Name Descriotion Qutput ity (High Low
A 1 FC2 Function Code 2 Output Drive: 40 uA/.4 mA, 30 pF
(Input) (Load: 100 uA/ 100 uA, 50 pF)
A 2 FC1 Function Code 1 Output Drive: 40 uA/.4 mA, 30 pF
- (Input) (Load: 100 uA/ 100 uA, 50 pF)
A 3 FCO Function Code 0 Output Drive: 40 uA/.4 mA, 30 pF
(Input) . (Load: 100 uA/ 100 uA, 50 pF)
A 4 Al Address 1 : InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 5 A2 Address 2 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 6 A3 Address 3 InfOut Load: 250 uA/ 1 mA, 100 pF
‘ Drive: 40 uA/.4 mA, 30 pF
A 7 Ad Address 4 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 8 A5 Address 5 . InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 9 A6 Address 6 infOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 10 A7 Address 7 InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 11 A8 Address 8 InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 12 A9 Address 9 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 13 A10 Address 10 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 14 A1 Address 11 InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 15 A12 Address 12 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 16 A13 Address 13 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 17 Al4 Address 14 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 18 A15 Address 15 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 19 A16 Address 16 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 20 A17 Address 17 IfOut Load: 250 uA/ 1 mA, 100 pF

Drive: 40 uA/.4 mA, 30 pF
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Connector  Signal  Signal input or  Loading or Drive

Bow Pin  Name  Description Qutput  Capability (High/ Low)
A 21 A18 Address 18 InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 22 A19 Address 19 infOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 23 A20 Address 20 InfOut  Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 24 A21 Address 21 InfOut  Load: 250 uA/ 1 mA, 100 pF
_ Drive: 40 uA/.4 mA, 30 pF
A 25 A22 Address 22 -+ InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 26 A23 Address 23 In/fOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
A 27 E E clock, Output Drive: 40 uA/.4 mA, 30 pF
to main board (Load: 100 uA/ 100 UA, 50 pF)
A 28 CcsM 7.8336 MHz Output Drive: 20 uA/.2 mA, 20 pF
clock
A 29 Ci6M  15.6672 MHz Output Drive: 20 uA/.2 mA, 20 pF
clock
A 30 GND Logic ground
A 31 +12V +12 volts Output Drive: 150 mA total, from
A 32 +12V +12 volts Output all +12V pins
B 1 GND Logic ground
B 2 GND Logic ground
B 3 GND Logic ground
B 4 GND Logic ground
B 5 GND Logic ground
B 6 GND Logic ground
B 7 GND Logic ground
B 8 GND Logic ground
B 9 GND Logic ground
B 10 Rsrvd Reserved
B 1 Rsrvd Reserved
B 12 HALT/ 68000 Halt In/Out  Load: 300 uA/ 6 mA, 50 pF
(without RESET/: 50 uA/ 50 uA)
Drive: 0 uA/ O uA, 30 pF
(without RESET/: 40 UA/ .4 mA)
B 13 +5V +5 volts Output
B 14 +5V +5 volts Output
B 15 +5V +5 volts Output Drive:1.5 A total,
from all +5V pins
B 16 +5V +5 volts Output
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Connector

Bow Pin
B 17
B 18
B 19
B 20
B 21
B 22
B 23
B 24
B 25
B 26
B 27
B 28
B 29
B 30
B 31
B 32
c 1
c 2
cC 3
cC 4
12/86

Signal

+5V
IPLO/

IPL1/

IPLY/

BERK/

Spare
Rsrvd
Rsrvd
Rsrvd
Rsrvd
Rsrvd

Ext.DTK/

GND
+12V
+12V

VPA/

VMA/

BR/

BGACK/

Signal
Description Qutput
+5 volts Output
Interrupt level 0 In/Out
(VIA, SCSLIRQ)
Interrupt level 1 In/Out
(SCC)
Interrupt level 2 InOut
(NMI switch)
Bus Error In/Out
Spare
Reserved
Reserved
Reserved
Reserved
Reserved
External DTACK/  Input
(tri-states main

board's DTACK/)
Logic ground
+12 volts Output
+12 volts Output
-5 volts Output
Valid Periph. Output
Address
Valid Memory Output
Address (Input)
Bus Request Input

Bus Grant
Acknowledge

Input

Apple Computer Confidential

Input or Loading or Drive

Load: 100 uA/ 2 mA, 50 pF
Drive: 40 uA/.4 mA, 30 pF
(Open collector;

3.3K ohm pullup)
Load: 100 uA/ 2 mA, 50 pF
Drive: 40 uA/.4 mA, 30 pF
(Open collector;

3.3K ohm pullup)
Load: 100 uA/ 2 mA, 50 pF
Drive: 40 uA/.4 mA, 30 pF
(Open collector;

3.3K ohm pullup)
Load: 100 uA/ 2 mA, 50 pF
Drive: 40 uA/.4 mA, 30 pF
(Open collector;

3.3K ohm puliup)

Load: 100 uA/ 2 mA, 50 pF
(3.3K ohm pullup)

Drive: 150 mA total, from
all +12V pins

Drive: 100 mA

Drive: 40 uA/.4 mA, 30 pF
Drive: 40 uA/.4 mA, 30 pF
(Load: 100 uA/ 100 uA, 50 pF)

Load: 100 uA/ 2 mA, 50 pF
(3.3K ohm pullup)

Load: 100 uA/ 2 mA, 50 pF
(3.3K ohm pullup)

Page 9



Connector
Bow Pin
C 5
C 6
C 7
C 8
C 9
C 10
C 11
C 12
C 13
C 14
C 15
C 16
C 17
C 18
C 19
C 20
C 21
12/86

Signal
Name
BG/

DTACK/

RW/

LDS/

uDs/

AS/

PMCYC/

RESET/

+5V

DO
D1
D2
D3
D4
D5
D6
D7

Signal
Bus Grant

Data Transfer
Acknowledge

Read/Write
Lower Data
Strobe

Upper Data
Strobe

Address Strobe,

to main board

Processor
Memory Cycle

Reset

+5 volts

Data bus, bit 0.
Data bus, bit 1
Data bus, bit 2
Data bus, bit 3
Data bus, bit 4
Data bus, bit 5

Data bus, bit 6

Data bus, bit 7

Input or
Output
In/Out

Output
(Input)

Output
(Input)

Output
(Input)

Output
(Input)

Output

In/Out

Output

In/Out
In/Out -
In/Out
In/Out
In/Out
In/Out
In/Out

In/Out

Apple Computer Confidential

Loading or Drive

Capability (High/ Low)
Drive: 40 uA/.4 mA, 30 pF

Load: 100 uA/ 2 mA, 50 pF
Drive: 40 uA/.4 mA, 30 pF
(Ext.DTK/ low tri-states main
board's DTACK/;

3.3K ohm pullup)

Drive: 40 uA/.4 mA, 30 pF

~ (Load: 200 uA/ 2 mA, 50 pF)

Drive: 40 uA/.4 mA, 30 pF
(Load: 100 uA/ 1 mA, 50 pF)

Drive: 40 uA/.4 mA, 30 pF
(Load: 100 uA/ 1 mA, 50 pF)

Drive: 40 uA/.4 mA, 30 pF
(Load: 200 uA/ 3.2 mA, 50 pF;
3.3K ohm pullup)

Drive: 40 uA/.4 mA, 30 pF
(High during video
access to RAM)

Load: 300 uA/ 6 mA, 50 pF
Drive: 40 uA/ .4 mA
(Open collector; 1K ohm pullup)
Drive: 1.5 A total,
from all +5V pins

Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
Load: 250 uA/1 mA, 100 pF -
Drive: 40 uA/.4 mA, 30 pF '
Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF
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Connector  Signal  Signal Input or Loadmg or Dnve

C 22 D8 Data bus, bit 8 InfOut Load: 250 uA/ 1 mA 100 pF
Drive: 40 uA/.4 mA, 30 pF

o 23 D9 Data bus, bit 9 IOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF

C 24 D10 Data bus, bit 10 InfOut Load: 250 uA/1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF

C 25 D11 Data bus, bit 11 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF

C 26 D12 Data bus, bit 12 InfOut Load: 250 uA/ 1 mA, 100 pF
" Drive: 40 uA/.4 mA, 30 pF

C 27 D13 Data bus, bit 13 InfOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF

C 28 D14 Data bus, bit 14 In/fOut Load: 250 uA/ 1 mA, 100 pF
Drive: 40 uA/.4 mA, 30 pF

C 29 D15 Data bus, bit 15 In/Out Load: 250 uA/ 1 mA, 100 pF

Drive: 40 uA/.4 mA, 30 pF

C 30 GND Logic ground
31 Spare  Spare
C 32 -12Vv -12 volts Output Drive: 100 mA

n ing/Driving:
The following lines are pulled high, using 3.3K ohms to +5V, so that they go
to a known level when the lines are put in a high-impedance state: AS/,
DTACK/, EXT.DTACK/, IPLO/, IPL1/, IPL2/, BR/, BGACK/, BERR/. The
following lines are pulled high using 1.0K ohms to +5V: RESET/, HALT/.
The DC load and drive specifications are indicated in the format
"signal-high/signal-low."

The C8M and C16M clock outputs are specified to drive one 74LS input (a
standard 74LS input load is 20 uA high, .2 mA low). All other outputs have
been specified to drive two 74LS inputs.

The terms "Input” and "Output” are defined relative to the Freeport main
logic board.

Where (Input) is in parentheses, the pin carries a signal which is usually an
output driven by the 68000, but which is put in a high- impedance state by
the 68000 after responding to a Bus Request. When putin a

high-impedance state by the 68000, this pin may be driven as an mput from
the 96-pin connector.
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itional
FCO-FC2
A1-A23
E
CcsM
CieM
HALT/

IPLO/-IPL2/

BERRK/

ExtDTK/

VPA/

VMA/
BR/
BGACK/
BG/
DTACK/

R/W/
LDS/
UDS/
AS/
PMCYC/

RESET/
Do-D15

12/86

ignal ripti

- 68000 Function Code lines.

- 68000 Address lines.

- 68000 E Clock

- Microprocessor clock = 7.8336 MHz = C16M divided by 2.

- Gate Array Clock = 15.6672MHz.

- 68000 Halt. Wired directly to RESET/.

- 68000 Interrupt Priority Level lines.

- 68000 Bus Ermror. Generated by gate array due to SCSI
access timeout. See "General Enhancements Section" of this
document, Section 3.

- Pull low to put the Gate Array generated DTACK/ into a
high-impedance state. The expansion board is then
responsible for generating the DTACK/ signal (as an output to
the microprocessor, through the DTACK/ signal line).

- 68000 Valid Peripheral Address. Supplied to 68000. For
Freeport, VPA space is $E0 0000 to $FF FFFF.

- 68000 Valid Memory Address.

- 68000 Bus Request.

- 68000 Bus Grant Acknowledge.

- 68000 Bus Grant.

- 68000 Data Transfer Acknowledge. Inserts wait states until
data bus is available. Normally supplied by the gate array.

- Gate array generation of DTACK/ can be suppressed (put into

a high-impedance state) by pulling the EXT.DTACK! line low;
this allows DTACK! to be externally generated by an add-on
device. DTACK/ is not supplied for accesses to VPA space, is
held off to separate 2 successive accesses to the SCC and is
held off during RAM access by video.

- 68000 Read/Write.
- 68000 Lower Data Strobe.
- 68000 Upper Data Strobe.

- 68000 Address Strobe.

- Processor-Memory Cycle. Used to synchronize with the gate
array for RAM accesses. PMCYC/ is low when RAM is
available for microprocessor accesses and is high during
video accesses. PMCYC/ is always high during SO. See
attached timing diagrams.

- 68000 Reset. Wired directly to HALT/.

- 68000 Data Bus.
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ical ntin
Two mounting holes are provided on the CPU board, for standoffs, to

mechanically hold an expansion board in place. (See Mechanical Drawmgs
and Logic Board itself)

i d Install
The CPU board has been altered so that it can be fastened into the chassis
without sliding in from the rear, as on the Macintosh 512K and Macintosh
Plus. This feature will accommodate the extra height of a CPU board with an
expansion board mounted on top of it. In addition, to leave more room for
mounting components on the bottom side of an expansion board, the SIMM

gockets have been placed side by side, at the extreme front edge of the CPU
oard

Installation and removal of the Freeport logic board is accomplished by
sliding the board out, about one-half inch, along the rails. The slotted side of
the logic board then swings out for removal.

The Accessory Access Port provides connector mounting features and
out-of-case connector access to external peripherals (e.q. external monitor,

telephone line, disk drive, local area network etc) Mountmg features are
provided by a bracket at the rear of the chassis. Out-of-case access is
provided by a removable plastic door (door not included on DVT2 systems).

The Connector Bracket will shield a third-party supplied connector and
physically support a Connector Mounting Card. A Connector Mounting Card
is a PCB that holds the custom connector and could also contain some
electronic components, if necessary. Developers should pay close attention
to EMI, heat, CRT interaction and hard drive interaction when placing
components on this card.

The removable plastic door is similar to the battery door on previous
Macintosh systems, however it can only be removed from the inside of the
case. Developers may choose to replace the plastic door with one that has a
cut-out for their custom connector. It is also acceptable to have no
replacement plastic insert, provided that the entire case opening is
blocked or covered, from the inside, to prevent inadvertent access to

the high voltages mssde of the case.
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VI. Disk Drive Expansion

The Freeport provides the capability to add an internal 3.5 SCSI hard disk or
second internal 800K drive.

Add-on disk drive support of the Freeport is supported by these features:
» A standard 50-pin SCSI connector on the logic board.

« A standard 4-pin hard disk power connector.

« A front-mounted hard disk activity lens.

 |RQ line support for asynchronous transfers.

* Improved hardware handshaking.

» Second internal IWM connector.

INTERNAL HARD DISK SUPPORT

50-pin SCSI Connector
Details in SCSI documentation.

4-Pin Hard Disk Power Con
See manufacturer's hard disk documentation.

ront-Mounted Activi n
See drawings.

Asynchronous Transfers

A CPU interrupt from the SCSI IRQ line has been added to support
asynchronous SCSI operations. On production Freeports (not on DVT1 or
DVT2), the SCSI chip's IRQ line can generate a level 1 interrupt (the same
level as the VIA interrupt) when the IRQ goes high, indicating that the
NCR5380 (SCSI chip) has detected one of the conditions for IRQ (see
NCR5380 documentation for details). This interrupt is normally masked, but
it can be enabled by setting the VIA's PB6 output low (while waiting for the
first byte of a block transfer to arrive, for instance).

Hardware Handshaking

Hardware handshaking to the SCSI port has been improved. On Macintosh
Plus, a data strobe (DTACK/=0) is sent to the CPU whenever the SCSI chip is
addressed. On Freeport when accessing SCSI in DMA mode (address bit
A9=1), DACK/ is not sent to the SCSI chip, and DTACK/ is not sent to the
CPU, until the SCSI chip's DRQ line goes high, indicating that a byte of data
has been received or transmitted. If DTACK/ is not set low for 265
milliseconds after AS/ goes low, a bus error (BERR/= 0) is sent to the CPU.
[Actually, BERR/ may be generated at any time greater than 265 mS, and is -

rzzertainsto] have been generated by the time DTACK/ has been held off for
84 mS.
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econd Internal 800K Driv

On Macintosh 512K and Macintosh Plus, the IWM's ENBL1/ signal enables
the internal floppy disk for reading or writing. On Freeport, ENBL1/ has been
further decoded to provide two enable lines: one enables the lower internal
drive, which is always present, while the other enables the optional, upper
internal drive. A bit in the VIA (DRIVE1B/, on PA4) selects between the two
internal drives. When DRIVE18B/ is high (the default: PA4=1), ENBL1/
enables the lower drive, while setting DRIVE1B/ low (PA4=0) allows ENBL1/
to select the upper drive.
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Vil. Apple Desktop Bus

- The Apple Desktop Bus is a flexible input bus that provides the capability for

concurrent connection of multiple input devices. The Freeport includes two
Apple Desktop Bus connectors that can be used interchangeably. The two
connectors on the keyboard can be used to connect the keyboard to the
system and to daisy-chain another device. See Apple Desktop Bus
documentation for details.
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VIIl. Feature Changes From Previous Macintosh
Systems

As with any new system, some old features have been changed to support
new features. These changes are detailed below.

1. The alternate sound/disk-speed buffer is not available on

Freeport. On Macintosh 512K and Macintosh Plus, this buffer was
accessed by setting SND.PG2/ (VIA's PA3) low. On Freeport, the VIA's PA3
is used for MODEM/ (see Freeport Serial Ports document).

2. The horizontal retrace input to the VIA is not available on
Freeport. On Macintosh 512K and Macintosh Plus, this input was called
H4, and was received at the VIA's PB6 input. It allowed a program to count
horizontal screen lines. On Freeport, the VIA's PB6 is used as an output, to
mask SCSI IRQ interrupts (see the SCSI discussion).

3. The OVERLAY function is handled automatically on Freeport.
OVERLAY causes ROM to appear at the bottom of memory, in addition to its
usual location at $400000, when first booting the machine. Later on, RAM is
re-mapped to appear at the bottom of memory. On Macintosh 512K and
Macintosh Plus, this function was under software control, through the VIA's
PA4. When OVERLAY was high (the default: PA4=1), ROM was at the
bottom of memory. When OVERLAY was set low (PA4=0), RAM was at the
bottom. On Freeport, ROM is at the bottom of memory at power-on, but the
first access to the $400000-$5FFFFF space automatically re-maps RAM to
the bottom of memory. The VIA's PA4 is now used for selecting between two
internal floppy disk drives (see section Disk Drive Expansion, above).

4. The positions of certain components have been changed. Of
possible interest to various hardware developers for Macintosh: the locations
of the SIMM sockets have changed (they are now side by side, at the
extreme front edge of the CPU board), and the ROMs and the CPU are also

in slightly altered positions, compared to a Macintosh 512K or Macintosh
Plus.
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IX. General Enhancements
Several system enhancements have been made to Freeport. They include:

1. Speed of operation out of RAM has been improved. On Macintosh
512K and Macintosh Plus, during the display of a horizontal line on the video
screen the CPU and the video are given alternating accesses to RAM, so
that the CPU's use of RAM slows to 50% of the maximum rate. On Freeport
every other video access point is given back to the CPU, and the video takes
a double word at each remaining video access point, to make up. This gives
the CPU three accesses to every one for video during a horizontal line, and
the CPU can run at 75% of the maximum rate. This results in an average
increase in overall speed of approximately 16%, more for RAM only tasks.
Software timing loops written for Macintosh 512K and Macintosh Plus may
have to be adjusted to work correctly on Freeport.

2. More address ranges in the memory map are available for use

by other hardware. Through additional decoding in Freeport, memory
map spaces have been recovered which were off limits in the Macintosh
512K because they were used for Phase Read or because they turned on
multiple devices at once. These spaces include the ranges $800000 -
$8FFFFF, $A00000 - $AFFFFF, $C00000 - $CFFFFF, $E00000 -
$E7FFFF, and $F00000 - $F7FFFF.

Note: On DVT1 Freeport units (only), the address space $600000-$7FFFFF
contains a duplicate image of the upper row of RAM. On Mac 512, MacPlus
and on production Freeport units, that space is available for use by other
hardware after startup.

3. Hardware handshaking to the SCC has been improved. On
Macintosh 512K and Macintosh Plus, it was possible for consecutive SCC
accesses to follow each other so quickly that the SCC specification was

- violated. This required a software delay between such accesses. On

Freeport, hardware delays an SCC access if it attempts to follow the
previous access in less than 2.25 microseconds.

4. Timing phase adjustment is eliminated on Freeport. On
Macintosh 512K and Macintosh Plus, the high-frequency CPU timing was
adjusted at boot time, using Phase Read and word-wide accesses to the
SCC. This adjustment is not necessary on Freeport.

5. Serial Ports. The serial ports have been enhanced with the addition of a
backwards compatible handshake line. See serial port documentaion.
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6. Battery changed. On Mac 512 and Plus, the real-time clock and
parameter RAM were powered by a rechargeable NiCad battery which could
be replaced through a door on the back of the Macintosh case. On Freeport,
a lithium battery provides this function; it is soldered onto the main logic

. board and has an estimated life of at least seven years. The Freeport case
does not have a battery door.
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X. Power Budget Considerations

The capacity of the power supply has been increased to support the
requirements of an expansion board, internal hard disk, etc. This increased
power is budgeted approximately as follows:

Ereeport Device Amps Amps Amps Amps
at+dVv  at-5V at+12v  at-12v
DeskTop Bus 0.5
Internal SCSI| Hard Disk 1.5 0.9
Expansion Board 1.5 0.1 . 0.15 0.1
Notes:

The supply will support a surge of an additional 2 Amps at +12V for up to
10 Seconds. This is provided to accomodate required startup currents
for the internal hard disk.
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Xl. Heat Dissipation Guidelines

Freeport expansion cards, by their own heat dissipation, will change the
overall temperature profile of the CPU product. Because excessive heat
can have a detrimental effect on product performance and rel:abmty, we
recommend the following as guidelines:

1. Optimum cooling for both the logic and expansion boards can be
achieved by positioning the expansion card as far above the logic board
as possible (without running into the chassis - the maximum possible is
16.5mm). In addition, placing components on the top side of the
expansion board is optimal.

2. Hot components should be placed away from the front bezel. This
provides for better cooling by the air flow from the fan.

3. Dissipation by the expansion board of up to 7.5 watts of power
provides a comfortable margin for the major product components.
Dissipation of more than 7.5 watts of power may cause excessive
temperature rise on certain critical components. Our studies indicate
that at an ambient temperature of about 24°C, 7.5 watts of dissipated
power from the expans:on board will cause an acceptable rise to about

53°C on the CPU componems iocated mrecny under the expans:on card
(Studies conducted with internal hard drive installed).

4. Components placed on a connector board mounted to the Accessory
Access Port features should cool without significant impact to the rest of
the product.

5. The CPU components to be most concerned with include the 68000
and the DRAM modules.

6. Disk products should not cause an inside the box ambient
temperature rise of more than 15°C over external ambient air
temperature.

7. Installation of an expansion board should not cause the case
temperature of the hard disk to rise more than 15° C over external
ambient air temperature.
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Memory Map and Address Decodes

The main purpose of the address decoder is to generate chip selects for
different address spaces. The address space is divided into 16 equal spaces.
There are two different address space maps depending on OVERLAY.
OVERLAY is a node internal to the gate array. Itis set by RESET/ and cleared
by addressing normal ROM space. (Specifically cleared by 400000 - SFFFFF.)
The table below shows the address mapping. axxxxx indicates the hex
address. For example 3xxxxx means any address in the range
300000-3FFFFF (A23=0, A22=0, A21=1, A20=1, and A19-A0 any value).

MEMORY MAP

Address

Range = Qverlay=0 OQverlay=1 Other Requirements

0x XXxX RAM ROM ROM if R/W=1

1% XxXX RAM

2X XXXX RAM

3X XXXX RAM

4x XXXX ROM ROM ROM if R'W =1

BX XXXX SCSI SCSI A19=1 note 1
BX XXXX RAM

7X XXXX RAM

8x xXXX

9x XXXX SCC SCC note 2
AX XXXX EXP.EN EXP.EN A19=1, A17=1

Bx xxxx SCC SCC note 3
Cx xxxx

Dx xxxx IWM WM

Ex xxxx VPA, VIA VPA, VIA VIA if A19=1 note 4
Fx xxxx VPA VPA

Note 1: If A9=0 then the operation is a normal SCSI access:
SCSI/=0, DACK/=1, DTACK/ functions normally.
If A9=1 then the operation is a pseudo-DMA access:
SCSl/=1, DACK/= DTACK/, DTACK/ waits for SCSI.DRQ=1.

Note 2: If R”'W =1 and LDS/=1, then read SCC.
If R'W =1 and LDS/=0, then reset SCC.

Note 3: If R/W =0 and LDS/=0, then write SCC.
Note 4: VIA does not require AS/



Address Decodes (cont)

Address space 9xxxxx with R/W =1 and LDS/=1 is for SCC Read. Address N
space Bxxox with R'W =0 and LDS/=0 is for SCC Write. Address space 9xxxxx =~
with R/W =1 and LDS/=0 is for hardware reset of the SCC. Read modify write e
instructions like BCLR are not legal (also not legal in MAC) since the address
space for reads is different from the address space for writes.

The timing for SCC decodes is complicated. DTACK! is returned 8 clocks later
than it would be normally. This additional 500 ns is required for the long access
time of the SCC. |f domg an SCC Read, SCCRD/ falls 125 ns after SCCEN/ (the
SCC's CE/) falls. Delays in the gate array keep SCCEN/ from rising until slightly
after SCCRDY/ rises (due to AS/ rising). If doing an SCC Write, IOW/ (the SCC's
WRY/) falls 125 ns after SCCEN/ falls. Delays in the gate array keep SCCEN/ from
rising until slightly after IOW/ rises (due to AS/ rising). In addition, hardware
prevents two SCC accesses from being too close together. An SCCEN/ falling
will be held off (and no DTACK!/ returned) for 36 cycles after the first SCC
operation finishes with SCCEN/ rising.

SCSI write operations require R/W =0. Read modify write instructions like BCLR
are not legal (also not legal in MAC) since the data strobe for reads is different

' e 1IN AN Tl n Sicnmivn o
from the data strobe for writes (the SCSI's IOR/ is driven by UDS/). The timin

for the SCSI write operation involves IOW/. I0W/ falls due to R/W falling (S2).
IOW/ rises during S6. This early ending of the write is done to meet the data hold
requirement of the SCSI chip.

DTACK! falls on multiples of 4 clocks (S0,S4) and rises 5 clocks later. It may be
held off in some address spaces. Space E00000-FFFFFF is VPA space and
does not return DTACK/. SCC space (9xxxxx or Bxxxxx) holds off DTACK/ for 8
clocks longer than normal. In addition the hold off between two SCC accesses
holds off DTACK/ until the time-out occurs. RAM accesses are restricted to occur
on 8 clock boundries so DTACK/ falls only on (S4) and only for valid RAM
- operations with AS/ low. In addition, RAM accesses which occur during video or

sound cycles are held off until the video or sound DMA cycle completes. For
SCSI operations in pseudo-DMA mode, DTACK! is not returned until the next
occurance of the time slot (S0,S4) after SCSI.DRQ=1. DTACK/ can be tri-stated
by holding EXT.DTK/ low.

EN245/ enables the tranceivers which connect the RAM data bus to the
microprocessor data bus during RAM operations. Microprocessor RAM
operations which are held off during video/sound cycles have EN245/ disabled
during the video/sound cycle.



Timing of Dideo and 68000 Accesses to Freeport RAM

VIDED o SDUND cvcul CPU CYCLE | CPU CYCLE CPU CYCLE
HAM RIAD RAM WIRITE RAM RIND

SO $1 $2 $3 S4 S5 $6 S7 SO S1 $2 $3 $4 85 S6 $7 SO $7 $2 $3 $4 $5 $6 $7 SO SV $2 S3 S4 $5 $6 $7 SO
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caM i : : : : i
. M o . . . N . o . M o . .'N.z'
: s T T = . : (Note

.
.

c2M

CIM : (Note 2)

As/ (Note 1)

RAM Data Bus
Buffer Enable/

RAM R/WD

LDs/, uns/ (Note 1)

nns, e e e s e « e e . « e e
CASOLM/ : : :
or CASIL,H/ P

:

seecdeceschocee

(Note 3)

L IEYS TYXTY 'Y}

pMcCYC/ g 1 [ REREE T an IEEEER TR s R r"": (Notes 1, 9)
peve/ i i L (Notes 2,9)
oTACK/ T & & & & : & . L i 2] (Note 1)
RAM Addresses: _: : : = : : : - & . - o : ¢ ; R I I P A B AR
RA?7, RR9 _: LT LD ), . :mmn : X nm )( : COLUMN : )Cjnw )( tnmn . (Note 4)

RAD-RAG, RAS nom)( rcumu )—-( Iﬂ;ll)f( : COIUMN )—( mw)( : tmn-m )-a( nmX COIIM.N )—' (Note 4)

RAM date sampled tor Iﬂden__milf_____jﬂmﬂ 2
RAM data sampled for Sound__'_ut.!!ﬂ_f

Note 1: This signal is available at the 96-pin expansion board connector.
Note 2: This signal exists only within the gate array.

Note 3: In o Sound cycle, CAS/ remains low during $6 (shown by dashed line).

Note 4: 11 DCYC/ is low, gate array supplies RRD-6,8 ; If PMCYL/ is low,
12-8-26 F257's s*-~oly RAND-6,8. Gale array always supplies RA?,9.



' 12-8-86
Reading and Writing Freeport RAM from an Expansion Board
NS/ must not fall
during this time
As/ W "‘mm
. —>|2nns >|20ns s
ADDRESS i =X 50 ns
: ‘ { |easns-; 5 ki
: : )-rms Bm x :

DATA

ITTC T e I e S e SN e N e NN s Y e NN e NN
:oso i st i s2 i §3 i s4 i s§5 i 6 i §7

oM : : : ; : : : : :
(Note: C8M shown for reference to stale sequence, only. :
Actual C8M is delayed from C16M by up to 30 nS.)
Minimum ADDRESS setup time to AS/ Is 15nS.

Minimum AS/ hold time after ADDRESS becomes valid is 15nS.

Minimum ADDRESS selup time to start of $3 is 45nS unless AS/ falls after start of S3, in which
case minimum ADDRESS setup time to AS/ is 45nS.

AS/ falling must occur not later than 20nS into $3. 11 AS/ has nol fallen by that time, RS/ must
not fall until after the first 20nS of S4 (data will be read or written in the next RAM access).

DTACK/ rises 25nS maximum following start of an odd S-state afler AS/ rises.
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A Note on Reading and Writing
Freeport RAM from an Expansion Board

To speed up RAM access, the Freeport gate array internally generates
a RAS-Enable if it sees a RAM-space address anytime during S2 or the
first 20 nS of $3, without waiting for AS/ to tell it the address is valid.
Then, if AS/ falls before the end of $3, and a RAM-space address is still
present, RAS/ is generated.

However, the RAM-address multiplexrors switch from row addresses
to column addresses at the beginning of $4, regardiess of when RAS/
occurred. If AS/ falls later than the first 20nS of $3, the RAM
addresses will change too soon after RAS/, causing RAM errors.

Furthermore, if AS/ has not fallen by the end of $3, RAS-Enable is
negated, a process that takes the first 20 nS of $4. If AS/ falls during
that 20 nS, and a RAM-space address is still present, a RAS/ spike is
generated which can cause RAM errors.

These restrictions mean that, to avoid problems when addressing the
Freeport RAM, expansion board logic must never let AS/ fall during the
period from 20 nS into S3 through 20 nS into $4.

(There is one exception to this: if it is guaranteed that the gate array
did not see a RAM-space address (even on a floating address bus)
during S2 or the first 20 nS of $3, no RAS-Enable is generated, so that a
RAM-space address and AS/ anytime after the first 20 nS of $3 will not
cause a RAS/ until the usual point in the next RAM-access -cycle.)



Freeport Dideo 12:8-86

\.d
N

“»N

I2ns < 12nS

v

28 lines Vertical Blanking

A,

Live Video 342 x 512 dots
342 Horizontal

lines (342 lines by 32 x 16 dots) Blanking

Live video: while the display is actively tracing a horizontal line of dots on the screen, video accesses
to RAM (two words of data are read in each video access) alternate with three 68000 accesses.

Horizontal blanking: at the end of each horizontal screen line, while the display beam is returning
from the right end of one line to begin the left end of a new line, the 68000 has uninterrupted use
of RAM, except for one sound-buffer access (one word of data is read) each line.

Vertical blanking: at the end of each full screen, while the display beam is returning from the bottom
of the screen to hegin at the top again, the turned-off beam invisibly traces 28 more horizontal lines.
During this time, the 68000 has full use of RAM, except for one sound-buffer access each invisible line.



SCC Timing for Freeport 12-8-86
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SCSI Timing for Freeport
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