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Introduction

1. INTRODUCTION

The TT {Thirty-two/Thirty-two bit} and TT/X (Unixl Engine) are a
new series of Atari computers designed as enhanced versions of the
existing ST and MEGA family. The TT series maintains compatibility with
the ST/MEGA architecture, but uses the Motorola 68030 microprocessor and
provides enhanced graphics and sound. The TT is also designed to allow
it to run UNIX, without any speed penalty caused by ST compatibility
constraints.

The TT/X is an up-market derivative and superset of the TT,
intended primarily for the UNIX market. Whereas the TT is a desktop
product, the TT/X is packaged for desk side use. In this document, and
from an architectural standpoint, the TT and TT/X are identical. Only
packaging differentiates the two products.

The TT series are based around the high performance 32-bit Motorola
MC68030 processor running at a 16 MHz clock frequency. The 68030
includes on-chip data and instruction caches which can be filled from
some regions of memory in bursts of double word fetches.

The architecture also includes the industry standard VMEbus to
facilitate expansion. The system supports the latest revision (C.1) of
the VMEbus specification. The TT can accommodate one single-Eurocard
VME board., whereas TT/X is designed for double-Eurocards.

In the TT/X, special attention has been paid to provide the
hardware support necessary to permit multiprocessing. These features
could be used in the future to provide a still higher performance sys-
tem, either by adding additional similar coprocessors or adding a very
high speed replacement processor that could still take advantage of the
existing I/0 subsystem.

The TT series is expected to function in an environment with other
TTs and even machines from different manufacturers. To facilitate con-
nectivity, each system has an on-board port that for a moderate speed
LAN, If the LAN is not being used, the port can be programmed to be =z
standard RS232C port. Through an optional VMEbus-based FEthernet con-
troller, the TI/X will also have the capability of connecting to hetero-
geneous Ethernet networks. Additionally, each TT has three standard
RS-232C serial ports for connection to modems, display terminals, or
digitizing tablets.

The TT is intended tor use with either TOS or the UNIX operating
system. The TT/X's principle operating system is UNIX., The initial
product offering is based around UniSoft's UniPlus+ V Release 3 wversion
1 which is fully compatible with AT&T System V Interface Definition

{SVID), the Portable Upernting System Interface Specification (POSIX]),
and the X/Open Portability Guide. The X Window System, a network tran-
sparent window system riginally developed at MIT, will also b avail-
able in the initial! ¢ :liaue. A windowing user interface running on top

of X will be providel.

Unix is a trades o o .

Confidential/Draft 21 April 1989 Atare T Spec 1



Introduction

The hardware specifications of the TT series of computers is as
follows:

- Motorola MC68030 at 16MHz

- Motorecla MC68881 /68882 Floating Point Coprocessor
(optional/socketed)

- RAM: 2 Mbyte of dual-purpose (video/system) RAM, expandable by an
add-on daughterboard containing a further 2 or 8 Mbyte of dual-
purpose memory. This memory appears 6l-bits wide to the video
logic and 32-bits wide to the rest of the system. TT wvideo logic
must have access to this memory on a time critical basis. The
remaining system logic, including the processor, can access this
memory in the alternate 250 nS time slices.

- RAM: & Mb nibble-mode memory daughter-board{s) allowing another 4Mb
{(TT) or 16Mb {TT/X) expansion.

- ROM: 4 socketed 1 Mbit ROMs, providing 512Kb of ROM space. All
four ROMs must be present, because of the 32-bit wide system bus
access.

- internal video modes that are a superset of those in the Atari ST
series-- Color: 320x200, 320x480, 640x200, 640x480. DuoChrome:
640x400. Monochrome: 1280x960.

- an industry standard analog RGB color monitor interface (for coler
and DuoChrome modes)

- a high performance ECL monitor interface {for the high resolution
mcnochrome mode)

- parallel I/0 port, implemented using the one of the parallel ports
on the General Instruments AY-3-8910 / Yamaha YM-2149 sound chip

- internal speaker, that can be disabled under software control

- 2 low-speed async serial I/0 ports {one from each of two 68901
MFPs)

- 2 high-speed SDLC serial 1/0 ports (from a Zilog 8530 SCC), one
port of which can be strapped to be a LAN interface with a
proprietary single channel DMA controller

- real time clock (RTC) with 90 bytes of non-volatile RAM

- ST/MEGA compatible intelligent keyboard, with mouse and joystick
ports

- Atari ACSI DMA channel (for Atari Hard Disk, Laser Printer., CD-ROM,
etc}

- floppy disk controtler and interface sharing the ACSI DMA channel

- Musical Instrument Digital Interface (MIDI)

- Atari ST compatilb! «artridge port (128 Kbyte storage)

- SCSI interface w1 -  “-rin connector implemented with the NCR 5380
SCSI controller ! ¢ -inii o proprietary DMA controller

Confidential/Draft 21 April 1989 Atari 1T Spec 2




Introduction

- VMEbus for expansion: TT contains 1 single Eurocard A24/D16
slave-only interface, the TT/X allows 5 slots for full multi-master
VME with the address space divided into A32/D32, A24/D16, A16/D16

Confidential/Draft 21 April 1989 Atari TT Spec 3



Main System

2. MAIN SYSTEM

The TT series architecture is designed to be a high performance
computing platform. By including the VMEbus and facilities for multi-
processing the system can be expanded for future needs.

2.1. Processor and MMU

The TT uges the Motorola MC6803O2 32-bit microprocessor. This sin-
gle chip contains a 68020 superset processor, a paged memory management
unit, and independent instruction and data caches. The 68030 is a com-
plex instruction set computer (CISC) that extends the 68000 instruction
set and enhances the addressing modes. The processor will be clocked at
16.1 MHz.

The MMU in the 68030 is a subset of that provided by the Motorola
MC68851. In particular, the translation look-aside buffer (TLB} has
been reduced to 22 entries, requiring particular care in memory assign-
ment to avoid unnecessary descriptor thrashing.

The on-chip instruction and data caches maximize  processor
throughput while reducing the bus bandwidth necessary to fuel the pro-
CEessor.

2.2. Floating Point Coprocessor

The TT design has a socket for an optional the Motorola MC68881 or
the newer, higher-performance, MC68882. The MC68881 will be a standard
feature on the TT/X. These two parts are hardware compatible. There is
a slight software difference in the size of the exception stack frames,
but it is possible to write software that will run transparently with
either part.

The floating point operations are performed in accordance with IEEE
Standard  75%, with both 32-bit {single) and 6li-bit {(double) precision
external access.

The floating point coprocessor is run at the same clock speed as
the main processor. It appears as the "standard" floating point copro-
cessor ID of 1 in the 68030 CPU address space.

2.3. KROM

The system includes on-board sockets for a set of four I1Mbit ROMs,
providing a total of 512Kb ROM. Since system bus access is 32-bits
wide, all four ROMs must be present. Jumpers are provided to allow the
use of 27256, 27512, 27010/27C1001, and 57101/27C1000 EPROMs, in addi-
tion to 53100 ROMs. The default jumper position allows the use of 27512
EPROMs (for a total of 256 Kb of ROM} as well as $71001/27C1000 EPROMs
or 531000 ROMs (for a total of 512 Kb of ROM}. 32 pin sockets are

2 MC68030, MC68020, MCUEA251, MC68881, and MCE8882 are trademarks of
Motorola, Tnc.
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provided, although 27256, 27512, and 531000 oniy use the bottom 28 pins.

An image of the first 8 bytes of ROM resides in the first 8 bytes
of the ST compatible image. These first 8 bytes {(0x00000000-0xC00007, or
OxFFO00000-0xFFO00007 in the image) are accessible only 1in supervisor
mode, Attempts to read from this area in user mode or any write results
in a bus error. A VMEbus master would have to do a privileged accesses
tc read the ROM at these locations. The full ROM resides at the memory
location OxOQEQDQCO - OxQOQEFFFFF (with an image at OxFFEOQC0OQ -
OxFFEFFFEF) . FTEFFD

Among the tasks this ROM perform are system initialization, power-
on diagnostics, and boot code that can boot from a floppy, ACSI device,
SCSI device, or network. The ROM is expected to contain a multi-lingual
implementation of TOS. Moregver, if sufficient space is available,
ROM-based service diagnostics will be provided.

2.4. RA&M

The basic system includes 2 Mbytes of dual-purpose RAM which is
used for both video and system memory. This is implemented by using 16
256Kbitx4 100 nS DRAMs, yielding a 64-bit wide internal bus for high
performance video access. .

The bus architecture is similar to the ST in that memory access
cycles are interleaved between the MPU and the video controller in 250
nS RAM time slices, thus allowing video display memory to reside effi-
ciently as part of main memory. During active display cycles the pro-
cessor is prevented from accessing the memory but is allocated the next
250 nS time slice. The processor interfaces to this RAM through a 32~
bit bus, but the video subsystem itself accesses memory on a bli~bit wide
bus. The video chip (TT shifter) has on~chip buffering to provide very
high bandwidths for data.

A pin on the memory controller can be strapped to force the memory
controller to ignore the configuration register and autcmatically use
256K part mode. This is used for the (optional) second of two memory
controllers. The configuration register still applies to the primary
memory controller. This allows 2 Mbyte or 8 Mbyte connected to the pri-
mary memory controller, and 2 Mbyte to the secondary contreller for pos-
sible dual-purpose RAM configurations of 2, 4, 8, or 10 Mbyte.

Single-purpose RAM daughter-boards are possible as an option. By
elirinating the video timing constraints on this RAM, this memory can be
made to appear faster to the processor. The daughter boards are

currently implemented by using 32 1 Mbit 100 nS DRAMs. When 4 Mbit
DRAMs become available, it will be possible to provide 16 Mbyte of
single-purpose RAM on a single daughter card. The single-purpose memory
system uses nibble mode HAMs to facilitate burst mede filling of the
68030 caches.

Additional memory - to installed in the system by plugging in VME
memory cards. If A32/1.. nds are used, the VME RAM will be contiguous
with the daughter-board . :i:7le--purpose RAM. The VME RAM cards w111 run
slightly slower than i =uei-:m RAM as all VME accesses incur oo extra

Confidential/Draft 21 Aprii 1989 Atari 17 Spec 5
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wilt state per bus cycle.

The MC68030 accesses to on-board RAM typically require U clock
cycles.

There is no provision for parity or ECC protection on the system
RAM. The reliability of current DRAM technology makes this unnecessary.
However, such features could be included in add-on VME cards.

The local RAM on the system board is accessible from the VMEbus as
bytes, words, or double words.

The first O0x800 bytes {2ZK) of RAM (0x00000008-0x000007FF, or
OxFFO0C008-0xFFOO0T7FF in the image) are accessible only in supervisor
mode. Attempts to read or write to this area in user mode results in a
bus error. VMEbus masters must do privileged accesses to use this RAM,

The memory refresh period is programmable by writing don't care
data to an address in the range OxFFDOOO0O - OxFFDOOOFF. The least sig-
nificant byte of the address sets the number of system clock cycles
between each refresh request {writing to OxFFDOOO00 stops memory
refresh). Writing to OxFFDOOO01l sets the fastest refresh rate, while
writing to Ox¥FFDOOOFF sets the slowest refresh rate. If the refresh
rate is set too fast, the processor will never be granted access to RAM
since refresh has priority. This implies that the refresh control count
should never be set less than 0x08 (by writing to OxFFDO0OGE}. This
value will typically be set to a value that is a function of the system
clock frequency during the system initialization performed by the boot
ROM, and then left alone. The actual process of doing a write to this
region will simultaneously cause a BUS ERROR, which should be ignored.
{Note that if a poorly behaved program writes to physical locations in
the OxFFDOOO0O0 - OxFFDOOOFF range, the bus error handler should be
prepared to reset the refresh rate to a reasonable value.)

2.5. System Contreol Unit

The System Control Unit (8CU} provides an additional level of
interrupt control for the system. It also contains registers that allow
the software generation of interrupts. All of the B5CU registers are
reset at power-on and by the reset pushbutton.

2.5.1. Interrupt Mask and Current Status

The SCU contains two mask registers that permit independent control
over which interrupt levels will be seen by the processor. One register
masks interrupts generatad on the system board and the other mnasks
VMEbus sources. These rogisters are cleared at power-up or resetr, disa-
bling all interrupts.

There are also int--rrupt regquest registers that show the current
state of the seven 1otorrupt request levels from each of the =ources.
This register shows the ;Lwosical status of the interrupt lines before
they are ANDed with th-- *CU': mnsk register.

The motherboard .o Uor IRQS and IRQ6 can be serviced by either
the 685030 or the VMEbu- o i, The implementation used mean:. :hat IRQS

Confidential /Draft 21 April 1989 Atari 1T Spec 6
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and TRQ6 look to the 68030 like VME interrupts, and can not be masked
independently with the SCU motherboard interrupt mask register.

2.5.2. System Control Registers

The SCU also contains two read/write registers that can be used for
systew configuration informatiocon.

2.5.3. Interrupt Generator

The system can write to an I/0 address to generate a low priority
(Level 1} interrupt to the 68030, This I/0 address contains a
read/write status/control port, only the least significant bit of the
least significant byte is defined. When set to 1, it generates an auto-
vectored level 1 interrupt. When cleared, the interrupt request is
taken away.

The SCU is hardwired so that:

- conly interrupts 5 and 6 have external IACK pins and are capable of
generating vectored interrupts on the motherboard {and also cause
VME IRQ5 and IRQO respectively)

- SCU generated IRQL and IRQ3 are hardwired to the corresponding
priorities and are always autovectored

- SCU generated IRQ1 is detected only by the MPU not the VMEbus

- VMEbus ACFAIL generates a system (motherboard) IRQ7 to the MPU, but
does not generate an IRQ7 to the VMEbus. The only other source of
an IRQ7 is a VMEbus card.

2.5.4. Bug Timer

The SCU also implements a system bus timer., If nothing concludes a
bus cycle within 16 microseconds, the SCU will signal a bus error.

2.6. DMA Controllers

The TT series includes three independent DMA channels: 1} the low
gspeed network port implemented on SCC serial port A, 2) the SCSI port
and 3) the ST "ACSI"/Floppy DMA. Additionally, the VMEbus interface
permits a VMEbus master to perform DMA into system memory. The follow-
ing is the DMA bus mastership priorities:

priority function

highest ACSI/Floppy Controller
SCC DMA Channel
SCS5I DMA Channel
VMEbus Masters

lowest 68030

2.6.1. 5CC and SCSI DMA Channels

The SCC and SCSI DMA controllers assemble the bytes from :f.- peri-
pheral into double words for writing to the system bus. This nture is
actually implemented with two independent "assembly" doubl. «.rds so
that when one has been Pillidd sind is waiting for access to tio @ rocessor

Confidential/Draft 21 April 1989 Atart (L Spec 7
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bus, the second can be filling. If the second assembly word [fills
before the bus is released by the DMA chip, it will be written in the
same bus transaction.

DMA can be done to any byte boundary of any double word wide memory
space, either on the main system board or on the VMEbus. DMA is done in
the physical address space.

The programmer's model of each of these DMA channel consists of:

- a word wide read/write status/control register that contains direc-
tien, enable and bus error bits

- four bytes forming a 32-bit DMA pointer,

- partial input register that must be read and merged with RAM con-
tents under CPU control if the DMA input is done to a point in RAM
that is not on a double word boundary or if DMA is not done in mul-
tiples of four bytes,

- a 32-bit wide DMA byte count {implemented in four separate bytes).

A DMAC controller exists for each channel: SCC and SCSI. Each DMA
controller is physically implemented in two chips: one for the system
bus interface, one for peripheral interface and FIFQO. The bus inter-
face controller is strapped externally for either SCSI or SCC.

The software that sets up the DMAC for DMA transfers must account
for the DMAC being a byte-wide peripheral appearing on the odd bytes of
the address bus. This requires the 68030 either to use the MOVEP
instruction or to do rotates and four separate byte output operations to
put ocut a 32-bit address or byte count.

DMA Controller Registers
offset width  function

Ox00 OB DMA Pointer Upper

Ox02 0B DMA Pointer Upper-Middle
Ox0U 0B DMA Pointer Lower-Middle
0x06 OB DMA Pointer Lower

0x08 OB Byte Count Upper

Ox0A oB Byte Count Upper-Middle
0x0C OB Byte Count Lower-Middle
Ox0E 0B Byte Count Lower

0x10 W Data Residue Register High
0Ox12 W Data Residue Register Low
0ox14 0B Control Register

Confidential/Draft 21 April 1989 Atari 1Y Spec B
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The control word is a bit-mapped register:

bit function
DMA Direction Out (1 = out to port)
Enable (0 = off, 1 = on)

-5 <reserved>
Byte Count Zero (1 = terminal count)
Bus Error {1 = Bus Error occurred
during DMA by this channel)

1N O

Te perform DMA:

1} set the DMA controller direction
2} set the base address

2) set up the peripheral for DMA

4y  then set the enable bit

The direction and enable bits should not be set in the same opera-
tion.

If DMA input is done to anything but a double word aligned destina-
tion, or if the length is not a multiple of 4 the final byte(s) of the
transfer will not be written to the systen RAM. it is then the
programmer's responsibility to read the Data Residue Register and merge
the input with the contents of the appropriate double word in RAM. {The
least significant two bits of the DMA pointer are correctly incremented,
which can be used to determine how much of the Residue Register is
valid.}

DMA can only be done to double word width ports, like RAM and D32
VME cards.

If an attempted DMA operation generates a bus error, the DMA opera-
tion is immediately disabled and the bus error bit set in the
Control/Status register. The bus error status bits of each of the DMA
controliers routed to individual MFP-2 input bits where they can be read
or optionally used to generate an interrupt. The bus error status for a
channel is automatically cleared by reading the channel's control regis-
ter.

The DMA byte count register generates an interrupt when the byte
count reaches O. The DMA is automatically disabled by reaching the ter-
minal count.

The NCR 5380 SCSI Interface Chip must not he used in BLOCK MODE DMA
for use with the TT DMA controllers. The SCC should be in programmed to
use the WAIT/*REQ pin in *REQ mode when doing DMA.

2.6.2. Floppy/ACSI Interface

The ST compatible Floppy/ACSI subsystem jinterfaces between dual-
purpose RAM and ACHS1 compatible peripherals, such as the SLMB04 laser
printer, SHxxx/Megafil: hard disk drives, and Atari CD-ROM. This DMA
channel is shared with ti- internal floppy disk controller.

Confidential/Draft 21 April 1989 Atari TT Spec 9
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DMA between RAM and ACSI peripherals, and between RAM and floppy,
can only be performed using the dual-purpose RAM. If a transfer is
required from such a device into standard {"single-purpose”) system RAM,
a two stage transfer is required, wusing the dual-purpose RAM as an
intersediate buffer.

2.7. Real Time Clock

The TT system includes a Motorola MC146818A Real Time Clock chip.
This provides time of day (down to one second resolution), date, and a
programmable periodic interrupt. The RTC is provided with a 32.768 kHz
oscillator that is independent of all other system clocks.

The interrupt output of the real time clock chip connects to one of
the MFP parallel inputs.

The chip also includes 50 bytes of battery backed up (nmon-volatile)
RAM that is used for storing diagnostic and configuration data.

The chip is accessed through two consecutive word ports. The first
word is a write-only port that is used to set the real time clock chip
address that is desired. The second word is the read/write data port.
When doing a write to a clock chip register, it is possible to do a dou-
ble word write: the first word would set the address, and the second
word the data.

Confidential /Draft 21 April 1989 Atari TT Spec 10
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3. Device Subsystems
The TT architecture supports the following device subsystems:
- SCSI {as defined by the ANSI X319.2 comnittee}
- ST compatible ACSI
- floppy disk interface sharing the ST "ACSI" DMA channel

- high-speed serial ports and a low speed network port through the
SCC chip

- two additional serial ports and an external interrupt port con-
nected to MFP controllers

- a Centronics parallel printer port driven by the Yamaha YM-2149
sound chip

- a ST/MEGA compatible intelligent keyboard, mouse, and joystick
interface

- a port supporting application and diagnostic cartridges

3.1. S8CSI

The TT implements the complete single-ended (non-differential) SCSI
bus by using the NCR5380 SCSI Controller. The NCR5380 is used in &-bit
asynchronous data transfer up to 4,0 Mbytes/second, adequate for current
disk drives.

The SCSI connector provides for connection of SCSI compatible dev-
ices through a 25-pin P connector. Internally, the full 50-pin cabling
ig used.

In a typical configuration, the SCSI bus will be used to provide
the main mass storage elements of the system. For the TT/X a SCSI hard
disk of at least B0 Mb (formatted) will be used, with typical software
development stations using considerably larger disks. The 5CSI bus can
also be used for removable media devices such as the Syquest cartridge
drives and magnetic tape controllers. The default system hard disk will
be SCSI unit G, device O.

The SCSI bus can support up to 7 major devices {in addition to the
TT itgelf).
3.2. ACSI
3.3. Floppy Disk

The TT series floppy disk subsystem is designed around the WwD1772
Fleppy Disk Controller supporting up to two daisy-chained floppy disk
drives (drive 0 or 1). A higher speed version of the 1772 is planned to
allow L1.44Mb {formatted) capacity drives. The TT is designed for one

internal floppy disk :drive and one external drive {such as the SE3ILUY .
The TT/X can have two :ntrrnal floppy disk drives.

The subsystem in i wvi-i to the dual-purpose RAM through the ACSI
DMA controller. (. = ..i- =and arguments are sent to the FUC by first
writing to the DMA M. ‘11t Register to  select  the denired  FDC
register and then wr o siuta bytes.
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The standard floppy for the TT series is the 3.5 inch floppy disk
with the capacity of 720 Kbyte {formatted). The 1.44Mb drives will be
available as an option.

The internal drive cabling supports the DiskChangeline signal from
the floppy drive{s} to a bit on MFP-2. DiskChangeline can e read when
the drive is selected. and is asserted when (1) power is applied or (2)
a diskette is removed from the drive. The signal is cleared by issuing
a step command to the drive.

3.4. High Speed Serial Ports

The Zilog 85C30 SCC, a dual channel, multi-protocol data communica-
tions peripheral, is included in the TT design to provide two serial
ports {ports A and B}.

Port A can be used as either a network port or a standard low speed
RS232C port. When bit 7 of the GI Sound Chip port A is a 0, LAN mode is
selected. The input/output of Port A is routed to the appropriate con-
nector: (1) if RS232C mode is selected, the port is connected to a DBE-
gP or (2} if the network port is selected, it 1is connected to an 8&-pin
mini-DIN connector. The output pins on the unselected pert remain inac-
tive.

The SCC handles both asynchronous formats and synchronous
oriented protocols such as HDLC and IBM's SDLC.

byte-

Port B is confipured to be a low speed RS232C serial port that can
be used for connecting to a modem or a local mainframe. It is pinned
out on a DB-9P connector in a way that is compatible with the Atari PCh .
Modem control signals are derived directly from the 85C30 port B control
lines. This port can operate with split transmit and receive baud
rates.

The PCLK input to the SCC is 8 MHz. The RTxCA input 1is provided
with a 3.672 MHz clock. The input to TRxCA comes from the low speed LAN
connector. RTxXCB is run at 2.4576 MHz. TRxCB is generated by the Timer
C output of the second {TT) MFP,.

3.4.1. S8CC RS232 Port Pinout

The SCC RS232 serial ports are pinned out in DB-9F connectors in a
way that is compatible with the Atari Pcl. On the TT, the SCC port A
RS232 connections are routed to a header on the motherboard. That
header can be connected with a ribbon cable to a nine pin D connector
located on the VME slot cover.

SCC R3232 Pinouts

pin Port A Port B
(RS232 Miio)
i Carriecr iatect (1) Carrier Detect (I}
2 Receive iar {0 Receive Data (I}
3 Transw:: | .t {0} Transmit Data {0}
4 Data . -« Yeeady {0) Data Terminal Ready {01}
5 Groun:: Ground
6 Data ! - 0 Data Set Ready {L}

Confidential/Draft
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7 Request to Send (0} Request to Send (0}
8 Clear to Send (1) Clear to Send (I}
9 - Ring Indicator (1)

Note: The SCC Port B Ring Indicator (RI) signal is connected to bit 6
of the MFP-2 General Purpose L/0 Port (GPIP) .

3.4.2. [AN Conmector Pinout
The moderate speed LAN connector is an & pin female mini-DIN,

SCC LAN Pinout {Port A)
function

Output Handshake (DTR, RShH23}
Input Handshake/External Clock
Transmit Data -

Ground

Receive Data -

Transmit Data +

{reserved>

Receive Data +

ko]
.
ja

Oo =] A LTl o e

3.5. MFP

Two 68901 Multi-Function Peripheral (MFP) controllers are used to
provide system timers, low speed RS232C serial ports, and an interrupt
controller. One MFP, designated MFP-ST, is used in a way that is compa-
tible with the ST. It provides both a serial port and interrupt con-
trol. A second MFP provides another low speed serial port and more 1/0
and interrupt pins.

The baud rate clock for the MFPs serial transmitter and receiver is
derived from the timer D output of each MFP. Given the MFPs' 2.4576 MHz
clock, baud rates up to 19.2 Kbaud can be supported on these serial
ports.

3.5.1. MFP Serial Port Pinouts

Roth MFP serial ports are pinned out in DB-9P connectors in a way
that is compatible with the Atari Pclt. On the TT. the MFP-2 serial port
is routed to a header on the motherboard. That header can be connected
with a ribbon cable to a nine pin D connector located on the VME slot
cover,

One of the MFP serial ports has a complete complement of modem con-
trol lines compatible with the ST, but pinned out in a § pin D connec-
tor. The other MFP serial port provides only a "three-wire" interface.

MFP Serial Port Pinouts

pin MFP-5T MFP-2

-1 Carcier bDetect (I} --
2 Receive Data (1) Receive Data {1)
3 Transmit Data {(0) Trangmit Data {0)
4 Data Terminal Beady (0} -
5 Ground Ground
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Request to Send (0} --
Clear to Send (I} -=
Ring Indicator (1) --

[Neite "R e pt

Note: The Ring Indicator (RI) signal is connected to bit 6 of the MFP-
ST General Purpose 1/0 Port (GPIP).

3.5.2. Uncommitted 1/0 Pins

The least significant two bits of MFP-2's General Purpose I/0 Port
are not currently used and are routed to a dual row of stakes for con-
venience. These are simple unbuffered TTL level signals that can be
used for either input or output.

3.6. Parallel Printer Port

The TT architecture incliudes a bi-directional 8-bit parallel
printer port that implements a subset of the Centronics standard. This
interface is through the General Instruments AY-3-8910 / Yamaha YM-2149
Prograomable Sound Generator (PSG} chip. It is pinned out in a DB255 in
a way that is a subset of the Atari PCA. The Centronics STROBE signal
is generated from a PSG bit. The Centronics BUSY signal from the
printer connects to one of the parallel input lines of the MFP to permit
interrupt driven printing. Eight bits of read/write data are handled
through I/0 port B on the P3G at a typical data transfer rate exceeding
4000 bytes/second.

3.7. Keyboard Interface

The TT keyboard interface is completely compatible with the ST/MEGA
computers. The keyboard is equipped with a combination mouse/joystick
port and a joystick only port. The keyboard transmits encoded
make/break key scan codes {(with two key rollover), mouse/trackball data,
joystick data, and time-of-day. The keyboard receives commands and
sends data via bidirectional communication implemented with a MC6850
Asynchronous Communications Interface Adapter {ACIA). The data transfer
rate is 7812.%5 bits/second. All keyboard functions, such as key scan-
ning, mouse tracking, command parsing, etc. are performed by a HDE301V1
8-bit microcomputer unit. (See the Atari, Intelligent Keyboard (ikbd)
Protocol, February 26, 1985.)

3.7.1. Mouse and Joystick Interface

The Atari two-button mouse is a mechanical, opto-mechanical, or
optical mouse with the following minimal performance characteristics: a
resolution of 100 counts/inch, a maximum velocity of 10 inches/second,
and paximum pulse phase error of /0%. The joystick is a four direction
switch-type joystick with cne fire button.

J3.8. ROM Cartridge

The TT's cartridge port is fully compatible with ST cartridges.
The cartridge is physically connected through a 80 pin card edge connec-
tor ROM cartridge slot. Cartridge ROMs are mapped to a 128K  memory
region starting at O=UGEAMWD, extending to OxOOFBFFEF {with an image at
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<. Video Subsystem

The TT video subsystem is designed to extend the existing ST modes.
idditional modes are available on the TT that allow more colors and
larger screen sizes. This subsystem one of the basic compenents
required to support the industry standard X Windows windowing system
allowing the TT to exist as a fully-compatible X Windows workstation.

4.1. Video Configuration

The various modes available ¢n the TT are:

ST mode
mode palette ¢colors
bits resolution planes {CLUT entries) DACs
00 320x200 4 16 RiZ2/3-bits
01 640x200 2 4 512/3-bits
10 640x400 1 - Monochrome
TT mode
mode palette colors
bits resolution planes {CLUT entries) DACs
000 320x200 4 16 4096/4-bits
001 640x200 2 i 4096 /8-bits
010 HUORBO0 1 2 4096/4-bits
: {Ducchrone)
100 640x480 4 16 4096/4-bits
110 1280x960 1 - Menochrome
111 120x480 8 256 4096/4-bits

As the table indicates, the modes are set through either the
respective (ST or TT) Shift Mode Register. In the 5T mode, 16 word-wide
registers comprise the ST Color Palette {alse known as the Color LookUp
Table - CLUT). Contained in each entry are nine-bits of color: 3-bits
each for red, green, and blue. Therefore, a total of 512 possible color
combinations (8 x 8 x 8) are selectable for each entry.

Mode 00 (320x200x4) can index all sixteen palette colors; while
mode 01 {640x200x2) can index just the first four {RegQ - Reg3) palette
colors. The monochrome mode (10 - 640x400x1) bypasses the color palette
and is instead provided with an inverter for inverse video controlled by
bit 0 of palette color O (ST Heg 0). Color palette O is also used to
assign a border color while in multi-plane mode.

Additional resolution modes are available by programeing the
shifter through the TT Shift Mode register. In these modesg, there are a

maximum of 256 TT Color Palette Registers each containing 12-bits of
color: U-bits each for rod, green, and blue. Therefore, a total of 4096
possible coler combinat Lons (16 x 16 x 16) are selectable. Through the
ST Palette Bank (lowest ! bits of the TT Shift Mode Register) one of 16
banks may be selected 1= ihe TT Color Palette for use in ST modes.
This allows modes OUii. 1, 5it, and 100 to seemingly select {ram up to
256 registers by . t+ine the palette bank. Only  mesie 111
{320x080xB) can indesx o + rearigters.
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4.2. Video BAM/Controller/Display Interface

Video display memory is configured as logical planes (1, 2, 4, or
8) of interwoven 16-bit words of contiguous memory to form one 32,000
byte (for ST modes) or 153,600 byte (for TT modes) physical plane start-
ing at any 8 byte boundary (in dual-purpose RAM only). The starting
address of display memory is loaded inteo the Video Base High, Video Base
Mid, or Video Base Low Registers (the most significant byte of the
thirty two bit addresses is always zero, i.e. within the ST image).
This register is loaded into the Video Address Counter {High/Mid/Low) at
the beginning of each frame. The address counter is incremented as the
BitMap planes are read.

BitMap planes are transferred to the video chip (TT shifter} buffer
bll-bits at a time. The shifter then loads the video shift register
where one bit from each plane is shifted out and collectively used as
the index {plane O appears first in RAM and provides the least signifi-
cant bit of each pixel) to a specific ST or TT Palette Register (depend-
ing on the Shift Mode).

4.3. Monitor Cornnector

The video output is provided on a 3 row 15 pin connector similar to
the one used on the Atari PCH VGA.

Pin Function
1 Red
2 Green
3 Biue
! High Resolution Monochrome Out +
5 Ground
6 Red Return
Vi Green Heturn
8 Blue Return
9 Monochrome Detect {input)
10 Ground
11 Open
12 Open
13 Hsync
14 Vsync
15 High Resolution Monochrome Out -
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Music Subsystem

5. Music Subsystem

The TT architecture extends the music subsystem presently available
on the ST/MEGA computers. The TT mixes the output of the existing ST
PSG sound system with a new DMA-driven dual-channel D-to-A subsystem.
The TT includes an internal speaker driven by these two scurces for sim-
ple beeps, and can be connected to an external stereo amplifier for
high-fidelity sound.

The TT is also equipped with a Musical Instrument Digital Interface
(MIDI) which provides high speed serial communication of musical data to
and from more sophisticated synthesizer devices.

5.1. Programmable Sound Generator

The ST sound system wusing the General Instruments AY-3-8910 /
Yamaha YM-2149 Programmable Sound Generator is present in the TI. The
YM-2149 Programmable Sound Generator produces music synthesis, sound
effects, and audio feedback. With an applied clock input of 2 MHz, the
PSG is capable of providing a freguency response range between 30 Hz
(audible} and 124 KHz (post-audible). The generator places minimal
amount of processing burden on the main system (which acts as the
sequencer) and has the ability to perform using three independent voice
channels. The three sound channel outputs are mixed together sent ¢to
the volume and tone control chip.

{Reference Engineering Hardware Specification of the Atari ST Com-
puter System, page 10.)

5.2. DMA Sound

The TT alse includes a new DMA-driven sound subsystem that allows
the playback or synthesis of complex waveforms at a variety of sampling
rates.

5.2.1. Quverview

Sound in the form of digitized samples is stored in system wmemory.
These samples are fetched from dual-purpose memory during horizontal
blanking (transparent to the processor} and provided to a digital-to-
analog converter {DAC) at a constant sample freguency specificd by the
uzer. The output of DAC is then low pass filtered to a frequency equal
to forty percent of the sample frequency by a four pole switched capaci-
tor low pass filter. The signal is further filtered by a two pole fixed
frequency {15 kHz) 1low pass filter and provided to a National LMC1992
Volume / Tone Controller, Finally, the output of this device is avail-
able at a pair of RCA jacks and an internal speaker,

Two channels are provided. They are intended toc be wused as  the
left and right channels of a stereo system when using the raw olio out-
puts from the machine. Of course, they are mixed together who i'ad  to
the internal speaker. A mono mode 1is provided which will fe»-i the same
data to both channels simultancously. The only restriction 1 iaced on
mono mode is that thoero wust ke an even number of samples (.- iwta for-

mat section for detaii).
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5.2.2. Data Format

Each sample is stored as an eight bit quantity, the most signifi-
cant bit is the sign and the other seven bits are magnitude. In the
stereo scheme there is one word per sample, the upper byte contains the
left channel sample and the lower byte contains the right channel sam-
ple. In the mono scheme bytes are accessed sequentially. However, they
are gtill fetched a word at a time. Therefore, there must be an even
number of samples.

A group of samples is called a frame. A frame may be played once
or can automatically be repeated forever. Frames occupy a contiguous
block of memory and are specified by their starting and ending

addresses. The ending address is the address of the last sample + 2.
An external clock is provided te timer A of the ST MFP at the end of
each frame. This can be used as an interrupt. This pulse is alsc

exclusive OR'ed with the monocchrome monitor detect bit, whose ¢transis-
tion can generate an interrupt on bit 7 of the MFP-ST General Purpose
1/0 Port. Frames may be linked together by defining a new frame while
the current frame is being played. The new frame will begin at the end
of the current frame.

As an example, suppose you have three frames {A, B, and C} and we
want to play frame A once, then play frame B S times, and finally play
frame C twice. To accomplish this you can do the following:

1. Setup frame A.

2. Write 3 to the sound DMA control register to start pilaying with
repeat.

3. Setup timer A to use an external clock, initialize its count to 5,

and have it interrupt when count = O.
Setup frame B.

Go do something else until interrupted.
Setup frame C.

Setup timer A count to 2.

Go do something else until interrupted.

[Nl = TR S S o AU LS

Write 1 to the sound DMA control register to cause playing to stop
at the end of the frame.

In this example no mention is made of setting the sample rate,
volume or tone controls. It's assumed that all of these have been set
up ahead of time. It should be cobvicus how this example can be extended
toc allow volume or tone to be modified at specific points during play-
back.

Note Tf.we had loaded the sound DMA control register with a 1 in

step 2, f{rame A would hnave been played once and sound would have been
disabled. A zero cnn Lo written to the sound DMA contreol register at
any time to stop play: & ingevilately.
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5.2.3. MICROWIRE Interface

The MICROWIRE interface provided to talk to the Naticnal LMC1992
Computer Controlled Volume / Tone Control is a general purpose MICROWIRE
interface to allow the future addition of other MICROWIRE devices. For
this reason, the following description of its use wiil make no assump-
tions about the device being addressed.

The MICROWIRE bus is a three wire serial connection and protecol
designed to allow multiple devices to be individually addressed by the
controller. The length of the serial data stream depends on the desti-
nation device. In general, the stream consists of N bits of address,
followed by zero or more don't care bits, followed by M bits of data.
The hardware interface which has been provided consists of two 16 bit
read/write registers. One data register which contains the actual bit
stream to be shifted out and one mask register which indicates which
bits are wvalid.

Let's consider a mythical device which requires two address bits

and one data bit. For this device the total bit stream is three bits
(minimum). Any contiguous three bits of the register pair may be used.
However, since the most significant bit is shifted first, the com-

pand will be received by the device soonest if the three most signifi-
cant bits are used.  Let's assume: 01 is the device's address, D is the
data to be written, and X's are don't cares. Then all of the following
register combinations will provide the same information to the device.

1110 0000 0000 GOOC  Mask
01DX XXXX XXXX X¥XX Data

0000 0000 0000 0111 Mask
XEXX XHHX XXXX X01D Data

0000 0001 1100 0000 Mask
XXXX XXXO 1DXX XXXX Data

0000 1111 1111 0000 Mask
XXXX C1XX XXXD O00C Data

1111 11311 1111 1111 Mask
D1XX XXAX XAXX XXXD Data

The mask register needs to be written before the data register.
Sending commences when the data register is written and takes approxi-
mately 16uS. Subsequent writes to the data and mask registers are

blocked until sending is complete. Reading the registers while sending
is in progress will return a snapshot of the shift register shifting the
data and mask out. This means that you know it is safe to send the
next command when these registers {(or either one} return to their origi-
nal state. Note that the mask register does not need to be rewritten
if it is already correct. That is, when sending a series of commands
the mask register only rvenls Lo be written once.
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5.2.4. Volume and Tone Control

The LMC1992 is used to provide volume, tone, and mixing control.
This part is talked to using the MTICROWIRE interface. The device has a
two bit address field, address = %10, and a nine bit data field.
There is no way of reading the current settings.

The input selector is used to enable and disable mixing the output
of the GI PSG with the DMA sound. After reset, the input is grounded,
and should be switched to either states 1 or 2 during initialization to
avoid level mismatches during later switching.

Data Field

011 T?? ??T Set Master Volume
000 000 80 4B
010 100 -40 aB
101 XXX Q dB

101 XDD DDD Set Left Channel Volume

|1 1]

00 000 -40O @B
01 010 -20 dB
10 1XX 0 dB

100 XDD DDD Set Right Channel Volume

|1 L

00 000 -40 4B
01 010 -20 dB
10 1XX 0 dB

D10 XXD DDD Set Treble

|

0 000 -12 aB

0 110 0 dB (Flat)
1 100 +12 4B

001 XXb DDD Set Bass

L

|

0 000 ~12 dB

0 110 0 dB (Flat)
1 100 +12 db

000 000 Oss GI PSG Sound Enable

00 disabled, unblased

{reocn state)
01 enabil-d
10 dissblaeed, biased
Note: The volume coxt: ¢ osltenuate in 2 dB steps. The tLotse conbrols
attenuate in 2 dB st otz oand 15 kHz.
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5.3. HMusical Instrument Digital Interface (MIDI)

The MIDI allows the integration of the TT series with wusic syn-
thesizers, sequencers, drum boxes, and other devices posseszsing MIDT
interfaces. High speed {31.25 Kbaud) serial communication of keyboard
and program information is provided by two ports, MIDI OUT and MIDI IN
{the MIDI OUT also includes MIDI THRU data).

The MIDI communicates through the MC6850 Asynchronous Communications
Interface Adapter  (ACIA) to the system bus. The data transfer rate is a
constant 31.25 Kbaud of 8-bit asynchronous data.

(Reference Engineering Hardware Specification of the Atari ST Computer
System, pages 11 and 17 for more information on the MIDI and ACIA.)
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&. VMEbus

The TT and TT/X provide for 1/0 expansion and by implementing the
industry standard VMEbus, revisicn C.1. The TT/X can also accommodate
alternate bus masters such as mnultiple processors. The TT has one
single-high VMEboard backplane. The TT/X's configuration is a 5 slot,
double-high VMEboard backplane.

6.1. System Controller

The main system board serves as the VMEbus systen controller (a
slot ! "card") and implements the following functions:

- single~level (level-three) VMEbus arbiter

- IACK* daisy-chain driver

- global SYSCLK (16 MHz, independent of processor speed)
- global VMEbus time-out that drives BERR¥

The level-three arbiter is designed to meet the VMEbus specifica-
tion requirements.

The IACK* daisy-chain driver is designed to meet the VMEbus specif-
ication requirements.

The SYSRESET* line is driven low when (1} power-up occurs, (2} the
reset pushbutton is depressed, or (3) the 68030 asserts its RESET* sig-
nal.

5.2. Address Partitioning

The starting address of the VME address space as seen by the 68030
in TT/X can be configured to be contiguous with the top of the single-
purpose fast system RAM (by straps). Part of the 32-bit wide physical
address space is partitioned off to provide VME A2L and Al6 address
spaces.

The TT's A24/D16 VMEbus interface is fixed at the same location as
the TT/X A24/Di6 space: OxFEQO0000-OxFEFFFFFE.

6.3. Read-Modify-Write Cycles

The bus can not be arbitrated away from the 68030 if it is in the
midst of a read-modify-write cycle.

6.4. VME Interrupter

The system can write to an I1/0 address to generate a level 3 inter-
rupt on the VMEbus. 1t ean monitor a status register that indicates
when that interrupt has been acknowledged and serviced. An I/0 address
contains a read/write status/control port, only the least significant
bit of the least significant byte is defined. When set to 1, 1t gen-
orates  a YMEbus level 3 interrupt. When cleared, the interrupt reguest
is taken away.

Mote that the lewo!l § interrupt must be masked of £ {either by  set-
ting the processor's TPL or by masking the interrupt in the system con-
troller}) or the 68030 «ill he imuediately interrupted.
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The system board responds to a VMEbus interrupt acknowledge cycle
with the status ID of OxFF.

7. I/0 Expansion

7.1. Ethernet {tm)

To support connectivity in the established office and workstation
environments it is imperative that there be a relatively low cost Ether-
net board. Unfortunately, all VME based Ethernet controllers are priced
over $2,000. Spurred by this unacceptable high cost, various low-cost
possibilities are being considered: 1) an Atari-developed ST compatible
ACSI/DMA Ethernet controller, 2} an Atari-developed VME/Ethernet con-
trollier, and 3) the Adaptec SCSI/LAN Interface contreller -- Nodem.

For the TT/UNIX system, the short term strategy uses the Adaptec
Nodem for the Ethernet connection. The VME bus Ethernet controller is
targeted as a future product.

The TT/TOS system may use the ACSI/DMA Ethernet controller being
developed for the ST and MEGA computer series.

7.2, Multi-Port Serial Card

To provide for people that want multiple users on a single system,
a low cost multiple port serial card that is capable of supporting at
least 8 RS5-232C serial lines, each operating at up to 38.4 Kbps, should
be provided.

7.3. Workstation Video Subsystem

The TT can also be configured as a workstation by plugging 1in a
high resolution video engine VMEbus card and taking advantage of the
integral keyboard and mouse interfaces. The workstation video display
subsystem is based on the Perihelion video architecture introduced in
the Atari Tramsputer Workstation (ATW). It includes a custom hardware
ByteBlt capability that ailows it to become a VMEbus bus master.

A variety of video resolutions are provided including:
- 1280 x 960 x 4 bits/pixel (Mode 0)
- 102 x 768 x 8 bits/pixel through a color lookup table {Mode 1)

- 640 x 480 x 8 bits/pixel through a color lookup table (2 screens)
(Moge 2)

- 512 x 480 x 32 bits/pixel {24 bits true color plus overlay and tag
bits) (Mode 3}

The display is implemented with 32 bit wide video RAMs, providing
direct VMEbus access to the display RAM. Additionally the ByteBlt
hardware is capable of becoming a VMEbus master and doing transters into

and out of system RAM. HRyteBlt transfers within the video RAM can take
place without gaining contro! of the VMEbus. The wvideo subsystem IS
also capable of generating an interrupt on the VME bus.

The video displav KAl appears wultiple times in the WML address
space to facilitate procoscor accesses on pixel boundaries. 11 appears
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in the obvious double word width format, made up of four independent
bytes. 1t is also has two additional images that put the nibbles of
each byte in the least significant nibble of each byte of a double word
wide access. This makes it easy for the processor to access individual
pixels without shifting or masking when in the four bits per pixel mode.
One image would contain all of the least significant nibbles and the
other image all of the most significant nibbles.

The video subsystem has 42 double word wide read/write control ang
Status registers.
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8. SYSTEM

8.1. Boot Sequence

The TT/X ROM will contain power-on diagnostics to verify that the
processor, memory, and I/0 subsystems are functional. The boot sequence
begins after these diagnostic tests are successfully completed.

The boot process has three general stages:

1} The ROM boot procedure searches peripherals for boot code. This
determines the order that various peripherals will be searched for
code.

2) The device boot is loaded by the ROM bcot. Where the devige is

known, device is replaced by the device from which the boot was
loaded, e.g., the boot loaded from the hard disk is referred to an
the "hard disk boot™, or simply, "disk boot". The device boct con-
sists of 512 bytes of boot code from the "boot sector” of the dev-
ice and is loaded at a known point in dual-purpose RAM (see Section
2.3}. Some devices, such as hard disks, load a second sector of
boot code that calls code in the first sector.

3} The UNIX boot is lecaded by the device hoot. It is typically a
moderately sized program (32 to 6l Kbytes) that actually loads the
UNIX operating system. It need not be position independent if its
location has been agreed upon with the device boot.

Note that in TOS systems, the device boot typically loads the
operating system itself, rather than another bcot program, so step 3 is
omitted. However, the device boot may first load in another sector of
boot code from its boot partition. .

Them ROM boot procedure's main purpose is to detect boot devices
and 1ocad and run the device boot code on these devices. It checks the
following devices in order:

1) Cartridge

2) Floppy drive O

3 ACSI hard disk drives
by SCSI hard disk drives
5) Ethernet

6) ROM

For detailed infarmation on the TT boot procedures see the Atari TT
Boot Specification.

8.2. Operating System

The TT/X is inten: i ¢ use with the UniPlus+ V.3.1 operating sys-
tem  supplied from Yci v+ The implementation is based on reliase 3.1
of the AT&T Systew V «:. - oo uystem. It conforms te the ATeT ystem V
Interface Definition, ¢ !+ :tnndards, and X/OPEN internationnlization
standard. UniPlus Forot - s include the fast file systoew e socket
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System Software

architecture of 4.3BSD.

8.3. Dewviee Drivers

UniPlus+ is supplied with configuration tools which allow device
drivers to be fully configurable with the UNIX kernel.

8.4, Networking Support

_To permit its use in a wide variety of environments, the TT series
of computers has software support for the Ethernet network, the Internet
networking protocols (TCP/IP}, and Sun Microsystem's Network File Systen
{NFS3).

8.5. Windowing User Interface

The operating system will include a windowing user interface built
on the X-Windows (Version 11.3) package.

8.6. Binary Compatibility Standard

Systems equipped with the 3.5" 1.44 Mbyte tape drives are capable
of reading and writing Motorola/Uniscft Binary Compatibility Standard
(BCS} floppy media. This media is defined as IBM PS/2 3.5" Floppy Disk
Format.

Systems equipped with the Archive VIPER 5.25" SCSI streaming c<ar-
tridge tape drive shall be able to read the BCS compatible QIc-24 for-
matted tapes. These drives are not capable of writing QIC-~24 formatted
media.
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Mechanical Considerations

9. Mechanical Considerations

9.1. 1T System Packaging

The TT system is packaged as a desktop product wusing a plastic
cabinet originally designed for the Atari ST+. This provides sufficient
internal space one 3.5" floppy, a hard disk, ST RAM memory expansion,one
single height VME card, and possibly iMb of FAST RAM expansion.

9.2. TI/X System Packaging

The TT/X system is contained in a floor-standing tower. This
desk-side packaging also includes I Mbyte of "system" RAM as standard,
and a 5-slot double~-Eurocard VME cardcage.

3.3. Power Supply

The power supply used in the TT will be capable of delivering 53W,
including at least 7 amps of +5VDC, at least 1 amp of +12VDC {with
allowance for up to 2.2A at power-up for 1 second}, at least 300 milli-
amps of ~12VDC, and at lesst 400 milliamps of -5VDC. The standard power
supply used to power the TT/X will be capable of delivering 200 W,
including at least 20 amps of +5VDC, at least 8§ amps of +12VDC, at least
300 milliamps of -12VDC, and at least 250 milliamps of -5VDC. The sup-
ply will also generate a "power good" signal that is asserted after the
supply voltages are stable, and is removed before the supply voltages
are removed.
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Memory, I/0, & Interrupt Map

The size field has the following designations:

DI Double word
W Word wide
OB 0dd byte {A byte wide port that appears in the least significant

byte of the defined words. The most significant byte of the words
is undefined. If desired, these ports may be accessed as bytes by
adding 1 to the specified word addresses.)

EB Even byte (A byte wide port that appears in the most signifiicant
byte of the defined words. The least significant byte of the words

ig undefined.}

10. Memory, I/0, & Interrupt Map

MEMORY MAP as seen by the 68030

address size cache- use

able
00000000-COEFFFFF  DW yes ST {dual-purpose} RAM, ROM
0OOFO0000-00F7FFFE W no {regserved TT L/O>
O0F80000-00FFFFFF W no ST & TT 10
01000000-01xxxxxx  DW yes TT fast RAM {opt.) } A¢ Mo FRAM
Olxxxxxx-Q1FFFFFF W yes strappabtestare—of-VME
02000000-7FFFFFFF  DW yes A32:D32 VME RAM (Expansion)
£0000000-BFFFFFFF  DW no A32:D32 Memory/Peripherals
COO000C0-FCFFFFFF W ne A32:D16 Memory/Peripherals
FDO00Q0O-FDFFFFFE DW no VMEbus A24:D32
FEQOOQOOO-FEFEFFFE W no VMEbus A2l :D16
FEFFOOQ0-FEFFFFFF W no VMEbus Al6:D16

FFO00000-FEFFFFFY -= -=

3t RAM refresh rate; and-

Booooo / ELoCITE

ST Compatible Image {Base Address (0000000 OR FFOO0000)

address size cache- use
able
000000000007 D yes ROM

{image of first 8 bytes of main ROM,
supervisor mode, read only)

O00008-9FFEFF W yes "dual-purpose" RAM
{(memory in the range 000008-00471F is only

accessible in supervisor mode)
AQ0DQ0-DFFFFF - yes Cromepvedy VME LMe (MSTE /TT)
EOQOOO00-EFFTFE DWW VES Main ROM
FOOO00-FIFFFF - re Treservedr
FAOOOO-FBFFFF W no Cartridge ROM
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trp

FCOOCO-FFJFFE
FF8000-FFFFFF

Memory, I/0, & Interrupt Map

no {reserved>
no ST & TT I/0 Space

ST/TT 1/0 MAP (Offset within ST image FF8000)
{Base Address O0QFF800C OR FFFF8000)

offset

8C00-8001
8002-81FF
8200-8263
8264-83FF
8400-85FF
8600-86FF
8700-8715
8§716-877F
8780-878F
8790-87FF
8800-8803
8804 -88FF
8900-893F
8940-895F
8960-8963
8964 -8BFF
8&coo-8cis
8C16-8C7F
8C80-8C87
8C88-8DFF
8EQ0-8E1F
8E20-91FF
9200-9201
9202-9FFF
ADCO-A3FF
AY00~F9FF
FAOO-FA3F
FALO-FATF
FABO-FABF
FACO-FBFF
FCOO-FCO3
FCOU4-FCO7
FCOB-FFFF

Confidential /Draft

size
0B

oB

W
W
0B

OB

EB

OB

OB

'EE8'8'2'<'B'8'8'§’

use

Memory Controller
{reserved>

TT Video Subsystem
{reserved>

TT Palette

ST DMA and FDC

SCSI DMA Control
{reserved>

SCS1 Controller
{reserved>

ST Sound Chip
{reserved>

DMA Sound Control
{reserved>

Real Time Clock and NVRAM
{reserved’

SCC DMA Control
{reserved>

SCC

{reserved>

System Control Unit (SCU)
{reserved>
Configuration Switches
<reserved>

TT main board peripheral expansion
{reserved>

MFP-ST

<reserved>

MEP-2

{reserved>

IKBD Interface

MIDI ACIA

<reserved?
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LOCAL I/0 DEVICES

MEMORY CONTROLLER

8000

W

Memory, I1/0, & Interrupt Map

Memory Configuration (Note 1)

B7-BlY <reserved>

B3-B2 <reserved, R/W latches>
B1 ¢ 256 Kbyte parts

1

1 Mbyte parts

BO {reserved, R/W latch>

)

ST/TT VIDEQ SUBSYSTEM

8200
8202
8204
8206
8208
8204
820B
820c

8240
822
825E

8260

8262

RW
RW
RO
RO
RO
RW
WO
RW

Riv
RW
RW

RW

RW

--—- -rrr

—=—=- -ITT

s~-h -mmm

TT VIDEO SUBSYSTEM

8400
8402

R
BW

===~ 'l

—--— prvi
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0000

~EE8
~BEE
~EEE

XXXX Video Base High
HXRX Video Base Mid
XXXX Video Address Counter High
KKK Video Address Counter Mid
x000 Video Address Counter Low
ST Sync Mode {set to 1}
0000 {reserved>
x000  Video Base Low
-bbb ST Color Palette Reg0
-bbb ST Color Palette Regl
-bbb ST Color Palette Reglh
-——- ST Shift Mode
(ss
00 320x200, I plane
01 640x200, 2 plane
i0 640x400, 1 plane
11 <reserved
)
bbbb  TT Shift Mode
(s sample and hold sode)
(h hyper mono mode)}
{ mmm
000 320x200xi
001 640x200x2
010 640xL00x1
100 640Ox480=U
110 1280x960x1
111 320xL80:8
)
{bbbb ST palette bank)
s R TT Palecte Regd
CEnbRE TT Palette Regl
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BSFE

RW
ST DMA
8600

8602

8604 RwW
8606 RO
8606 WO
8608 RW
8604 RW
860C RW
860E  RW
DMA SCSI1
8700 RW
8702 Rw
8704 RW
8706 RW
8708 RwW
8704 RW
870C RwW
870E RW
8710 RO
8712 RO
8714 Rrw

-—~- rrrR  gggl

XXXK XKXX
XXMM XXHEX

SCST Contreller

8780
8782

OB
OB

HKEXX
) 9.0 0.4

Data Regisher
Initiator Cowmend Register

Confidential/Draft

bbbB

XXX
=-XXK

xxx(

00dce

HMXX

p.8.0.4 4

00ed

Memory, I1/0, & Interrupt Map

TT Palette Reg2h5%

{reserved>
<reserved>

Disk

Data Path (WDC)

DMA Status

DMA Mode {WDL)

DMA Pointer High

DMA Pointer Mid

DMA Pointer Low
Floppy Density Select

(d -

(¢ -

FDDS {output} pin
0 = low (reset)

1 = high)

FCCLK pin
0 = BMHz (reset)
1 = 16MHz}

DMA Pointer Upper
DMA Pointer Upper-Middle
DMA Pointer Lower-Middle
DMA Pointer Lower

Byte
Byte
Byte
Byte

Data
Data

Count Upper
Count Upper-Middle
Count Lower-Middle
Count Lower

Residue Register High
Residue Register Low

Control Register

(
b -

bus error during DMA
{read only, cleared by recad}
byte count zero

(read only, cleared by read)

DMA enable O=off, 1=on
DMA direction:

O=in from port
1=out to port
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8784 OB
8786 0B  Target
8788 0B
878A4 0B
878C OB
878E OB

PROGRAMMABLE SOUND

{also provides bi-directicnal parallel printer

output latch}

8800 RO KXKX XXX
8800 WO Q000 xxxx
8802 WO XXX KXKX

O o N WV R -1

Mode Register

Command Register

GENERATOR

Memory,

ID Select/3CSI Control Register
DMA Start/DMA Status Register
DMA Target Receive/Input Data
DMA Initiator Receive/Reset

port

PSG Read Data
PSG Register Select
PSG Write Data

Port A Bit Assignments

*LAN Select

I/0, & Interrupt Map

and wmiscellaneous

{0 routes SCC Port A to LAN connector}
Rpganyed> SPealyon /o

Printer Port Strobe

*DTR (MFP-ST serial port)
*PTS (MFP-ST serial port)

*Cloppy 1 Select
*Floppy 0 Select
*Floppy Side 0 Select

Port B Bit Assignments

7-0  Printer Port bits 7-0C
DMA SOUND SUBSYSTEM
8900 RW ---~ -—-- 0000 O0re  Sound DMA Control
{
r - Repeat
0 = Single Frame
1 = Repeat
e - Enable
0 = Off {reset state)
1 = On
)
8902 BW @ ---— ---- XXX xxxx Frame Base Address (high)
§a04 RW - ———- xxxX xxxx Frame Base Address {med)
2906 RW === —==- HNMM HXHK Frame Base Address (low)
80908 BRW  ——— ———- MMM MK Frame Address Counter {(high)
8%0A RW ---- -———- <xXx XXxXX  Frame Address Counter {med)
890C BWw = ===- LHEN MHMX Frame Address Counter {low}
E30E Bw - - M NMMN Frame End Address {high}
8910 RWw ———= =-=--- MMM KHMM Frame End Address (med)
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Memory, I/0, & Interrupt Map

8912 RW —-—— —-me KXXK KKKX Frame End Address {low)
8920 RW 0000 Q000 al00 0O0bbk  Sound Mode Control
(
a - Mode
0 = Stereo {reset state}
1 = Mono
bb - Sample Rate
00 = 6258 Hz
01 = 12517 Hz
10 = 25033 Hz
11 = 50066 Hz
)
8g22 RW  XXXX XXXX XXxXX XXxx  MICROWIRE Data register
8a24 RW XXX MXXX XXXX ¥Xxxx  MICROWIRE Mask register
REAL TIME CLOCK (MC146818a)
8960 OB Real Time Clock Address Register
8962 OB Real Time Clock Data Register
DMA SCC
8c00 RW -—-——-—= -—- KAXK KKXX DMA Peinter Upper
802 BRW ---- -—-- xxxx xxxx DMA Pointer {Upper-Middle
8cot RWw  —--- ———- HHAM XXKX DMA Pointer Lower-Middle
8C06 RW ---= —-—-- KXXX XXXX DMA Pointer Lower
8co8 RWw - - HXKX KKXX Byte Count Upper
8C0A RW === —--- XXxx xxxx Byte Count Upper-Middle
8coc RW == = XXXK XKXAX Byte Count Lower-Middle
S8COE RW ---- ---- KXXX XXXX Byte Count Lower
8010 RO  xxxx Xxxx xxxx xxxx Data Residue Register High
BC12 RO  xxxx xxxx xxxx Xxxx Data Residue Register Low
8C14 RW  —=—= - bz00 O0ed  Control Register
(
b - bus error during DMA
{read only, cleared by read)
z - byte count zero
{(read only, cleared by read)
e - DMA enable O=coff, l=con
d - DMA direction:
O=in from port
1=put to port
)
8530 sCC
3C8O OB SCCL A control
&CB2 0B 3CCL A datn
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2csy OB
8c8e 0B
SCU

800 0B
8E0Z2 OB
8EC4 0B
8806 OB
BEOR OB
8E0A OB
8EQC OB
8ECE OB

Memory, I/0, & Interrupt Map

SCCY B control
SCC1 B data

System Interrupt Mask {(B7 - Bl; BO unused)

System Interrupt State (read only; before mask register)
System Interrupter (BO = generate interrupt 1)

VYME Interrupter (B0O = generate interrupt VME IRQ3)

SCU General Purpose Register 1 (reset only at power-up)
SCU General Purpose Register 2 {reset only at power-up)
VME Interrupt Mask {B7 - Bl; BO unused)}

YME Interrupt State {read only; before mask register)

Configuration Switch Register

9260 EB

1D Switches (Read Only)

MFP-ST {ST compatible)

FAOO OB
FAQ2 OB
FAOL OB
FAQOOH OB
FAQ8 OB
FACA OB
FAOC OB
FAQOE 0B
FALQ OB
FAL2 OB
FALlL OB
FAlG OB
FA18 OB
FAlA OB
FALC OB
FALE OB
Fa20 OB
Faz22 OB
Fazk OB
FA26 OB
FAZ28 OB
FAZ2A OB
FA2C OB
FAPE OB
MFP2

FAB0 OB
FABZ OB
FaBly 0B
Fa86 IR
FABH OB

GFIP
AER
DDR
IERA
IERB
IFPRA
IPRB
ISRA
ISRB
IMRA
IMRB
VR
TACR
TBCR
TCDCR
TALR
TBDR
TCLR
TODR
SCR
UCR
RSR
TSR
UDR

GPIP
AER
DDR
LERA
1FRE
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Memory, I1/0, & Interrupt Map

FABA OB  1PRA
FASBC (OB  1IPRB
FABE CB ISRA
FAQQ OB  ISRB
FA92 OB  IMRA
FA9LT OB  IMRB
FA96 OB VR
FAQ8 CB  TACR
FAQA OB  TBCR
FA9C OB  TCDCR
FAQE CB TADR
FAAQ ©B  TBDR
FAA2 (OB  TCDR
Faal OB TDDR
FAAE OB SCR
FAA8 OB  UCR
FAaA OB RSR
FAAC OB TSR
FAAE ©B UDR

ikbd ACIA

FCOO EB Keyboard ACIA Control
FCO2 EB Keyboard ACIA Data

MIDI ACIA

FCOY EB MIPI ACIA Control
FCO6 EB MIDI ACIA Data

Note 1: A pin on the memory contreller can be strapped to force
the memory controller to ignore the configuration register and automati-
cally use 256K part mode. This is used for the second of two uwemory
controllers. The configuration register still applies to the primary
memory controller., This allows 2Mb or &8Mb connected to the primary
memory controller, and 2ZMb  to the secondary controller for possible
dual-purpose RAM configurations of 2Mb, 4Mb, 8Mb, or 10Mb.

Note 2; Two TT glue chip pins, I0OCS! and 10CS2, cutput the decode
of offsets within the I/0 area of OxAQQO-OxQ0A1FF and OxA200-0xA3FF,
respectively. These pins mininize decoding when adding peripherals to
the TT main board sometime in the future.
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Memory, I/0, & Interrupt Map

VME ADDRESS SPACE

ADDRESS SPACE SEEN BY A32 VME BUS MASTER
{logically equal to that seen by 68030, but without the address wmodif-
iers and size constraints)

address size use

00000000~-00EFFFEFR DW ST RAM, ROM
ODFC0000-00FFFFFF W TT 10

01000000-01 xxxxxx DW TT fast RAM (opt.)

01 xxxotxx-01FFFFFF DW strappable start of VME

02000000~-FEFFFFFF  DW,W.B VME Expansiocon
FFOOOCOO-FFFFFFFE  DW,W,B ST Image

ADDRESS SPACE SEEN BY AZ24 VME BUS MASTER
(sees only the ST Image)

address size use
C000C0-EFFFFF DW ST ROM/RAM
FOOOO0-FFFFFF W TT 10

VME CONTROLLER STARTING ADDRESSES

{Three pins strapped on the VME controller giving 8 starting addresses
for VME space)

MS2 MS1 M30 address

0 0 0 010000060
9] 0 1 01100000
0 1 8] 01200000
0 1 1 01300000
1 0 0 01400000
1 0] 1 01800000
1 1 0 01CO0000
1 1 1 02000000

FEOCoove~ FEFEFFFF UME A2y [ DAL
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Memory, 1/0, & Interrupt Map

INTERRUPT ASSIGNMENTS

int system vector VME vector

i VMEbus AutoVector IRQ7 programmable
SYSFAIL

6 none - MFPs & IRQ6 programmable

5 none - SCC & IRQS programmable

4 VSYNC AutoVector  IRQY programmable

3 (Note 3) - VME Interrupter & IRQ3 AutoVector & programmat

2 HSYNC AutoVector IRQZ2 programmable

1 System AutoVector IRQ1 programmable
Interrupter

Note 1: Within each level, the system interrupt has higher priority
than the VME interrupt. And, within the shared Level5 and Levelb inter-
rupts, the part on the motherboard has higher priority than the VME
interrupt.

Note 2: The VME interrupts use their interrupt status byte as their
interrupt vector.

Note 3: The level 3 system interrupt mask must be enabled for the level
3 VME interrupt to actually be generated.
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MFP Interrupt Assignments

MFP-ST (ST Compatible)}

int
GPIP7
GPIFO
TimerA
RxRDY
RxERR
TxEMPTY
TxERR
TimerB
GPIPS
GPIPY
Timer(
TimerD
GPIPR
GPIPZ2
GPIPt
GPIPO

MFP 2
int

GPIP7
CPIPH

Timera
RxRDY
RxERR
TxEMPTY
TxERR
TimerB
GPIPYS
GPIPY
TimerC
TimerD
GPIP3
GPIP2
GPIP1
GPIPO
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Memory, 1/0, & Interrupt Map

function

Monochrome Monitor Detect / DMA Sound IRQ

Ring Indicator

ACSI / FDC Interrupt
MIDI / Keyboard Interface

{reserved>

CTS

DCh

Centronics BUSY

function

SCSI Controller IRQ {active high)
RTC IRQ (active low, cleared by reading RTC register§

SCSI DMAC Interrupt (active low)

Diskette ChangelLine

Ring Indicator (SCC B}

SCC DMAC Interrupt {active low)

general purpose 1/0 pin
general purpose 1/0 pin
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Memory, 1/0, & Interrupt Map

DMA/BUS MASTERSHIP PRIORITIES

priority function

highegt ACSI/Floppy Controller
SCC DMA Controller
SCSI DMA Controller
VMEbus Masters

lowest 68030
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Prototype Differences

11. Prototype Differences
The items in this section are uniqué to the prototype TT and the
developers' machines known as the TT/D.

11.1. ID Switches

The prototype TT systems do NOT have an 8 bit ID/Configuration
switch port. On TT/D systems built with MCU-B, the port will be in the
most significant 8 bits of I/0 offset Ox80C0. On TT/P systems the port
is at its standard I/0 offset of 0x9200.

11.2. Network

The prototypes include provision for PromiselAN which will not be
present in the final units. Also, there are two sets of jumpers that
are used tg select the format of SCC Port A output instead of being
under software control.

11.3. Cartridge Fort

The cartridge port is not easily accessible on the prototype
machines (the cabinet must be opened).
11.4. VMEbus

If the VMEbus Backplane i3 not connected, the external interrupt
lines should be pulled up on the motherboard. {In practice, this only
involves XIRQ6 and XIRQS because of their shared nature with the mother-
board "system" interrupts.)

11.5. SCC and SCSI DMA Controllers

In the prototypes, the SCC and SCSI DMA contreliers do not automat-
ically disable DMA when their respective byte counters reach zero. They
do generate an interrupt when the byte counter reaches zero.

i11.6. EAM Ezxpansion

The TT/D is limited to only 2 of the 4 Mb single purpose HAM expan-
sion cards, for a total of 8 Mb of single purpose RAM.

11.7. SCu

The pushbutton rcsot does not reset the registers in  the 5CU on
either the prototype T1T or the TT/D. :
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